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\ SALT I KANSAS
" By Barl K. Nizon, Geologist, State Geological Survey of Kansase

INTRODUCT ION
Salt, a mineral indispensible to civilization since Bible times = ; used

1/ Bible, Leviticus, ii, 13.

by the Romans as part payment for soldiers' wages (the practice yilelding our
English word salary), and seemingly as necessary in agriculture as in industry
is so ordinary a substance that it is actually called common salte Its ready
availability almost anywhere is now taken for granted, as present day children
take automoblles for granteds It was not always S0,

Only since 1900 or thereabouts, has salt become a really important raw
material for the chemical industries which currently consungy’ fully two-thirds
of the United States productions

The present Kansas salt industry is 63 years old, although its beginnings
o back another 20 years, It is a ploneer which started almost as a "dead end
Kd," and weathered its hectic, adolescent years among the guarrels and bickerings
of land, cattle, and railroad interests of the frontier state, It has now leveled
off in its early middle age into a stable, competent, and respected industry « « «
a credit to the men who have made it as well as to the statc =ivich embraces it.

This brief story is about the Kansas salt industry.

HISTORY
On September 18, 1806, Zebulon Pike, the noted early day explorer for whon
2

Pike's Peak was nased, wrote in his diary , ", . « marched at our usual hour,

2/ Elliott Couss, edey The ixpeditions of Zebulon Montgomery Pike,

#Pablished with the permission of the State Geologiste
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and et twelve o'clock halted at a large branch of the Kansas (Smoky Hill liver)
wirlch was strongly impregnated with salt."

During the 81 years that followed Plke's observaiion, sall fron Kansas
salt marshes and springs wes caten rov or boiled comm in kettles, sold, Lariered,
and fousht over by Indians, fronticrsmen, missionaries, renegades, explorers, and
later i immigorent coloniste and merchants, Some crude stills and even solar
evaporators were bullts

te early as 1867 production of evaporated salt from 2 brine well near
Solomon Ciiy in weslern lilckingon County reached about 10,000 barrels per
Jears '

Bul the real Kansaos salt indusiry was started, almost with a "whoosh,"

0o

in Septesbor 1507 when a woll drllled for petroleam near Hutchinson eut beds

of rock salt nearly 30 fect thicke . ith 250,000 immigrants entering the
3/ ‘ ;
&/

~ . S . SN
State the preceding year, 1806 , wits a land woon erw, amﬁiive rallroads

2/ Carl R, lcrpger: Historical Notes on lansas 5slt, Haster's thesis, University

of Xansas, np. 175, 1945, lew York Sun as cited by Zergers

under congiruction, the finding of salt ab lutchinson oo

magnii‘i@ the trend to mmaway proporticnse sy, mailnly from Hew York state,
who knew the business of brine wells and salt sanuiacture, began imredistely
1o bulid plants in the lutchinson area, ihirteen salt plants are said to
have been bullt following the Hutchinson discovery im 1847, Thirtyesix

companies were orgamized in the G-ycar period from 1887 to 1892

4/ derger, ope cites 1945,

Hituin two decades following the dlscovery, salt production soomed to high
figures, competition was described as "cut-throai,” and the price reportedly went
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as low as a few cents por barrels The weaker companies failed or were bought
up by the stronger. The industry became stabilised soon after the turn of the
century and neither production nor industrial policies nor the producing comw
panies have changed greatly since, Today, methods and plants are modern and
the operations are models of the domestic mineral industry.

GEOLOCY

Two known salt zones of significant thiciness -~ o dozen feet, say, as
a ninimun - are distributed over more than 30 counties in the western twoe
thirds of Kansase The two somes are: fhe more Luportant Hutchinson salt
member of the Wellington shale, and a salt member lying roughly 1,400 feet
hisher straticraphically in the lippewalla group. BSoth mones are of Permian
age, which also is the geologic age of the salt deposits of northern Texas
and of the important Stassfurt deposits in Germanye

In Kansas, the salt sones lie within a thick sequence of shales predominantly
of continental origin, locally gypsiferous, and containing some rather thin marine
linestone layers.

The salt beds, or "sectlons" as thoy are recorded in the logs of nunmercus
holes drilled for petroleun, are those thicimesses which seem to be composed
largely of rock salts In detail, the salt members (so far as present information
goes) mw,’ top to botton) of flat-dipping halite, sodiux
chloride, interbedded or interlaminsted with shale bands, The latter vary in
thiciness from that of a pencil line to many feet, the boundaries being either
knifewedge or, locally, gradational, MNumerous beds within the salt sections
are depositional mixtures of salt and silt in which the variation in content,
as one scans a vertical section, may run from almost pure salt to almost pure
shale, or the reverse,

Seeningly, the only impurity of consequence noted to date in Eansas salt,
aside from the shale, is anhydrite (or gypsum, the hydrous form of calcium sulfate)
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which comuwmnly ropresents no more than a few percent of the rocke

Judging hy the salt bed being mined near Hutchingson and Kanopolis,
a section 9 o 12 feet thick near the basc of the member, horizental laminations
of the salt in the form of tiny shale bands is the most obvious characteristic

of the sedimentation of Kansas seit, These thin bands or laminae, which in

Y7
many cases are nerely dark layers of salt discolored by & small silt Acontmt,

are nol wavy, but very straight and uni’orm laterally, suggesting deposition
in quict water, Some ;eolorists regard these individual salt bands as probably
being the deposile of a gingle year, tie guale bands corresponding to seasonal
surges ol sudey water into the basin,

Bass o .scusscd the general structure ol the pall beds auc noted that the

_‘é/ Ne ¢ Basss OStructure and Linits of ihe Kansas Salt Dedse. Ciale Tecls Survey

of Kunsas, Dulle 11, pte IV, Upe 2 L20e

easterr boundary of the Hutchinson salt ucaber, peselug through Jedgwick, Harper,
and derherson Countiesy 18 very abrupl and soams o be an eresional or solution
convacte At Hutchinson the sall Led being mined exhibits wiat scens to be a
definite system of incipient fractures, analogous to the "cleat" in coals Whether
or not the incipient fractures noted are delinligly related to local or reglonal
structural pattern -~ the anticlines, uolifts, and basing e ig not kuowme

&s o origln, the Kaneas salt beds doublless were deposited in a relatively
shallow, gulet sca by eveporation and concentration of saline wators or bitterns.
Probably the sea occupled an inland basin not counected (at least at thc tine of
deposition of the lutchinson salt sewber) with the larger Peraian sea which
deposited salt beds in northorn Texas and iew Hdexlons Also, the Kansas salt beds
(judging by the rather limited available information on thelr nature and composition)
probably represent@s largely chlorides thal have been redissolved, transported
by streams, and laid dowm with modiiied composition in their present form and
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locst ons This could happen if streams carrying in solution, mainly the more
soluble sodium chloride from an exposed or upwarped salt area, drained into the
broad, shallow, closed basin -- the hansas area - wherc concentration and pre=
cipitation of brines formed thick salt beds carrying little sulfatee. ELvidence
for these tentative conclusion is contained in the fairly well-kncvm reactions
4hat take place during precipitation of salts from sea water, and from the lack

of corfornance of the Kansas deposits with the established principles,

MINIHG

Salt production in Kansas is by two methodss by evaporating of brinec from
wells and by underground mininge 1Three mines, one at liutehinson belonging to The
GCarey Selt Gompany, one at Lyons of the ameriean 5.1t Corporaticn, and one at
Kanopolis of the iIndependent Salt Company are operating in the State at this
times The Carey company has an idle underground mine at Lyonse. [lour salt
companies have operaving salt brine and evaporating plantse They arc the lorton
Salt Combany of Hutehinson, the Barton Salt Compary of Hutchinson, The Carey
Salt vompeny of nutchinson, and the American Salt Corporation of Lyonse Only
the American 521t Gorporation at lLyons has both its brine evaporating plant
and its rock salt operation "on one lot." All operating companies were most
cooperative in supplying detalils {or tihis papers

It has become the practice at Hutehinson to drill brine wells as f-inch
holes to a depth of about 65 feet and there to set and ceument casinge The hole,
reduced to 5 5/B-inches, is continued to about 160 feet, and amother string of
casing is set and cementeds The hole is then drilled on to the bottom of the
salt section, at approximately 715 feet in the lutchinson areas From the bottom
of the casing at 160 feet to about 715 feet the hole is opens The surface
spacing of brine wells is at L00-foot centers or thereabouts and the wells have
a life of 30 or LU yearse

Ulean water at natural temperature, about 70° Fey is pumped under pressure
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of about 120 pounds per squarc inch through an inner string of 2-inch tubing

which goes down inside the casing to the bottom of the hole. Pressure brings

the salt-laden brine out of the well through the larger casing outside the 2=

inch tubing. The brine, at about 76 or 98 percent sodium chloride saturation, is
conveyed to the evaporating plants, 0ld wells sometimes become connected underground
when tneir solution chambers mergee. Then, water may be pumped down through one well

and brine taken from the adjacent one. Lach gallon of water pumped into the wells
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accounts for about 3 pounds of salt, each gallon of brine bringing up about 2,5
pounds of salt (2,65 pounds if the solution be completely saturated)e.

The underground mining of salt in Kansas reveals some features that are
almost unique in mining practice, lost impressive even to mininz men of broad
experience is the {irst view of a "iing-size" room more than 1,000 feet long, 50
feet wide, 8 to 12 feet high, with not a stick cf timber in sight and no evidence
of spalling or sagging of the roof (or of heaving of the floor). There are instances
-- an occasional expericuce at Lyons and Xanopolis — where roons have developed
roof sags after guanuln. open 2 or 3 years, In such cases a layer of salt a few
feet thick has broien to a sihale parting, and the loosened layer rust be taken
down if the room is neceded for a haulagees It can be said, however, that the roof
in Lansas salt mines gives comparatively little trouble,

Che ngy not see 2 drop of water in the mines although the working levels
range from 700 to L,000 feet below suriace, Commonly a few gnllons of water per
day arc caught at ledze and pumped to surface. lleither is ther any seepage of
natural gas into the workings althouzh there are nuucrous o0il and gas fields in
the salt areas

liining practice in the underground mines of the State does not vary auch,

The Carey mine at 'utchinson, comparec with the averagc undergroond mine in the
United States, would proovably be reg.rdec as a show place, Tt will be described

as representative, A section of the salt 8 to 10 feet thick near the base of the
lutehingon salt nember is mined by an ordinary penel or room and pillar method

wiiich has been changed little in detail for many yearse Lxzcept near the haulageway
pillars are L0 feet square and rooms or gpaces between the pillars are 50 feet

wides This gives a salt recovery of 80 percent of the area mined, At Kanopolis, both
pillars and rooms are 45 feet wide, giving a recovery of 75 percent. Pillars

are never reamovede Therc is no visible subsidence of the ground surface in the
vicinity of any of the salt mines,
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The salt beds, except for minor warps, arc flats At present mining at
the face is about 1 mile from the shaft station at the Carey mines iining
advances away {rom the shaft and a pillar 50 feet thick (with oceasional
break throughs whiich are later lagged up) is carried along the main entry
or tramaing road to control ventilation, The tramming track is turned at 90°
right or left from the main entry as much as 500 fect to a temporary loading
station., The latter, equipped with a Joy PL=1117-U razp loader or elevating
conveyor, receives the salt fron pneunaticetired shuttle cars direct from the
working facee “lhen the salt has been mined to one loading station from a radius
of about 500 feet == geemingly the optimum haulage distance for the shuttle
cars, the station is moved or advanced to a new point to cut down the average
haulagse distarceo,

Iriliing of the salt face is a crawler-treac junbo mounting four Howell
drills operated by two wen. 7“he jumbo is moved Ly electric motor supplied by
cables Three horizontal rows of 1 5/fe-inch diameter, 10 or 11 foot lonz holes
- about Ll to the round = are drilled at approximately Sheinch centers acroes
the SO=foot room faces It requires about 3 minutes to drill a hole, and about
2} hours to drill a room face, Central Mine and Iquipment Compsny detachable,
throwaway bits are used, |

The entire faoce is undercut at the floorline by a Uoodman Nos 12«0e=3A
shortwall undercutter with 1O=foot bar making a 6-inch kerf, A ground cable
supplies Lhi0-volt A.C. to the machine which moves automatically by cable feed
across the even floor at i inches per minute,

The holes are lozded with Trojan TL 503«i, LO percent dynamite with instant
detonators in the bottom holes and delays to fire the upyer rows in succession.
Sach round of holes blasted advances the face about 93 feet and ylelds a muck pile
of about 250 short tons of salts Roughly 1.9 pounds of powder are consumed per
ton of prodrets Slasting i calculated to give a minimum of fines. Chunks that
break t00 large are reduced with a jackhammers



-

& Joy 1l-BU continuous load (or "craw-dad" in the vernacular) mucks the salt
into the sruttle ear for delivory to the loading ststion on the main haulago.
The shuttle car, a Joy 60-3«#8-l is powercd by two 2hecell storsge batlerdes
ahich are chapeed ¢odlys 1t curries L0 tens of salt at a cpeed of 5 or 6 alles
per houry; and discharges lis load into the hopper of the ramp leader wileh fille
the tram cara,

Trasadng to ths saalt is Ly an 3=ton Ceneral bleciric combinalion trolley and
gLorage batiery under,rowmd locomotive drawing a trip of Ui curs of L tons
capacitys 02 loaded cars go Liroush a rotary duap at the ghaft station and the

salt is heis*ed throush a w:ri;icgﬁ: goncrete~lined shaft in ekivs working in

3

balance, the aan cage attaches umlsr one skip,

rTae enbire unuergrowwd crev al s saroy nlane at duteh n consists of 12
men, 7o work one sudl b, and the production runs about 600 tons per day, The orew
congigls of one umalnbtenance man, one powder nan, two drillers, two undercutter uaen,
one Joy loader man, two shuttle cor operators, one loading elovelor man, one tramaer,

and one shaft atation ane

o
e

aurizce, -he salt nasses throush a Kemnedy Van Saun 26-by 3h-iuch jaw
e¢rusher set to aocout l-inch cpening, then to vibrating sising screens and on
to the sacking degparisent or to buli storave tins, OSume operators aix selected
minersl edditives with part of the salt for sale in btulk or as S0=uoimd pressed
blocks Tor stock sall or for special uscss Labor receives 1.1l to 71434 per
hour, works an U-hour day, a 40 hour week and helongs to the United Line Yorkers
Union.

In ‘zasas, rock salt is comwnly sold in b or 5 grades according to sigze,
Seo Table s The coarse grades scll to industrial consumers for 55 to §6
per ton feolbe plant, and the finest si-es at about “h, At the present time,
ro Rl one=tiind of the rock sall produced in the Siste leaves the nlants hy

truck, and twoe-thipds by reils. The truck deliveries are increasing,



Table e=-Screen sizes and aprroxinate salt content of rock sait as sold in Kunsas

Approxe Hacl

Grade Through mesh On_mesh content .
los 2 5/8 inch 3/8 inch S2E-93%
Nos 1 special 3/6 inch «25 inch 955e
Nos 1 «25 inch 158 inch s EmI6
Nos 7 e158 inch «030 inch _ 9.
Nos b fines through 050 65

The rofining of salt by evapor-iion of brine from wells as nracticed in

Kangas is by two iethodss Yy stean grainers and Wy vacuua kettles, lHost
evaporated salt 1s vreduced by the wvacuum method which yields "sranulatec
gell," commonly used in larse quantities hy the seat nackine mnd soap industries,
and. for stock salt in bulk or pressed into hlockse Stean yrainers nroduce
so~celled "flake selt" wiich ie carefully screened to the desired smizes to
effect the necessary rate of solubility denanded by certain users, Tie mogt
finely-cryetallized galt, almost o= “ine as fase powder, ls sold to mixers of
patent cake and pancake {lours shgmita the next larper sized crystals ;ﬁ to the
butter makerse Orainer salt ie used malnly in food proceseing and coste eonsiderably
more Lo mannfacture than vacuun kettle salt althoush the two are subata:ﬁt!.ally of
the sane quality,

I the vacuun process, brine vhich is nesr the gaturstion point in salt
concentralion is pumped into vertical tenks or kettles about 20 feet in dianeter
ad 60 or 70 feet high with cone~shaped tops and bottomss Drine enters nidway of
the kettle; low pressure stoan = exhausted from the turhine-electric generctor or
en;ine 2% the powsr plant, enters throush the side of the first kettle anc heats
the trine which 1s clrculated around hot tubes by a down draft propellery and the
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salt crystallisin: as individusl greins with little chance to form aggreg tes,
is &mm out of the bolttoms of the kettles as 2 slurry to be filtered, dried, and
packaged or stored for bulk shipment, Standard drumetype Oliver fllters and
rotary drilers arc useds Additives such as 01 percent of potassium ilodide and
suitable stobilizers are mixed with portions of the salt at suitable points in the
circuit to make certain desired products.

To obtain high over-all tiermal and power efficiency in the salt plant,
natural ;as i3 burned to produce steam which is converted to electrical nower in
a steam turbine or engines Lxhausi steam [rom the power plant at about 10 pounds
pressure is used to heat the Lrine in the first vacuua kettlej the vapor from the
boiling brine in the {irst ketile is used to heat the Lrine in the second kettle
in the sericsj vapor from that kettle soes to hecat the third, and so forth. The
kettles, conconly four to the plant, are connected either in a series or narallel
arrangencnte Iy mainbalning a higher vacuum in each succeeding kettle, the brine
is nmade to bLoll = altihough at a lower temperature than in the precedin: lettle.
In the last ketile in the series, the Lrine which is under the hizhest vacuum,
may boll at a temperature as low as 110° or 120° Fe Salt precipitation is
continuous during the runs which vary “rom cne to several deep. After each run the
kettlen are emptied to remove salt that adheres to the flues, Periodically the
kettles are chemically treated to remove scale,

Steanm grainers are shallow, open tanks about 2 foot deecp by 12 to 20 feet
wide by 125 to 150 fect long, with immersed steam pipes for heating the brine and
fitted with mechanical rakes for removing the salte. OGreners are filled with brine
w:ich is evaporated without agitation or vacuum, Salt crystals forming at the
surface of the brine gather into agprepates and sink to the botton as their
increasing weight breaks the surface tension of the liquide Although the salt
always crystallizes in tiny cubes, the cubes make both irresular aid cup-shaped
crystal aggregates which supply also a coarser product desired by some users.

The salt, moved to the hot end of the grainers by rakes, is pumped carefully
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or conveyed to avold breaking up the crystals, and is then driedy screened to
sizey, and packaged or stored for shipmente

Constant and careful laboratory control is maintained to assure the uniformly
hizh quality of salt produced in these evaporating plants. The fine salt from
Kansas plants commonly runs morc than 99,2 percent sodium chilorides Table salt
carefully screenec to uniform grain cize rececives a bit of inert additive,
usually magnesium csroonate or ncrheng a nhogphate, to prevent lumpiness and
to promote free I{lovi. ...

The analysce of fonsec rock salt, evaporated salt, and brine vary through

small limitse Average figures are givem in Table .

Table e—iporoximatc average andiyses of sansas salt and brine

A B G

Chemical Urams per liter percent percent
Sodium chloride, NaCl 30Le2k 99«3k 964505
Caleium sulfale, vadyy 54261 0e61 34234
lagnesiun chloride, izClp 1.233 0403 04151
Galcium biearLonate, Ua (HU\J3)2 06272
Calcium chloride, Catlp 06260 0402 04002
Ferric oxide, Feply 00001 0,001 ' 06008
Agid insolubles 0001 06100

A is an average analysis of birine from wells in the Hutchinson areas

B 1s an approximate average analysis of Kansas evaporated salt as produced at
Hutchinson and Lyons.

C is a typical analysis of rock salt as it is mined at Hutchinsone
Spectrographic analyses made by the Geological Survey of Kansas laboratory

show no significant trace elements in the salte
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RESERVES

As a minimum figure, Kansas salt reserves are ample to supply the present
needs of the entire United States for more than 30,000 yearse That would be the
reserve if a bed 10 feet thick, as is mined in Kansas at present, were to be
caleulated over the known salt area in the States Actually, as the isopachus map,
Fipure indicates, the average thickness of the salt over the areca is more than
100 feets

The calculation of salt ressrves is as follows: 6L0 (acres) x 36 (ections/
twpe) X 25 (twps./county) > 30 (counties underlain by salt) x 3,000 (tons salte

acre~oot) x 10 (salt thickness) = 518,) billion tons of salte

SUONOHIC ASPECTS

Salt, the one item in the entire mineral kingdom with which all human
beings are familiar, is so widely distributed over the earth that its value
in the ground or as ocean brine is aluost nile Hescrves are almost unrelated
to value or price,

Rock salt 2t the plant is worth (say, in ton lots) 500 per 2,000 poundse
But the evaporated variety, purified, carefully screened, treated to maie it
flow freely, perhans iodized, sackagzed, labeled, shipped in cartons to
the distributor and on to the retailer, and purchased by you irom the grocer's
shelf « cosis 10 cents per pound package. The value is increased 4O times by
nanufacture, This increment is not exccegsives

Salt mining is so comparatively simpie', both as brine and by underground
mining, that its produced value should Le lowe [i 18 low, indeed, when one
considers the host of users each of w.om requires a slipghtly different products
The difference may be grain or scrcon size, shape of erystal (some want a flat
flake), rate of solubility, the amwount of shale, gypsum or anhydrite permitted,
or in the purity of the sodium chloride itselfe The sale or disposal of sali
{ines wiich contain a visible amount of inert but dirty-looking shale - the
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so-cailal "Ho. L salt problem" = placues the industry to some degree, Lesearch
o satisfy consumers on both guality and nrice of the salt, continues on the
VAl'ioa8 proulenss

inc market will only coasume so much salty pecole con't buy exira
jeantities anvlieipating price chanres or, like an extra radio sct, hecause
it's nice to have arounds Competition follows a pattern, nevertheless., The

salt industry is that waye




ECONOMIC ASPECTS

Salt, the one item in the entire mineral kingdom with which all humanr
beings ere familiar, is so widely distributed over the earth that its value
in the ground or as ocean brine is almost nil. Reserves are almost unrelated
to value or price.

-4 Rock salt at the plamt is worth (say, in ton lots) $5. per 2,000
pounds. But the evaporated variety, purified, carefudly screened, treated to
make it flow freely, perhaps iodized, packaged, lebeled, shipped in cartons to
the distributor and on to the retailer, and purchased by you from the greeer's
shelf ,~-costs 10¢ per pound packege. The value is increased 40 times by manu-
facture. This increment is not excessive.

Salt mining is so comparatively simple, both as brine smd by underground
mining, that its produced value should be low. It is low indeed when one
considers the host of ué?fs each of whom requires a slightly different product.
The difference may be grain or screen size, shape of crystal (some want a flat
flake), rate of solubility, the smount of shale, gypsum or anhydrite permitted,
or in the purity of the sodium chloride itself. The sale or disposal of salt
fines which contain a visible amount of imert but dirty-lookiang shale-—-the
so-called “No.ah.salt problem"..-.plagues the industry to some degree. Research
cozk¥uzesxenzike rxaxisuxzprabiensxgz to satisfy consumers on both quality and
price of the salt, continuesion the various problems,

The market will only consume so uuch salt; people don't buy extra quantities
anticipating price changes or, like an extra radio set, because it's nice to have
around. Competition follows a pattern, nevertheless. The salt'induhfry ig

that way.
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