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Fig 3. Water Plate vs Silica Alumina
Field and Plant Samples
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Fig. 4. Marsh Funnel vs Pct Colloids
Group 1 & 2, Regression Line
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Fig. 4a. Marsh Funnel vs Pct Colloids
Group 1, Group 2, & Plant Samples
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Sample identification:

rod clay 2mic smpd 25-3ep-1997 13:41
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Figure 5a.

Typical x-ray diffraction patterns



Sample identification:

rod clay 2mic smp23
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Sample ldentification:
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Fig. 6. Marsh Funnel vs Pct Colloids
Group 1, Group 2, & Plant Samples
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Figure 7. Cation Exchange Capacity
Sample #, (Water Plate)
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Table 1. Field sample identification list.

Colony No. 1. In-pit taconite bentonite stockpile from the “F” bed. Water plate
absorption ~900 to 1000.

Colony No. 2. In-pit taconite bentonite stockpile from the “F: bed. A duplication
of sample No. 1.
Shale sample from the pit bottom.

Colony No. 3.
Colony No. 4
Colony No. 5.
Colony No. 6
Colony No. 7.

sample.

. Bentonite sample taken from the pit wall.

Grab sample of overlying shale bed.

. Limestone concretion in bentonite layer.

Plant stockpile sample, plant feed.
Bentonite Corporation No. 1. Plant stockpile. High water plate.
Bentonite Corporation No. 2. Plant stockpile. High water plate, duplicate grap

Bentonite Corporation No. 3. Pit No. 202, “hole plug” bentonite. Low water

plate.

Bentonite Corporation No. 4. Pit No. 202, “hole plug” bentonite. Low water

plate.

Bentonite Corporation No. 5. Yellow bentonite, Pit No. 202.

MI Drilling No.
M1 Drilling No.
MI Dirilling No.
MI Drilling No.
Ml Drilling No.
MI Drilling No.
MI Drilling No.

1,

O e e o 1

7

Stockpile of high water plate bentonite (7537). Sinks, U-75.
Sinks green stockpile

Sinks “normal” stockpile.

Beaver Hill pit, olive green pit wall sample.

Beaver Hill pit, yellow pit wall sample taken just above No. 4.
Overlying ash sample, Beaver Hill pit.

Blue bentonite, Beaver Hill pit.

Wyo-Ben Pit #131. Mowry formation “B” bed. Blue bentonite.

Wyo-Ben Pit #131. Mowry formation “B” bed. Yellow bentonite.

Wyo-Ben Pit #138. Mowry formation “B” bed. Yellow bentonite, high yield.
Wyo-Ben Pit #138. Blue bentonite stockpile, 600 water plate.

Wyo Ben Pit #141N. Lower Frontier formation. Low water plate sample.

Wyo Ben Pit #109. Upper Frontier formation. Estimated 600 water plate.

Wyo Ben Pit #96. Thermopolis shale, “rusty” bed. High gel strength. Sample of
clean” bentonite.
Wyo Ben Pit #96. Grab sample of “rusty” concretion.



Table 2a. Chemical analyses of field samples.

Weight Percent
Sple # Fe Sio2 Al203 ca0 | MgO Na20 | K20 S LOI H20 co2 P
a Tl 2.72 52.30 19.37 147 2.85 2.51 1.00 0.133 5.27 4438 0.79 0.033
2 1 4.80 50.18 17.48 1.06 2.73 2.30 0.50 0.129 6.34 4.95 1.39 0.032
A 4 1 3.27 53.42 17.65 1.04 2.74 2.48 0.43 0.135 5.26 4.53 0.73 0.032
71 3.57 49.36 16.79 3.25 268 2.41 0.54 0.157 6.96 4.28 2.68 0.031
8 =21 329 57.31 17.45 123 1.54 2.57 0.70 0.171 4.65 4.31 0.34 0.039
9 2] 3.16 55.77 17.19 1.69 1.50 2.51 0.88 0.167 4.92 4.23 0.69 0.035
10 2] 2.51 61.18 15.09 0.0 1.60 2.09 0.88 0.305 4.70 4.48 0.24 0.032
114 2.50 60.85 14.66 0.94 1.65 1.95 0.78 0.275 4.77 447 0.30 0.028
12 _4 292 58.64 15.07 1.01 1.75 1.51 0.82 0.134 4.81 4.53 0.28 0.050
13 3.66 55.67 15.73 1.74 2.00 2.24 0.67 0.240 5.28 443 0.85 0.042
14 2 2.76 61.39 13.96 1.04 1.35 1.76 0.34 0.162 4.33 4.02 0.31 0.024
* 48 ¥ 3.03 58.52 14.77 133 1.67 1.25 0.54 0.059 5.02 4.48 0.56 0.026
16 2 2.79 63.31 14.81 0.41 1.39 2.12 0.55 0.100 3.94 3.86 0.08 0.024
.2 3.00 62.95 15.56 0.40 1.28 207 0.32 0.090 4.48 4.29 0.19 0.023
# 14 ¢ 2.32 65.52 13.40 0.65 1.22 2.21 0.44 0.046 4.02 3.63 0.39 0.024
20 / 2.88 56.52 17.83 1.05 1.54 243 0.91 0.217 4.69 4.43 0.26 0.036
21 4 3.09 52.91 18.48 1.16 1.75 2.32 0.75 0.286 5.66 5.59 0.07 0.038
22 3.36 52.486 18.72 1.56 1.65 1.96 0.89 0.158 5.43 5.38 0.05 0.039
» 28 1 317 52.74 19.17 1.25 1.59 243 0.89 0.178 4.88 4.59 0.29 0.038
24 o) 221 66.10 12.72 1.23 1.84 0.52 0.18 0.018 4.81 4.57 0.24 0.023
25 2| 361 59.53 15.63 0.59 2.21 2.28 0.34 0.228 4.82 4.73 0.09 0.036
26 / 3.76 55.39 16.76 221 1.61 2.40 0.51 0.166 6.34 4.41 1.93 0.025
27 ¢ | 2486 26.01 7.79 3.26 1.88 1.11 0.04 0.111 7.39 -3.35 10.74 0.106
AC A 2.85 57.41 20.78 4.01 2.67 2.15 0.52 nd 8.23 5.48 2.75
ACB 3.08 57.58 20.82 3.18 335 2.10 0.56 nd 8.27 5.74 2.53
Table 2b. Chemical analyses of Plant samples.
Weight Percent
| Sple # Fe Sio2 Al203 Ca0 MgO Na20 K20 S LOI H20 coz2 P
LTV #1 2.86 57.56 20.63 5.16 3.05 2.19 0.60 nd 9.48 568 3.80 nd
LTV #2 2.43 67.92 19.39 1.83 1.66 2.71 0.82 nd 5.64 5.04] 060 nd
Hibtac 3.04 64.46 18.47 1.36 1.87 2.63 0.70 nd 5.44 487| 0.57 nd
Inland 222 70.51 16.06 1.20 1.52 2.07 0.42 nd 4.95 440 0.55 nd
NSPC 2.76 65.60 18.39 1.59 1.70 2.92 0.68 nd 5.73 4.59| 1.14 nd
USX #1 2.09 74.09 16.59 1.23 1.56 2.12 0.45 nd 4.81 431] 0.50 nd
USX #2 2.14 70.32 16.39 1.50 1.64 1.70 0.62 nd 5.31 467| 064 nd




Table 3a. Physical test data, field samples.
Water Plate Determination | Moisture | Grit, % | Colloids | Marsh F pH
Sple # #1 #2 Ave Wt. % [+325M | Wt % |Seconds
1 1052 1022 1037 | 13.8 | 3.2 90.3 24,2 9.5
2 1018 1019 1019 12.76 3.4 87.6 22.2 9.5
4 1035 1017 1026 13.18 3.9 89.6 25.0 9.6
7 983 990 987 11.81 5.4 84.7 21.6 9.7
8 842 816 829 10.91 4.9 77.5 271 9.6
9 796 816 806 10.68 5.5 75:1 25.8 9.6
10 751 764 758 9.97 5.3 68.5 25.7 9.6
11 761 725 743 9.82 3.1 70.4 20.9 9.5
12 640 636 638 9.32 5.9 77.9 21.6 7.3
13 833 773 803 10.02 3.3 84.9 22.8 8.9
14 756 713 765 9.7 4.5 82.6 30.9 8.7
15 661 659 660 9.97 4.4 84.7 24.4 8.5
16 848 848 8.53 3.2 84.0 38.2 7.3
17 873 873 8.14 3.8 86.5 41.4 7.8
19 670 670 0T 3.2 7178 20.5 9.6
20 800 800 10.33 6.8 67.0 19.2 9.6
21 632 632 9.36 7.0 76.2 21.6 7.4
22 835 835 10.1 5.6 78.3 22.8 8.5
23 787 787 10.89 5.8 71.4 20.3 9.4
24 369 386 378 9.48 0.8 76.5 18.0 8.4
25 776 776 9.42 4.0 76.3 26.7 7.9
26 764 764 9.02 3.4 76.3 20.5 9.3
27 405 405 5.35 3.3 41.3 17.0 9.1
AC A 904 1.5 4.8 86.1 48.0 9.2
ACB 587 T § 4.8 85.9 25.6 9.2
Table 3b. Physical test data, plant samples.
Water Plate Determination Grit, % | Colloids | Marsh F pH
Sple # #1 #2 #3 it4 Ave + 325 M (%) Seconds
LTV #1 822 5.8 88.9 46.6 10.0
88.8 46.0
LTV #2 828 6.5 72.3 26.4 10.4
72.0
Hibtac 702 5.0 70.3 21.4 9.9
71.2
Inland 751 4.4 74.6 23.8 9.2
74.5
NSPC 718 8.5 77.9 29.4 9.9
78.9
USX #1 730 676 715 686 702 4.4 751 226 9.2
74.4
USX #2 689 662 710 687 5.4 TI.L 24.3 9.3
24.8
24.4

24.8




Table 3c. Effect of Drying Furnace Temperature on WPA.

Water Plate Determination

Sple # |Furnace Set Temp #1 #2 Ave  |Orig WPA
7 Dried @ 220 F 797 820 808 987
7 Dried @ 400 F 784 815 800
27 Dried @ 220 F 648 735 692 835
27 Dried @ 400 F 692 T 705

* Dried to ~5 % Moisture




Table 4. Regression analyses, percent colloids, Marsh funnel, and WPA
versus chemical analyses (R*2 values) for all field samples.

]

Regression analyses ( R*2)

Si02 | AL203 | CaO | MgQ | Na20 | K20 co2
Water Plate Absorb | 026 | 021 [ 004 | 052 | 029 [ 0.01 0.21
Marsh Funnel | 025 | 040 | o021 [ o0.08 | o001 [ 020 0.09
PercentColloids | 008 | 001 | 001 | 033 [ 000 [ 0.16 0.11
Table 5. Regression analyses, percent colloids, Marsh funnel, and WPA
versus chemical analyses (R*2 values) for various sample groups.
Regression analyses ( R*2)
Si02 AL203 CaO MgO Na20 K20 cOo2
Gp 1 Col 0.26 0.04 0.06 0.71 0.00 0.09 0.18
Gp 2 Col 0.26 0.09 0.23 0.24 0.09 0.54 0.20
Plt Col 0.41 0.21 0.76 0.68 0.06 0.02 0.85
Tot Col 0.08 0.01 0.01 0.33 0.00 0.16 0.11
Gp 1 MF 0.07 0.01 0.00 0.35 0.05 0.03 0.00
Gp 2 MF 0.58 0.15 0.49 0.32 0.12 0.32 0.22
Plt MF 0.94 0.54 0.95 0.86 0.00 0.00 0.97
Tot MF 0.25 0.10 0.21 0.08 0.01 0.20 0.09
Gp 1 WP 0.44 0.25 0.08 0.77 0.34 0.00 0.25
Gp 2 WP 0.05 0.08 0.12 0.23 0.11 0.04 0.01
Plt WP 0.27 0.51 0.42 0.29 0.06 0.10 0.31
Tot WP 0.26 0.21 0.04 0.52 0.29 0.01 0.21




Minerals Indexed by XRD

Montmorillonite Group

Table 6. List of minerals indexed by X-ray Diffraction analysis.

Sample Identification Numbers
12

1 2 4 7 8

9

11

13

14 15

16

17

19 20 21

22

23 24 25 26

27

Montmorillonite

XXX X

X

X

X

X X

X

Montmorillonite-14A

Montmorillonite-15A

XX X1 X

XX

X

X
X
X

Montmorillonite-21A

Montmorillonite, syn

Beidellite-12A

Saponite-15A

Hectorite

Sepiolite

lllite-montromillonite

lllite-montmorillonite, regul

XXX

XKEXXX] X

HKIXPK

HKIX|PXK

Kandites (10 Angstrom M)

Illite

Halloysite-10A

Hydrobiotite

Biotite-2M1

Muscovite-2M1

XXX

Muscovite-3T

Muscovite-2M2, Calcian

Muscovite-2M1, vanadian

Grit Minerals

Quartz, low

Crystobalite, syn

Albite, disordered

Spurious Minerals

Loughlinite

Roscoelite-1M.syn

Low-carnegieite

Tosudite

Tetranatrolite, calcian




26

13
21

20

19
22
23
11
12

15

Appendix 1. Group 1 Field Sample X-ray Diffraction
Patterns.

Wyo Ben Pit No 96, "Rusty Bed" High Gel Grab w/o Rust
Colony No. 4, Pit Wall Hand Sple, Clean Bent.

MI No. 1, U75, High WP Stockpile, 7532

Wyo Ben Pit No. 131 "B" Bed, Mowery (Yellow B)
Colony No. 7, Plant Feed Stockpile

Wyo Ben Pit No. 131 "B" Bed, Mowery (Blue B)

Colony No. 2, Duplicate of No. 1.

MI No. 7, Blue Bentonite (Beaver Hill Pit)

Wyo Ben Pit No. 138, Mowery "B" Yellow Bent High Yield
Wyo Ben Pit No. 138, Blue Bent Stockpile (600 wp)

Bent Corp No. 4. Low WP Pit 202, Hole Plug

Bent Corp No. 5. Yellow Bentonite

Colony No. 1, SP "F" bed, Tac Bent WP 900-1000

MI No. 3, Sinks Stockpile




Sample identification: rod clay 2mic smp26 25—5ep—1997 15522
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Sample identification:

rod clay 2mic smp4d
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rod celay 2mlie smnpl3
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Sanple identifigation: rofd ¢lay 2mic smp2l

Lo=—8ep~-1897 15501
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Sanmple ldentificationd: rtod clay 2aic smap’ 25-5ep-1987 13:54
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Sample identification: rod clay 2mic smp20 25-gep=~1887T 14:57
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rod clay 2mie Sxpl
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Sample

identifieatilon:

rod clay 2mic smpl?®
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Sample identificatioci:

rod clay 2mic smp2?2

25=~sep=1297 15:065

4000

[counts] -

3500 ~

3000 4

2500 5

2000 A

1500

1000

4
|
J
|

T?WWMWN

""v”\.,\w PPN TOT L et

P
Mo
{%hﬁ_ﬂ Attt e st ot W

liir|.|l[ll\|llllffllll

RC2M22. 8D RC2M22G.SD RC2M22H.S8D




Sample identification: rod

clay 2mic smp23

25-5ep—1997 15146
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Appendix 2. Group 2 Field Sample X-ray Diffraction
Patterns.

Wyo Ben Pit No. 109, Upper Frontier, WP 600

MI No. 4. Olive Green (Pit Wall Sample Beaver Hill)
MI No. 5, Yellow (Pit Wall Sample above No. 16)
Bent Corp No. 2. High WP Stockpile Dup #8

Bent Corp No. 1. High WP Stockpile

MI No. 2, Green Stockpile (Sinks Stockpile)

Bent Corp No. 3. Low WP Pit 202, Hole plug
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Sample identification: rod clay Zmic smp8
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Sample identification: rod clay 2mic snmnplé 25~5ep~1987 14:386
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Appendix 3. Plant Sample X-ray Diffraction
Patterns.

LTV No. 1

LTV No. 2
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USX No. 1
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Appendix 4. Field Sample X-ray Diffraction
Patterns, (Outliers).

Wyo Ben Pit No. 141N, Lower Frontier, Low WP Sple
Wyo Ben Pit No 96, "Rust" from Rusty Bed.
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Sample identification: rod clay 2mic smp27
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