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- INTRODUCTION | 

Purpose of the Report: The purpose of this report is to document occurrences 

of clay-rich soils in Wisconsin which could be considered for mining and use at 

Crandon as a disposal basin lining material. The availability of commercially 

produced clay from outside of the state has been considered in the second section 

| of this two part report for the purpose of a cost comparison with local clay sources. 

| _ Conclusions and Recommendations: It is concluded that clay deposits within Wisconsin 

7 are generally poorly sorted, of limited size, and consist of calcium montmorillonite 

- or illite. This places the in-state deposits at a distinct disadvantage when 

. | compared to cleaner, much larger, Western sodium montmorillonite deposits. The 

_ sodium based clays are preferred, because of their superior swelling characteristics. 

High land usage within Wisconsin greatly adds to exploration, development and 

acquisition costs. ‘Many of the better clay deposits within this state cannot be 

considered for mining because they occur beneath or adjacent to environmentatly 

sensitive areas such as wetlands and wildlife preserves. Land conflicts, where 

high yield farmlands overlie or surround some Wisconsin deposits could result in 

sensitive socioeconomic issues being raised. Therefore, the obtaining of a permit 

to mine clay could become another uncertainty that cannot be clearly quantified 

as to time nor cost. | 

It is recommended that commercially produced Western clays be considered as a 

. orimary source of tailings basin lining material. 

| . 1.



Proposed Waste Disposal Rules and Regulations: State and federal rules and 

7 regulations have not been promulgated for the disposal of mine waste products nor 

- lining of impoundment areas within Wisconsin. A part of the legislative delay . 

. is the government's uncertainty whether to classify pyrite-rich mine wastes as 

— hazardous or non-hazardous products. | 

i The Environmental Protection Agency (EPA) proposed rules on hazardous waste 

: guidel ines and regulations, and the Resource Conversation and Reclamation Act 

7 ‘indicate that various thicknesses of in-place or introduced impermeable soils are 

| required to line waste disposal areas. The impermeable soil thickness is dependent 

' upon the waste classification and upon the facility design. Such design | 

considerations as membrane liners of leachate collection systems may reduce the 

amount, but not the quality of the soil liner. 

_ Soils Specifications: The EPA has proposed that earth materials used ina soils 

7 liner or natural in-place soil barrier shall meet the following minimum criteria: 

- e Be classified under the Unified Soil Classification System | | : 
, . CL, CH, SC, and OH (ASTM Standard D2487-69), 

: e Allow greater than 30 percent passage through a no. 200 sieve 
(ASTM Test D1140), 

- e Have a liquid limit equal to or greater than 30 units (ASTM Test D423), 

- @ Have plasticity greater than or equal to 15 units (ASTM Test D424), 

e Have a pH or 7.0 or higher, and | | 

e Have a permeability not adversely affected by anticipated waste. 

Soils Liner Requirements Needed at Crandon: The latest proposed waste storage 

facility design encompasses an area of about 400 hectares (1000 acres). However, 

~2. |



| 
. ‘ | 

— segregation of potential leachate producing waste from chemically inert waste could 

- reduce the area to be lined to about 240 hectares (600 acres). 

7 It is estimated that a minimum of 3.7 million cubic meters (4.84 million cubic | 

- yards) of clay soils will be required to Tine 240 hectares to a depth of 1.5 

- meters (5 feet). A maximum of 385,000 cubic meters (13.6 million cubic yards) | 

| is anticipated to cover the same area to a depth of 3 meters (10 feet). 

. Data Source: Data sources used during the compilation of this report may be found 

under references and in Appendix I. | “" 

- PART I. THE OCCURRENCE OF CLAY-RICH SOILS IN WISCONSIN 

‘ History of Clay Production: Near the turn of the century, Wisconsin had a large 

. clay industry that produced building bricks, tile, and terra cotta products. 

In 1897, 225,000,000 bricks were produced from clay pits scattered across the 

state. Wisconsin also contained one of the nations’ largest kaolinite clay pits 

located near Hersey, in Dunn County (Figure 1). A decline in the use of brick, 

lack of plant modernization, high energy costs, and the opening of larger, better 

quality clay deposits in other states led to the rapid decline of this once 

thriving industry. 

Today, Wisconsin has only one producing clay mine. This Dit, located near 

| Oakfield (Figure 1), produces about:1800 tonnes (2000 tons) of illite clay 

per year. | 

/ Wisconsin Soil Classes: Wisconsin clay rich soils can be divided into two classes, 

residual and transported. Residual soils are formed by in-place bedrock 

| “3
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- disintegration. Transported soils are those soils which have been moved from the 

- original bedrock and redeposited at another location (Krynine, 1957). Transporting 

_ agents were ice (glacial), water (fluvial and lacustrine), and wind (aeolian). 

- The general distribution of residual and transported soils is illustrated on 

cs Figure 2. © . | 

Distribution of Residual Soils: Residual soils are located in the southwest and 

7 west central areas of Wisconsin. A narrow band of clay altered shale extends 

- from the west side of the Door Peninsula south parallel] to Lake Michigan.and into 

oe Illinois. At least two areas of residual soils have been noted in northwest 

_ Wisconsin near the communities of Rice Lake and Ladysmith. | 

i Residual Clay Deposits: Four distinct kinds of residual clay soils have been found 

L within Wisconsin: oe 

Precambrian Saprolite 

- ~ Ordovician Maquoketa Shale , 

7 Cretaceous Hersey Soil oo 

: Driftless Area Soils 

| (a) Precambrian Saprolite. Saprolite does not appear to be a viable source 

| of clay. Environmental concerns, variable permeabilities, and high develop- 

ment costs negate further consideration of the saprolite for use at Crandon. 

| Saprolite isa general term to denote a thoroughly decomposed, earthy, 

7 and untransported material. In Wisconsin, saprolite is a Precambrian soil 

my that has been protected from erosion by deposits of Paleozoic rocks. 

| | 5. | 

\



. ‘ FIGURE 2 

~ SIMPLIFIED RESIDUAL — TRANSPORTED SOILS MAP OF WISCONSIN 
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- Saprolite deposits are found scattered along or close to the contact between 

7 the steeply dipping Precambrian and more gently dipping Paleozoic rocks. 

. This contact arcs convexly across Central Wisconsin from Rice Lake east to 

Jo Wausau. Erosion has dissected the contact in several places to expose 

saprolite along river channels and at the base of valley wall bluffs. 

o Saprolite soils have been recorded where the Chippewa, Black, and Wisconsin _ 

' Rivers and some of their tributaries cross the Precambrian-Paleozoic rock — 

. | contact. | 

- Saprolite has not been recorded east of Wausau even though the Precambrian- _ 

7 Paleozoic contact continues to arc convexly to the northeast. Perhaps | 

| the absence of a major river system necessary to deeply erode the contact or 

: thick moraine deposits, or a combination of these and other factors could 

explain why saprolite has not been recorded in this area. | | 

- The saprolite mineralogy and permeability can vary erratically since these 

7 physical properties are dependent upon the chemical composition of the 

| | underlying parent rock. Areas of saprolite underlain by volcanic rock having 

. an intermediate composition are likely to contain micron-sized chlorite, 

. quartz and mica. A granite parent rock would probably produce kaolinite. 

| - Materials other than clay are often present such as quartz fragments or blocks 

. of partially decomposed bedrock. These materials often increase the | 

| saprolite permeability. 

| Saprolite was mined in the late 1°90s' 95 km (60 Miles) southeast of the 

- : Crancon project site sear Stevens Point. However, this and other more 

. distal saprolite pits were smal] producers. Most pit operators mined about 

| -7-



= a 3 meter thick layer of saprolite. One of the largest pits was located at 

| | Black River Falls, where a 4 meter (12 foot) thick layer was mined for a 

- | distance of 400 meters (1300 feet) along the Black River. - 

- It is concluded that Precambrian saprolite is not a viable source of clay. 

7 Saprolite is generally found along major river channels which have dissected | 

- the Precambrian-Paleozoic rock contact. A pit developed this close to a 

7 navigable stream would present environmental difficulties. Most saprolite 

7 ‘occurrences are capped by Paleozoic rock which increase the stripping ratio 

/ | and removal cost. 

- (b) Ordovician Maquoketa Shale. The Oakfield-Fond du Lac area may warrant 

S consideration for mining of a clay-rich shale. In many locations dolomite 

- needs to be stripped to expose the Maquoketa formation. This dolomite could 

7 be a potential source of acid neutralizing rock. 

. The Maquoketa Shale formation is of late Ordovician age and is underlain 

= by middle Ordovician Galena dolomite. The age of the overlying rock is in 

- question, since the upper contact probably represents an erosional surface. 

- In places, the Neda Iron Formation, which could be either late Ordovician 

- or early Silurian, overlies the Maquoketa; elsewhere, the Silurian Mayville 

- Dolomite forms the cap rock. All these rocks are a part of the Paleozoic 

sequence that forms the western edge of the Michigan sedimentary basin. These 

- formations strike in a north-south direction, and dip very gently, about 

5 degrees to the east. In areas of minor folding or flexturing, the beds 

| - may be horizontal or the dip reversed. The Maquoketa shale (Figure 2) has 

a true thickness of approximately 30 meters (100 feet). 

: . . 3 -8- |



ha Abandoned clay pits are scattered along the Maquoketa shale south of Green 

a Bay. The Oakfield pit, a one man operation, is the only Wisconsin producing 

- clay.mine. Production records have been held confidential since 1976, but 

7 prior records indicate an annual production of 1800 tonnes from a 20 meter 

a (60 foot) face. Personal communications with the State Geologist suggest 

- that the Maquoketa shale has been altered to illite with minor chlorite. In 

. some places, the decomposed shale can contain as much as 10 to 20 percent 

| montmorillonite. : 

| | Mining the Maquoketa shale appears to be unfeasible north of Fond du Lac 

a because of its close proximity to water (Lake Winnebago, Fox River and 

| Green Bay), and because of overlying intensely productive farmland. Farmland, 

a | forest and Horicon Wildlife Refuge cover the shale south of Oakfield. 

- Therefore, land acquisition costs will be high and social acceptance probably | 

- low to unacceptable in these areas. 

oS The Oakfield-Fond du Lac area may warrant further consideration as a source 

o | of clay and dolomite that could be used to neutralize acid leachates. This 

- area contains several abandoned dolomite quarries that overlie the Maquoketa 

. shale. During quarrying, the Mayville dolomite was mined close to the shale, 

- -  Jeaving a few meters of dolomite in tne pit floor. The Oakfield area is 

/ accustomed to mining, so that its renewal would probably be tolerated. Some 

; . lower parts of the Maquoketa shale could contain deposits of sufficient 

| size to supply a Jarge plant (U. S. Geological Survey, 1976). 

, NO engineering test data for Maquoketa shale samsies as seen found during 

preparation of this report. There is question in the authors' minds as to 

-9.



a whether the physical properties of the Maquoketa shale can meet the minimum 

| EPA soil criteria. Adverse economics are anticipated due to high land | | 

. acquisition, transportation, and environmental costs. . 

- (c) Cretaceous (?) Hersey Soil. The Hersey area contains relatively thick, 

- continuous, near surface, expandable clay soils. Mining of clay on a limited | 

: scale is considered viable at Hersey, but there is serious question whether 

7 there is sufficient quantity to meet the projected Crandon requirement. 

Montmorillonite deposits of possible Cretaceous age occur scatteréd throughout 

- | the eastern part of St. Croix and the west part of Dunn Counties, (Figure 1). 

: Several studies (Akers, 1961, Clum et al, 1976, and Dasgupta et al, in print) 

7 have been conducted to determine the suitability of this clay as a binder in 

: pelletizing magnetite concentrates. It was concluded that these clays were 

Ls suitable provided certain additives were used. 

- Seventy years ago, this area produced kaolinite which, at the peak of mining | 

| activity, ranked Wisconsin as one of the nation's largest producers. The 

: kaolinite deposits are reported to be exhausted, but large volumes of 

calcium-rich montmorillonite remain close to the surface. An estimated 

o 3.2 million tonnes (3.5 million tons) of montmorillonite was identified by 

- Wisconsin Survey Geologists during an evaluation of the state's clay resources 

(Dasgupta et al, in print). Exxon Geologists estimate that there are 

. 1.9 million tonnes (2.1 million tons) using a 3 meter minimum mining thickness. 

: : | “10-



cS A twelve auger hole test program was undertaken by the Wisconsin Geological 

Ss Survey in Section 31, Township 29 North, and Range 15 West, St. croix 

- County (Figure 3). Differential thermal and X-ray diffraction analyses of 

ee the augered samples determined that the clay consists of montmorillonite with 

o quartz and trace amounts of vermiculite and illite (Wiederhdeft, et al, 1972). 

The -200 mesh sieve fraction contains 65 percent calcium montmorillonite. . 

7: The chemical composition and Size distribution data are summarized in 

_ Appendix II. No engineering test results have been found to determine whether 

- this calcium montmorillonite clay meets EPA soil criteria. ‘It if the authors' 

opinion that this clay would meet the EPA standards, but obviously samples need | 

. to be collected, tested, and the results analyzed in order to verify this 

_ conclusion. | 

A couple of fence diagrams were prepared from the twelve test boring logs. | 

Fence I (Figure 4) was drawn in a north-south direction looking east; . 

- Fence II (Figure 5) was drawn at 45 degrees to Fence I and looking to the 

| northeast. It is concluded that: | 

; @ the thickness of the clay soil increases to the east and northeast 

. onto lands that were not test drilled, 

| e clay thicknesses range from a few centimeters to over 8 meters 

| (26 feet). Drill logs are found in Appendix IIT. : 

: e interbedded with the clay are narrow lenses of sand, silty sand 

- and silty clay, | | 

- ¢ an estimated 0.8 million cubic meters (1.040 million cubic yards) 

| | of ciay is indicated. 

) -11-



“* oo _ FIGURE 
_ Locations of clay test borings about SKm southwest of village | 

> - of Hersey in the E 1/2 of Section 31 ,T 29 N,R 15 W, St. Croix County. 
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a This clay inventory could be significantly increased if drilling east 

. of the road is successful. | . | 

oe The Hersey area offers one of the best sites for possible mining of 

| relatively thick, continuous, calcium montmorillonite clay beds. Transpor- 

| tation facilities are excel lent Since the deposit lies within a mile of a 

railroad and interstate highway. However, transportation costs will be high 

to bring the clay 380 km (240 miles) to the Crandon site. Considerable amount 

| T of test work will need to be done in the field and laboratory to determine 

| the quantity, and quality of the clay. Evaluation of these results would 

: assist in concluding whether it is feasible to mine clay at Hersey versus 

| the purchase of Western clays. . | | 

| (d) Driftless Area Soils. The mining of the Driftless Area clay deposits 
can not be considered a viable alternative. These deposits are small, 

: irregular in distribution, and are confined to the floors of steep sided 

- valleys. Many of the deposits are poorly sorted, since they have been - 

| reworked and contaminated by glacially derived and more coarse grained 

material. It is recommended that this area receive no further consideration. 

- _ Underlying the Driftless Area are Upper Cambrian aged rocks that consist of 

| the Elk Mound, Tunnel City and Trempealeau groups. These Cambrian sandstone, 

siltstone and dolomite rocks outcrop along and north of the Wisconsin River. 

- Cambrian outcrops north of the Wisconsin River Valley are found at the 

neadwaters of numerous short streams which flow west into the Mississippi. 

- Ordovician dolomite with sandstone horizons is found on the highlands between 

the valleys in the west one half of the Driftless Area. 

| -15-



, Residual clays have been formed by the alteration of the Cambrian and 

Ordovician calcareous rocks. Montmorillonite is the chief mineral with | 

Tessor amounts of kaolinite, illite and vermiculite. It has been suggested 

| (Akers, 1961), that these residual clays have been contaminated by glacial 

a and aeolian materials which were transported into the valleys. Therefore, 

most of these valley clay deposits are a mixture of poorly sort residual oO 

and transported materials. . 

The Driftless area soils are not considered a good source of clay suitable 

. to line tailing ponds. 7 

Distribution of Transported Soils: All of Wisconsin excluding the Driftless Area 

| igs mantled by a variety of transported soils. Forest County soils are transported 

| by glacial, fluvial and lacustrine processes. For the purpose of this report,.. 

| the transported soils have been divided into: 

| Pleistocene Glacial Drift, and 

Pleistocene Lacustrine - 

(a) Pleistocene Glacial Drift. The mining of sufficient clay to meet Crandon 

needs does not appear to be viable in the Pleistocene Glacial Drift soil 

region. Clay soils that meet minimum EPA standards occur aS thin beds. 

Considerable land disturbance would. occur to mine clay in volumes sufficient to 

line the Crandon tailings ponds. Environmental restrictions preclude 

exploration of the most promising areas because of the close association 

between the clay-rich soils and wetlands. 

| The drift consists of very poorly sorted and highly interstratified morains 
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which were deposited during several glacial periods. Adding to the complexity 

7 of the drift soil profile was the deposition of fluvial outwash during 

_ glacial retreats. As the glacier withdrew, large blocks of ice were left 

partially or completely buried by outwash material. These blocks melted 

- leaving depressions (kettles) scattered across the outwash plain. Into these | 

7 flooded depressions were deposited silt and clay that accumulated to form 

: thin impermeable lacustrine deposits. Most lacustrine deposits have overlying 

| | perched water tables which, where exposed to the surface, form lakes or | 

wetlands. Therefore, there is a close relationship between many7Tacustrine 

| clay deposits and wetlands. | 

: The Soils Conservation Service office has mapped soils that overlie the Crandon 

7 project site (Figure 6). An overlay to Figure 6 illustrates the association 

| between the clay-rich soils of the Gogebic-Iron River series and wetlands. | 

Three major soil regions overlie Northern Wisconsin. These are the Gogebic, 

Withee and the Omega. Engineering test data of these soils is found in © 

| Appendix IV. The Gogebic and Omega soils fail to meet minimum criteria 

established by the EPA. Representative samples of the Withee soils were tested 

and found to meet all EPA minimum standards. Withee soils occur in the 

northern and eastern one halves of Forest County as well as much of Central 

Wisconsin. 

Many clay pits have been developed within the Pleistocene Glacial Drift area, 

but none remain in production today. Most of these pits lie 65 km (40 miles) 

| from the project site, (Figure 1). One of the largest pits, the Shawano pit, 

contained 5 meters (15 feet) of clay beneath 1 meter (3 feet) of sand and | 

| -17-
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topsoil (Buckley, 1901). Other area pits reported clay thicknesses ranging 

from 1 meter to 4 meters. The clay seams are poorly sorted containing | 

a intercalated sands with occasional pebble sized particles. . 

(b) Pleistocene Lacustrine. Mining of Pleistocene Lacustrine clay-rich soils 

- does not appear to be a viable consideration for the Crandon project. Persona] 

| communications with the State Geologist indicate that many of these clay soils 

are difficult to mechanically compact to an acceptable EPA permeability once 

7 they have been disturbed. Some Kewaunee soils have been used successfully to 

clay line an industrial pond at Escanaba (personal communications, W. Perpich). 

- However, the trucking distance to haul the Kewaunee soils to the Escanaba. 

a site was less than 32 km (20 miles). : | 

7 This soil region is divided into two soils, the Hibbing and the Kewaunee. ~ 

These soils were deposited when river channels that drained Lakes Michigan 

and Superior were blocked by glacial ice. Consequently, the lake levels 

were elevated, and flooded parts of Northern and Eastern Wisconsin 

(Figure 2). Thick accumulations of clay were deposited until the present 

lake drainageways were reopened. The lake elevations were lowered, leaving 

perched clay beds. 

The soil region covers about 1.0 million hectares (2.6 million acres) and 

contains a distinctive reddish-brown silty clay which is known as the Hibbing 

| soils near Lake Superior and as the Kewaunee soils near Lake Michigan. 

These glacio-lacustrine deposits contain little or no gravel, although 

. cebbly-sandy lenses do occur. jhe Hibbing soils contain more clay, but are 

less calcareous than the Kewaunee (Table I). | 
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- Table I 
7 A Comparison of the Hibbing Kewaunee Particle Size 

; | Hibbing Kewaunee Hibbing Kewaunee 

- Clay 55* 30-40% 50** 53** 
Silt 35 30-40 45 30 

a Carbonate 10 . 25-35 
| Sand 5 . 

* Buckley, 1901 , 
** Hole, 1976 ; 

- The Kewaunee soils were studied by B. G. Lee (Lee, 1972) who reported — } 

| montmorillonite as the most abundant clay mineral with lessor amounts of 

- chlorite, vermiculite and kaolinite. Specific surface measurements of the 

- Kewaunee medium sized clay fraction showed that about 36 percent total 

| expanding silicates of which 23 percent is montmorillonite and 13 percent 

- vermiculite. These clays are not as expandable as the Western WA-rich clays. | 

| Three areas of lacustrine clay soil, interpreted as part of the Hibbing- 

- Kewaunee region have been mapped in Florence County (Figure 2). No engineering 

| . test data results has been located for these Florence County clay soils. 

| A matrix, Table II, in back pocket, compares engineering, environmental, and 

a transportation concerns for the above described residual and transported soils. 

-20-



- PART II A COMPARISON OF COSTS | 
= TO PRODUCE CLAY FROM HERSEY, WISCONSIN 
- VERSUS COMMERCIAL PURCHASE FROM A WESTERN SOURCE 

b. Part II makes a very rough cost comparison between developing a clay deposit near 

" Hersey, Wisconsin versus purchase of commercially produced Western clays. Several | 

- . assumptions had to be made in order to make this cost comparison and these are 

a discussed in a subsequent section. : 

, The greatest uncertainties in making this evaluation are, (1) the tailings 

7 pond design is not finalized, (2) government rules that dictate the afiount of 

a clay liner to be used are not promulgated, (3) the Hersey clay deposit has not | 

7 been delineated, and (4) there is a dearth of engineering test data by which 

7 to compare the Hersey clays with the Western States bentonite product. 

- The cost per ton delivered for the two clay products is close (Table III). | 

- However, there are intangible costs at Hersey, which are difficult to quantify 

| with the available data. These intangible costs are directly linked to the 

- needs to satisfy environmental concerns in order that permits be granted for 

. clay mining. : 

.. It is recommended that we pursue the purchase of commercially produced Western clay, 

| Since there is little indicated cost advantage or assurance of sufficient. local 

/ product. Furthermore, it is suggested that our engineers determine the volume 

: of high quality betonite that needs to be added to in-place soils beneath the 

| Proposed tailings ponds. The selection of in-place materials having the best 

a SOUS crcperties, inctaucine Tow ser escility, is important. The icentification 
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TABLE III : 

A Cost Comparison between developing the Hersey Clay versus purchase of clay from a commercial source. 

(Cubic Meters - C.M. X 1,000,000) , : 

| CASE I CASE II | ; 
Possible Cost r : : —— _ 

| cyte Ton Acreage 240 hectares | Acreage 400 hectares | Acreage 400 hectares 
: Thickness 1.5 meters Thickness 1.5 meters | Thickness 3 meters | 

| | | Crandon needs 3.7 c.m. Crandon needs5.2 c.m. | Crandon needs10.4 C.m. 
Hersey reserves 0.8 c.m. | Hersey reserves 1.9 c.m. | Hersey reserves 1.9 c.m. 7 

~ | llersey | | Sufficient reserves not 
, Bulk - truck 58.30 $ 30 million $ 63 million | indicated 

NS Bentonite | | | 
Wyoming 63.55 $ 21 million $ 35 million $42 million | 
Bulk - rail | | 

The above costs do not include rail siding facilities, transportation of clay on site, nor 
application and compaction of clay to form the liner. 

. \



- of the best soil horizon into which bentonite clay could be introduced, mixed, 

me and compacted according to specifications could reduce the amount of clay 

. needed to be purchased. ; : | 

- Assumptions used to make a very preliminary cost comparison: 

- - CASE I : : 

7 ® at least 240 hectares of tailings ponds will be lined using clay. 

ot ® a minimum of 1.5 meters of clay liner having an impermeability 
- of 1.0 x 10 ” cm/sec. | : Lo 

_ e there are 979 kilograms of clay per cubic meter. 

- e Hersey clay reserves are 0.8 million cubic meters using 3 meters as a 
minimum mining thickness. 

me CASE II 

7 e a maximum of 400 hectares needs to be clay lined. 

} e aminimum of 1.5 meters of clay liner will be government required. 

- e Hersey clay reserves are 1.9 million cubic meters base on the Wisconsin 
geological survey estimate (Dasgupta, 1977). : 

| e 240 hectares will need to be ciay lined. 

e 12 kilograms of bentonite will be required per square meter in order 

to achieve minimum EPA standards of 10 ” transmissivity. 

CASE I , 
| Land Acquisition: (209 hectares plus 

Surface improvements ) $ 1,250,000 
| Evaluation Project: 

Drilling (80 holes to 8 m) + Mobilization, Costs, Etc. 250,000 
Engineering Studies 130,000 

| Relocate County "NN" 170,000 
| Bulk Mining of Surface Clay 1,300,000 
. Caoital - Drying and Screening Plant, Conveyors, etc. 4,750,900 

° Crush, Dry and Screen to -2Z00 mesh 1,100,000 

: Transport - Stockpile to Crandon (380 km) 12,250,000 - 
' Reclamation 2,100,000 

, : $23,300,000 
: Contingency :25% 5,825,000 

$29,125,000 
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7 Total Hersey production 0.8 Willion cubic meters 

oF Crandon minimum clay requirements 3.7 million cubic meters 

ae Deficit 2.9 million cubic meters 

a This means that about $30 million dollars would generate less than 25 percent 

S of the Crandon clay requirement. | 

| CASE I | 

| Land Acquisition (490 hectares for Surface improvements) $ 3,300,000 | 
= , Evaluation/Engineering -1,700,000 | 
2 Road Relocation 170,000 

Bulk Surface Mining 3,125,000 
o Stripping 1,100,000 - 

Capital 9,000,000 
Crush, Dry, and Screen 2,/75,000 

a Transport | 29,500,000 | 
t Reclamation 3,600,000 

cs $50,270,000 

- Contingency :25% 12,500,000 | 

7 $62,770,000 

- Total Hersey Production 1.9 million cubic meters 

- Crandon maximum requirements 5.2million cubic meters - 

| | Deficit 3,3 million cubic meters 

- An approximate $63 million dollar outlay would provide about 37 percent of the 

- Crandon clay requirement. The most stringent interpretation of federal landfill 

regulations suggests the installation of 3 meters of clay soil liner. Therefore, 

to line 400 hectares of tailings pond to the maximum proposed clay soil thickness, 

- would require 12 million cubic meters (16 million cubic yards) of material. The 

| Hersey deposit can only supply 16 percent of this clay requirement. — 

Engineers from commercial producers indicate that National Standard Bentonite 

| (200 mesh) applied at a rate of 12 kilograms per square meter (2.5 pounds/sq. ft.) 
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- prehydrated with water and mixed with the upper 5 centimeters (2 inches) of sandy 

. loam prior to compaction, will yield a permeability of 10° cm. Current prices 

—- for National Standard Bentonite (NSB) at 200 mesh is as follows: . 

om F.0.B. Bagged Wyoming 200 mesh NSB - English Tons 

Truck: $34.10/ton - bagged 
| Rail: $33.10/ton - bagged : 

/ - add $7.50/ton if palletized 

a Current freight rates for bagged bentonite | 

. Truck: $1.69/1007 + 9}% fuel surcharge | <a 
| Rail: $2.01/100# + 24% fuel surcharge 

- Current price of bulk bentonite, F.0.B., Wyoming | 

7 Rail: $24.70/ton (may depend on car availability) 
. Freight: $1.90/100# + 2%% fuel surcharge 

: It is doubtful whether there is 5.2 million cubic meters of available clay 

| at Hersey. To find out will require time, land position, large drilling expenditure, 

_ and a costly soils engineering test program. It is recommended that we further | 

7 pursue a commercial clay source. 

. Commercial suppliers recommend application of 12 kilograms of NSB in 15 cm | 

- (6 inch) lifts. The cost of a 15 cm lift is: | 

: e Truck - Bagged: : 

- Bentonite: $1,114,047.00 
. Freight: —  _1, 209,149.00 

| $2,323,196.00 
Pallets: 245,025.00 

| Total: $2,568,221.00 
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7 e Rail - Bagged: 

7 Bentonite: $1,081, 377.00 
| Freight: 1,342,884.00 

7 $2,424,261.00 
SO | Pallets: , 245,025.00 

: Total: $2, 669,286.00 | 
a © Rail - Bulk: | , 

i Bentonite: $ 806,949.00 
| Freight: 1,269, 393.00 

o Total: $2,076, 342.00 

Therefore, to purchase clay for a 1.5 meter thick clay soil liner via a bulk 

oo rail system will cost: 

, $2.08 million x 10 = $20.80 million. | 

i Clay purchase cost for a 3 meter clay-soil liner would be $41.60 million | | 

- for 240 hectares. 
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Ls Dr. G. B. Lee, Professor, Department of Soils Science, Madison, 

r William Ludwig, Engineer, Soils Conservation Services, Rhinelander, 
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APPENDIX II 

Chemical Composition and Size Distribution . 

of 
Hersey Clay Samples . 

: Si02 52.41 i: . 

41203 34.10 

Fe203 0.15 

ca0 0.05 , 

MgO 0.12 

. Na20 0.18 

; K20 0.46 — 

TiO 0.80 . 

H20. 11.89 
Total 100.16 
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APPENDIX IIT 

| Auger Drill Logs 

| . Hersey, Wisconsin



1160 
_- 0 a 0-26' Cla Sand Sand with minor clay, very light yellow gray, quartz. 

a Saree Sand, quartz, with minor clay, light yellow brown, medium- and fine-grained. Clay primarily 
: ee: kaolinite with minor montmorillonite. 

BES gees) 
eae giao 4 

je sesh 

Sar ; 

put serene: 
: pensnen tee 

é ueese tae 

——_ 204s 

eemccecesrd- 26-35' Clay Clay, dark brown gray to Tight yellow brown; less than 5 percent quartz sand. Clay primar{] 
: ned Hartnoriivonite with misor to no kaolinite. ie 7 

Race a oo : 30 oo 
BERKS 

Pcccvizy 35°43" Sand Sand, quartz, with trace of clay, yellow brown, medium- and fine-grained. Clay ab 
pateeae proportions of kaolinite and nontnorilionite. , 2 yaceuceces! 

1120 ee 
—— 40-e 

43 eS .



. . 

——— 0-9° Clay Clay, brown mottled and streaked yellow brown, very plastic; 5-10 percent quartz sand; few rock, 
PE Fravment's and little white chert; plant fragments 3 to 4 feet. Clay fs montmorillonite with very 
BSS minor kaolinite. 
eee 
en : 7 1160_ 4 

. Ec nce 

: Se $-11" Clayey Sand Clay, brown gray and yellow brown; 30 percent quartz sand. Clay is montmorillonite with 
10 minor kaolinite. : 

SE 11-15" Sand, quartz, Tight yellow brown; 10 percent clay; scattered fragments of white chert to ts inch. Clay 
is montmorillonite with very minor kaclinite. 

: pa 15-16" Clay Clay, gray mottled yellow brown, plastic, waxy. Clay is montmorillonite with minor kaolinite. 
5 crx] (16-18' Sand Clay, gray brown; sandy with chert fragments to 4 inch. One fragment oolitic indicative of 

Be Ordovician Prairie du Chien Group dolomites. Clay is kaolinite with very minor to no montmorillonite. 
peace 618-42" Sand, light brown gray, medium- and fine-grained; minor white clay; few fragments of oolitic white chert 

20 Pes 38-42'. Proportion of kaolinite to montmorillonite estimated to be 7:3. ao 

- 1140 oe 

42 sirsiater secs: 

1120 

T Tested for binding taconite pellets.



1160 

1140 : 

O-pssamaeny «(0-3" «Sand Soil and sand. Sand has variable mineral composition and is medium- and coarse- 
- grained; 6 inch brown clay at base. Likely glacial deposit. 

GeaBeisi 3-8" Clayey Sand Sand, brown, fine and medium-grained; mostly quartz, clayey, few pebbles. 
" epee Clay about equal proportions of kaolinite and montmorillonite. . i" . 

Set © 6§-9' Gravel or altered bedrock, dolomitic. 
10 [Teo 2d 

1120 . :
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1160 _ 

Ompermreremy 0-1" Sand Soft . 
pee a4 1-6" Clay Sand, yellow brown, quartz, fine- to medium-grained. Little clay and few limonite pebbles from 3 

. pater feet to 6 feet. Clay about equal proportions of kaolinite and montmorillonite; little illite 4 to 6 feet. 

7 poet 6-8° Clay, yellow brown and light green to white. Yellow brown is slightly streaked with light green and contains s: 
Tre and little very fine sand. Pale green only slightly silty with no sand, Both contain pebbles of limonite and 
Eases sandy limonite. Clay is montmorillonite and illite in about equal proportions with minor kaolinite. 

— Fiance] 8-11' Clayey Sand Sand, brown and red brown, medium- and fine-grained, quartx, slightly clayey. Clay is kaolinite 
10 and montmorillonite in approximate proportion of 7:3. ee 

pas eiarnaa 
frSozer-] 11-12" Gravel and sand, slightly clayey, and sand as above. Pebbles of sandstone up to 1 inch. Clay kaolinite 

z _ and mortmorillonite in about equal amounts. y . 

: 1140 
—_—_—_ 
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* 1160_ O —peroprrry 0-2' Clay Clay, white, silty. Clay is kaolinite with only slight trace of {1lite. 
poesia 2-3' Clayey Sand Clay and sand, dark gray brown. Clay consists of approximately equal proportions of kaolinite, 

montmorillonite, and 11lite. 

Escaed 3-15' Sand Sand, light gray, quartz, fines and medium-grained; little clay. Clay is kaolinite and montmorillonite 
5 ipeeeierte Tn approximate proportion of 6:4. . 

EE 15-18" Clay Clay, red brown with partings of pale green clay, silty; little quartz sand;_few-pebbles of limonite in low 
fees foot. Trace white clay. Clay about equal proportions of kaolinite and montmorillonite (poor record). 

ee 18-24" Sand Sand, red brown, abundant sandstone pebbles in lower 2 feet; very clayey in lower 1 foot. 
1140 20 Tlay primarily montmorillonite (poor record). . 
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tes 

. 0 Pe O-2° Sandy Clay Clay and sand, yellow brown, plastic. Clay predominantly montmorillonite with little kaolinite. 

— 2-5' Clay Clay, yellow brown, plastic; little sand. Clay predominantly montmorillonite with little kaolinite. 

oe eee 
” Sree 5-26" Clay, yellow brown and gray, plastic; trace to little sand; plant fragments 17 feet to 18 feet. 

- oe “Clay more than 90 percent montmorillonite. 
co Bratinaton ts 

» 1160 10- Be 
-— eee 

CoeC arene : 

"e See : 

. Ee -- 
26-34" Sand Sand, yellowish gray, medium=- and fine-grained; little clay. Clay more than 90 percent 

PaaS montmorillonite. 

1140 ae 
2 30 
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— IE O-3" Clay Clay, dark brown gray, slightly sandy with pebbles. Clay predominantly montmorillonite with = Ea Tittie kaolinite. , : 
os sone 

3 Bees .3-9' Clay, Tight yellow brown and gray, plastic; trace of sand. Clay predominantly montmorillonite with bee Bein little kaolinite. 
= Be red : : . 

b feck aaa 9-14° Clayey Sand Clay, dark gray to light yellow brown, plastic; trace of sand. C1 - a 1160 10 ee Tonite with little kaolinite. ’ ° Syroredomioactly ‘edntaor t} 

; 14-18" Sand, light yellow brown; little clay. Clay predominantly montmorillonite with trace kaolinite. 

h 
Se tas 

a aia 18-50" Sand Sand, light yellow brown, fine- to medium-grained, quartz. Not sampled. 

20 4S 

“4140 eee 
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i 1160 0 , momenry 4(O-2' Clay Clay, dark gray brown and yellow brown, plastic; trace of sand. Clay montmorillonite with trace oe of kaolinite. 
a Oe] 2-3' Clay, brown gray, plastic. Clay montmorillonite with trace of kaolinite. | 36° Cla Sand Sand and clay, light brown gray, sand {s quartz; trace white chert lower foot. Clay . . : montmoriTionite with trace of kaolinite. 

‘ Ee | Bg! Clay Clay, light yellow gray, plastic, slightly sandy. Upper foot montmorillonite; lower 2 feet ioccd montmorillonite and kaolinite in about equal proportions. 

: Besa cee 
= 10 Brg 9-14 Clayey Sand Sand and clay, light yellowish gray, sand is quartz. Montmorillonite and kaolinite in about AES eS equal proportions; kaolinite locally more abundant. fs 

peseceset!| 14-21" Sand and clay; clay white and gray, plastic. Clay kaolinite and montmorillonite 11 approximate oe eat ree proportion of 5:1. 
het aed = 

pee eae 1140 ee
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«1160 

; 0 Sa 0-4" Clayey Sand Sand and clay, brown; few chert pebbles. Clay montmorillonite with little kaolinite. 

Sg eee 4-5' Clay Clay, brown, plastic; trace of quartz sand. Clay predominantly montmorillonite with little kaolinite. 

. : 5-8' Clayey Sand Sand and clay, brown; sand quartz. Clay predominantly montmor{Tlonite with little kaolinite. 

ee aia 8-15' Clay Clay, gray and brown gray, plastic; trace of quartz sand. Clay montmorilionite with slight trace 
“4140 paeeaee oF Eaolinites 

. Patetae era 15-18" Clayey Sand Sand, yellow brown and brown gray; trace of clay. Clay 1s predominantly montmorillonite with 
trace of kaolinite. . ” vise 2 

18-26" Clay Clay, gray brown, plastic; little quartz sand; few chert pebbles in upper foot. Clay.montmorillonite 
ns Percent with trace to little kaolinite.
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i ; : 

os 1160 

Ps . 

iS : : 

: 1140 0. is C1. ion ith t f kaolinit ——_ Ss O-4° = Ciayey Sand Sand and clay, brown. Clay montmorillonite w race of kaolinite. 

| BEd 
; 4-8° Clay Clay, brown mottled light gray, plastic; trace of quartz sand in upper 2 feet. Clay montmorillonite 

Pe with trace kaolinite. 

. Bees 8-14" Cla Sand Sand and clay, light yellow gray and brown. Kaolinite and montmorillonite in approximatel. 

Se) Stat proportions. — 

: poveuersc| 14-16" Clay Clay, gray, plastic. Clay montmorillonite with trace of kaolinite. 
: Rearar a 
cs eee ates . 
i Peed 16-17" Sand Sand with trace of clay, light yellow brown. Clay montmorillonite with little kaolinite. 

A eeem 17-19’ Clay Clay, light yellow brown; little sand. Clay montmorillonite with little fllite and trace of kaolinite. 

1120 20 —— 19-20° Clave rained are sand, brown and reddish brown; few igneous rock pebbles. Clay mortmorillonite 
; —_— = , ttl nite.



1160 . 
————ew O—prsressay 4«(0-15' gay Clay, yellow brown with gray streaks, plastic; slightly sandy; few pebbles. Clay montmort}lonite with cs Boe ess than 10 percent kaolinite. 

10 ed 

. . pas 15-17° Sere grey tes some yellow brown, sandy to very sandy in lower 2 feet. Clay montmorillonite with trace sec Pees es = 
ies Ecawenaté] 17-24" Clayey Sand Sand, light yellow brown to yellow gray, medium- to fine-grained, slightly to moderately 

1140 ‘somes cTayey. CTay montmorillonite with trace of kaolinite. . 
20 

os eS 24-30' Clay Clay, gray, plastic, slightly sandy. Clay montmorillonite with trace of kaolinite. - ae a 

Re i 3 Bese 
30 Beas 30-42' Sand Sand, light yellow gray, medium- and fine-grained, quartz; trace of clay. Clay fraction consists of tee BEES montmorillonite with only slight trace of kaolinite. Lower 6 inches very clayey and contains igneous pESAe ey rock pebbles. Clay in lower 6 inches montmorillonite with little kaolinite. 

1120 ae 
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re : 
—1160_ O —seeees 0-3° Clay Clay, yellow brown, plastic, silty at top to sandy at base. Clay montmorillonite with trace 1 poe Sf baol inte. 

pe 3-7° Clay with abundant gravel consisting of egneous rock pebbles. Clay predominantly montmorillonite with 
bee Bona trace of kaolinite. 

eo 720° Clay, gray streaked with light yellow brown, plastic, slightly sandy in upper foot. Clay montmorillonite 
. eae with trace to little kaolinite in lower 2 feet. 

ne Peay : : | eas : S 

ed 
1140 oe 
—_— 210- 2-23" Clayey Sand Sand with clay, yellow brown, quartz. Clay montmorillonite with trace of kaolinite. a ro See 

enero 23-32" Clay Clay, gray and yellow brown with trace red brown; slightly sandy 26 feet to 30 feet; egneous rock oe pebbles in lower foot. Clay montmorillonite with only slight trace of kaolinite. 

tex 32 —ieees



== — -—_ _— Tee Pe h <= sy re a a as as e's ee 
‘ wilatuse venat Hecnanicas analysts ‘ Cla sath i i Depth Maximum Plas- ane Sof) same an in Norte | dry Optimum Percent smaller than | Liquid). 124. | AASIIO ji 

sample location inches zon density {moisture #10 | #40 Limite Reape (group index Untitled 
(lbs. per| (percent) 3/4"13/8" 2.0] 42 .005 ratings in oS 

uu, £ Q om, | om. | oo Co arenthes! ee 
Guenther loamy fine sand 30-38 Ba* * - - - - - - 100 81 28 26 «18 = =«10 7 - NP A-2-4(0) SM 

Wood Co., Wis. 45-60 ce 3 18 - - - : : 100 «90 57 52.35 13 28 5 A-4(4) ML 

“Hebron loam - B2 - - - 2 2 100 87 $8) 37 460 os A-7-6(3) sc 
Racine Co., Wis. 

Nebron sendy loam 15-36 B2 : - - - - - . 10095 58 54 460 35 30 31 1s A-6(7) cL 
Gaaukas Co., Wis. 36-48 c : © : - : > ° 100 (97 65 5S) 40 «26 18 23 8 A-4(0) cL 

Websron sandy loam 12-28 Bas 121 ae - - - 100 (9579 28 28 26020 18 22 

Racine Co., Wis. 32-42 ce 113 v7 : : - - : 10099 96 , 96 95 64 4h 36 18 A-6(11) cL 

Hiawatha loamy sand 419 Bair : : : : - : - 100 BL 2. 20, «(14 ? 5 : NP A-2-4(0) SM 
Bayfield Co., Wis. 26-60 Cc 107 14 G ° - - : 10093 5 3 2 1 1 ° NP A-3(0) SP-SH 

Hibbing silt loam 16-27 Ba* 114 16 : e : = 100-97 73 69 62 46 3? 37 22 A-6(13) cL . 
Bayfield Co., Wis. 27-% ce 119 13 : : - - - 100 96 69 64 $5) Al 31 33 20 Ae6(11) cL 

13-32 B2 : . - - - - - 100 96 0«=— 8h 797254 37, 40 23 A-6(13) cL 
32-38 c - - - - - ° - 100 82 = 48 46 43 3% 23 29 16 A-6(5) sc 

16-34 82 - : - : - : : 100-95 75° «73° «672 39043 26 Ae?-6(16) CL 
34-40 c - ° - : ° - - 100-94 73 71 660 (49 35 36 20 A-6(12) cL. : 

Hixton loam 14-25 B2 ce - : ° : - : 10088 60 57). 41 Oo) 12 19 4 A-4(5) CL-ML 
Trempealeau Co., Wis. 29-34 c : : : = ue : : 100 48 6 5 4 3 3 : NP A-1-b(0) SP-SM 5 

13-20 Bae 128 10 : : : : : 100 «(73 49 48 #37) «(16 BT 2 5 A-4(3) SC-SM 
26-42 c* 122 9 98° 9h 69 89 89 869 63 5 5 4 3 3 - NP A-3(0) SP-SM 

21-29 B2 ° : : - © : - 100 «90 55 52. 38 «#419 45 a 7 A-4(4) CL-ML 
33-53 c on - : : : : . 100 «79 7 5 4 3 2 - NP A-3(0) SP-SM 

Vochheim loam 8-12 B2 : . : o - : - 100 (95 14 69 60 43 37 53 31 A-7-6(19) cit 
Calumet Co., Wis. 18-30 c . = 100 90 88 81 76 «468 8660 39 3200210 7 : NP A-4(1) SM . 

Nochheim silt loam AL-15 B2* 110 16 : 99 99 97 96 95 91 68 63 53 38 3204 25 A-7-6(13) cL 
Fond du Lac Co., Wis. 25-40 ce 140 7 96 91 90 86 62 #79 #71 49 41 28 14 9 15 3 4-4(3) SM 

12-15 B2 < : : - - : - 100 (99 a 68 7h 47 40 56 32 A-7-6(19) cit 
, 30-40 Cc - : : 90 84 69 57. 4019 10 8 3: 3 2 . NP A-1-a(0) SP-SM 

8-19 B2 104 19 100 97 97 96 96 95 93 772. 74 62 39 48 27 A-7-6(17) cL 
22-42 c 119 13 : - : : 100 98 94 77 14 $8 37 25 26 ey A-6(8) cL 

Hochheim silt loam 18-25 B22e 112 , 15 | : : - : 100 ‘ 94 68 65 $0 32 26 33 16 A-6(9) cL . Manitowoc Co., Wis. 42-51 ch 131 9 99 94 92 89 85 82 «O75 46\ 39 24 12 8 19 4 A-4(2) SC-SM 

; . ‘ 
4, . 7 
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' . t how it ‘ i : i ’ ‘ : t 1 ‘ i ‘ ‘ . 

Boll nano eu Optimum AASHIO . 
sample Location uiature (group index dat (ted 

(percent) 3/4") 3/8" 002 retinga in 4 om acenthes is) 
Nochheim silt loam 9-18 n2 - - °. : - : . 100-99 81 17 62 AS Ww 47 26 A-7-6(15) cL 

Ozaukee Cu., Wis. 21-42 c : ° . 98 98 896 95 9% 92 mn 64 40 23 16 20 6 A-4(7) CL-ML 

7-15 B2 - : : 9 97)C«93 99 bh 7h 46 43° #435 «27 25 BL) 19 A-6(5) sc 
20-42 c = =) 100 85) BZ 6h 58 46 21 v7 9 5 4 = NP A-1-b(0) SM 

Nochheim silt loam 10-18 Tin2e : - - - 3 : : 100-96 83 80 65 42 35 46 25 A-7-6(15) cl. 
Sheboygan Co., Wis. 22-60 1c 126 9 97 #88 86 «685 84 715? 4 28 14 6 3 oe NP A-2-4(0) © su 

Nochheim silt loam 8-17 02 106 19 - - 10098 96 #93 82 $7 53° 4938 33 42 21 A-7-6(9) cL 
Waukesha Co., Wis. 21-60 c 140 6 100 93 488 80 4 «67, Sh 35 32220 2 4 2 A-2-4(0) SM . 

Mortonville loam 21-27 w2 110 15 a - : : : 100 . 96 mn 70 #59 «#444. 35 3 210 A-6(11) cL 
Krown Co., Wis. 33-40 c 116 13 - 100 999? 95 95 89 67 65 ‘54 3 25 28 13 A-6(8) cL 

Nortonville silt loam 19-25 B2* 103 21 - - - - - 100 98 87 85 77 «49 ab) 42 22 A-7-6(13) cL 
Brown Co., Wis. 28-48 ce lig - 23 : 98 96 94 93 91 87 78 76 64 =D v7 25 8 A-4(8) cL 

Mortonville silt loam 11-25 Bale : - * : : - : 100 «(98 78 75 63 «47 36 42 22 A-7-6(13) ch 
Outegamic Co., Wis. 25-60 c 123 1D} 100 950 «92—s«8 83 79 «72 54 so 39 «23 14 24 9 A-4(4) ch 

Hortonville silt loam 7-17 B2 co - - - - - - 100 96 716 72, 61 0«O47 39 45 25 A-7-6(15) cu 
Ozaukee Co., Wis. 20-42 c - - - 99 96 94 92 89 «84 65 62 49 22 29 4 A-6(8) cL 

. - 8-19 B2 104 19 100 97 «(9796 96. 95 93 7 14 62 «47 39 48 27 Ae7-6(17) on 
- 22-42 c lig 13 - : : - 100 98 94 7 % 58 WW 25 27 134 A-6(8) cu 

Nortenville sile loam 22-302 109 wv =, > : : - 10097 73 710 63046 33 42 23 A-7-6(13) ch 
Waupaca Co., Wis. 36-60 ¢ au A : 100 99 «97 96 95 91 67 65 54 32 22 29 3 A-6(8) cL 

“%™ Iron River fine sandy loam 10-18 Bair - - : : « - = 10091 54 50. 27)10 6 - ° NP A-4(4) ML 
Ashland Co., Wis. 18-24 A‘2x - - - : - : - 10088 vn 3218 8 Ss - NP. A-4(0) SM 

32-38 B'2tx - - : 99 98 96 95 93 79 36 32 200—=—Oo10 8 Vv. 2 A=4(0) SM 
38-60 llc 132 7 100 (:95°C«93 BT 82 76 0=«(57 16. 13 7 3 2 - NP As2-4(0) SM 

Sm Iron River silt loam 17-28 Be 134 8 97 91 «9089 69 «684 «673 42 3722 8 5 - NP A-4(1) “SM 
Forest Co., Wis. 28-60 c 135 8 100 90 88 85 85 85 76 39 3520 9 6 : NP A-4(1) su: 

pe Iron River silt loam 33-47 Iio22e - 100 94 «692 «86 62 78 «62 a7} 2401S 9 6 : NP A-2-4(0) SM 
Sawyer Co., Wis. 64-70 1c : - - 99 97, 92 89 #85 8670 291 25015 6 4 : NP A+2-4(0) SM 

Jeckson silt loam : c : - 5 ee ee 100 00k! lel : 
Popin Co., Wis. “ . s 19 Arh (8) cu . 

Jump River fine sandy loam 16-28 B2 - - - - - - - - 100 85 80 44 20°: 15 28 4 A=4(8) ML Rusk Co., Wie. . 32-50 ¢ co - - = > - = 10099 1 18 8 6 4 1s NP Ae2-4(0) SM 

. 5 ; , 

‘
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| Machanient Anetyete Cleseitteation Maximum 
Soil:nase and dry Optimum [Percentage passing sieve | Percent smaller then | ‘AASHO 

sample location density |moisture #10 | #40 | #200 (group index Unified 
(ibs. per} (percent)) 3/4"13/8" 2.0] .42] .074 | 0.05 2002 ratings in 
cu ) rm. j oun. | um. mm nm» | om. parenthesis 

Kewaunee silt loam 8-22 Bait : - - ° : - - 100 («97 83 82 76 56 4 49 30 A-7-6(18) cL 
Sheboygan Co., Wis. 36-60 c - ° - : - : : 10097 85 82 69 46 BL 30 1s A-6(10) cL 

- Keweenaw loamy sond 4-B  * B2lir -. oe OS ° =. - : 100 «87 22 17 8 3 2 - NP Ae2-4(0) SM 
Ashland Co., Wis. 37-60+ Cc 115 ll ° : - 100 98 96 84 19 12 4 2 1 - NP A=2-4(0) SM 

Kibble fine sandy loam 28-34 Bae 115s 13 “ve : - - : 100 91 84 59 3} 25 33 ll A-6(8) cL 
Dodge Co., Wis. 44-68 ce 113 16 : - - - - 10099 96 92 (61 28 20 3 10 A-4(8) cL . 

Kibbie sile loam 15-22 B2 . - - - - - - 100-94 49 44 32 20 «16 =| 2k $s A-4(3) SC-SH . 
Kenosha Co., Wis. 31-60 c as ° - 7? - - 100 98 75 67) 37 16 (12 19 2 A-4(8) ML 

Kibbie silt loam 14-20 B2 = < © < - - = is) 100 89 87) «77 360 45 35 16 A-6(10) cL 
Outagamie Co., Wis. 22-60 c ° - - - : oa - co 96 82 2s 6 6 © NP Ae4&(8) ML 

9-23 B22c E = - - - - © = 100 87 78 «42 18 (13 2s 4 A-4(8) . ML 
48-60 C2. 113 13 : - : : - : : 90 82 . 30 8 4 20 NP A-4(8) ML 

Kibble silt loam 17-20 Baw 1 16 : : : — ° 100 «99 53 47 36 27° 22 29 11 A-6(4) cL i 
Racine Co., Wis. 44-52 Ck 120 12 - - - : - : ° 79 68 34 Mn 7 - NP A-4(8) ML 

21-28 B2 - - - : : : ° - 100 27 2. 0s#«W7 16 «1S - NP A-2-4(0) SM 
30-54 c - - - - - - - - 100 27 13 3 1 1 : NP A-2-4(0) SM 

Kibbie silt loam 9-17 B2 = - - - 100 99 98 96 93 64 58 35 18 4 27 7 A-4(6) CL-ML 
Waukesha Co., Wis. 20-60 c - - - - - - - - - 84 70 21° (66 5 - NP A-4(18) ML 

Kidder sandy loam 11-26 B2it - - : : = : : 100 94 39 38 «(31 2300=«219 23 9 A-4(1) sc 
Green Lake Co., Wis. 34-60 c 135 8 96 95 9% 91 89 «688 679 35°, 32-20 iL 8 - NP A-2-4(0) SM 

Kiva gravelly loam 5-13 Blick = « - - 98 #97) 94 92 92 84 27 26° «18 9 5 ° NP A-2-4(0) SM 
Door Co., Wis. 32-36 11c2* - - 96 62 55 43 36046270 «14 6 . 5 3 1 1 -  - NP A-1-a8(0) GM-GW 

Knowles silt loam 28-33 Tip24e > : : “ : - ° 100 «96 84 82 «67 47 40 53 30 A-7-6(18) cu 
Green Lake Co., Wis. . . . 

Knowles silt loam 17-27 B2 ° - : : : - - 100 «96 72 : 71 «60 45 40 44 24 A-7-6(13) cL 
Washington Co., Wis. 

24-32 Bae 98 25 : . : - - 10093 n 68 «59 45 40 46 25 A-7-6(14) cL 

18-26 B2 . : - ao . : - 100 85 54 54 45 32 (27 33 16 A-6(7) cL 

Kolberg silt loom 22-28 B22e ° ve - ° - : : 100-98 67 83 7k 5037 38° 20 A-6(12) cL Door Co., Wis. 33-38 Tic - - « 99 96 92 69 «84 679 7 64 42 2% a 6 A-4(7) CL°ML 

Lafone ailt loam : B2 ° coe - oe 100 (94) = BL 46 - ° lioie wv 2 Ae4(2) SM Oneida Co., Wie, - c . : : ° . : 100 «8369 29 ° - 6 © “22 1 Ae2-4(0) Su 2 

: , u 0 , _



[Holsture-density | Mechanical Analysis Classification 
4 Depth Maximum 

Sol} oie s in dry Optimum Percentage passing sieve AASHO 
sample location inches density {moisture Hh #200 (group Index | wattied 

(ibs. per] (percent) 3/4"13/8"| 4.7 +074 0.02] .005 ratings in 
cu mun. mm, _|mm. arenthes! 2 

Karlin sandy loam 5-21 W2ir : = : ° - : 100 (9H 75 2 22,0«413 6 4 : NP A-2-4(0) SM 
Deyfield Go., Wis, 30-42 cl 109 20 - =) 100 9s i9H—iHs—is—‘iR 2 2 2 1 oe NP A=3(0) sP 

42-53 c2 104 16 : - - - te 100 (96 -2 2 2 1 1 . NP A-3(0) sp 

Kennan loam - n2 . - - - - - 100 «90 «o71 30 - - 12 18 3 A-2-4(1) SM 
: Marathon Co., Wis. - Cc - - - : - - 100 86 64 29 - : 8 : NP A=2-4(0) SM 

Kennan loam 13-27 T1p2e « = . 98- 98 94 91 85 667 24 230061915 13 23 8 A-2-4(0) sc 
Portage Co., Wis. 32-60 TIc - - - 99 96 93 89 83 62 14 12 8 6 4 - NP Ae2-4(0) SH 

Kennan silt loam 19-38 Be 132 8 = 99 «99 «(96 92 «8768 20 18 4 8 6 : NP Ae2-4(0) SH 
Portage Co., Wis. 52-60 ct 192 8 : 99 #97 95 92 88 67 19 16 «(13 7 6 ° NP Ae2-4(0) SM 

. 19-31 B - - - 2 + - 100 865 41 3700225 Sas. 6 — Ae4(L) Sc-sM 
so . z 45-60 c : : : 100 97) 92 87 «681 O56 15 3k 7 6 . NP A-2-4(0) SM 

Kennan silt loom 31-40 B - . = = 100 98 94 89 81 60 20 18 14 8 6 = NP A=2-4(0) SM 
Shawano Co., Wis. 44-50 c . < . 98 96 OL 85 85 62 18 5 ol 7 5 : NP A-2-4(0) SM . 

. Kert silt loam 14-22 TIAGB - - 2 - : - oe 10098 29 27,0 200—12 9 2 NP A-2-4(0) SM 
Wood Co., Wis. 40-52 vc2 107 20 : : : : : 100-98 92° 91 84 64 50 55 30 A-7-6(19) cH 

— 

Kewaunee ailt loam 11-20 Bat - - : ° : : . 100 «(97 68 66 60 46 35 41 25) | AeT+6(13) cL 
Brown Co., Wis. 48-54 c - . - . : : : 100. 96 73 7b 60044 30 vu 7 A-6(11) cL 

Kewaunee silt loam 11-20 B2 : : = = - : : 100 99 95 95 93 #79 65 72 39 A-7-5(20) cH 
Calumet Co., Wis. 39-48 c - : - - 100 99 «(98 97 97 =—96 92 92 91 «77 62 52 31 A-7-6(18) at 

12-23 Ba : = * - : - : 100 99 90 88 «66368 58 54 30 A+7-6(19) cu 
34-55 c = - =! 97 96) «(95 93 91 88 19 77, «6B: 7” 35 18 A-6(11) cL 

Kewaunee silt loam 10-21 Bae 98 20 ele : 100 99 #99 97 88 8? «860 74 62 54 28 A-7-6(18) cu 
Fond du Lac Co., Wis, 28-47 cK us 16 o 99 98 95 92 89 884 14 Wl 64 52 41 44 24 A-7-6(14) cL 

Kewaunce silt loam 21-30 cL - : - - - - - 100 96 . (77 73° «65048 40 44 28 A+7-6(16) cL 
Manitowoc Co., Wis. 30-45 c2 : . : : - - : 100 94 78 14 64 «(48 36 34 20 A4-6(12) cL 

. 10-18 B2 . - : : : . - 100 «(98 76° 4% 67 «53 45 47 29 A=7-6(17) cL 
18-26 c - 5 : - - - : 100 (96 80 76 66 «49 36 ay] 22 A-6(13) cL 

Keveunee silt loam 10-22 B2 99 23 - . : ° Si 10099 90 - 89 85 67 $7 58 33 A-7-6(20) cH 
Milwaukee, Wis. 22-48 c 11s 15 - 100 99 «98 97 95 «690 76 73° « 63043 31 22,0 «15 A-6(20) cL 

Kewaunee silt loam 7-20 B2 - - : : : - : 100 (98 87 65) 7587 48 52 30 A-7-6(18) cit , 
Ozaukee Co., Wis. 23-42 c - - co 100 «699 =—98 97 95 92 el 79 67) 48 36 38 29 A-6(12) cL 

\ 
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rae na] \ ' Depth Hexteun Clasat(ication at 

Soil nane an in Wort-| dry opttrua |. Percentage passing aleve | Percent emaller than | Liquid TASHO semple location inches | zon | density |moieture 440 | €200 Limit (group index lunteteg 
>| (Lbs. per] (percent) 3/4" 13/8" 42] .074 | 0.05] 0.02] .005 ratings in 

cu, ft. tn, | mn, oon. | mm, jm, parenthesis 

Morley silt loam 15-23 b2 : : - - - - “ 10094 77 14 67 «6300 4 52 33 A-7-6(14) cut 
Kenosha Co., Wis. + 30-54 c : - : 100 98 95 93 92 86 1 64 4h 267 2 8 A-4(7) cL 

9-17 B2 s e = : : = = 10097 83 - 61 74 $4 43 52 31 A-7-6(18) cH 
37-48 c $ se s 100 96 93 89 80 59 53 . 38 61910 a 7 Ae4(5) CL°ML 

11-20 B2 . - < : . . - . 100 99 92 92 91 70 60 60 35 , A-7-6(11) cH 
36-50 c . - ° - - : - 100 (98 89 89 84 $2—CO36 32 14 A-6(10) cL 

‘ 10-24 B2 : ° - ° . : : =, 100 9? 86 85 79 $6 446° (48 25 A-7-6(16) cL 
36-48 c ° . - : : ° ° 10097 gl 75 49 2h 15 20 3 A-4(8) ML 

Norden silt loam , 18-23 Bah 110 1s oe : . ° 10099 91 82° 50 28 21 27 8 A-4(8) cL . 
Dunn Co., Wis. 23-28 B22 114 16 : - - - : 100 99 59, 52 40 32 27 34 vw A-6*8) . cL 

, 14-28 B21* 107 v7 ° ° : . - . e 99 95 60 30 26 3S 4 A-6(10) cL 
34-40 B22* 115 1s - : - < ° 100 99 80 72 46 27) 22 30 12 A-6(9) cL 

‘ 
Norden‘silt loam 16-20 B2 . 105 18 ° - s = Ss - = 96 92 60° 32 28 42 20° A-7-6(12) cL 

Pepin Co., Wis. 38-50 c 11s 12 9% 87 83 79 16 93° «73 15 12 il 7 ? : NP Ae2-4(0) SH 

Octagon silt loam 13-16 B22e- 105 19 e : - = : 100-98 84 84 69 42. 35 51 4 A-7-6(18) cH 
Dene Co., Wis. 33-60 cL 13. 8 : 96 94 90 87 84. O75 28 25 14 7 6 e NP A-2-4(0) SM 3 

Okee loamy fine sand 10-25 Ble - ° 99 99 96 93 91 «82 12 10 7 $ 3 . NP A-2-4(0) St-SM 
Green Lake Co., Wis. 31-45 TIB22t® = - . - : - - 100-92 29 27 21616014 - NP A-2-4(0) SM 

45-60 Ticw 134 7 98 #97 94 91 89 «Bl 29 23 16 (10 7 ° NP Ae2-4(0) SM 

: 28-35 TIB2le =e - = ° ° - : 100 99 3h 42 28 «16 (12 20 4 A-4(3) CL-HL 

Okee loamy fine sand, 55-60 1I¢ 139 6 100 93 «9186 83 80) «72 31 25 4s 6 4 - NP K-2-4(0) SM 
fine loamy variant : . : 

Green Lake Co., Wis, 

PH Omega sand 20-40 ¢c ” - - 2 2 - 100 99 12 : - 2 - NP A-2-4(0) SP-SM 
Washburn Co., Wis. . e - 

Onamia sendy loam 16-22 B2 : - 93 85 83 8&2 81 81 «70 46 45 34 2016 30 13 A-6(3) sc Chippewa Co., Wie. 29-42 c : 2 : 94 #77: «70 «55 45 32 13 4 3 2 1 1 ° NP A-lea(0) cP 

Onaway loam 15-20 Bae 1s 14 : 97 96 «94 93 91 86 58° OS4 45 33 27 4 18 A-6(8) cL Door Co., Wis. 30-54 ce 104 8 - 97 96 «OR 87 «62 O74 43 4 20 7 5 ° . NP A-4(2) SH 

20-26 Bae - - - - : - - 100 94 50; 45 37) 28h 26 9 A-4(3) cL 30-60 c. 132 8 - : 100 96 98 89 BL 39, 33 22, °«13°«10 is NP A-4(1) SH 
. 4 . 

Onaway loam 14-21 B2 : ec. oe 98 97 96 96 9% 289 46° 42 320 023°~«18 26 12 A-6(9) sc Marinette Co., Wis. 35-45 c ° - - 98 96 92 89 84 «74 30 24 14 8 5 ° NP. A-2-4(0) SM 

. : ; 22 ; ,



- PoP Tb bal i cae i 

Mechanical Anslysis , Classification 
Depth Maximum Plas- 

Soil sane) and in dry Optimum Liquid) os ciey | AASHO 
“ asaple, Location inches density |moisture #10 | #40] #200 limit tase (group index Unified 

(lbs. per] (percent)} 3/4"| 3/8" 2.0} .42] .074 | 0.05] 0.02] .005} .002 ratings in 
u ma mn. | mm. | mm. mun. | mm. jou, jon, parenthesis 

Washburn sandy loam 3-7 Bahir - - - 94 94 92 91 689) 76 33029 17 ? 4 - NP A-2-4(0) SM 
Ashland Co., Wis. 19-29 AGbx . © = 98 898 8696 92 88 69 27 26 43 5 3 : NP A-2-4(0) SH 

: 29-42 TIBtx : - : 99 97 94 91 86 «669 22 18 10 4 2 : NP A-2-6(0) SM 
61-72 I11¢c2 126 9 100 98 9794 91 88 69 21 7 9 4 2 ° nr A-2-4(0) SM 

Washburn sandy loam 21-41 B - - 98 93 90 88 68 #88 «73 18 14 i’ 6 4 - NP A-2-4(0) SH : 
Vilas Co., Wis. 41-60 c - ° 100 94 92 87 83 677) 63 14 12 8 4 2 - NP A-2-4(0) st 

, 19-39 B - : 100 93 «(91 86 85 85 «67 14 12 8 5 4 .: NP A-2-4(0) su 
. 39-60 c . - = < - - 10081 18 4 ll 6 7 = NP A-2-4(0) SM 

Washburn sandy loam . 35-44 B2t 131 9 ° 100 99 (96 94 92 75 23 21 ww 10 8 - NP A+2-4(0) SM 
Weshburn Co., Wis. 4 44-56 c in 8 . 100 (9998 95 93 74 24 22 12 8 6 . NP A~2-4(0) SH 

Waukegan silt loam .° 82 - : : 2 s&s - 100 =690 77 is. . 2s 32 10 A-4(8) cL 
St. Croix Co., Wis. ‘ . 

7 ¢ 

Waymor silt loam 9°19 Bac - =] oS - . - - 100 (98 75 73 66 Sl 42 43 24 A-7-6(19) cL 
Sheboygan Co., Wis. 29-60 c 125 dl S . 10098 96 93 89 7 66 50, 29) ok 25 10 A-6(7) cL 

9-21 B2e : . = ° - - = 100 (99 88 86 79 «59 «4? 46 25 A-7-6(15) cL 
31-60 Cc 124 lle 100 (99097 96 93 89 69 64 49 29 20 24 10 A-4(7) cL 

Westville loam 30-44 B2 . < S: 99 99 98 97 96 88 47 4S 360-239 29 15 A-6(4) sc 
Green Co., Wis, 56-60 c ° © = 97° «95+ =—90 86 82 74 36 34 2200. 7 . NP A-4(0) SM 

22-58 B2 ° 2 ie : 96- 92 85 79° #73 «60 34 32 27,019. «16 43 19 A-2-7(2) sc 
58-70 B3 ° . 100 (97-9690 84 677) (58 19 7 13 9 7 - NP A-2-4(0) SH 

. 24-40 B2* lL W--e we - © - 100 94 64 62 3207S 35 7 A-6(9) cL 
: 52-60 oe 132 8 : 92 90 «85 80 77 68 38 36 22 9 7 - NP A-4(1) su 

Whalan oflt loam 32-38 B2 . - .? - - - 10095 4. 40 344 2723 28 16 A-6(9) sc 
-Green Co., Wis, . . é 

17-35 B2* 124 12 : 2° te - - 100 94 58 56 46 28 23 25 ll A-6(8) cL 

. 15-29 B2 - - . - - - - 100 «98 68 + «65 53) 3k 26 34 18 A-6(10) cL 

Whalan silt loam 20-30 TIB23¢ = : 100 86 «682 = 80 79°79 «72 46 AL 28 «18 (16 30 14 A603) sc . 
Sc. Croix Co., Wis. 30-34 IlIp3t = - - - = - - 100 «83 62 61 56 38 = .28 39 a1 A-6(10) cL 

. \ 
Withee silt loam 18-30 B2 : - - - ° - : 100 94 78 \ 16 60 36 30 4. 24 A-7-6(14) cL . — Marathon Co., Wis. +‘ 37-50 c - - - : - : . 100. 91 68: = 66 34° 3832 40 25 A-6(13) cL 

Peat silt loam @ 25-31 Bat 17 15 : - : - Oe 100-94 74 69 343730 39 24 A-6(14) cL m7 Wood Co., Wis. 37-50 - ce 119 . 44 - : - . . 100 (96 66 62 sO 38) «630 36 23 A-6(11) cL 

23-302 - - ee ee - 100 93 67 63 46 «27 «230926 A-6(8) cL 
37-60 c : .. - : - : - 1009 63 60 50 36) (32 39,35 A-6(12) cL ‘ 

. 33 ; 
. . ‘
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