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540 LAMBEAU ST. GREEN BAY, WIS. 54303 

a December 12, 1972 

Great Lakes Exploration Company 
102 West Second Street North 
Ladysmith, Wisconsin 54848 

Attention: Mr. Edwarde R. May, 
a Project Geologist STS Job 4970 

Re: Soil report for Proposed Flambeau Project near Ladysmith, Wisconsin. 

a Gentlemen: 

In accordance with the agreement of September 11, 1972, we have completed 
a the subsurface investigation for the above project. This investigation entails: 

studies of the proposed open pit mine, plant site, and solid waste disposal area. 

a This report is divided in Parts | and I!. Part | includes a written 

description of the soil and ground water conditions encountered, and presents 
an evaluation of the sites with respect to the proposed construction and per- 

a formance criteria that has been established. Part 1! includes the detailed 
description of each of the soil borings, and data from the field and laboratory 

tests performed. Thus Part | and Part I!, combined, comprise the final report. 
E Twenty copies of this report have been sent to the above address. ' 

If there are any questions relative to this report, or if we can be of further 
service to you on this project, please do not hesitate to contact us. 

a Yours very truly, 

SOIL TESTING SERVICES OF WISCONSIN, INC. 

Lyre pf £1 ) 45 Lot, wt LOM), PRK eb 
a William M. Perpich 

Registered Professional Engineer, Wisconsin 

a WMP /pk 
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WILLIAM C. KWASNY, P.E R. WAYNE WEINFURTER, P.E. 
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a INTRODUCTION 

The Flambeau Project is a proposed copper mine development in Rusk County, | 

a Wisconsin. The mine will be an open pit located in Section 9 of Grant Township. 

This open pit will extend in a northeasterly~southwesterly direction as shown in 

a Figure |. This will encompass an area of approximately LO acres. It is intended 

a to utilize the overburden soils for construction of the mill yard, roadways, and 

waste haul road to the solid disposal area, and dikes for the solid waste disposal 

Z reservoir. The bottom of the pit will extend to about elevation 840 or about 300 | 

feet below the higher area in the northeast. 

a This report describes what soils in the mine area could be best utilized 

a for construction of roadways, the mill yard, and the reservoir dike. Also 

tncluded is a recommended sequence of pit excavation in order that the best 

a materials will occur as needed. 

The mill site has not, as yet, been definitely established, but it is expected 

a that it will be located on the southerly side of the open pit, in the vicinity of : 

a borings ST9-12 and ST9-13. The mill site will be comprised of various structures } 

with relatively heavy loads, ore silo storage, and crusher buildings. However, | 

a the preliminary details for the plant, such as structural loads, locations, and 

elevations, have not as yet been determined. Therefore, the discussion and recom- | 

Z mendations in this report for this part of the development are general and should 

be defined in more detail once the design details have been developed. Preliminary 

i foundation recommendations and foundation construction problems are presented for 

a the mill site. 

The waste haul road will extend approximately 1 1/4 miles from the open pit 

a to the solid waste disposal area. The preliminary location of the waste haul road 

is shown on Figure 3. lt is the intention that this haul road will follow the 

_ general topography with a minimum amount of cut and fill, although some fill will 

a be required to cross the smal} stream along coordinate 37,000 N. It is anticipated 

that trucks with a gross load of 60 tons and axle loads of about 40 tons will be 

E , SOIL TESTING SERVICES OF WISCONSIN, INC. ,



a _ 

a oa 
using this waste haul road. It is also desired that the waste haul road be designed 

a to function as an all-season road with no weight restrictions or shut downs caused 

by climatic influences on the road section. Consequently the design criteria for 

i this road has been to provide an all-season road to function properly, esnecially 

a | during melting temperatures following prolonged freezing. 

The solid waste disposal area will be constructed in Section 21, Grant Township. 

Z This site was considered because it appeared to have certain favorable soil condi- 

tions to minimize the amount of leakage out of the solid waste disposal reservoir. 

Z This disposal area will encompass approximately 240 acres and will be used to store 

a the waste tailings from the mine and also waste mine rock. It is anticipated that 

tailings will amount to about 800 tons per day and the tailings will be quite fine 

a with only 5 to 7% retained on the No. 200 sieve. The waste rock to be disposed 

of in this area will amount to about 4000 tons per day. The tailings will initially | 

a be discharged at a point discharge, probably on the northerly end. Once the initial 

berm has been constructed, a rim discharge of the tailings will be used. Conse- 

a quently it is expected that the material up against the dikes will be slightly 

a coarser with the fines extending towards the center of the pond. The tailings 

pond will have an anticipated pH of about 11.7. 

a A preliminary design has the top of the dike at elevation 1192, so this would 

result in a dam height of 60 to 65 feet. It is desired to develop the interior 

iE face as steep as possible while the exterior face will be terraced to allow tree 

. planting as shown in Figure 4. These five terraces on the dike will be con- 

structed at intervals of 2 or 3 years with the first terrace constructed initially. 

a In order to develop the terraces, it appears that the downstream slope will be in 

the range of 3.4:1 to 3.6:1. 

a The design criteria established for the solid waste disposal reservoir would 

a be to develop a dike section and reservoir boitom that will minimize the amount of 

| seepage not only during the operational period of the solid waste disposal area, 

a : SOIL TESTING SERVICES OF WISCONSIN, INC,
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but also during the life of the structure or after it has been completely filled. 

: It is also desired to construct a stable dike section, under the anticipated 

| loadings and possible seepage. 

a This report presents recommendations as to what materials to use for the 

a various components of the dike section, including the impervious core. The report 

also describes anticipated seepage losses from the reservoir in various areas and 

2 discusses methods that should be undertaken for the site preparation to minimize 

seepage losses out of the reservoir. 
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| SUBSURFACE INVESTIGATION PROCEDURES | 

Z Borings were made in essentially four areas which consisted of the mine area, 

plant area, along the centerline of the waste haul road, and in the solid waste | 

Z disposal area. dost of the borings were made with a truck mounted Joy Model {2-B 

drilling rig, although in the solid waste disposal area, because of the impassable 

a conditions, some borings were made with a Joy Model 12-B drill rig mounted on a 

a tractor towed wide track vehicle. Most of the bore holes were advanced to various | 

depths by means of continuous flight augers. The shallower borings made within the | 

E solid waste disposal reservoir were advanced to the full depth by means of continuous! 

flight augers. However, deeper borings required the use of various cutting bits 

a and circulating wash water. Steel NX casing also had to be placed in many of the 

a bore holes to maintain the bore hole open during the sampling operation. In borings | 

made In the mine area, 5 inch diameter casings were used in an attempt to obtain © | 

a larger diameter tube or pitcher samplers of the underlying soils. 

Most of the soil samples were obtained by using either the split spoon or 

a Shelby tube sampling methods following the ASTM Specifications D-1586-63T and 

a D-1587-63T. In the split spoon sampling method, a 2'' OD split barrel sampler is 

driven into the soil with a 140 pound hammer freefalling 30 inches and the blows 

a per one-half foot are recorded for driving the sampler 18 inches. The blow count 

for the final 12 inches ts termed the standard penetration resistance value. This 

i value can be used to provide a qualitative indication of the in-place relative 

a density of non-cohesive soils. A representative portion of each of the split spoon 

samplers was placed in glass jars and returned to the laboratory for further 

5 examination. In the Shelby tube sampling method, a thin walled steel tube with 

sharp cutting edges is pushed hydraulically into the soil so that a relatively 

E undisturbed sample could be obtained. These tube samples were sealed in the field 

a with rubber caps to prevent moisture loss and then returned to the laboratcry. 

i So SOIL TESTING SERVICES OF WISCONSIN, INC. oo
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Both in the mine area and along the centerline of the solid waste disposal 

a dike, 3 inch diameter Shelby tubes were also obtained. Attempts were also made 

in the mine area to obtain pitcher samplers of the underlying saprolite formation. 

a However, generariy poor recovery was obtained by this method. Consequently, to 

obtain adequate recovery of the underlying soils at a depth, a 2'' ID split spoon 

a sampler was used to provide this recovery. In the mine area, all of the soi] 

a recovered was placed in watertight bags, identified, and returned to the laboratory. 

In the mine area, if extremely hard drilling was encountered, some rock coring was 

a done, in order to ascertain that a solid rock form was reached. ) 

In addition, numerous field permeability tests were conducted in the solid 

a waste disposal area. This consisted of using a falling head or rising head method. 

a In all cases, the permeability tests were conducted inside of 3 inch ID casing. 

A summary of these field tests is shown on Figure 8. 
a . 
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i LABORATORY TESTING PROGRAM 

a The laboratory testing program consisted of performing tests on either 

| undisturbed soils, or on remolded samples for the dike or roadway construction, 

a and on tailings materials. 

The laboratory tests conducted on undisturbed soil samples were mainly those 

i taken from under the dike section of the solid waste disposal area. These un- 

a disturbed samples were subjected to shear strength tests, such as the unconfined 

compressive strength test. In this test, the shear strength of the soll can be 

: obtained by axially loading a trimmed soil sample until failure is obtained. | 

-Fallure is taken as the maximum deviator stress or the stress at 20% axial strain. 

E Water content and dry density tests were also made on these tube samples. , 

a Consolidation tests were conducted on some of the organic soils found in the | 

vicinity of boring ST21-15. In this test the geological loading history of the soi] 

5 can be estimated by loading the sample in small increments until full consolidation 

occurs and then plotting a void ratio pressure curve. The plot of this curve its 

i enclosed in Part II. 

a In addition, permeability tests were conducted on selected undisturbed tube 

samples as taken from inside the reservoir. These samples were left in the tube, 

5 and either a constant head or falling head method was employed. Generally, the © 

constant head method was used because of the low permeability of most of the soil 

a samples. 

C In addition, grain-size analysis and Atterberg limit tests were conducted on 

various samples for identification and classification purposes. In the Atterberg 

a limit test, both the plastic and liquid limit were determined. These tests are 

plotted on the boring logs or listed on the appropriate test sheet. 

a Grain-size distribution curves were obtained by using the washed gradation 

k methed. The material passing the No. 200 sieve was obtained. The plot of the | 

grain-size distribution curve is also included in Part It. 

a Pe SOIL TESTING SERVICES OF WISCONSIN, INC.
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Various tests were conducted on remolded samples for the dike and roadway 

Z construction. For materials to be used in the dike, both strength tests, compaction, 

permeability,and grain-size analysis tests were conducted. The strength tests 

E consisted of consolidated undrained triaxial tests on the compacted saprolite 

i materials, mainly the more plastic clays and also the talcy silt (sericite) or 

ML type. In the triaxial tests, 3 specimens of the soil were prepared at equal 

5 water content and density. Each sample was then subjected to a predetermined | 

lateral confining stress and then loaded axially until failure was obtained. Pore 

a water pressure measurements were taken during each of these tests and these are 

also plotted. | , 

a Permeability tests were conducted on compacted samples anticipated for use in 

F the dike construction. This consisted mainly of permeability tests on compacted 

samples of the saprolite formation. Compaction generally was to 95% of the 

a ASTM D-698-70 maximum dry density. The results of all the laboratory permeability | 

tests are summarized in Figure 7 of Part |. 

i California Bearing Ratio tests were also conducted on compacted samples of 

e sands or sand and gravel taken from the overburden in the mine area. The purpose 

of these tests was to ascertain the characteristics of these soils when compacted 

E and soaked, for construction of the roadway, especially for the base and subbase 

courses. 

a In addition, grain-size analysis tests were conducted on overburden materials 

Z for roadway construction to determine their suitability, especially regarding 

susceptibility to frost action. | 

a Laboratory moisture-density relationship tests by ASTM D-1557-70 were also 

conducted on the proposed roadway materials. These tests are included in Part II. 

a On tailings samples obtained from Kennecott Copper Corporation in Salt Lake 

i City, Uteh, permeability tests were conducted. The tailings sample used was 

representative of the material to be discharged into the solid waste disposal area. 

i SOIL TESTING SERVICES OF WISCONSIN, INC.
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a Permeability tests were conducted at two different densities to ascertain the 

a permeability of the tailings in a very loose state and also in a somewhat con- 

solidated state which would be the case of tailings that were in-place for several 

Z years and allwec to consolidate. The results of these tests are also in the 

summary of laboratory permeability test results. 

a Each of the soll samples obtained tn all the borings was reviewed by a soils 

a | engineer and classified as to the major soil component and minor soil gradations, 

and also regarding color and any conspicuous lenses or seams. These classifications 

a were done with the aid of the grain-size analysis and Atterberg limit tests. Thus, 

the written soil description on the boring logs represent the soil identification 

i as determined by the soils engineer. The capitalized symbol in parentheses on the | 

5 boring logs is the appropriate group symbol following the Unified Soil Classification 

Method. A chart describing the soil properties for each one of these groups is | 

Z enclosed. The stratification lines indicated on the boring logs were also 

determined by the soils engineer after grouping the soil samples. 

i | 
E , 

E 

i 

i 
c | 

i 

i | 
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a SITE CONDITIONS | 

Z General Topography The proposed mine and plant area are located just to the 

east of the Flambeau River. The mine area is generally 20 to 50 feet above the 

: river and the plant area is about 60 feet above the river. The ground surface in 

the mine area is descending to the southwest or towards the river and there are 

a several intermittent drainage courses extending from about the center of the mine 

a area to the southwest. Then site plateaus at about +1140, This elevation is | 

maintained throughout most of the northeastly half of the mine area. This site 

a is characterized by both wooded and open areas with numerous unimproved roads 

through the site. | 

i | The plant site is located on a plateau surrounded by contour of 1150. The | 

B ground surface at the proposed plant site varies from about 1150 to 1155. | 

The soil conditions in the mine and plant area are similar. These consisted 

a of granular soils deposited as either alluvium in abandoned river beds or outwash | 

plains, or as glacial till material. These soils were deposited over the residual 

a soils that were derived from extreme weathering of the bedrock in-place. 

a At the surface there was generally 3 to 8 feet of a silty fine sand material. 

This generally graded to gravelly fine to medium or fine to coarse sands with 

a occasional boulders and cobb les. The alluvium or outwash was generally found in 

ST9-6 and ST9-7, whereas in the other borings, a dense slightly cemented silty 

a fine to medium sand with varying amounts of gravel was encountered. This tended 

to represent more of a glacial till deposit, although there were zones of 10 to 15 

a feet in thickness of the cleaner gravelly coarse sand outwash material. Also 

2 some of the sand deposits do not contain much gravel, but are rather finer sands 

with only traces of silt, thus being very uniformly graded. These granular deposits 

a extended to depths varying from 15 to 63 feet or from elevation 1103 to 1072. 

Underlying the granular soils was a liqht brown to white very poorly cemented 

i sandstone. The sandstone varied in thickness from 5 to 20 feet, but no evidence 

Z SOIL TESTING SERVICES OF WISCONSIN, INC.
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of sandstone was found in S$T9-2 and 9-4. Underlying the sandstone was a saprolite 

a formation. This is actually a residual soil caused from extreme weathering of the 

parent bedrock. The saprolite was generally classified as a multi-colored silt 

a with varying amcunts of clay and angular rock fragments. Some of the silt had a 

talcy feeling caused by sericite. As indicated by the Atterberg limit tests, this 

_ deposit was generally of low plasticity with liquid limits in the range of 25 to 

: 30%, and plastic limits of about 20 to 254. The natural water content of this 

silt was generally in the range of 8 to 13%, although in areas of slightly more 

a clay, the water content increased. The major exception to this was in ST9-7 

where the saprolite was a reddish brown highly plastic clay with a liquid limit of | 

E 56% and a plastic limit of about 30%. Correspondingly, the natural water content 

a of this material was much higher, in the range of about 25 to 33%. 

The saprolite formation extended to the end of the mine borings and generally | 

& became denser with depth. Ina few of the borings the saprolite was very well 

cemented with characteristics of rock rather than residual soil. The change from 

a | the residual soil to the rock was generally gradual as indicated by the 

a increasing density with depth. 

In the plant area, the soils again consisted of an upper layer of silty fine 

Z sand to about the 7 foot depth. This deposit was underlain by cleaner gravelly 

fine to coarse or fine to medium sands. However, in both ST9-12 and ST9-13, clay 

E deposits were found in the range of about 20 to 35 feet. The clays were generally 

a quite firm in ST9-12 as indicated by the low water contents and unconfined strenaths | 

in excess of 4.5 TSF. In ST9-13, at about 25 to 30 feet, the clays had a much 

a higher water content and lesser unconfined strengths. These soils were underlain 

by dense silty and clayey sands or silty sands with varying amounts of gravel 

a that either extended to the poorly cemented sandstone at 48 feet in ST9-12, or 

E to 60 feet in ST9-13. 

i SOIL TESTING SERVICES OF WISCONSIN, INC. |
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| Ground water was found at relatively shallow depths in the borings made in 

this area in the range of 4 feet to 5 feet. The high around water table is due to | 

| a perched water table. The observation wells (note wells #3 and #4) installed by 

| Great Lakes Exploration Co., indicated a hvdrestatic water table quite deep at 

about 1110 to 1130. However, the pervious sands overlying the impervious very 

dense sitity sands and clays in the plant area have caused the water tables to 

deviate from a uniform drainage pattern. That is, clay soils inhibit vertical 

/ drainage, and therefore tend to hold ground water at higher elevations,which is 

especially true at the plant site in ST9-12 and ST9-13 where the water was found at | 

: only 5 feet below the surface. The water is held in the more pervious and cleaner 

; sands above the impervious silty and sandy clays or clayey sands, unless lateral 

drainage can occur. 

i; In the waste haul road the soil conditions in the upper 6 feet varied from | 

silty fine sands (SM) , to silts (ML), and clayey silts (CL-ML). Therefore, the soils 

; that will be the subgrade for the haul road were generally fine grained soils and 

| would be considered as highly frost susceptible. 

Along the haul road, ground water was found in some of the borings within the 

a 6 foot augered depth. Ground water was generally found at a level of about 4 to 

5.5 feet, although a number of the auger borings were dry to the full] depth. 

i Therefore, it appears there is a perched ground water table within the Zone of frost 

a penetration for the haul road in certain areas. 

Solid Waste Disposal Area The general topography of the solid waste disposal 

a area is a descending ground surface to the approximate center of the site where a 

drainage course extends to the west. The drainage course has been improved, and 

i is presently a ditch that flows intermittently. The drainage comes from a swampy 

a area to the east and across Highway 27, and extends into a lower swampy area to the 

west of the solid waste disposal. This area ts characterized by a tag alder swamp. 

a | This swamp continues towards the east and eventually develops into a slowly | 

a SOIL TESTING SERVICES OF WISCONSIN, INC. ,
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a moving stream that crosses the town road between Section 19 and 20, or about one 

a mile to the west of the site. 

The ground surface on the north end of the solid disposal area is at about 

: | 1150 at the highest point and descends to the south. The ground surface on the 

southerly end is at about 1144 or 1138 and also descends at a slight grade to the 

E north or towards the drainage course. 

a . In the vicinity of coordinate 31,000 N and 39,500 E, ground water seepage was , 

noted coming out of a natural slope. The seepage is extending to the swampy area 

E to the northwest, but the source is thought to be ground water from a higher swampy 

area in the vicinity of coordinate 30,000 N and 41,000 E. It appears that this 

i slope extends through some of the more pervious sands causing a slight amount of 

B seepage to occur. No other natural seeps or springs were noted within the solid 

waste disposal area during inspection trips or by drilling personnel. 

a The solid waste disposal area is generally characterized by open areas either 

under cultivation or used as pasture. There are some wooded areas with slight 

a amount of small hardwoods or swamp brush. 

Z The soil profile in the solid waste disposal area is characterized by a mantle | 

of a silt, clayey silt, or fine sandy silt that underlies the topsoil. The 

a depth of this layer varied from about 3 to 4.5 feet, although there were several 

areas where the layer was slightly thicker to about 5 feet and also there were 

E two areas where the layer was only from 2 to 2.5 feet. This was at ST21-15 where 

B | an organic clay was found to 10 feet and in ST21-52 and ST21-59 where the very fine | 

sandy silts or silts extended to depths of about 8 to 12 feet. A soils map showing 

' a general distribution of the soils in the upper 6 feet is shown on Figure 4, 

Part |. 

a The silts were generally softer in the upper 2 feet as indicated by the 

a higher water contents in excess of 20%. The samples from 2 to 4 feet were firmer 

as Indicated by lower water contents and a higher dry density. 

a SOIL TESTING SERVICES OF WISCONSIN, INC.
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In most of the borings, these finer grained soils were underlain by fine to medium 1 

a or fine to coarse sands with varying amounts of silt and gravel. Generally the 

amount of silt as indicated on the grain-size analysis curves exceeded 20%. This 

5 deposit was considered a dense glacial til! that extended to the end of the borings. 

In a few of the borings, the soil actually graded into a silty and sandy clay or 

a clayey sand till, but was still in a dense condition. These soils extended to the 

E end of the borings at either 15 or 30 feet. In general, the glacial till deposits | 

were quite dense in nature. The exception to this was $T21-18 where silty very 

E fine sands in a medium dense condition were found to the end of this boring at 17 

feet. This condition extended to $T21-19, but access to this boring could not be 

E gained and therefore it was advanced only to 10' by hand augers. However, the 

Z sandy silts were found underlying the silty and clayey sands in ST21-63 which was 

advanced by a truck mounted drill rig. 

Z Within these silty sand till deposits were found sands with considerably less | 

stlt,(less than 10%) and therefore would greatly affect the permeability. Such a 

E sand deposit was found in an occasional boring, but was continuously found starting 

a at boring $T21-36, proceeding to the north to ST21-9, and then to the east to 

ST21-14. These sands consisting of a fine to medium sand with varying amounts of 

E gravel and only traces of silt. This condition was confirmed in additional borings | 

ST21-65, and ST21-66, but in $T21-67, a clean sand deposit was not encountered. 

a Zones of this cleaner sand were found at about the 4 to 9 or 12 foot level 

E from $T21-44 to $T21-50 and onto ST21-58. However, borings adjacent to this zone 

did not encounter any of these cleaner sand deposits. This clean sand was also 

a found at the 6 to 9 foot level at $T21-28 and ST21-29, and also at deeper depths 

tn $T21-22. There appear to be isolated areas of this cleaner, more permeable sand 

i | deposit, but such sands were generally not found at the surface, and in all cases 

5 were overlain by a more impervious silt or clayey silt. 

| |
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In borings made along the alternate centerline of the dike (ST21-62 and 

a ST21-61) or in the open swampy area to the soutwest, the soil conditions were 

similar except for a four foot layer of peat over a clayey sand. 

a Ground water was encountered at various elevations in the bore holes while 

a augering, although there is one areawhere many of the bore holes were dry to the 

full depth. This would be on the northerly area between borings ST21-11 and 21-14 

a and from ST21-54 and $T21-56. This is in the higher area of the site and no ground 

water was encountered in these borings to elevation 1123 to 1137. However, in 

i borings made in the lower terrain to the west of this area, ground water was found 

a from about 1124 to 1127 which indicates ground water at about the level of the 

Swampy area to the west. In the other areas of the waste disposal area, the 

a ground water table was found from 1130 to 1134, indicating that the ground water 

table is relatively uniform throughout most of the area and is descending towards 4 | 

E the westerly swamp at about 1128. There were local variations in the water table, 

a and these are due to the variations in permeability of the soil that cause | 

variations of the ground water seepage patterns. That is, where more permeable 

a soils were underlain by impermeable soils, ground water tables tended to be higher, 

but the reverse situation tended to depress the ground water table. Generally, it 

a appears that the ground water movements are to the west with the exception of the 

a northwest corner, where there appears to be some ground water movement to the 

north. This is evident by the swampy area that extends to the north across County P 

a and towards the Flambeau River. Therefore, there may be a minor ground water 

divide in this area. 

i 

i 
a | 
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iE ANALYSIS AND RECOMMENDATIONS 

a Plant Site Based on the soil conditions found in the preliminary borings, 

ST9-12 and ST9-13, made near the plant site area, the proposed plant could be 

a supported on & normal footing or mat type foundation with soil bearing pressures 

in the range of 4000 to 7000 PSF. Modification of this soil bearing pressure may 

a be necessary,dependent upon the elevation of the footing or mat and the magnitude , 

a of the structural loads. That is ST9-12 indicates relatively dense sands over 7 

hard clays. Therefore, these recommended bearing pressures should be applicable 

a for the zone of 5 feet below the surface and deeper. However, in ST9-12 the 

clays from 25 to 35 feet were not as firm, and therefore a soil bearing pressure 

a in the lower range of 4000 PSF may be necessary for any footings or mats extended 

a deeper. However, the sands In the range of 5 feet to 25 feet are dense and 

therefore utilization of a higher soil bearing pressure should be applicable in 

Z this range. | 

° In any case, we recommend that exterior footings or mats, or foundations in | 

i | unheated buildings be kept at least 5 feet below the final outside grade to provide | 

a adequate frost protection. 

Another consideration for the design of any facility at this site would be the 

a apparent high perched ground water table which was found at approximately elevation 

1144 to 1142 in this area. Although we would expect this ground water table to be 

i depressed once dewatering of the open pit mine is underway, and evaluation should 

a be made to determine the depth the water table will be depressed from the dewatering 

procedures. The ground water table will have its major effect on the design of any 

/ tanks, pits, or basements that will extend below the water table, thus requiring 

either waterproofing and/or design for hydrostatic lateral and uplift pressures. 

a Also the relatively high ground water table will make a problem with construction 

of any facilities extending below the qround water table. The difficulties or 

a extent of dewatering may be partly dependent upon the construction sequence, in 
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relation to the dewatering of the open pit mine. 

a The soils in the upper 5 feet at this site consists of silty very fine sands 

| which are highly frost susceptible and can create severe frost action, especially 

_ with the high perched ground water table. A large loss in strength of these soils 

a is expected during the thawing temperatures following prolonged freezing. Since 

heavy truck traffic is anticipated in the plant site area, an adequate subbase 

a course would be required over these soils to provide all-season trafficability. 

For areas where heavy truck traffic would be expected in the plant site area, 

a the same recommendation as for construction of the waste haul road should be 

Z followed. The exception would be in areas which would be limited to only automobile 

or light truck traffic. The subbase course thickness in areas restricted to 

Z automobile traffic could be decreased to 20 inches of the gravelly sands (AASHO 

Specification M 147-65, gradation D) with the exception the material passing the 

iE No. 200 sieve should be in the range of 0-12%. The gravelly fine to coarse sands 

a as found in boring ST9-7 should satisfy this requirement, although this sand would 

be found in lesser extent in other borings. The major consideration is that the 

a amount of fines (material passing the No. 200 sieve) in this subbase material is 

limited to avoid serious frost action. If a paved surface is required, we recommend 

a that over this subbase, 6 inches of a crushed stone or crushed gravel base course 

a be used that complies with gradation #2 of the Wisconsin Division of Highways, 

with at least 2 inches of an asphalt surface course. 

E The above pavement recommendation is only applicable for the case where 

the final grade will be near the existing grade, or on the frost susceptible 

a subgrade. If the parking lot grade is raised, and a suitable sand fill is used, 

a then the thickness of the subbase course could be reduced. 

) Because of the importance of the ground water table for deeper structures, 

a : and the presence of the clay layers found in ST9-12 and 9-13, we recommend that 

| additional borings and testing be dene once the location and elevation of the 
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plant facilities have been determined. The number of additional borings should 

a be based on the preliminary structural details for the plant. 
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Waste Haul Road The waste hau! road will be constructed over subgrade soils 

Z that have a high potential for severe frost action, that is,the silty fine sands, 

silts, and clayey silts, with a ground water table jin some areas at 3 to 5 feet in 

a depth. Because of this high ground water table and the prevailing soil conditions, 

B we recommend that the final roadway design for this haul road avoid cuts, especially 

in lower areas, but rather the road be built with a slight fill section. The 

a materials for building the road should be the gravelly fine to coarse sands as shown 

from 5 to 20 feet in boring ST9-7 in the mine area. Such soils were also found at 

i a depth of about 3 to 15 feet in ST9-6, and in lesser amounts in the other borings 

a in the mine area. As can be seen, the CBR of the gravelly sands from 5 to 22 feet 

in ST9-7 was 44% which is moderately high and could provide an adequate subbase 

a material. 

The design criteria used for the waste haul road was that the road was to be 

a an all-season road for 60 ton gross load trucks from the mine with minimum mainten- 

a ance throughout the year and that there is to be no paved surface. 

Using this criteria, the roadway design was approached from two standpoints, 

a one is a design for reduced subgrade strength due to frost action,and the second 

design is to limit the frost penetration into the subgrade. For the design using 

E the reduced subgrade strength, due to frost action, this would requfre a subbase 

thickness of 30 inches of the select gravelly sand (SW-GW), CBR value of at least 

a 44%, and no more than 12% passing the No. 200 sieve. Such material should satisfy 

a grading D of AASHO Specification M 147-65 with the exception that the material 

passing the No. 200 sieve should be 0-12% (see Appendix for this gradation). 

c However, if the excavated materials in the mine areas would result in better 

gradings, such as B or C, these also could be used for this subbase material. The 

L materfals should be placed in horizontal lifts not exceeding 9 inches in loose 

Z thickness and mechanically compacted to at least 98% of the maximum density as 

| determined by the Modified Procter test (ASTM Specification D-1557-70). Over
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this subbase we recommend using 12 inches of a crushed stone or crushed grave | 

Z base course that is also compacted to 98% of the Modified Proctor maximum density. , 

This material should satisfy gradation #2 for crushed gravel or crushed stone as 

a defined under the 1969 edition of the Specifications for Road Construction, Wisconsin 

a Division of Highways. We suggest that road oi 1 be applied to this crushed gravel 

surface to reduce dust. 

. | For the second design of limiting frost penetration into the subgrade, this 

would require a greater thickness of the subbase material, although the subbase 

a material would not have to be as high in quality, but should be non-frost suscep- | 

a tible sands. Therefore, the fine sands or fine to medium sands without gravel, 

but with less than 12% passing the No. 200 sieve could be used. The total thickness | 

B of the pavement should be 54 inches. The lower subbase should be 24 inches of the 

clean sand; the next subbase should be 18 inches of the modified AASHO grade D 

a material; and the surface 12 inches of the gradation #2 for crushed gravel or 

crushed stone base course. Again, for this alternative we suggest that road oi} 

a be applied to the surface to reduce dust. The gradations for the various alter- 

B natives are summarized in the Appendix of Part I. 

For the road design, we recommend that adequate ditch sections be used through- 

Z out since accumulations of water near the shoulders could eventually create frost 

action. An adequate crown for the roadway surface should also be used to promote 

_ adequate surface drainage to remove as much water as possible off the base course 

Z materials. 

Compaction of all of the subbase and base course materials should be to at 

a least 98% of the maximum dry density as determined by the Modified Proctor test 

(ASTM D-1557-70). tn areas where fill sections will be greater than the recommended 

_ thickness of the subbase and base course materials, the sands as excavated from the 

i t open pit mine could be utilized and compactionshould be to at least 95% of the maxi- 

mum dry density as determined by the Modified Proctor test (ASTM D-1557-70). 
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| Waste mine rock could also be used for construction of roadways carrying 

a heavy truck traffic, but it appears that the sequence of materials available wil] 

a preclude the use of the waste mine rock, at least for use in the waste hau! road. 
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Solid Waste Area The design criteria established for the solid waste 

F disposal area is to provide a completed dike and reservoir that is relatively 

impermeable and will minimize the amount of seepage losses during the operation of 

5 the mine and also after the dam has been compieted. Also required is a dike 

a section that will be stable and terraced to allow plantings on the downstream slope. 

The proposed solid waste area in Section 2] has favorable characteristics 

a for construction of the solid waste disposal reservoir without excessive leakage. 

Because of the consistent upper layer of the silts, clayey silts, or sandy silts 

F over the surface of the reservoir, this should maintain leakage out of the 

reservoir at a minimum. All of the testing consistently showed that the permeabilit 

a of this layer was quite low, and in fact, the underlying soils generally had quite 

low permeabilities. This was due to the high percentage of silt and generally 

dense nature of these till soils. The major exception to this was the layer of 

the cleaner sands found along the northerly section of the dike and in the northwest 

area lying between borings ST21-36, to the north to $T21-9, and to the east to 

ST21-14. 

In order to minimize seepage out of the solid waste disposal reservoir, 

certain features should be incorporated into the design of tha dikes and reservoir. 

Considering the dike section to be built as shown on Figures 5 and 6, an impervious 

core (soil 2) should be used . This core should consist of impervious material, 

mainly the saprolite as will be obtained from the excavation in the open pit mine 

: area. We recommend that this core be at least 40 feet wide and be positioned in 

the dike as shown on Figure 5. This material should be placed in lifts not 

a exceeding 12 inches in loose thickness and mechanically compacted to at least 95% 

of the maximum dry density as determined by the Standard Proctor test (ASTM D-698-70) 

_ This material should be placed and compacted with the moisture content carefully 

s } controlled. The moisture should be within + 2% of the optimum moisture content 

as determined by ASTM D-698-70. 
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For the shell materials of the dike (soil 1), we recommend that the gravelly 

& sands, silty sands, or competent mine rock as excavated from the open pit mine 

be used for this shell material. Compaction should be to at least 90% of the 

a maximum dry density as determined by the Modified Proctor dry density (ASTM 9-1557- 

a 70). This material should be placed in horizontal lifts not exceeding 12 inches 

in loose thickness and compacted in-place. 

a The foundation preparation for the dike section should consist of stripping 

all topsoil that is in excess of 6 inches in thickness. All peat in the low areas 

Z should be excavated within the dike section and to where the toe of the dike will 

a intersect the final ground surface. The foundation soils therefore should be the 

silts or clayey silts. 

a A computer study of the stability of this dike section using these materials 

and considering a 1:1] upstream slope and a 3.4:1 downstream slope, indicates that 

a the stability is quite adequate considering some seepage through the dike. The 

stability is adequate because the foundation soils at depth are generally of high 

a strength and secondly, the dike will be built in stage construction to allow some 

a consolidation of the soils. The soi] parameters used are shown on Figure 6. 

Triaxial tests performed on the compacted saprolite samples indicate that an 

a effective angle of friction for the compacted silt saprolite was 30°, whereas for 

the compacted plastic clay saprolite it was only 19° with an effective shear 

L strength of 0.35 kg/cm. Since the silt appeared to be the predominant saprolite 

Z material in the mine area, its properties were used in the stability analysis. 

The problem was analyzed for the softer clays that were found in boring 15 

a on the north end of the dike and at $T21-19, to determine the total settlement of 

the dike. For a dike height of 62 feet in this area, total settlements could be 

a in the range of 12 to 18 inches for an organic layer of 10 feet thick, but may be 

a slightly more than this for greater clay thicknesses. However, larger clay 

| thicknesses were not found in the other borings. However, these settlements wil] 
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occur slowly and will occur only as each tier of the dike is appiied. Considering 

a SC tiers, these settlements should occur only in 2 to 4 inch increments as the dike | 

is constructed. We feel that these settlements would not be excessive and should 

a be relatively uniform. However, if this amount of settlement should be excessive 

a this would require undercutting of these organic soils and replacement with the 

compacted saprolite material. Since this organic deposit does not appear extensive, | 

Z undercutting should be limited in extent. | 

To analyze the potential seepage out of the completed dike section, that is a | 

a reservoir filled with tailings, a model of the completed dike was used as shown 

in Figure 5. The important features of this model are that a relatively low | 

a permeability was used for the 40 foot wide pervious core (soil 2) and for a layer 

a of silt at the base of the reservoir (soil 4). Both of these features must be } 

incorporated in the dike design. The permeabilities used in the model for these | 

a soils were consistently established by the laboratory and field permeabilities | 

| conducted. These two soil zones almost completely control the amount of seepage 

a through and under the dike. This model of the dike will probably occur only on the | 

a northerly end of the section where the pervious sand soils, depicted by soil 5, 

were found. In other areas where soil 5 was absent, but rather the silty sands 

Z underly the silt, seepage losses would be much less than predicted from this model. 

In the computer study, using this model, the seepage rate through the six foot 

_ layer of pervious sands (soil 5) was determined to be 12.9 gallons per day per | 

a lineal foot of dike. If this sand layer was thicker, of the order of 12 feet, we 

do not expect twice as much seepage, since leakage is still controlled by the 

a impervious silt layer (soil 4 of the model). We estimate that in areas where 

soil 5, or the cleaner sands, was 12 feet in thickness, there would be 18 to 20 

i gallons per day per lineal foot of dike. The direction of the leakage through 

a | r this zone was almost horizontal. Lateral seepage through the lower zone (soil 6 

of the model) was considerably less, of the order of 0.05 gallons per day per foot 

Z of dike. 
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lt is our opinion that this amount of seepage loss out of the dike is not 

E excessive. This rate of 13 gallons per day would only amount to 0.25% of the total 

water in a 6 foot sand layer under the dike section. Also the seepage along the 

E northerly end will proceed to the north in this layer and will tend to dissipate | 

a since the ground surface to the north rises. The seepage through this sand layer 

| to the west will enter the swampy area, but we do not expect this seepage to rise 

a to the surface and form springs or seeps, but rather will tend to dissipate in 

this layer and into ground water. Therefore, this seepage loss should be adequately 

f dilluted by the ground water and should not rise to the surface and flow in open 

a water, or form a spring, due to the soil profile and topography of this area. 

| If this estimated rate of seepage loss in the completed reservoir is not 

5 desirable, then we recommend that a cutoff trench be utilized through the soil 5 

zone. The trench would have to be excavated to a depth of about 13 to 15 feet and 

E should start between $T21-35 and 21-36, extend to the north to ST21-9, then to 

the east, terminating between ST21-14 and 21-15. This is the area where the perme- 

a able sands were consistently found underneath the impervious silts. There is anothe 

Z | area of cleaner sands that occurred at 6 to 9 feet in 21-28 and 21-29, so this area 

will also have to be treated if these seepage losses are considered to be excessive. 

Z The cutoff trench, therefore, would have to extend to a depth of 13 to 15 

feet from the present ground surface, to be below the permeable sands to the 

a underlying impermeable dense silty sands. This cutoff trench should be centered 

a | | under the impervious core of the dike. The trench should be a minimum of 10 feet 

wide, or the width of a tractor blade to make the excavation. For convenience 

a there should be some side sloping so the trench would be slightly wider at the top. 

-The trench should be backfilled to the original ground surface with the compacted 

i saprolite. The compaction again, should be to at least 95% of the maximum dry 

a | density as determined by the Standard Proctor test (ASTM D-698-70). 

In most areas we do not anticipate any difficulty in making this cutoff trench 
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| since bore holes 21-11 through 21-14 were dry. However, there likely will have | 

Z to be some dewatering from 21-34 to 21-10. Also, dewatering would be required 

in the area of 21-28 and 21-29. This dewatering could be accomplished with 

a adequately sized sump pumps. It is importent that the excavation be as dry as 

possible to allow adequate compaction of the saprolite material. For this 

a cutoff trench, we suggest that the ML or silt type of saprolite be used since there | 

Z may be some difficulty tn compacting the plastic clay saprolite under wet conditions.,| 

To minimize seepage loss, it is recommended that the reservoir cleaning and . 

E preparation be done with certain restrictions. Firstly, we recommend only cutting 

and removing the larger trees and brush, but no grubbing of the stumps or vegetation | 

if be done. That its, the clearing should be done so to preserve the natural density , 

a and continuity of the upper layers of silts and clayey silts which provide the 

impervious surface in the entire reservoir. Consequently, we recommend that none of 

a the topsoil! be stripped out of the interior of the reservoir since this layer ifs 

relatively silty and has some clay and therefore has a relatively low permeability, | 

a as shown in some of the tests. Therefore, stripping of the topsoil and grubbing 

E should only be done under the dike sections where stability is a factor. It would 

be important that all of the peat under the dike section be removed as this could 

E affect the stability. 

In most cases, the borings revealed at least 3.5 to 4.0 feet of the impervious 

i silts or clayey silts. Only two interior borings 21-44 and 21-45 had less than 

E this amount, these being 2.5 and 2.0 feet, respectively. Therefore, we have 

concluded that there is no need for surface treatment in these areas, unless during 

a construction these areas are skinned of the silt layer. This should be replaced 

with either compacted silt or the compacted saprolite. The only other area where 

i we recommend that some treatment be performed would be the existing drainage ditch. 

a This ditch should be cleaned as well as possible of any stones, trees, and debris, 

and filled with an impervious compacted soil such as the compacted saprolite. It |
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would be preferable to use the CH material from ST9-7 through this ditch section. 

a To facilitate growth and vegetation or trees on the terraces, we recommend that | 

the silty sands found in the upper 5 to 10 feet in the mine area be used here. 

a Since the siity sands will be excavated initially from the mine, it would be 

a desirable to place these silty sands in stockpiles at the mine after the mine 

construction commences and then transport this material for finishing the terraces. | 

a These silty sands will tend to hold moisture better and should provide better growth. 

However, it is not absolutely necessary to do this rehandling. If commercial | 

Z fertilizers are used on the terraces, any of the sandy soils should sustain 

a vegetation. | 

Construction of the dike would present no serious problems as natural moisture | 

a contents of the saprolite materials appear to be within 3% of the optimum moisture 

content as determined by the laboratory moisture content relationship test according | 

/ to ASTM D-698-70. The exception to this was the plastic clay saprolite as found : 

in ST9-7. Therefore, some drying of the plastic clay saprolite may be required in 

_ certain areas. Since most of the saprolite appears to be the drier silts, such 

a drying should be limited. Adequate sloping of the working surface should be done 

to prevent precipitation from ponding. For compaction of the saprolite, we 

Z recommend that this be done with either a sheepsfoot roller or rubber tired roller 

of adequate size. Compaction should be done in maximum lifts of 12 inches unless 

_ the contractor can demonstrate with his equipment that he can adequately compact 

a a thicker lift. The shell material essentially will be the granular soils such 

as sands and gravelly sands and therefore compaction should be preferably done 

a with a vibratory roller. Again, lifts should be limited to 12 inches of ioose 

thickness unless the contractor can demonstrate otherwise. 

a Compaction of the initial lift of dike over the suface layer of silts and 

a | clayey siits may be difficult if the construction coincides with a period of 

| heavy precipitation. Therefore, any extremely wetted and mired silts should be 
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removed and replaced with compacted saprolite, or the silts should be air dried 

5 and recompacted in place. 
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Mine Excavation The sequence of mine excavation should be done to obtain the 

E most favorable materials for road and dike construction. The first material that 

| will be necessary would be the gravelly coarse sands to comply with AASHO grading D 

a for the subbase of the waste haul road construction. This type of material appeared 

a more prevalent in ST9-7 and ST9-6 and therefore these areas should be excavated 

initially to obtain adequate subbase material for the waste haul road. The 

a siltier sands as found in the upper 5 to 10 feet throughout the entire mine area 

could be used in larger fill areas such as the creek crossing, or where the fills ar 

a greater than the required subbase and base thickness. Siltier sands could be used 

R for the subgrade material 3.5 to 4.5 feet below the finished roadway grade, depend- 

ing on the road design used. 

a As the excavation for the mine extends deeper, some of the saprolite will have 

to be excavated to start construction of the impervious core of the dike. The 

i sands can also be used on the downstream portion of the dike up to the impervious 

Z saprolite core. After the core is made in the initial lift, the sands could also be 

used on the upstream face. It is not known if the poorly cemented sandstone, as 

a encountered above the saprolite, can be successfully utilizedsince no samples could 

be obtained. If by on-site experience, the sandstone can be adequately compacted, 

a this material, possibly, could be placed in the downstream dike section or in the 

a roadway fill sections. The use of the sandstone will be greatly determined by its 

susceptibility to breakdown from factors such as seeping water or frost action. 

a We recommend that as much dewatering, as possible, be done prior to excavation 

of the mine so that the moisture content of the materials wil! be controlled and not 

i allowed to become excessively wet, causing difficulties in compaction. Particularly 

important would be the saprolite, since the silts or plastic clays, as excavated, 

a could gain moisture if adequate dewatering is not performed. Therefore, it would 

a be Important to keep as much water as possible off the saprolite. The saprolite | 
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a could be greatly affected by increases in water content. The cleaner gravelly 

Z sands should be well drained and would not be as greatly affected, but it would be | 

best to keep these materials also at the optimum moisture content to facilitate 

a the compaction. 

lt may be necessary to segregate some of the gravelly sands for the roadway 

i work or yard development of the plant site. If at all possible the gravelly sand 

a should be segregated from the gsiltier sands since the former is much more 

suitable for subbase materials of roads or yard. The siltier sands in the upper 

Z | § to 10 feet may be immediately placed in the larger fill sections or used on the 

downstream portion of the dikes. We suggest that the second tier or lift of the 

i dike be started instead of stockpiling extra material that eventually would have | 

Z to be placed on the dike anyway. The siltier sands cannot be readily used for any 

other type of construction. 

a To reiterate, the gravelly sands should be obtained first and used in the | 

haul road. Extra quantities of this material should be stockpiled and used in the 

a most advantageous manner, such as for roadway or yard development. If certain : 

a areas have sufficient quantities of coarser gravel and cobbles, such materials 

could also be considered for concrete aggregate. 

a | The saprolite will also have to be stockpiled as it is removed since this wil] 

be used for the construction of the clay core in the upper tiers of the dike. This 

i could either be done at the mill site or near the solid waste disposal area. It 

a would be best to place the saprolite in an area with good surface drainage to 

avoid excessively increasing the water content of the stockpiled saprolite. 

a Although there will be some increase of the water content at the surface, with an 

adequately sloped stockpile such increases could be minimized, provided the stockpi| 

a is in an area where surface drainage is continually away from the stockpile. 

a i Although no stability studies were made of the open pit mine, OO 

the haul roads into the mine should be adequately desianed over the saprolite 
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layer, especially the plastic clay saprolite as found in ST9-7. This layer with 

a | its high water content could undergo significant loss of strength under a certain 

number of freeze-thaw cycles. Therefore, an adequate subbase and base must be 

a provided for roads crossing the saprolite layer. | 

a | 

a | 
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GENERAL 

E This report has been prepared based upon the soil and ground water conditions 

Z found in the borings as made in the project area, and the design criteria as 

established in communications with personnel of the Great Lakes Exploration Company. 

Z | Since there could be important variations of the soil conditions between the borings {}-~ 

made, we recommend that an inspection of the foundation or earthwork construction 

i for this project be done under the supervision of a soils engineer to verify that 

: the soils are as anticipated in the design. This should fnclude an inspection 

as to compliance of materials to be used for the roadway, that adequate compaction 

J and correct utilization of the materials in the dike section of the solid waste 

disposal area is achieved. Also,an inspection of the foundation excavations for 

5 the plant site should be done. This would be to verify that the soils as 

a excavated are as anticipated from the borings and the foundations are supported 

on the proper soils. | 

a If there are any major changes in the concept of the project such as location, | 

elevations, magnitude of structural loads , or design criteria as outlined tn this 

E report, we ask that we be so informed to determine if any of our recommendations 

E should be revised. We also would welcome the opportunity to review the final plans 

and specifications for this project as they are prepared so we might have an oppor- 

a tunity to comment upon the effect of the soil and ground water conditions on the 

final design. | 7 

E 

a | 
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| APPENDIX | 

]. Figure 1, Location Plan, Mine Area 

i 2. Figure 2, Location Plan, Solid Waste Disposal Area , 

B 3. Figure 3, Location Plan, Waste Hau! Road 

4, Figure 4, Model for Seepage Analysis | 

a 5. Figure 5, Model for Stability Analysis of Dike Section | 

6. Figure 6, Summary of Laboratory Permeability Tests 

i 7. Figure 7, Summary of Field Permeability Tests | , 

a 8. Figure 9, Summary of Materials for Waste Haul Road : 
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STABILITY ANALYSIS 
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SUMMARY OF LABORATORY PERMEABILITY TESTS 

. , : | \ 
Figure 7 Soi] Permeability 
Location _ Samples Depth Description _ CM/Sec Remarks 

ST9-1, 9,10,6 11 52'-58! Saprolite (ML) 1. 1x1076 Compacted Sample 

ST9-2 14,15,16,17 § 18 65'-77' Saprolite (ML) 5.0x107° Compacted Sample 

ST9-3 14,15,16 & 18 65'-75' Saprolite (ML) 6 4x107° Compacted Sample 

sT9-4 1g 2 | 4 
ST9-5 2 0-6.5' Silty fine to medium sand(SM) 1.4x10 Combined Compacted Sample 
ST9-6 CBR=4.5% 
ST9-7 1A 

ST9-4 7,9,10 & 11 32'-43! Saprolite (ML) 1.1x107e Compacted Sample 

ST9-5 7,8,9,12 & 13 31'-41! Saprolite (ML) 6.1x107? Compacted Sample 

ST9-7 2,3,3A,4 & 5 5'-23'! Gravelly fine to coarse sand(SW) h.3x1074 Compacted Sample CBR=44% 

ST9-7 12B,15,138 6 19 45'-53! Saprolite (CH) 2.5x1078 Comoacted Sample 

ST21-27 4 6'-7' Silty fine sand (SM) 6.5x107/ Tube Sample,Natural Density 

$T21-33 2 2'-3.5' Fine sandy silt (ML) 1.1x107° Tube Sample,Natural Density 

ST21-38 l 0-2! Black silty topsoil (OL) 1.3x1076 Tube Sample,Natural Density 

$T21-38 2 2'-! Silt and very fine sand(SM-ML) 1.5x1076 Tube Sample,Natural Density 

ST21-38 3 4'-6!' Silty fine-medium sand-trace to some | 2.5x107° Tube Sample,Natural Density 
gravel (SM) 

$T21-38 4 6'-8' Silty fine-medium sand-trace to some 1.8x107° Tube Sample,Natural Density 
: | gravel (SM) 

ST21-40 0-2! Silt (ML) 6.2x10°/ Tube Sample,Natural Density



nm HeHHHHHeHHHHeHRHHHHH Hk ll 

Figure 7, Cont'd, Soi] Permeability 
Location Samples Depth Description CM/Sec Remarks EPR ON CC ROMArKS 

ST21-40 2 2'-4! Silt-trace fine sand and clay (ML) 2.2x1078 Tube Sample,Natural 
6 Density 

S$ T21-40 5 10'-11.5' Silty fine medium sand-trace to some 2.1xl0- Tube Sample,Natural 
gravel-trace clay(SM) 0. _ Density 

ST21-48 ] 0-2! Topsoil and silt (ML) 1.610 3 Tube Sample,Natural 

Density 
ST21-48 2 2'-3.5' Fine sandy silt-trace gravel and clay (ML) 2.2x107/ Tube Sample,Natural 

g Density 
ST21-48 3 h'-5 5! Fine sandy silt-trace gravel and clay(ML) 3.0x10~ Tube Sample,Natural 

Density 
S$ T21-48 | L 6'-7! Silty fine coarse sand-trace to some 3.1x1076 Tube Sample,Natural 

: gravel (SM) Density 
S$ 7T21-48 5 1o'-11]' Silty fine coarse sand-trace to some 5.4x1076 Tube Sample,Natural 

gravel (SM) Density 
ST21-53 2 2'-4! Fine sandy silt(ML) 6.6xi079 Tube Sample,Natural 

Density 
§$T21-53 3 ht—5! Silty fine coarse sand-trace gravel (SM) 1. 1x1074 Tube Sample,Natural 

Density 
ST21-65 2 2'-3.5' Silt-trace very fine sand and clay (ML) 1.5x107/ Tube Sample,Natural 

Density 
ST21-66 | 2 2'-! Fine sand and silt-trace gravel and 2.1x107? Tube Sample,Natural 

clay (SM-ML) Density 

Processed 93% p. #200 7.9x107? Dry Density=82 PCF 
Tailings 60% p. #400 

Processed | 

Tailings 93% p. #200 3.5x1079 Dry Density=111 PCF 
| 60% p. #400 

* Possible side leakage



FIELD PERMEABILITY TESTS : 

Figure 8 - 

Depth, Test Duration of —* Permeability Remarks and 
Location Feet soi] Description Method Test,Min. cm/sec. | Date of Test 

ST 21-29 1.7 Silt-trace clay (ML) Falling Head 4020 1.9x107/ 10-20-72 
| _ 

ST 21-33 2.0 Fine sandy silt-trace clay(ML) Falling Head 4010 9.1x10 y 10-20-72 

- ST 21-38 6.0 Stlty fine medium sand-trace gravel Rising Head 200 7.3x10 4 9-27-72 
(SM) 

ST 21-38 ; 1.7 Fine sandy silt(ML) Falling Head LOWS 2.1x107/ 9-27-72 

ST 21-40 12.5 Silty fine-medium sand-trace to Rising Head 185 2.6x107" 10-2-72 
some gravel-trace clay (SM) 1 

ST 21-40 12.5 Silty fine-medium sand-trace to Rising Head 230 2.5x10 10-5-72 
some gravel-trace clay(SM) 

ST 21-40 1.5 Silt-trace fine sand and clay(ML) Falling Head 165 | 2.5x1076 10-2-72 

ST 21-40 1.5 Silt-trace fine sand and clay (ML) Falling Head 230 0.7x107° | 10-5-72 

ST 21-44 | 6.5 Fine to medium sand-trace silt (SP) Rising Head 12 9.9x1074 10-16-72(Sand 
| up In casing 

, On second run 

ST 21-44 6.5 Fine to medium sand-trace silt(SP) Falling Head 60 2.2x1074 10-20-72 

ST 21-48 2.0 Silt-trace fine sand (ML) Falling Head 3900 1. 1x107e 10-21-72 

ST 21-48 (14.3 Silty fine to coarse sand-trace to Rising Head 180 1.6x1074 10-20-72 
some gravel (SM) 

ST 21-48 14.3 Silty fine to coarse sand-trace to Rising Head 323 7.7x107? 10-24-72 
some gravel (SM) 9 

ST 21-53 2.0 Silt-trace fine sand(ML) Falling Head 1300 5.7x10- 10-20-72 

ST 21-53 13.5 Silty fine-medium sand-trace gravel(SM) Rising Head 321 1.7x1074 10-20-72 
lenses of fine-medium sand-trace silt(SP) 

ST 21-53 13.5 Silty fine-medium sand-trace gravel(SM) Falling Head 345 l.1xlo74 10-23-72 
lenses of fine-medium sand-trace silt (SP) | 

ST 21-64 1.7 Silt (ML) Falling Head 525 7.0x107/ | 10-19-72 

.



i SUMMARY OF MATERIALS Figure 9 
FO R WASTE HAUL ROAD 

a 1. Design for Reduced Subgrade Strength 
Total Thickness = 42 inches 

a A. Sub-base, 30 inches, (Modified Grading D, AASHO Specification M-147-65) 
Compaction to 98% of ASTM D-1557-70 Maximum Dry Density 

a Sieve Size %4 Passing 
\" 100 

3/8"! 60-100 
#4 50-85 

. #10 LO-70 

#40 25-45 

#200 0-12 | 

a B. Base Course 12 inches, (Gradation #2, Wisconsin Division of Highways) 
Compaction to 98% of ASTM D-1557-70 Maximum Dry Density 

a Sieve Size % Passing 
y"! 100 
3/8" 50-85 Z Bl 35-65 
#10 25-50 
#40 10-30 

; #200 3-10 

2. Design for Limited Frost Penetration into Subgrade 
a Total Thickness = 54 inches _ 

A. Lower Sub-base, 18 inches 
5 Compaction to 98% of ASTM D-1557-70 Maximum Dry Density 

Sieve Size % Passing (For portion passing #4 
xu 100 sieve) 

Z #40 0-75 
#100 0-20 

#200 0-12 

E B. Upper Sub-base, 24 inches (Modified Grading D,AASHO Specification M-147-65) 
Compaction to 98% of ASTM D-1557-70 Maximum Dry Density 

a Sieve Size % Passing 
)" | 100 

3/8" 60-100 

Z #4 50-85 
#10 40-70 
#40 25-45 

a #200 0-12 

| c, Base Course, 12 inches, (Gradation #2,Wisconsin Division of Highways) 
Compaction to 98% of ASTM D-1557-70 Maximum Dry Density 

Z Sieve Size % Passing 
|" 100 

3/8" 50-85 
a Hl 35-65 

#10 25-50 

#40 10-30 

a #200 3-10
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a Tentative Method for 

PENETRATION TEST AND SPLIT-BARREL SAMPLING 

a OF SOILS! 

i ASTM Designation: D 1586 - 63 T 

IssvED, 1958; REVISED, 1963.% 

a This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 

a be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Scope Procedure 

a 1. This method describes a procedure 3. (a) Preparing Hole—Clean out the 

for making soil borings with a split- (b) Split-Barrel Sampler.—The sampler hole to sampling elevation using what- 
barrel sampler in: order to obtain repre- shall be constructed with the dimensions ever equipment is preferred that will in- 
sentative samples of soil for identification indicated in Fig. 1, The drive shoe sure that the material to be sampled is 
purposes and other laboratory tests and shall be of hardened steel and shall be not disturbed by the operation. In satu- 
to obtain a record of the resistance of replaced or repaired when it becomes rated sands and silts withdraw the drill 
the soil to penetration of the sampler. dented or distorted. The coupling head bit slowly to prevent loosening of the 

shall have four }4-in. (minimum diam- _ soil around the hole. 
Apparatus . ‘ 

_ . . eter) vent ports or shall contain a ball In no case shall a bottom-discharge fish- 
2. (a) Drilling Equipment.—Any equip- check valve and no ports. Substitution _ tail bit be permitted. (Side-discharge fish- 

ment shall be acceptable that provides a —_of a split-barrel sampler other than 2-in. tail bits are permissible.) The process of 
reasonably clean hole before insertion of — QD shall be made only with the permis- jetting through an open-tube sampler and 
the sampler to insure that the penetration sion of the engineer in charge. If other then sampling when the desired depth is 
test Is performed on undisturbed soil,and sizes are permitted, the size shall be reached shall not be permitted. Take 
that willpermit the driving of thesampler — conspicuously noted on all penetration samples at every change in stratum and 
to obtain the sample and penetration rec- records, at intervals not greater than 5 ft (or 

ord in accordance with the procedure de- (c) Drive Weight Assembly, consisting less if specified). Where casing is used, it 
scribed in Section 3. The stiffness of the of a 140-Ib weight with a 30-in. free fall shall not be driven below the sam- 

a drill rod used during sampling is believed and a driving head. Special precaution pling elevation. Any loss of circula- 
to have a relationship to the VY value shall be taken to insure that the energy tion in drilling fluid during advancing of 

obtained, especially because a light drill of the falling weight is not reduced by hole shall be noted for recording on the 

rod “whips” under the blows of the friction between the drive weight and log. 
a hammer. It is suggested that the drill the guides. For driving the casing, a (b) Obtaining Samples—With the 

rod have a stiffness equal to or greater heavier hammer is permitted. sampler resting on the bottom of the 
than the A-rod. A stiffer drill rod is sug- (d) Accessory Equipment—Labels hole, seat the sampler 6 in. with blows 

gested for holes deeper than 50 ft. When data sheets, sample jars, and othe: from the 140-Ib hammer falling 30 in. 
drilling in sand or in soft clay or other necessary supplies. Proceed with driving the sampler until 
material that will not allow a hole to 
stay open, casing or drilling mud shall 
be used. If caving occurs with drilling + Driving see gee pp ypninig 
mud, casing shall be used. The hole aA bed A SDT BONEN | a.Nents , 

shall be limited in diameter to between = « We al Leer Potter aad 
2} and 6 in. ' +7 ii na 

— ~ en <B ll ~lg- 2 

1 Under the standardization procedure of the eT TSE yee ey ate 

Society, this method is under the jurisdiction | — t a 

of the ASTM Committee D-18 on Soils for En- ~S" icin) | “ emi ——-| 
gineering Purposes. c w 

Revision Accepted by the Society at the pe eA (min 

Annual Meeting, June, 1963. ~—_—-———- -— 24" (min, Open) 
Published first as information, in the compila- 

tion of “Procedures for Testing Soils,” April, Note 1.—A coupling head with a check valve and a minimum of 0.6 sq in. venting to outside 
1958. above check valve may be substituted for coupling shown above to improve sample recovery. 

“ + Nore 2,—Split barrel may be 14 in. ID and may contain a liner. 

a and Mocs ars: ive ce Exploration Nore 3.—A spring-type core catcher in the driving shoe to prevent loss of sample is permitted. pling of Soil or Civil Engineering = : 
Purposes,” The Engineering Foundation, 345 Nors 4.—Corners at A may be slightly rounded. 

East 47th Street, New York 17, New York. Fic. 1.—Standard Split-Barrel Sampler Assembly.



it has been driven an additional 12 in., shall have a self-sealing top or shall be _ level is desired, casing perforated at the a 
or until 100 blows have been applied. sealed with wax to prevent evaporation lower end shall be lowered into the hole 
Record the number of blows required to of the soil moisture. Labelsshall beaffixed and the hole bailed down. Determine 
effect each 6 in. of penetration. The first to the jar or notations shall be scratched ground-water levels after bailing at time 
6 in. of drive is considered to be a seat- on the covers (or both) bearing job intervals of 30 min and 24 hr after all 
ing drive. The total number of blows designation, boring number, sample _ traces of drilling mud are removed from 
required for the second and third 6 in. number, depth, penetration record, and _ inside the casing. 

of penetration shall be termed the pene- length of recovery. Samples shall be pro- a 
tration resistance, NV. If the sampler is tected from freezing and shall not be Report 
driven less than 18 in. total, the pene- placed in the sun. 4, (2) Data obtained in borings shall 
tration resistance shall be for the last (d) Field Observations—Record water be recorded in the field and shall include 
foot of penetration (if less than 1 ft is table information on the field logs, in- the following: i 
penetrated, the logs shall state the num- —_ cluding ground water level, elevations at (1) Date of boring, 
ber of blows and the fraction of a foot which the drilling water was lost, or (2) Reference datum, 
penetrated). If specified, more than 100 elevations at which water under excess (3) Job identification, a 
blows may be used for specific types of pressure was encountered. Measure (4) Boring number, 

work. Refusal shall be considered to ground-water levels before and after (5) Drilling method, 
have been reached when the rate of pulling the casing, where used. In (6) Sample elevations, 
advance is less than 1 in. for 50 blows. sands, determine the level as the cas- (7) Limits of strata, a 

(c) Removal and Labeling —Raise ing is pulled and then measure at (8) Water data, 
the sampler to the surface and open it. least 30 min after the casing is pulled; in (9) Soil identification, 
Place typical sample or samples of soils _Silts, at least 24 hr after the casing is (10) Penetration records, and 
from the opened split barrel into jars Pulled; in clays, no accurate water level (11) Casing used. . a 
without ramming. Note on the jar the determination is possible unless per- (b)The data thus obtained shall be 
origin of the sample, and store the jars  Vious seams are present. However, the Prepared in final form as a soil profile to 
in suitable containers for shipment to  24-hr level shall be recorded for clays. show the nature and extent of the soil a 
the laboratory or the client. The jars When drilling mud is used and the water Strata over the area under consideration.



Tentative Method for 

a THIN-WALLED TUBE SAMPLING OF SOILS! 

ASTM Designation: D 1587 - 63 T 

a IssvED, 1958; REVISED, 1963.3 

This Tentative Method has been approved by the sponsoring committee 
and accepted by the Society in accordance with established procedures, 
for use pending adoption as standard. Suggestions for revisions should 

a be addressed to the Society at 1916 Race St., Philadelphia 3, Pa. 

Scope sed so ean oat purposes: fe specialequipment —_ desirable in sands; and clearances up to 
‘ - ther than that ing i 3 is 

1. (a) This method of sampling of quited. an, Chat for sampling: 5 generally:re 3 per cent are required for good recovery 
a foundation soils is designed to secure rela- in clays depending on the soil type, tube 

tively undisturbed samples suitable for (b) Thin-Walled Tubes—Tubes 2 to length and method of driving. Unless 
laboratory tests. It is intended asa guide 5 in. in outside diameter and made of otherwise specified, an inside clearance 
to more complete specifications to meet any materials having adequate strength ratio of 1.0 per cent shall be supplied 
the needs of a particular job. It is not and resistance to corrosion will be satis- | Two vent holes (§ in. minimum) shall be 
implied that if this method is followed, factory (Fig. 1). Adequate resistance to provided in the sampler head. A cou- 
the samples are necessarily sufficiently corrosion can be provided by a suitable pling head with a check valve and a 
undisturbed to be suitable for all types coating. Sizes other than these shall be apne L—STANDARD THIN-WALLED 
of laboratory tests under all field condi- _ used only by order of the person respon- STEEL SAMPLE TUBES.*% «4 

tions. sible for the boring program. Though 
: : oe Outside diameter, in. 

(b) There are in general two types of _ these sizes do not necessarily insure un- Seal thicknesses " |? | 5 
a samplers that use thin-walled tubes for disturbed samples, tubes smaller than Bwg {18 he 11@ 

sampling, namely, open-tube samplers, 2 in. are considered unsatisfactory for ae tea 0-049) 0.006) 0.120 
and piston samplers. In general, fixed- obtaining specimens for compression Clearance ratio, per cent. | 1 1 1 
piston samplers are better and can be — tests. Tubes shall be of such a length Be 
used in almost all soils. However, open- that between five and ten times the _° Tubes are designed to fit either open or 

. 5 z 3 . piston standard thin-wall sampler heads of the 
tube samplers are satisfactory for many diameter is available for penetration Diamond Core Drill Manufacturers Assoc. 
soils. Since the thin-walled tube require- into sands and between ten and fifteen ! > Alternate materials, sizes, lengths, and 
ments are the same for both types of | diameters is available for penetration roar sere Are aves aoc vn armediete dlsmeters 
samplers, the method described applies into clays. Tubes shall be reasonably _ tube lengths. 
equally to both. round and smooth, without bumps, a ® The 2-in. OD tubes have not been standard- 

y the D: 1 
Apparatus ee or pee nena ia Mos oe te ion tia aioe Was at ee 

To é _ . ubes are permissible, but welds mus are considered standard. The 2-in. OD tubes 

i 2. (a) Distling Equipment, Any eqillp- not project at the seam. The tubes shall _—_4re considered a minimum acceptable diameter 
ment may be used that provides a lave a thickness not oreater than’ No for sampling, using this method. The DCDMA 

reasonably clean hole before insertion 7 gree NO. has standardized the 23¢-in. OD, 18-gage 
‘ : 16 gage for tubes 3 in. and under in tubing, which is considered fully acceptable for 

of the thin-walled tube, and does not dis- diameter, not greater than No. 14 gage sampling using this method. 
turb the soil to be sampled, and that can f 2 e lag ate 838) 4 The three diameters recommended in Table 
effect continuous and rapid penetration ‘OF tubes 3 to 4 in. in diameter, and not I are indicated for purposes of standardization, 
of the tube into the sampled soil. greater than No. 11 gage for tubes 5 pcste Pet mended to andieste vise sampling 

. in. in diameter. The cutting edge shall [Ue te table Pintle, GA, OL a 
5 aI ee 4 - » OD, 

Nore.—Where casing is used, the equipment be machined as shown in Fig. 1. The —2}g-in. OD samplers are used. It should be 
must be capable of driving and removing casing, inside clearance ratio shall be between Pointed out oe ee : dismncrers, give She 
and must include a pressure pump for clean-out eter: east sample disturbance and provide the ir 
operations, Where drilling fluid is used, a suit- 0.5 and 3 per cent. Small clearances are samples. 

a able mud pump is required. Where augers are 

Length as Specified in Method 

1 Under the standardization procedure of the 24 ge ee rng 
Society, this method is under the jurisdiction of a ae 
the ASTM Committee D-18 on Soils for Engi- t | 
neering Purposes. _ oo 

2 Revision accepted by the Society at the PE oj D0 
Annual iieeting, June, 1963. 4] | 

Published first as information in the compila- Deb, = 
tion of ‘Procedures for Testing Soils,’ April, Inside Clearance Ratio = —\-* % dia (min) 
1958. De Mounting Holes 

3M J. Hvorslev, ‘Subsurface Exploration Nove—Minimum of & moudtia, wk ie ” Ste 
: 5 ee ; — ting holes on opposite sides for 2- to 34-in. sampler. Minimum 

and Sampling of Soils for Civil Engineering + 4 mounting holes spaced at 90 deg for samplers 4 in. and larger. Tube held with hardened screws. 
Purposes,” The Engineering Foundation, 33 W. ; 

39th St., New York 18, N. Y. Fic. 1.—Thin-Walled Tube for Sampling.



minimum of 0.6 sq in. venting to out- no case shall the tube be pushed further be shipped protected with suitable re- 

side above check valve can be used to than the length provided for the soil sam- silient packing material to reduce shock. 
improve sample recovery. Tubes shall be _ ple. Allow about 3 in. in the tube for cut- On sands and silts it may be neces- 
clean, smooth, and free of rust and dirt. _ tings and sludge. The time and pressure, sary to make volume and weight deter- 
The cutting edges shall be sharp and whenever measured, required to obtain minations in the field or to arrange for 
free from nicks. Coating the tubes with penetration shall be noted. When the delivery by other than public carriers, a 
lacquer or suitable plastic by dipping soils are so hard that a pushing motion since these soils are sometimes very sen- 
after thorough cleaning is recommended _ will not penetrate the sampler sufficiently _ sitive to vibration. 

for obtaining the best possible samples. for recovery, and where recovery by (e) Field Observations —Record type 

Table I shows the dimensions of suitable pushing in sands is poor, a heavy weight and size of sampler and water table in- a 
thin-wall sample tubes.‘ may be used todrive the sampler. In such formation on the field logs, including 

(c) Sealing Material.—Any wax that a case, the weight, height, and numberof _ ground-water level, elevations at which 
does not have appreciable shrinkage, or blows shall be recorded. Before pulling the drilling water was lost, or eleva- 
does not permit evaporation from the the tube turn it at least two revolutions tions at which water under excess 

sample, shall be permitted. Microcrys- to shear the sample off at the bottom. pressure was encountered. Measure 
talline waxes are preferable to paraffin. In very loose saturated sands and silts, ground-water levels before and after 

Thin discs of steel or brass that are the use of a piston sampler is often pulling the casing, where used. In sands, i 
slightly smaller than the inside diameter _ necessary tosecurea suitable undisturbed determine the level as the casing is 
of the tube are desirable for plugging both sample. In intermittent sampling, the pulled and then measure at least 30 
nds before sealing with wax. Cheeseclothe soil shall be sampled at every change in min after the casing is pulled; in silts 
and tape are needed. Suitable expanding stratum and at intervals no larger than at least 24 hr after the casing is a 
packers may be used. 5 ft. within continuous strata. pulled; in clays, no accurate level de- 

(d) Accessory Equipment.—Labels, (c) Preparation for Shipment—Upon termination is possible unless pervious 
data sheets, shipping containers, and removal of the sampler tube, measure seams are present. However, the 24-hr 

other necessary supplies. and record the length of sample in the  Jevel shall be recorded for clays. When a 

Procédure tube and also the length penetrated. drilling mud is used, and the water level 
oc Completely remove the disturbed ma- is desired, casing perforated at the lower 

3. (a) Preparing Hole—Clean out the terial in the upper end of the tube end shall be lowered into the hole and a 
hole to sampling elevation using what- before applying wax, and record the the hole bailed down. Determine ground- 
ever method is preferred that will insure length of disturbed soil removed. water levels after bailing at time in- 
that the material to be sampled is not Ream the lower end to a depth of at least tervals of 30 min and 24 hr after all 
disturbed by the operation. In saturated 1 in. and insert an impervious disc. Seal traces of drilling mud are removed from a 
sands and silts withdraw the drill bit both ends with wax applied ina way that inside the casing. Record additional 
slowly to prevent loosening of the soil will prevent wax from entering the  water-table information where encount- 
around the hole. Where casing is uscd,  sampie. Where tubes are to be shipped ered, 
clean out the hole to the bottom or just some distance, tape the ends to prevent a 
below. (A clean-out auger shall be used breakage of the seals. It is advisable tc Report 
to clean the bottom of the hole when place cheesecloth around the ends after 4. (a) Data obtained in borings shall 
necessary.) sealing and dip the ends several times be recorded in the field and shall include a 

(b) Obtaining Sample—With the in the melted wax. the following: 
sampling tube resting on the bottom of (d) Labeling and Shipping—Tubes 
the hole and the water level in the boring _ shall be labelled as to job designation, bor- sic Of tepyland bottom: of 
at the ground-water level or above, push ing number, sample number, depth, Yas a 

7 ; : eS r (2) Drilling methods, 
the tube into the soil by a continuous date, and description of the soil. Du- 3) Method of ad. . 1 
and rapid motion, without impact or plicate marking of the tube and boring (3) Method of advancing sampler, 

twisting, a distance not greater than 15 number shall be required. Tubes shall (4) Water data, 

diameters for cohesive soils, 10 diam- not be permitted to freeze and shall (5) Casing used, and a 
eters for cohesionless soils and 5 diam- be stored in a cool place out of (6) Date. 
eters in very loose soils such as loess. In the sun at all times. Tubes shall be (b) The data thus obtained shall be 

— shipped in such a way as not to cause _ prepared in final form to show the nature a 
‘The dimensions have been adopted as shock and vibration or to disturb the and extent of the soil strata over the 

sandard peste Diamond Core Drill Manu- sample in any other way. Samples shall area under consideration.
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