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Abstract

An investigation of rock conditions in the Lyons Mine of The Carey
Salt Company revealed that the first 115 to 135 in.‘of the salt section
below the floor in the westernmost portions of Entries T and 9 contains
between 20 and 40% shale. A second shaly zone, approximately 40 to 50 in.
thick, is‘present generally from about 220 to 235 in. below the floor.
Four separﬁte shaly zones, each a few inches in thickness, occur in the

first 250 in, of salt rock above the mine roof .
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Introduction

One of the most promising geologic enviromments for thevdisposal of
large quantities of high-level radicactive waste is subterrénean rock salt
depositsol For the past few years laboratory énd field tests have been
conducted at ORNL and in the Carey Salt Mine, Hutchinson, Kansas, to deter-
mine the suitabiiity of salt mines for the disposal of liquid and solid
radioactive waste; however, more field data on such things as the behavior
of salt when heated and subjected to radiation, as well as information on
the handling of radioactive materials in a mine, is needed before an oper-
stional disposal project in bedded salt cén be designed. It is hopéd that
much of this informatidn can be obfained by a proposed experiment which
involves the strategic placement of canned fuel elements in the Lyons‘Mine
of The Carey Salt Company, Lyons, Kansas. The location of the experi@ental
plot within the mine is governed to a large part by the quantity of sﬁale
that is interbedded with the salt. Thus an investigation of rock condi-
tions above and below a part of the mine floor was made. The results of

this investigation are discussed in this report.

General

The Lyons Mine df The Carey Salt Company is located in Rice County,
Kansas, near the city of Lyons. The mine was opened in 1890 and closed
in 1948. During this period approximately 100 acres was mined out. The
salt was mined by the room-and-pillar method, with salt extraction varying
from between 70 to 75% inAolder parts of the mine to about 60% in the more
recent workings. The floor of the.mine lies a little over 1000 ft below

the land surface, which is about 1700 ft above sea level.
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Regidnal Geology

.The Hutchinson salt member of the Wellington formation underlies
central and southcentral Kansas and extends southward into Oklahoma (See
Fig° 1.). The member is an integral part of the gently westward-dipping
Permian-Pennsylvanidn sediméntary‘rocks that underlie much of Kansas and
crop out in the easterﬁ one-third of the state. The salt is not present
along this outcrop; probably because it has been dissolved by ground and
surfacevwater; however, it is preéent_down the dip to fhe weét. The east-
ern edge of the salt quy lies approximately 40O ft below the land'surface,
but near its western edgé in Kansas the Hutchinson is found at a depth of
about 2000 ft. Thicknesses of the unit range up to as much as 700 ft in
Kansas. In general, the Hutchiﬁson consists of a complex mixture of salt,
anhydrite, and shale, with salt being the preddminant fraction throughout
mbst of its extent in Kansas.2 | |

It is generally agreed that large salt beds such as the Hutchinson
were formed as é resuit of the evaporatidn of sea water. Duriﬁg tﬁe Per-
mian period_a relict sea covered a large part of what is now the state of
Kansas. The sea was partially cut off from the ocean to the southwest by
an uplift of mountains across present-day southwestefn Oklahama.3 As
water vaporized in the evaporation basin, it was replaced by the lateral

flow of sea water through the inlet to the southwest. When the brine be-~

came saturated, salts were deposited. Periodic inflows of clay and silt

to the basin from streams draining the surrounding land masses resulted in
the deposition of shale beds in the sequence. As the evaporites and
associagted sediments were deposited, the basin underwent intermittent down-

warping. This allowed a relatively thick sequence of evaporites to be



UNCLASSIFIED
ORNL-DWG 63-3060
T

T i T 2. o 7 K v T =
' i Y - — 1 mis
i ; [V IOt T oaron | T Tawtie TR | agaaion " ) vamsaTy E‘n“ [omom L ']1
1 .
] i i ] ) i 1 1 I : g
H ) H i ' ' ] |oomPran A
i ' ! ' ‘ 1 | H | ~
i H ' \ i i ' o o
: : i T I I bt 3
e L R T . Taar T ek 7 TroTTawaToNIC ‘: ucksow 1 o
1 | N
i H 1 N ! Carrenion | tavins,
[ ! H \, i ' '
Tortiea : ™t [ ! : " rvaoorTe
- ) Y BmpreT e ] ; \r\,y
77 : CEET i R Lo fpond i
ceany - . L
[} \b~n
e st 3 ' : T soweaon
SALIND ! [ ' [ ;
1 Liwortu 7/ : (oRR ﬁ—-,. fosact ' ]
/ / | H T~ ™7 3 Traaxaiin jwiamt
/£, / ; '
f AL b I ! :
/“’Il‘w :w 1 H : :
/), Lo o ! ]
' 1 CHASL i 1 —
‘ ; 1 : - bomammn
L Y' NS ! ' e e ]
d y L .O ! | { i
H
~ Aagay - ; prome :
RENO H H
! ; ! e PR L .. ]
H N {woooton | ALeN SOURSON
HUTCHINSON : !
seoemicx f '
: i ! {
(. [ —
% / H N ™ e
: o = : !
H i | H
———‘I —————————— - ' 1 I3
) TcowiLey | S i
g [ lmno-uv‘luum roaRat
\ GuotAKA | i i
' ' ! !
' H ! i
] H '
| H L
. i T T. T L
e ed LS » % »

Y i Nippewails sroup. (/7] i Welington formation
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facturing Plants in Kansas (After Jewett, J. M. , State Geological
Survey of Kansas, Bulletin 41, Part 3, p 150, 1942).
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deposited in a comparatively shallow basin. The Mediterranean Sea is an
example of a modern evaéoration basin. Here more water is removed through
evaporation than is added by the sum of rainfall and runoff from the sur-
rounding land. A net water inflow from the Atlantic Ocean through the

Straights of Gibraltar compensates for the volume deficit in the Mediter-

¢ ranean.

Geology in the Lyons Mine

At the Lyons Mine, the Hutchiﬁson'salt member consists of about 300
ft of nearlj flat-lying beds of salt, shale, and anhydrite, with salt
comprising about 60% of the>seq,.uence° The mine is operated in the lower
part of the member. Within the mined unit, i- to 6-in. layers of rela-
tively pure'sodium chloride are separated by clay and shale laminae that
are usually less than 1 mm in thickness: These laminae constitute‘the
major impurity in the salt and are characﬁeristicvof most bedded salt
deposits. .Shale beds, several ipches in thickﬁess and separated by about
15 to 18 ft of salt, lie above and below the mined unit and thus limit the
verticél extent of mining. The mine floor was usually cut within a few
inches of the underlying shale bed, while the roof is normaily several
feet below the overlying shale bed. The least-contaminated salﬁ, and thus
fhe source of most of fhe;pro&uction in the mine, lies in a 9-ft-thick
section that extends from the top of the shale below the flcor upwards to
a thin shale parting, approximately 1/16 in. thick. Another prominent
shale parting lies about 3 1/2 £t above the 9~ft roof. In some parts‘of
the mine, this section was also mined. However, the additional excavation

has resulted in a weak roof that buckles and fractures and frequently



allows a 3-ft section of overlying impure or "dirty" salt, 12 1/2 to
15 1/2 £t above the mine-floor that extends to a relatively thick shale
bed ébove the mined area, to fall.

At the time of this investigation, the general loéation of the
canned-fuel experiment was to be in the extreme southwest end of Entry 9
in the mine (See Fig. 2.). It was felt that due to the nature of the
experiment it would be more convenient to place the fuel elements in an
excavated portion of the present floor of the mine. An alternate plan
specified that the tests be conducted in an unused part of the salt sec-
ticn from which salt was mined. This would require the excavation of a
considerable amount of salt that lies in the section above the present
roof 6f the mine and, of course, would increase the cost of the opéra-
tions. It was therefore necessary to define in detail the rock condi-
tions that exist below the floor and above the roof of the mine prior.to
the selection of the actual test site.

Two 2~in.~diam 30-ft deep core holes were drilled in the floor of
the mine in Entry 9 (See Fig. 2.), while two cores approximately 20 ft
in length were obtained from the roof of the mine at the same locations.
These cores, along with the log of a hole drilled previously in Entry 7
(ref L}, were used to construct a geologic cross section of a portion of
the salt section from the northwest end of Entry 7 to the southwest end
of Entry 9 (See Fig. 3.).

Considerable quantities of shale and some anhydrite are inclﬁded in
the salt section from the floor down to a depth of about llSl‘:in° in Entry
9 and to a depth of approximately 135 in. in Entry 7.of the mine. The
shale, vhich is noncalcareous and greenish gray to black in color, commonly

occurs in beds 1 in. to as much as 16 in. thick that usually contain a few
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crystals of clear-to-orange helite and seme stringers of fine-grained
anhydrite. As seen in Fig. 3, these beds thicken and thin considerably
over relatively short distances. Frequently, the beds‘grade, both lafer-
ally and vertically, into salt that contains many pods and irregularly
shaped lenses of shale. This unit of the section is underlain by about
80 to 125 in. of relatively pure salt. The salt consists essentially of
medium to coarsely crystalline, clear to brownish halite that contains
disseminated blebs and inclusions of dark-colored clay that in places
glves the salt a dark smoky appearance.

A second zone of interbedded salt, shale, and anhydrite, about L0 to
50 in. thick, lies beneatp the relatively pure salt sequence. The shale
and anhydrite is similar to that described higher in the section, but the
shale beds are thinner,_ahd a larger amount of anhydrite in the form of

lenses is present. For the remaining part of the section in Entry 9, which

~ was cored to a depth of‘about 360 in. below the mine floor, the cores show

a relatively pure salt sequence like that described above. In Entry 7,
the salt is interrupted by thick shale and anhydrite beds at a depth of
about 360 in. It is likely that the same thick shale and anhydrite unit
would have been intercepted in Entry 9 had the drilling proceeded a few
feet deeper. . |

The ceiling of the mine up to about 250 ih., consists of a relatively
pure salt sequence that is 1nterrupted by four separate shale zones. These
shales, like those below the mine floor, are greenish gray to black in
color and frequently contain lenses and crystals of clear-to-orange halite
alonngith stringers and lenses of anhydrite. The thickest of.the shale
beds lies at a minimum distance of about 20 in. above the present roof of

the mine. The bed was observed to be about 12 in. thick in Borehole 2,
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Entry 9, but it had thinned to about 3 in. in the core from Entry 7 of
th; mine. The other shale zones, as shown in Fig:_3, lie between about
130 and 230 in. above the roof. The salt from tﬁe ceiling cores is com-
posed mginly of medium-to-coarse grained, clear-to-brownish halitg crys=-
tals that contain in places many blebs and irregularly shaped masses of
clay that gives the-material a smoky appearance. In addition, from about
70 in. above the mine roof to the end of the cored section, the salt con-

tains many scattered blebs of an orange-to-red-colored microcrystalline

mineral that has been tentatively identified as polyhalite.

Ccnclusions

The salt unit that has been mined in the Lyons Mine éonsists of rela-
tively pure salt that contains minor inclusions of clay and shale. The
first 115 to ;35 in. of the section below the floor in the westermmost
portion of Entries 7 and 9 contains between 20 and 40% shale. The shale
is present in bads that vary greatly in thickness over relatively short
distances and may grade vertically and laterally into zones of salt that
contain many pods and irregularly shaped lenses of shale and a.zihydrite°
A second shaly zone, approximately 40 to 5C in. thick, is present geﬁérally
from about 220 to 235 in. below the floor. Four separate shaly zones occur
in the first 250 in. of section above the mine roof. The thickest shale
bed lies at a minimum distance of about 20 in. above the ceiling of the
mine, while the other les$ prbminent zones of shale lie between about 130
and 230 in. above the roof. These zones are usually only a few inches
thick and contain, in addition to shale, lenses and stringers of anhydrite

and salt.

Faai

71’

fa 3]



& N

11

References

lThe Disposal of Radioactive Waste on Land, Report of the Committee
on Waste Disposal of the Division of Earth Sciences, Publication 519,
National Academy of Sciences, National Research Council, Washington, D. C.,
September 1957.

®Robert A. Kulstad, "Thickness and Salt Percentage of the Hutchinson
Salt," in Symposium on Geophysics in Kansas, Kansas Geological Survey Bul-
letin 137, pp 241-247, 1959.

3William H. Twenhofel, Treatise on Sedimentation, 2d Edition, Dover
Publications, Inc., New York, p 505, 1961.

uWilliam B. Heroy, Lithology of the Salt Section in the Mine of The
Carey Salt Company, Lyons, Kansas, Technical Report No. 62-Q, The Geotech-

nical Corporation, June 1962.



—r

Qe

.

e



-~

L/

2-4,
5-1k.

16.
17.
18.

19.

20.
21,
22,

23.

50.

51.

52.
>3-

5k,

2D
56.

5T

58.

29.
60,
61.

62,
63-77.

a3

Internal Distribution

ORNL - Y-12 Technical Library 2L,

D. G. Jacobs
Document Reference Section 25. W. H. Jordan
Central Research Library 26. H. Kubota
Laboratory Records Department 27-36. T. F. Lomenick
Laboratory Records, ORNL-RC 37. K. Z. Morgan
J. 0. Blomeke 38. R. J. Morton
W. J. Boegly, Jr. 39-43. F. L. Parker
R. L. Bradshaw 44, R. M. Richardson
K. E. Cowser 45. W. S. Snyder
F. L. Culler L6. E. G. Struxness
F. M. Empson k7. J. A. Swartout
J. C. Frye (consultant) 48. T. Tamura
C. S. Harrill 49, A. M. Weinberg

External Distribution

W. G. Belter, Division of Reactor Development, AEC, Washington,
D. C.

Francis Birch, Dunbar Laboratory, Harvard University, 48 Oxford
Street, Cambridge 38, Massachusetts

H. J. Carey, Jr., The Carey Salt Company, Hutchinson, Kansas

L. F. Dellwig, Department of Geology, University of Kansas,
Lawrence, Kansas

~ Frank C. Foley, Kansas State Geological Survey, Lawrence, Kansas

B. D. Gunter, 7448 Llano Avenue, Fort Worth 16, Texas
W. B. Heroy, sr. , The Geotechnlcal Corporatlon, P. 0. Box 28277,

‘Dallas 28, Texas

Linn Hoover Division of Earth Sciences, Natlonal Academy of
801ences-Natlonal Research Council, Washlngton D. C.

M. King Hubbert, Shell 0il Company, Box 2099, Houston, Texas
Lee Mays, Kansas State Board of Health, Topeka, Kansas

G. Rlchter-Bernburg, Wiesenstrasse 1, Hannover Germany

W. H. Regan, Division of Reactor Development AEC Washlngton,
D. C.

Division of Research and Development, AEC, Oak Ridge Operations
DTIE



N



