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Purpose of Investigation

The Kansas State Geological Survey is interested in
promoting the mineral industries within the state. The disposal
of mine waters high in both acid and iron is a serious matter
confronting much of the Kansas zinc=lead mining district. Pro-
duction in the Tri-State District is now at the rate of almost
$18,000,000 per annum, zinc and lead concentrates accounting for
83% and 17% of this respectively. Approximately 27% of the pro=
duction, or $4,860,000 is from Kensas. Of this, $1,000,000 is
from the Baxter Springs Area where the situation regarding the
disposal of mine water is acute. Here the operators hesitate
to increase production for fear of retaliation if additional
mine water is dumped into the Spring River. Even now sults are
pending which might have the effect of curtailing production.
The commercial recovery of iron from mine wabter would benefit
the state. 1In this investigation, the Survey is interested in
two closely connected problems; first, to learn the facts and
advise operators as to how mine water can best be disposed of;
second, to recover the valuable iron from these mine waters.

The State Water Department, as guardian of our water resources,

is also deeply interested.



The commercial oroduction of iron from this scurce would benefit the state,

Lethods and gontont of present stuldf.e- (1) Stream ssmples., Samples
were obtained from all streams that might be contaminate! br zinec and lead mine
water originating or “lowing throush Knnsae snd enterine Cklahoma, The map
shovn in flgure 1 indicntes the Tsentione vhere such scmples were obtoined, and
gives both the total iron content an? the acldity ‘expressed as pfl) for each
sample. Inc'uded also are the same dnta for samrles collected by the Ttate
Yater and Sewage Iaborntory, working with the Tri.State Ore Producers! Agssocie
ation, The investigations of the Yater and Sewspe lLaboratory were also made
in 1940,

(2} Anmlysis of samples. Table ? chown the analyses of all snwples,
Pach analysie reports the amount of total iron, iron in solution, and total
acldity, ewxoressed in parte per million parts of water, and the ofl of the m\mlec..

{3) laboratory teste, Tests were made on the officiency of water from
fSpring river, vhich 40 alkaline ant therefore neutralizes aecld, in nrneinltaﬂng
iron from nine water, vhich is acid, A tabulation of resulte of these tests,
ghowing the effecta of various amounts pf river water, analyses of the precipitated
iron mixture, and various other data, is glven in table 3. Ton narts of river
water neutralized one part of mine water, and 72 percent of the iron was nreeipi.
- tated as hydroride, Use 'of o lurger mount of siver water causes a greator nere
cent of the iron to be precipitated. H

(4) Iron and acid content of mine water. Pigure 1, shows a nart of the
Kansas gine and lead mining field, which may be divided into two aress, according
to the iron and acid content of water from mines located in these areas, In the
Raxter “orings aren the mine waters contain large amounts of these substances,
"aters from the Treece-fockerville area, on the other hani, sesen to contain only

harnlens amounte of iron =nd aclid. The ore produced in the ¥aco ares occurs in



a caleareous gangue, and nine waters fron this district (not shown on the map)
couse no sigmificant stream pollution.

{8) The cost of chemicals for rurification is given in table 1.

(6) A map of the Baxter Springs deainasce dlstrict (fisure ?) s presented.

Acknowledsnentg.~- “pecial thanke are due to the following nercons vho
have given valued aid in connection with the study leading to this report! Trnest
Joyee, Drector, Diviston of Sanisation, fitate Board of Wealth, Lawrence, for
anslyses of water samples; ¥, W, Utley, Manager of the 5%, louls “melting 2 Ne-
fining Company, Baxter Sorings; O. W, Bilharz, Bilharsz Hining cm. Barter
Sorings; Prank O, Preweter, Hawter Soringe: Chester Scott, Pederal Hining Company,
Baxter Springes; Jamee I, “mith, Bawxter Chat Company, Baxter Soringe; and Pvan Just,
fSecretary, Tri-State Ore Producers' Association, Picher, Ckla.

DISCUBHION OF PROBL™M

iron pyrite is rrobably the source of most of the fron and ascid that is
orecent in the mine waters under consideration. In the precence of walter and aiy,
the pyrite ie converted to iron sulphate, as shown in the following eguationt

PeS, & 330, ¢ 120 = TeS0), + Hyb0y

(pwrite) & (owygen) + (water) = (iron sulphate) & (sulphuric actd)
The zinc-lea! ore occurs in Misslsslippian (Keokuk and Yaprsaw) 1imestons, and 1e
associated with varping amounts, generally small, of iron sulphide (pyrite and
nareagite). The ore-bearing strata are overlain by .the Cherokee shale,of Penne
sylvanian epe. 7The basal part of the Cherokee shale i1s ewposed nt places along
the belt of ouleron west and north of Suring river, principally in the vicinity
of Dawter Torings, and the shale nleo containg vyrite and uarg¢asite. The upper
workings of some mines in the Haxter Springs region penetrate the shale Tormation,
It s in this area vhere the groatest trouble with mine water 1s ewperbpenced,

Alternate working and closinz of minos has agegravated this condition, inasmuch as



oxidation of the iron sulphide occurs vhen the mines are dewatered and solution
of the ovidized substances occurs when the water rises Aduring periods of inactivity,
Hine waters in the fresce and Yago aresx contain no great amount of objection.
able ifmpurities, an! will not be dincussed,
The folloving is o 1ict of orominent mines in the Havter Soringe area,

tocother with analyses and other data,

Zater from Mines in the Daxter Zorings Area

iine and map Tirection from ¥ater pumped, Iron, Acid, Yhere wmine
inder muabey Baxter Soringa gal, ver 20 hrs. ppo@ pm vater flows
Brewater & Yest 2600 8370 ¥1llow eree- to
Pilhare (1) Anring river
: a/
Tbenatein (5%) Yoot 5000=6000 ¥illow creek %o
‘/ Srring river
Homastake (54) “nat BO00E000 ¥41low creek to
5/ Spring river
Leopard (55) Test 25003000 ¥§1llow creok to
_ g/ Snring river
ILiza Jane (56) Tent 2500« 3000 "{1lor crselr to
Srring river
a/
Hartley (57) Southwest 20002500 7th Ave. creek
(Saring eroek) to
Snrine river
Ballard (2) Southwest 2,800,000 1050  B100  Tth Ave. creek
8%, Touls Smelting {Snring cresk) to
& Pefining Co. Soring river
Opperman (1) South 1,500,000 350 860 7th Ave, cresk

Fatimated by O, ¥, Blhare

(eatimnted)

{Soring creek) %o

The Sunflower (no, 52 on man) (0ld Materne), Irom iountain (no. 3 on map),

an’ Pera (no, 50 on man) mines are nesy the ertrame southwost barder of this avea,

The water froa these mines eontaine large amounss of iron and acld, bt the nines

yield only a small amount of water, vhich flows westward, eventually reaching the



Heocho river., Only the Sunflower mine i onerating now and there 1s no nine.water
eroblem a2t the nreasent time,

Yhen the field work for this investigation was being done, from June 16 %o
July 16, 1940, the Ballawdl mine of the Bawter Springs area was being vumped, and
had been rammed for seversl years, Mumping from the Ooperman mine started July
7. 1580, but water from this mine is not included in Table 2,

There are several veriables in the nroblem of minee-wnter disgvosal, Both
the volume of mine water in a stream and 1ts commonsition can change, devending
on how many and vhat mines are being rumped, The mines are more or less connected
by underground water courses, as is shown by the fact that continurus pusping at
the fallamd mine has lowered the water somevhat in other mines of the neighborhood,

It 1g cotinated that 1f the minee wore once entirely deeatered 1t would
be neceseary to rusp between 2,000,000 and 3,000,000 gmllons of water a day to
keop then in thie condition. Moast of the mines have been 1dle for come time, hove
ever, =ni must be dewntered before mining can be resumed, 1t 1o estimated that
stendy pumpning at all theae mines vould remove the water in three months, Such
a2 campaimm would raisge the daily output of mine water dy 7,000,000 galions, to a
total of 10,000,000 pallons, and place an excessive burden on any tresting plant
during this time, 4 plant for treatument of the mine water regulres relatively
congtant feed in order $0 operate e flclently. Accordingly, 1% would be bhetter
to mumr out accumulated excest mine water at a lower rote and to take more time
to do 1t, Por instance, over a neriod of twelve months, the extira water from thise
source would amount to only 1,750,000 gallons dailly. This amount, added to the
other 3,000,000 gallons, would make 4,750,000 gallons, an amount that could be
treated readily.

The water from the Fallamd mine that now reoaches the river containe total

fron in the amount of M65 p.p.m., »nd an acldity of 1540 p.p.m. This water would



normally depoeit about & %ons of iron in the river each day, but about one half
of the iron in the water coming from the mine is being removed along the way in
settling ronde constructed by the 858, lLouls Smelting & Refining Company. In this
sretem there are two shallow nonds, each sevoral acres in extent, and shallow
eannle throurh vhich the mine water passes. It 12 reported that 1 ton of hyirated
1ime i2 added 8o this mine water each day, This part of the drinace s 1 umile
long. The water them passes into a creskt bed an? without 4ilution finde i%s way
to Spring river., The total distance from the Sallard anine to Sprinz river i
about ! mles. The following analyses show results in this settling syeten.

Analysen of wn in Zallard nmine wateretreati

Actd Iron in iron sep- ol
solution arated
DR pEiE
Yater as dlscharged from mine oo 980 70 2,65
At 3 mile, through one pond Li290 @50 50 2,45
At 7 mile, after recelving lime
nnd passing through secon? pond U220 260 b0 2,0

“ater as 1% enters the river 1540 o o 28
2/ This is the water utilized in our teste, ‘

The reactions causing the iron to settle are av follows:
Yeo(50y)y 4 690  « 20e(QH); & 350N
- Pebiy, ¢ 2590 = Te(O), « M,80y
ere(0f)y & W20 & 30> = 2re(0H)s

Iron hydrolyses bast in neutral solutions, the ferric iron being the

more active., Iron in the ferrous condition is 41f71culd to oxidize and precinitate.
The bottous of ponds and canals are covered with 2 $o U inches of iron derosita,
Agseuning 500 p.p.n. iron and 10,000,000 gallons of mine water n day renching
the river, the iron would amount $o about Z1 tone ner day, or actually about trice
that amount of iron hydrovxide. The same amount 45 obtained by assuming 1000 p.p.m.



of fron and 5,000,000 gallons of uine water n day. The latter figures might
represent conditione if the dletrict should have a fair increase in nrofuction,
for 1% 1s %o be remembered that wost of the mine waters contain move irom than
that fron the Ballard mine, On the other hoend, it might be exneeted that after
long-ctanding nine water ic pummed out, the water mbooéuently punped would Cone
tain less iron. The greater the volume of mine water, «e-canecially if 1t containe
a lorge amount of immurities, ~«the greater the amount of river water that le
neaded to treat 1%, snd the larger the gettling cavacity that is required for
accuwmlating the iron. The nechanical features of treating so large a volume of
nine »agter create a prob‘lom.. The following snalyses show well how tharounmj
the iron in solution has beon removed after nine water reaches the river,

Precinitation of Iron by water from Soring river
pH  Total Irom in Acidity Alkalinity
— Arem solution ¢

DePelle NeDeMe DeDolMs Ucﬁjic
Eater from Soring viver + « ¢« ¢ « 7.59 0.77 0,12 102
Ballard nine water in 7th ive,
creelk, Jjuet before reaching
Toring PAVOP. « « « « o o . o o o 205 U6, kho, 1540,
Houth of Tth Ave. creel
(SoPing 1¥er)e o « o o « + « « « To05 8.1 041 gk
60 yards bdelow mouth of 7th Ave,
creek in Soring PIVEr . . o o o o 2.2 8.0 0.06 aly
One«-fourth mile below mouth of
Teh Ave., CrPeoke o« « « s o » « « o Jobf 3.8 0.07

Three miles ’ou‘h‘ in Oklshoma. . 6.85 0068 0031 6"

Seemingly, the use of any other resgent, such as limestone, would make the

cont of purification far groater than {f water from Soring river were used,



Pable 1.
Acis and Precipitating Irop &

Cont ver Ascuned Younds pey Pounds ner Tatinated cost ver
Chemicnal pound, varity, miilion enl, million gal, =million gsl. one

condo nerdent DEY DaDalle DOP DeDebe DeDefe romoved

acidity resoved iron nrecine
ttato,
sedd Iron

c‘(m)? 005‘100 90 7.0 lgoh %.03‘5-.’?‘7 *00138 AVe
Cal 0.5 2g Golt 1h,2 0,027 o.0M
CRCO3
(10 nesh) Cel 9% S0 23.5 0,009 0.02%5
Na,COg 2.0 98 9.2 27.0 0.18% 0.5%
WaO l . & 3 6 o : 0 A

A1l the figures ewcept those for iron from ', 5. ‘ublic Mealth
Gervice, 0ffice of Ztream Sanitation, Cincinnati, Chio,

Cost of Orushed Limestone
Ho. Hesh "rice per ton Frice per pound Renarics
18 18 $3.00 20,0015 , In bulk
oh oh 3,00 0.0015 In bulk
200 «200 9.00 0.0005 10010,
naner bngs
200 92742a200 7.00 0.,0035 100.1b,

Co. of cﬂ?ﬂ\m' 1. Angust 6. 19“0.

Cost of transvortation 8f limestone from Coarthage, Ho., to Naxter Soprings, Kans.,
!ﬂ g(“gﬁ pay son.

Exomple of Sost of lilne mater Irentment with Limestone

1 million gallons of mine waster, Y100 p.n.m. neld, 1070 p.p.m. iron
I4neatone 0,1 cent ver hound,

Acld removal B100 ¥ £.009 == $36,90
2/1ron precinitation 1000 2 0235 = é"ﬁ%l’
Total coat 1,000,000 gallons 250 U0



8/ Assuming that the iron ie in the ferric condition, Ferrous iron would net
. be precipitated by llumeetons. In neutral solution, however, it guickly ovi.
diges in air to the ferric stnte.

On the basls of 10enosh limestone at U.1 cent ner pound, = very low cost.
Using lime=tone st 0.19 cent the cost would be 115,71,

The fimres do not include the cost of unloaliing or feeding the limestone,

Some systen for rurification of uine water iz of vital importance to the
zinc.nining industry of the lawxter “prings area. The 98, Louls “neltine 2 Refining
Company, the most nctive producer in the district, has been the defemdant in several
law suits, These have been ingtituted by farmers, fish and game associations,
an’® municipalities, all in Oklahoma, foring river flows into that state a few
miles below Damter s{pﬂm. It 1o contended Shat river water contomineted by
oine water 1e injurious to fish, livestoek, and crons, and ia unfit for husan cone
sumption, Wost of the suite have been settled cut of court. Negsardlese of the
merits of theee claima, the Yanans operators are in 2 vulnewable position and
hesitnte to discharge ndditional mine water into the river for foar of ¢onsesuences,
As a result, production in Fanane is laier than 4t normally would be if this cone
dition 444 not ewist, Other conditions nlszo have = bearing on the problen,

The Ympire Matrict Mloctric Comnany operates n hyviroelectric »lant at
Riverton, on S»ring river several miles sbove Baxter Snrings, ¥ater is immounied
behind a dam and released throush Surbines once a day %o help generate the alectric
output needed to meet the peak load reqsuirements. Asg a coneeguence, the water
at Barter Springe rlees 1.5 feet in the course of sn hour and stays at the new
leve! for two or thrae hours, This sudded conrush of water 1s sald to scour the
river bYed, mising iron hydrowxide that had settled. Thie statement 1z nrobably
true, at least in nart. In any evemt, the periodic suiden increase nf the flow of
water does not improve the situation,

Uaximam and minimus rates of Tlov in Zoring river are important considerations



in rlane for the uae of this water. Shoal cresk ie o tributary of Suring river
that enters the river above Bamter S:uyings., Hates of flow in the two etreans
{Plerce and Courtier, 1978, p. 17) are as follows:

Flow of “nring river and %hoal creek
Soring river above Shoal ereek, nerfod Anril, 1974, to Sentember, 1933:

taximam flow 57,400 secondefert, Aug. 17, 1927
Hintoum Mow 22 specondefart, Sent. 8, 192§

“hoal creek, eonme period:

Hariman flow 17,200 second.fect, Jan, 21, 1932
Hinimue flovw g second.faet, Oct, 9, 18%1

Assuning the minimam of the combinedl etreams to be 30 gegondefeet: 70 x
7.5 = 60 x 60 = 28 = 19 4k 000 pallons a day. Thie susntity of water iz mufficient
to nrecipitate the iron from only 2,000,000 gallons of mine water, but of course
the low rate of flow renresented by the minimum ie not normal.

Undilute! nine water from some of the zinc.lead mines in southeastern
Fensas w11l k111 fish culckly, but in the cummer of 1940 no dead fish were observed
in Spring river below the point vhere the mine water 1a being adled, On the contrary,
numercus live fish were observed. It is asserted that ivon hydroxide settles om
the bottonm of the streams into which the mine water is emntied, destroving
spavning beds of the fish, The hydroride is also srld %o got into the £ills of
fish and 4o come damage. The %ruth or lmnortance of these assertions 19 not
kenown,

Suspested tethods of YMine-¥ater Treatment

furreated methods for gsettling iron hydiroxide and recovering iron, dise
cussed in following paragraphs, inclule (1) Settling in a slough, () “ettling in
frring river, and (3) Settling in a Torr Thickener, filtering the thickened rulp

in o continuous fiilter of the drum tvpe.

Preatument by gettling in 2 gloudi.-~- This tdea wae alvanced by H. ¥,



Utley, manager of the %, Toule “melting & Refining Comvany (Ballard mine). My,
Utley has been very active in the work of mine.water disposal and has epent much
time and money on the problem, Thether or not other perceons ani comnanies are
cooverating financially 1e not known. There is 2 eloush, 1 mile loag, which
paraliels Spring river on the eacst acrose the river fron Naxter Snrinse, where
Anino water is now diecharmed, An abandoned conerete rallroad bridge crossez the
river 2% this point. The nlan involves damming the river above the mouth of »
#illow creek in oxier to force some river water into the slough. Another danm
would be roguired at the lowsr end of the aslourh in onler to control the Tlow
vhere the slough enters the river. River water added to the mine water would
canse the iron to be precipitated andl to settle in the sloush. This plan was
temnorarily discarded vhen a survey shored the bed of the sloush te be higher
than the river bed. The William ¥, Stevart "nzineering Comvany, of Joplin, |
Ho., estimated the cost of the project as follows!

Tgtimated cost of treatine mine water by settling in slough

Excavation, 20,000 cu. i, a8 $1 . . . . . . . « #20,000
Masonry Dams, 1,500 cu, yd. at 815 . . . . . . . 22,000
Rip Rap « Hetardine Dams, 1,500 cu. . at 810 . 15,000
Pipe & Yooden Cfmﬁ\lita. 3.500 flee ¢ ¢ 0o ¢ 0o ¢ » 7.%0
Gaten, Tngineering Sunervision, other ewrpenses ,

Tctﬂ. o L] o L] o ® © © = L Ll L] . o e © Ll - o L] ° Q’sn.m

This plan should not be abanioned without further consideration (fipures ? and 3),
Zreatpent by gettlipe in Joring rivep.-- A later nlan, aleo devised by
¥r, Utley, involves building 2 dom sonrowimately 295 feet long and € feot high
across Spring river at a voint 2 miles below the point where mine water enters,
and seltling the iron in 28111 water behind thé dam. This plan assumes that clear
water would pass over the dam under normal river eonditions. Iron sludge would be
‘vumped from behind the dam to the river bank, filtered, and prepared for market.

There is some cuestlon as to Juat how effective this plan aisht be, 8111 water



vould extend for a amile behind the dam and the iron night settle over a wide area,
rather than just behind the dam, Collaction of iron sludge probably would not bHe
very eficient, at least until a eiveable deposit had accumuisted in the river bed,
and oven then the iron might be lout over the dam in %inmce of high vater., o dee
flect the iron praecipitate so that 1% would settle behind the dam on the west side
of the river would recuire conetruction of a 6.foot =all on the river botdom,
running disponally up the river from 2 voint on the esszt oide of the dam loented
thres-fourths of the way along ite length, 4 117% gate in the dam near the end
of the eant side would be neceseary in order to lower the vater level, without
dhmrbiné the precipitated iron, vhen 1% wae desired to pump the eludge., Most of
the fron would predably settle behind the dam ewcept in nerfods of hish water, bdut
its recovery would very probably vresent difficult probleme, In any event, lr,
Boyoce, Tirsctor of the State Mater and Sewage Laboratory, iec opmoged to the vlan
ag outlined. ie belisves thet the Fansas Fish =2nd Came Coumisofon would object %o
any dam that would prevent the free movement of fish up and down the river, Fish
1adders are not Shought %o be effective in this pirticular case. A road could be
bullt to this location eacily. i

Zreatment bv thickening apd filtering..- rrecipliating the iron vith
river water in a thickener ani filtering the thickened slulge on a continuous
filter reprecents an ideal ongineering method of procedere, ut 1t involves
punning o very large volume of mine an! river water, --possibly as mach ne
5,000,000 gallons a day of the former and 70,000,000 gpallone = day of the latter,
The smount of s0l1ds to be setiled would be relatively emall, poseibly U0 tons
daily, bat individual particles of iron hydroxide probably re-uire s sottling
veriod of one hour, 2 condition that limits the amount of feed that could be
W wAthout ueine very larse units or a geries of emnller units,

In anawer to on ingumiry, the Torr Coupany, Inc. advieses that it is



perfactly feasible %o run 90,000,000 aallone ver day in a Torr Shickener,

1t should be recalled that mine water is coming %o the river now by way
of Tth Avemme cresk, Other mines, not operating now, discharge through ¥illow
ereeic, These creeks are 0.5 mile apart at the river. If a treating »lant were
erected, 1%t would be negessary %o receive mine water from one stream only, It
nicht be noseidle %o divert sthe flo» of Willow creek into Tth Avenue creel:,

There ia probably enough ground available for a treating nlant at the mouth of
either ctrean,
Possible market for recovered iron

At least one narket for iron recovered from mine waters has heen found
close at hand, Several larce noriland cement nlants are located in southeastern
Eansas, Additional iron, over and above th,t occurring in the natural-lmadimts
usze’ in the manufacture of cement, 12 ro-uired by these nlanta in making o certaln
new tyne of cement., The ewtra amount of iron s revorted o be 2 percent hy veight
of the cemant. %o far as 1s known, there 43 no g00d source of iron avallable anye
where near the cementesnnufacturing area, At present, vrrite cinder 412 being
shipned to the conexnt plante from %t, Touls. The ¢inder ig a br-nroduct obtained
in the roasting of nyritic concentrates %o obtaln sulphur dlowide, which is used
in the mamfacture of sulphuric acsid,

The noeeibility of revenue from the =ale of iron hwiroxide recovered from
nine waters hag not generally bean annreciated by mine operators, ~Additional ine.
vectipgntion is needed in order to ascertain probable demands an' prices, tut it
nor seems that the rossible revenue from sale of iron nrecipnitated from the southe
enstern Kansaes mine waters misht figure largely in offgetting the cost and maine
tenance of a water-vurification plant,

A parification viant treating 5,000,000 gallone a day of nine water cone

taining 1,000 p.p.n. iron, would nroduce, in 765 days, the eouivalens of 10,845



tons of Fepl3y, 1f overating at 100 vercent e”ficiency,

Following 1o o summary of the inform:tion obtained from eome of the cenment
menufacturers of eastern Haneag, =11 using iron now, concorning the use of iron
owide: (1) The chemist of a company that is using iron ovide at the rate of about
5,000 tone annunlly writes, "It is my personal opinion that the A.8.T.M, type 2
cement will grovw in use and that we =111 undoubtedly use many tons of nvrite ash
ar other tyoes of iron.bearing materisle in the future”, (2) Prom an officinsl
of another conpany-- "Ya use iron ore only 2% such times as we are manufacturing
epecinl conemts for nase ¢oncrete work. Consecuently the usspe 18 resiricted to
the volume of this kind of business which we are able %0 secure and 1t is ime
nosaidble to foretell what our resuirenents might be for this tvroe of work®, (3)
Another letter sintes! "Prom the analysis submitted, this meterial {iron hyrovide
from nine water) would be desirable for use in the manufscture of cement where it
is necessary to increase the smount of iron ovide compounds to nroduce 2 special
cement., To produce some of these will rogquire as much aes 10 nounds iron addition
mf barrel of cement”, (U4) “¥hat s generally used 1s iron seale, a waste product
at wost of the steel roller mille, nnd sold at prices varying from $1.00 o 42,50
ner ton, The R?03 content 48 about 99 nercent”,

CORCLUS TORS

%o far as the chemical ~enects of this problen are ¢ ncerned, it can be
stated that alkaline river water has nroved o be a good mediunm for nurifying
mine water. Also, ¢onsidering the wlume of water to bo treated and the eoet of
other nrecinitonts, river water seems %0 be the only roagent that can be emnloyed
sntisfactorily for precinitating iron and reducing acldity of southenstern Kansas
pine waters., Unaolvel i¢ the nroblem of detern'ning vhat kind of reservoir or
tan: ig best for purification of the water and srecipitation of the iron in o
manner that 1e sulted for narketing the iron,



LIST OF ZINC-LYAD CONCENTRAYING MILIE
(The numbers eorrespond with the nmumbers on figure 1)
1. Pilharz - Brewster 0. Brevgter
2. Bt. Louis “meltine & Refining Co. 31, Bird Dog

3. Ivon Hountain 3?. Beaver

4, Oprerman (Mine and vump® 32, Corseslew York
5. Bawter Chat Co. W, Royal

6. Dlack Tagle 35. Atlas

7. Vedaral - Muncle 36. Indian

8, Tarly Bird 17. Mionlon

9. Pederal Jarrett 38. St. Louls Smelting 2 Refining Co, ¥o, U
10. American Mobinson 33, FKangas Wrt, Rite
11. 442 Continent 40, DBlue Goose

12, Cantain 41, Woodchuek

13, ¥ilbur h2, See-Sah

14,  Chubb 43, Baird

15, Kane. Px, Jarratt W4, Rialto

16, Yebber 45, American Douthat
17. Hev Blue Mound 46, Cardin ¥o. 3

18. Vest Side 47. Admirality

19. Bare g, tevrion

20. Youngman & Youse 49, Skelton

21, Fvans-Yallower Wo. 24 50, Lawyers

22. Dines Blue Mound 51. Central, "agle-~licher
?3. Pelican 52. Romo

24, PYederal-Sordon 53. Thenstein

25, Tri.State Ottawa 54, Homeasake

26. Tri.State Sooner 55. lLeopamd

27. Cortes 56. liza Jane

”8., Andrews 57. Hartley

29, Beck 58. Sunflower

590 Peru



TABLE 2

Analyses of Hater Samoles
Total Iron in Alkae
dource =M iron. solution Acidity linity District
Teloelle DPeBeMe VeTele TePele
Soring creek - 100 yards above mouth 2,45 U655, Lo, 1540, Baxter Sprina
1% feet above mouth of Spring ereek
in Spring river T.55 0.77 012 182, Baxter Springs
Kouth Spring ereek 7.08 g.1 0.1 ok, Ravser Soring:

60 yards below mouth of Spring creek
in Spring viver 8.2 8.0 0.06 gk,  Bawter Svring

Afteyr Spring river had risen and
filled Spring oreek to this point,

Soring creek 100 yards nbove mouth 3.7 25, 3.3 68. Haxter Svrings

$ mile below Snring creek in Spring

river, Above sewer 7.4 3.8 0.07 g4,  Dawter Snringe

3 miles south of Baxter fprings on

Soring river £.8% D68 0,31 6, Hortheast
“klahoma

¥nd of launder, 60 yards from mine

vumn, St. Toule Smelting 2 Hefining

Comnany 2.65 1050.0 980, 4100, Barter Springs
(Ballard mine)

Just above lime plant, 5t. Touls
Smelting & Refiming Company 2.4% 1000, 950, 4290, Barter Sorings
{Ballard mine)

¢ mile from mine, 5t. louls
Snelting & Refining Comnany 2,40 900, 860, ho2o, Barter S-rings
{Ballard mine)

Oprerman mine, Baxter Syrings 3.9 350, 240, 860, Bavter Sorings

Srewster mine, Baxter Springs 2.8 2715. 2600, 8370, Bawter “rrings

Just below Federal Jarrett Mill, :

Fansas-Oklshoma line, sec. 15, 6.5 1.b 0.0h 30, Preace-Tocker-
v ville

Semple Warly Bird tailinge mill

stream 8.0 .14 0,04 ™,  Treece-

Hockerville

Just below Wilbur mill, Kansase
Oklahoma line 6.9 3.0 0,03 6, Preece-
Hockerville



TABLE 2 (continued)

Analyees of Fater Sapples
Total iron in Alkfe
Source o8  Axon.. solution Acldity linity Dietrict
TePolle DePalle PeDelle DePDeMe
Just belowr Chubb nill, X¥ansags.Dkla-
homa 1ine 7.8 0.14 0,08 168. Treete-
Hockerville

8/ Sometimes called Tth Avenue oreek.

Gamples tken July 7, 1340



TABLE 3

LABORATORY, TESTS ON MINW FATWR
iron Preginitation

Condition Precinitate Tarcent

Volume g/ Volume b/ after settling Percent Percent Percent  irom ro-

mine water  river wator !5 minutes Festy  Algly insoluble coversd

100 300 Very turbid 17.0 0.00 23%.0 29.1

100 500 ‘ Tardid & 7638 3.5 20,0 57.2
settled

1100 600 Tarbid ? 78,1 3.9 22.0 61.7
settled

100 100 Purbid 73.0 2.0 25.0 £3.5
gettled

100 800 81ightly turbid 75.4 0.0 24,6 70.8
4/5 mettled

100 1000 Henrly clear 62.9 b1 27.0 7.7
/10 settled

100 800 Slightly turdid 72.% 2.7 24,0 73.9
after & hours

100 1500 alightly tarbld 58.6 CR 32.0 2.9
after 6 houre

a/ Tiltered mine water, containing 589 p.p.m. iron.
b/ Contained 26 p.p.m. insoludle matter.
g/ Settled out after !5 mimutes excert as noted. Actually the precipitate contained

Pol ORY,, AL(OH),, and insoluble matter. It was burned to give orides and eo
ni@ui. iron }dalam on basis of 10303.



STRYAM POLIUTION BY MINE FATEES, AND THR RRCOVERY
OR IROK I¥ MIN® WATERS PROM THE ZINCeLTAD MINES
I BOUTHEASTERN KANSAS
7y De Hinney
IHNTROTUCTION

Jurpose of dnveatisabion, e ff’f ;Z;:’tion of the ¥anasns Geologlcal Survey
is to nromote the mineral indusiries of the gtate., In the southesstern Eancas
zine and lead-mining industry, 2 serious problen coﬁrronnng o erators e the
disposal of mine waters that contain large amounts of both acid and iron. The
value of production in the Tri.State Metrict is now almost 518,000,000 a year,
zine concemtrates conastituting 83 nercent of this amount ond lead concentrates
17 percent, Apvroximately 27 percent of peoduction in the dlstrict 1s nroduced
in Kangae, and the annmual value of zine snd lead vnroduction in ¥ansos {e about
4,860,000, OFf the Kansas total, 21,000,000 represents the value of the yield
from the Baxter Sprinre area, where the nroblem of disposal of mine water i¢
acute, The onerators in this area are deterred from an increace in ore ::rd:iuétion
by difficulties in dispocal of enlarged cuantities of acid mine waters, There
1s undoubtedly o 1imit to the amount of untreated mine water that can be dummed
into surface drainage without danger of haraful effects on the etreams, Indeed,
famare suite now rending may lead to a curtailment of lrad and 2inc nroduction
in ¥anane,

The purpose of the investisation that e here reported was to study two
ciosely connectold nrobleme - haw deleterious festures of the mine water can best
be reduced or removed, and whether the valunble iron content of the mine waters
can be recovered ecomomically. All citizeme, including the mine orerators, are
concerned in safepusnviing the gquality of surface waters, and this ie 2 enecial
function of the State "ater and Sewape Tnboratory, which, accordingly, is aleo

deenly interested in the problenm of mine-water dispoesl in scutheastern Fansas,



Results and Data Obtained

l. Stream samples. Samples were obtained from all streams

contaminated by zinc mine water originating or flowing through
Kansas and entering Oklahoma. A map has been made showing
locations where samples were taken, together with the total iron
content, and the pH of each. Included also is the same kind of
data for samples collected by the State Water Department, work-
ing with the Tri-State Ore Producers'! Association. See Map No. 1l.

2. Analysis of samples. A table has been made showing

analyses of all samples taken. Each analysis gives the following:
total iron, iron in solution, total acidity, all in parts per
million parts of water, and the pH of samples. See Table No. 1l.

3. Laboratory Tests. Tests were made on the efficiency of

Spring River water, which is alkaline and neutrallzes acid, in
precipitating mine water, which is acid. A tabulation of these
tests, showing the effects of varying amounts of river water,
analyses of precipitated iron mixture, and various other data,

is given. 1In the ratio of ten to one, river water toc mine water,
the acid of the mine water was neutralized, and 74% of the iron
precipitated as hydroxide. Iliore river water will give almost
100% precipitation. Sec Table No. 2.

4, Iron and acid content of mine water. A map is shown

in which the Kansas mining field is divided into three small
areas, according to the iron and acid content of mines located
in these areas. 1In the Baxter Springs Area, the mine waters are
high in these substances. The Treece~Hockerville Area contains

what are probably harmless amounts. The Waco Area ore occurs in



a calcereous gangue. Mine waters from this district give no

damaging stream pollution. See liep No. 2.

Discussion of Problems

Iron pyrite is probably responsible for most of the
iron and acid present in mine waters. In the presence of water
and air, it is converted to iron sulphate, as follows:

FeSy, + 7 0 4 Hg0 = FeSdeLbEié zine ore occurs in lMississipian
limestone, which is overlain with Cherokee shale. The basal
part of the Cherokee is exposed at places along the belt of
outcrop west and north of Spring River, principally in the vic-
inity of Baxter Springs. The upper workings of some mines in
that region show the shale formation. The shale contains pyrite
and it is in this area where by far the greatest trouble with
mine water i1s experienced. Alternate working and closing of
mines has aggravated this condition. Oxidation occurs when

the mines are dewatered; solution occurs when the water rises
during shut downs.

Mines in the Treece and Waco areas contain no great
amount of objectionable impurities, and will not be discussed.

The following is a list of more prominent mines in the

Baxter area, together with analyses and other data:



Name of Direction Water (gals.) Analyses Where line
Mine from Bax- Pumped per Iron Acid Water Flows
ter Spgse 24 hrse P PN PPM
Brewster West 5000-6000 8370 Willow Creek to
& Bilharz Spring River
Ebenstein wWest 5000-6000 Willow Creek to
Spring River
Homestake West 5000-6000 Willow Creek to
As Spring River
Reported
Leopard West 2500-3000 - by Willow Creek to
OWe Spring River
Bilharz
Liza Jane West 2500-3000 Willow Creek to
' Spring River
Hartley S.West 2000=-2500 7th Ave. Creek
(Spring Creek) to
Spring River
Ballard S.West 2,800,000 1050 4100 7th Ave. Creek
St. Louis (Spring Creek) to
Mining Co. Spring River
Opperman South 1,500,000 350 860 7th Ave. Creek
(estimated) (Spring Creek) to

Spring River

—

mines lie in the extreme southwest border of this area.

are high in iron and acid, but make little water.

The Sunflower (old Euterpe), Iron liountain, and Peru

They

The very small

amount of water that may be occasionally pumped flows to the west,

eventually reaching the Neosho River,

Only the Sunflower is oper=-

ating now and there is no mine water problem at the present timee.

At the time the field work of this investigation was

made, from June 16 to July 16, 1940, the Ballard mine of the

Baxter Springs Area was pumping and had been doing so for several

years.

water is not included in the laboratory testse

The Opperman mine started pumping July 7, 1940, but its

There are several variables in the problem of mine



water disposal. Both the volume of mine water and its com=-
position can change, depending on how many and what mines are
pumping. Mines are more or less connected by underground water
courses. Continuous pumping at the Bsllard has lowered the
water somewhat in the other mines.

It is said that if the mines were once dewatered the
total daily pumping required to keep them in this condition
would be between 2,000,000 and 3,000,000 gallons. However,
most of the mines have been idle for some time and must be de-
watered before mining can be resumed. It is estimated that
steady pumping at all these mines would do this in three months.
Such a campaign would raise the daily output by 7,000,000 gallons,
to a total of 10,000,000 gallons, and place an excessive burden on
any treating plant during this time. A plant requires constant
feed. It would be better to pump this excess mine water out at
a lower rate and take more time doing it. For instance, if
twelve months were taken, the extra water from this source would
amount to only 1,750,000 galls daily. This added to the other
5,000,000 would make 4,750,000, an amount which a treating plant
might handle.

The Ballard mine water reaching the river now has the
following composition: Total iron 465 P P Mj; Acidity 1540,

This water would deposit approximately six tons of iron in the
river daily, except that some 50% of the iron is being settled
out along the way by settling ponds constructed by the St. Louls
Mining Company. In this system there are two shallow ponds of

several acres, each alternating with shallow canals through which



the mine water passes. A ton of lime is added daily also. This
part of the drainage is one mile long. The water then passes in-
to a creek bed and without dilution finds its way to Spring
River. The total distance is about four miles. The following

analyses show results in this settling system:

_Ballard line Water Treating System__

Acid Iron Separ- pH
Solution ated

TET
Water as discharged from mine 4100 980 70 2.65
At 1/2 mile & through one pond 4290 950 50 2445
At 3/4 mile and after having lime

added (1 ton daily) & passing
through second pond 4220 860 40 2.40
#* Water as it enters the river 1540 440 25 245

% This is the water utilized in our tests.

The reactions causing the iron to settle out are as

follows: FegS0,)s + 6HgO0 =  2Fe(OH). + 3HoS0,
FeS0y + 2H,0 Fe(OH), + HpS0,

Fe(0H), + Hy0 + 1/202 = Fe(OH).

Iron hydrolyses best in neutral solutions, the ferric
being more active., Iron in the ferrous condition is difficult
to oxidize and precipitate. The bottoms of ponds and canals are
covered with two to four inches of iron deposits.

Assuming 500 P P I iron and 10,000,000 zallons daily
reaching the river, the iron would amount to about 21 tons, or
actually twice that amount of iron hydroxide. The same figure
would obtain with 1000 P P I iron and 5,000,000 gallons dailye.
The latter figure might represent what conditions would be if

the district should have a fair increase in production. It



should be remembered that most of the mine waters have a higher
iron content than the Ballard. On the other hand, it might be
expected that after pumping ocut long standing mine water, the
water subsequently would be lower in iron. The greater the
volume of mine water, especially if high in impurities, the
greater the amount of river water needed and the larger the
settling capacity required for the iron. It is the mechanical
features necessary in treating such large volumes of mine water
that create a problem. The chemical phase of the matter can be
considered as settled. The following analyses show well how
thoroughly is the removal of iron in solution when mine water

reaches the river.

pH Total Iron in Acidity Alkalinity
__ Iron Solution
Spring River water. . « « 7.5 0.77 0.12 102
Ballard mine water in
7th Ave. Creek, just
before reaching Spring
RIVEr « o ¢ ¢ ¢ ¢ o o o o 2.45 465, 440, 1540. 0
louth of 7th Ave. Creek
and Spring River. . . « « 7.05 8.1 O.1 94
60 yards below mouth of
7th Ave, Creek in Spring
RIVOP: o+ ‘e o ¢ 0 & o oo 848 840 0.06 94
One=fourth mile below
mouth of 7th Ave. Creck., 7.4 368 0.07 84
Three miles south in
Oklehoma. % « + ols » o o B.,88 0,68 0.31 64

The necessity for some system for purification of mine
water is of vital importance to the zinc mining industry of the
Baxter Springs area. The St. Louis liining Company, by reason of

being the most active producer in the district, has been the



object of a number of law sults. These have been instituted
by farmers, fish and game associations, and municipalities, all
in the State of Oklahoma. Spring Kiver flows into that State
a few miles below Baxter Springs. It is contended that river
water contaminated by mine water is injurious to fish, livestock,
crops, and unfit for human consumption. Most of the suits have
been compromised out of court. Regardless of the merits of these
claims, the Kansés operators are in a vulnerable position and
actuvally afraid to discharge additional mine water into the
river for fear of consequences. As a result, production in
Kansas is lower than it normally would be if this condition did
not exist.

Other conditions bearing on this problem are as follows.
The Empire District Electric Company operates a hydroelectric
plant at Riverton, several miles above Baxter Springs, on Spring
River. Water is impounded behind a dam and released through tur-
bines once a day to help generate the peak load of electric out-
put. As a consequence, the water at Baxter Springs rises one and
a half feet in the course of an hour and stays at the new level
two or three hours. This sudddn onrush of water is said to scour
the river bed, raising iron hydroxide which has settled. This
statement is probably somewhat true. In any event, the sudden
flow of water does no good.

Maximum and minimum water flow in Spring River is of
importance in considering the use of this water. Shoal Creek is

a tributary of Spring River above Baxter Springs.



#Spring River above Shoal Creek, period April, 1924, to
September, 1933:

Max. discharge 57,400 second=-feet, Aug. 17, 1927
Min. " 22 g " Sept. 8, 1925

#Shoal Creek, same period:

Max. discharge 17,200 second-feet, Jan. 21, 1932
Min. % 8 " " Octe~ 9,1931.

Assuming the combined minimum is 30 second=-feet:

30 x 7.5 x 60 x 60 x 24 = 19,444,000 gallons daily. This would
suffice to precipitate the iron from only 2,000,000 gallons of

mine water, but of course such a condition of low water is very
unusuale

Undiluted mine water will kill fish quickly. However,

no dead fish were observed in Spring River below where the mine
water is added; although numerous live fish were observed. It

is claimed iron hydroxide settles on the bottom of the streams,
destroying spawning beds. It is also said to get in the gills

of fish and do damage.

Suggested methods for settling iron hydroxide, and

recovering iron are:

A. Settling in a slough.

B. Settling in Spring River.

Ce Settling in a Dorr Thickener, followed by filtration
of thickened pulp, using a continuous filter of the
drum type.

A. This idea was conceived by Mr. H. H., Utley, manager of
the St. Louils Smelting & Refining Company (Ballard mine). MNr.
Utley has been most active in the work of mine water disposal

and has spent much time and money on the problem. Whether other

#From Bulletin 24, page 17, Kansas State Geological Survey



operators are cooperating financially is not known. There is a
sjough one mile long which parallels Spring River on the east
across the river from Baxter Springs, where mine water 1is now
discharged. An abandoned concrete railroad bridge crosses the
river at this point. The plan involved daming the river above
to force a certain amount of river water into the slough. A
dam would be required at the lower end of the slough also to
control the flow where the slough contacts the river again.
River water mixed with mine water would cause the iron to be
precipitated and settle in the slough. This plan was temporarily
discarded when a survey showed the bed of the slough to be of
about the same elevation or above that of the river bed. An
engineer estimated the cost of the project; excavation, dams,
conduilts for carrying mine water across the river, etc., to Dbe
80,000, In view of other developments, this plan should not be
abandoned without further consideration. For full details and

- estimated cost, see Map Ne. 3.

B A later plan, also by lr. Utley, involved building a dam
approximately 225 feet by 6 feet across Spring River two miles
below where mine water enters, and settling the iron out in still
water behind the dam. This assumes that clear water would pass
over the dam under normal river conditions. Iron sludge would be
pumped from behind the dam to the river bank, filtered, and pre=-
pared for market. There is some question as to just how effective
such a plan might prove. Still water would prevail for one mile
behind the dam and the iron might settle over a wide area, not
just behind the dam. 1Iron sludge collection would probably not

be very efficient, at least until a sizeable deposit had built up

o 10 -



in the river bed, and even then the iron might be lost over the
dam in times of high water. It would be necessary to construct

a six foot wall on the river bottom running diagonally up the
river from a point on the dam located three-fourths of the way
along its length to deflect the iron precipitete so it would
settle behind the dam on the other side of the river. A 1lift
gate in the dam near the end of the first mentioned side would

be necessary in order to lower the water level, without dis-
turbing settled out iron, when it was desired to pump same.

Most of the iron would probably settle behind the dam except in
high water periods, but its recovery would very likely present
some problems. In any event, lMr. Boyce, Director of the State
Water Department, is opposed to the plan as outlined. Be believes
the Kansas Fish and Game Commission would object to any dam which
would prevent the free movement of fish up and down the river.
Evidently fish ladders are not considered effective in this par-
ticular case. A road could easily be built to this location.

Ce Precipitating the iron in a thickener with river
water and filtering the thickened sludge on a continuous filter
would represent the ideal engineering method of procedure. Here,
however, we are handicapped with the necessity of handling a very
large volume of mine and river water, possibly 5,000,000 gallons
of the former and 50,000,000 to 70,000,000 gallons of the latter
daily. The amount of solid to be settled would be smgll, possibly
40 tons daily, but individual particles of iroﬁjﬁgggaBZy require
a settling period of one hour, a condition which limits the amount
of feed which could be handled without going into very large

sized units or a series of smaller units.

- Vi



It should be recalled that mine water is coming to
the river now by way of 7th Avenue Creek. Other mines, not
operating now, discharge through Willow Creek. These creeks
are one-half mile apart at the river. If a treating plant were
erected, it would be necessary to receive mine water from one
stream only. It might be possible to divert the flow of Willow
Creek into the 7th Avenue Creek. There is probably enough
ground available for a treating plant at the mount of either

streame.

Conclusions

So far as the chemical phase of this problem is con-
cerned, alkaline river water has proved a good medium for pur-
ifying mine water. Also, considering the volume of water to be
treated and the cost of other precipitants, this is the only
reagent which can be satisfactorily employed. We still face the
problem of determining what kind of reservoir or tank should be
used in the purification in order that the preciplitated iron can
be removed from circulation and prepared for market.

The various schemes proposed have been discussed in
the foregoing pages. Until further information is received from
manufacturers of settling equipment, and until plants in oper-
ation have been visited, no recommendations can be made.

A market for iron which might be recovered from mine
waters has apparently been found close at hand. There are sev=-
eral large cement plants in southeastern Kansas., Additional
amounts of iron are required by these plants in the new type of

cement now being made. The amount is said to be 2% of the weight

w 1



of the cement. So far as is known there is no good iron ore
available anywhere near the cement manufacturing area. At
present, pyrite cinder is being shipped from St. Louis to the
cement plants. The cinder results from the roasting of pyritic
concentrates to obtain sulphur dioxide, the latter being util-
ized in the manufacture of sulphuric acid. This matter of the
sale of iron would require further investigation as to prices,
etc., but for the present the cement concerns indicate they will

have constant use for iron ore.
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Bottle

No.

c78)
748)

C40)
S69)

602)
667)

C33)
560)

Y44)
101)

L47)
W77)

Cl)
385)

B79)
Wo6)

R31)
89 )

961)
362)

Analyses of Water Samples = TABLE No. 1

Source

100 yds. from mouth of Spring
Creeks:

15' up from mouth of Spring
Creek in Spring River

Moyth Spring Crgek
t i

60 yds. below mouth of Spring
Creek in Spring KRiver

Same as sample 748 and C78

after spring River had risen and
filled creek bed to this point.
Spring Creek 100 yds. from mouth

1/4 mi. below Spring Creek in
Spring River. Above sewer

End of launder. 60 yds. from mine
pump. St. Louis lin. Co,.

Just above lime plant 4:45 p.m.
8t. Louls Min. Co. 100°F, in
shade.

3 mi, south Baxter Springs on
Spring River

3/4 mi. from mine. St. Louis Min.
Co. Spring Creek 7-10-40
10:35 a.m.,

#Sometimes called 7th Avenue Creek,

Total Iron in Alka-
pbH Iron Solution Acidity linity District
Baxter
2445 465, 440, 1540, Springs
7 .55 0.7 0.12 102. Baxter
Baxter
7.05 8ol (8,75 94, Springs
Baxter
8.2 8.0 0.06 94, Springs
Baxter
37 25, Sed 68, Sprin{)S
Baxter
7.4 3.8 0,07 84. Springs
Baxter
2.656 1060, 980, 4100, (Ballard
mine)
Baxter
(Ballard
2.45 1000, 950, 4290, mine)
N. E.
6.85 0.68 0,31 64, Okla,
Baxter
(Ballard
2.40 900, 860, 4220, mine)

- lary



Analyses of Water Samples - TABLE No., 1

(continued)
Bottle Total Iron in Alka=-
No. Source PH Iron Solution Acidity linity District
218) Opperman mine. Baxter Springs Baxter
N7 ) (Was & lot of COg in this?) 369 350. 240, 860, Springs
209) Brewster mine. Baxter Coll. Baxter
E95) 7=1=40 2,8 297154, 2600 8370, Springs
680) Just below Federal Jarrett Mill. Treece=
997) Kinsas.-Okla., line. Sec. 15 6.5 1.4 0.04 30, Hocker
-ville
267) Semple Early Bird tailings mill ; Treece-
33 ) stream 8.0 0.14 0.04 34, Hocker
-ville
149) Just below Wilbur mill. Kans.- Treece-
872) Okla. line 6.9 3.0 0,03 64, Hocker
-ville
H241) Just below Chubb mill, Treece-
Y24 ) Kans.=-0kla. Line 748 0.14 0.08 168, Hocker

-ville

—




Laboratory Tests = TABLE No. 2.

Precipitatei % Iron
Amount Amount Condition Total : % Recovered
Mine River Settling Weight % % in- From line
No., Waters Wauter 45 mine (grams) FepO3 é;zgs soluble Wiater Remarks
1. 100 CC 300 CC very 0.0315  77.0 0 23.0 29.1
turbid A o o
g amn
2., 100 CC 500 CC turbid  0.063  76.5 3.5  20.0 57.2 &=
1/2 settled et
cod g
3. 100 CC 600 CC turbid 0.070 T4.Y " 8.9 22.0 61.7 St
3/4 settled . by,
L go P
44 306 06 700 Cc tuphia | " 0L07Z3 98,0 2.0 - 2B,0 6895 SRS
3/4 settled oeo 5
i @ O
5, 100 CC 800 CC sl. turbid .079 7.4 Wl 24.6 70.8 g Vel
4/5 settled g&;ﬁﬂq
000
6., 100 CC 1000 CC quite clear.095 68.9 4.1 2740 77 7 S o
9/10 settled st WA
- rl_>‘= o = I - >
7. 100 CC 800 CC sl. turbid .086 e S 24,0 7349 it g
after 6 hrs. §%2§£
8. 100 CC 1500 CC turbid 0.122 58.6 9.4 32.0 84 .9 “EEE S
after 6 hrs.
9. 100 CC None This contained .,0589 gm.

iron. Equivalent to
0.0842 gms. FegOz. Equal
to 089 P F M mine water,

#Filtered mine water.

#% Filtered out after 45 min., except as noted.
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The Waco District

! Ramiralt 2/ Goodeagle 4z Ramage Y mi Tos :
z DBeok ¥z -g%ﬂg}igr 22 Gordon 43 Rialto is 1F miles nar th
3 Ballard - 23 Grace Walker 44 Fiez of Baxter Springs.
4 Barr : 24 HMHartle 5 3 45 [Pobinson
S  Beaver 25 Iron /*);’oumainbuni lowerge Scammon Hill
6 Mary M. Beck 26 Jarrett (Federal M &S )47 Ske/ton *5
7 Bendelari 27 Johnl 48 Stlouvis X4
8 Bird Dog 28 Jarrett (Kansos Ex,Inc) 49 Velie Leopard Liza Jane
9 Glack Eagle *2 28 Jay Gird 50 Welie Lion
10 Bluebird 30 Jusr Right S/ Webber
/l  Blve Goose 3/ King Brand 2 West Side
IZ Beck %3 Ebenstein 32 Lucky Bil 53 Wilbur
13 Barnsdall: T £ gk 33 Lucky Jay Hawk 54 Woodchuck
/14 Brewster TOMESLAKEe g4 AnaT, . ient X2 55 Eagle-Picker Central Mill
15 Cherokee 37 Muncre A Joplin Junction Oeports
16 Chubb 36 New York B US. FPost Office
17 Oriscard 37 Faxton C  Miomi-Mineral Belt Depot
18 Early Bird 38 Peru D Prcter Hospital
19 Evaens-¥vallower ¥4 39 Feru-Laclde E  frrerican Hospital
20 Evans-Wellower %7 40 Proneer F 10000 HP Fower FPlont
&/ FKightley G Community High School.

56 The Opperman

INTERESTING INFORMATION REOUT THE MINING OISTRICT

Shipments of Zmc and Lead Concentretes First Quarfer /93 <F — === = 74,850 7oms
Value of Combined Zinc and Lead Concentrares First Quarter 1934--¥22/2,/127
Average Number of Mern Employed During /929 ————— e e 7540
Rrerage Number of Men Employed Ouring First Quarter [93«f ————— X200
Average Weekly Payroll During /929 ——————— e ¥/80.960
fverage Weekly Fayrol/ During First Quarter [934————=——-- £57750
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Baxter Springs Drainage District Excavation 20,000 cu yd at 1 = {20,000
Wm., M. Stewart Engr. Co. Masonry Dams 1500 "™ " ol !
Joplin, Lo, Rip Rap - Retarding

Dams I600- .0 0

Map No, 3. Pi%e & Wooden Conduits 3500 ft.

Gates, Engr. Supr., other expenses
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