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i : RESULTS OF GEOLOGIC, GEOTECHNICAL, AND 3 
: HYDROLOGIC INVESTIGATIONS OF A PORTION 

: | OF THE PROPOSED EXPLORATION RAMP, CRANDON MINE | 

J a | | INTRODUCTION ! 
' . 

| i " This report presents the results of Dames & Moore's investigation , 

: - along the axis of the exploration ramp as requested by Mr. Robert Russell, | 

i _ Exxon Company, U.S.A. The scope of work is in accordance with our preposal 
i i 
: I 
4 i . ao. { 

4 _ dated May 13, 1977 and as modified by Mr. Mel Lawson and Mr. Frank Sonderman, 

Exxon Company, U.S.A. The modifications are described in our revised pro- 

i | posals dated June 22 and July li, 1977. | 

i - PURPOSE | 

i The specific purposes of this investigation were as follows: | 

. 1. Perform a general geologic investigation in the glacial 

| Grift and the bedrock along the planned axis of the | 
i : exploration ramp. Major emphasis was placed on the : 

surficial glacial drift with minor emphasis on identi- . 

. fication of fracture and fault zones, and delineation 

i of the top of unweathered bedrock. Exxon Company, . 

USA assumed the lead in the evaluation of the bedrock 

: J Geology and therefore, this report does not address that 
{ aspect in great detail; | 

| 2. Provide a conceptual design and cost appraisal of a | 

| system to dewater the glacial drift for the construc- 

i tion of the exploration ramo; and : 

, 3. Provide a general recommendation for the configuration 

i of the excavation slope. | : 

i ‘SCOPE OF WORK : 

; The results of this investigation were achieved through field, 

office, and laboratory investigations described below: | 
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i 1. Field Investigation - Borings were drilled at nine i 

locations (Figure 1). All the borings (DMI-1, 2, 3, i 

{ 4, 5, 7, 8, 9, and 11) were drilled into bedrock at i 

varying depths. Soil samples were taken in the ; 

glacial overburden materials for geologic classification i 

and laboratory testing. Upon penetrating the bedrock, i 

rock coring techniques were employed to obtain a con- ; 

| tinuous sample of the bedrock. The depths of the soil ‘ 

samples and rock cores, geologic descriptions, and per- 

tinent engineering data are presented on the boring logs 

i in Appendix A. In addition, piezometers were installed : 

i at three locations in two borings (DMI-1 and DMI-2). ; 

The locations and design of the piezometers are shown in i 

i Table A-1l and on Figure A-1 in Appendix A, respectively. 

ss 2. Laboratory Investigation - The laboratory investigation i 
: consisted of performing sieve and hydrometer analyses on i 

I selected samples to determine the grain-size distribution | 

of the glacial overburden materials to aid in geologic i 

classification and to allow an approximation of soil per- ' 

I meability. The results of the grain-size analyses are : 

presented in Appendix B. The calculated permeabilities 

; . are tabulated in Table 1. Direct shear tests were per- 

. formed on selected samples as part of the slope stability 

appraisal. The results of the direct shear tests are 

presented on the boring logs in Appendix A (Borings 

i DMI-1 and 9). 

3. Office Engineering - The office investigation consisted 

of preparing the conceptual dewatering design, performing 

i the stable slope enalysis, summarizing the geologic data 

collected during the field drilling investigation, and 

i report preparation. 

Ij SITE CONDITIONS 

i TOPOGRAPHY 

i The topégraphy in the Crandon area.is typical of glaciated 

areas consisting of elongated ridges and knobby hills separated by relatively 

i broad stream valleys which are generally occupied by wetland areas. 

i Maximum relief in the general vicinity of the proposed exploration ramp ; 

is approximately 100 feet. Along the.axis of the proposed excavation 
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i through the glacial materials, the topography varies from approximately . 

| 1610 feet (MSL) to elevations greater than 1645 feet (MSL). The area west : 

i of the exploration ramp is an upland area while the area east of the ramo : 

| | : is a wetland area associated with the drainage system from Skunk Lake to ! 

i . Little Sand Lake. — : 

| - : 

| i | | The unconsolidated deposits that overlie the volcanic bedrock : 

- : in the ramp vicinity consist of glacial materials ranging in thickness 

i from about 54 to 99 feet. Generally, the overburden can be classified as | 

| ; glacial outwash deposits consisting of sand and gravel with local concentra- ! 

- | tions of silt, cobbles, and boulders. The geologic materials underlying : . 

i | the glacial deposits in the ramp vicinity consist of Precambrian volcanic | 

| tuff which has been subjected to strong chemical weathering and has been | 

i altered in-situ to a saprolite consisting of red Silty clay. The degree 

i of weathering decreases with depth and the saprolite grades rapidly to 

strongly weathered volcanic tuff bedrock. | 

i oe The locations of Geohydrologic Cross-sections presented in this ! | 

i report are shown on Figures 1 and 2. Geohydrologic Cross-sections A-A' 

. (Figure 3) and C-C' (Figure 5) were constructed as part of previous studies by : 

f Dames & Moore (Reference 1, Bibl iography) . | 

The geologic data obtained from the borings drilled during this | 

i ' investigation were used in conjunction with the laboratory permeability data | 2 

i to construct Geohydrologic Cross-section B-B' which is shown on Figure 4. : 

} The lithologies. of the glacial materials on the Geohydrologic Cross-section | 

i B-B' were simplified for clarity of presentation, and the units presented | 

are distinguished according to geohydrologic criteria to delineate the major | 
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i units of interest in the glacial overburden. Geohydrologic Zone I was | 
| : | . : 

_ delineated as two deposits consisting primarily of silty sand with local : 

i | concentrations of gravel, cobbles, and boulders. The upper zone constitutes : 

; | the major surficial deposit along the ramp axis. The zone is continuous 

i . along the entire ramp axis and ranges in thickness from 3 to 12 feet. The : 

i lower zone is present in borings DMI-2, 4, 5, 7, and 8. This zone occurs | | 

as the basal deposit of the glacial drift in these borings and immediately | 

i | overlies the Precambrian bedrock system. The permeability of this lower ! 

7 | zone is low relative to other zones present in the ramp area, with values | 

i ranging from 1073 to 1075 cm/sec. The permeability of this zone was based . 

i on visual inspection of the soil material and comparison with other materials : 

present in the subsurface along the ramp axis. It should be noted that : 

f - permeabilities were not calculated for the upper unit of Geohydrologic Zone I. | 

Geohydrologic Zone II underlies the upper unit of Geohycrologic ) 

i oo zone I and consists primarily of outwash deposits of interbedded clean . 

i fine to coarse and fine to medium sand with zones of gravel and cobbles | 

- occurring locally. This zone is continuous along the entire ramp axis and | 

7 ranges in thickness from about 8 to 42 feet. The permeability of this zone | 

| generally ranges from 107“ to 1073 cm/sec. 

i “the major zone of interest from a geohydrologic standpoint is | 

j Geohydrologic Zone III. The ground water table is present in this zone : 

approximately 50 feet below Ground surface; therefore, this zone will re- 

i | quire dewatering to allow construction of the exploration ramp. This zone | 

consists primarily of fine to coarse sand and fine to coarse gravel with 

i numerous cobbles and boulders. Geohydrologic Zone III is continuous along | 

i the entire ramp axis and ranges in thickness from about 14 to 65 feet. Per- 

_ | meabilities around boring DMI-8, where the zone is silty, generally average 
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i —_ | 

i | about 1077 cm/sec. The permeability of Geohydrologic Zone III generally . | 

- averages 1072 cm/sec along the ramp axis from boring DMI-7 to DMI-9. | 

i As previously mentioned, the bedrock along the ramp axis consists | 

i _.. primarily of Precambrian volcanic tuff. The bedrock surface along the ramp : 

axis is shown’ on Geohydrologic Cross-section B-B' (Figure 4). The bedrock | 

a . surface was generally defined during the field investigation as the point | 

| where the Dames & Moore soil sampler (diagram in Appendix A, Figure A-3)_ | 

i could not be driven and rock coring techniques were required to obtain ! 

i . samples of the geologic material. The bedrock surface along the ramp axis ! 

may control the topographic high extending from boring DMI-4 to DMI-9. As | : 

. i per the bedrock contour maps provided by Exxon Company, USA, the center of | 

- the bedrock high is several hundred feet northwest of the leg of the ramp | 

i Gefined by borings DMI-9 through DMI-4. | 

j | The structural features present in the volcanic bedrock along the | 

ramp axis were Gelineated and described primarily by Exxon Company, USA. | 

if The major fault and fracture zones eas identified by Exxon are shown on the 

| Geohydrologic Cross-section B-B'’ (Figure 4). Complete detailed logs of the 

i | - borings in the bedrock are presented in Appendix A. The information presented , 

I on these logs represents a compilation of the boring logs of the bedrock 

prepared by Exxon, and the logs of the overburden prepared in the field by 

i the Dames & Moore engineer who supervised the boring program. In addition, 

the bedrock log compiled by Exxon, as well as brief discussions of each 

i boring, are presented in Appendix Cc. | . 

i GROUND WATER EYDROLOGY 

i The geohy@rologic setting in the vicinity of the exploration ramp 

consists of an unconfined sand and gravel aquifer. The ground water table 

i “ : 
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i | eccurs in Gechydrologic. Zone III at approximately elevation 1588 feet (MSL) 

or about 49 feet below ground surface (based on July 12, 1977 water level . 

i measurements in piezometers installed in boring DMI-2). Therefore, the | 

i saturated thickness of the glacial drift along the ramp axis ranges from 

about 10 feet at boring DMI-9 to approximately 36 feet at boring DMI-8. | 

7 Water level measurements made in April 1977 (Reference 1) in boring DW-2U 

, (Figure 2) showed the elevation slightly higher at about 1590 feet (MSL). | 

i Therefore, the saturated thickness of the glacial drift in April was about | 
ON 

i 12 feet at boring DMI-9 to about 38 feet at boring DMI-8. The saturated | 

thickness of the glacial drift in the area to be excavated is shown on | 

i Figure 6. The saturated thickness shown was derived by contouring the 

; / difference in elevation between the top of the Precambrian system and the 

i Ground water table elevation of 1588 ft (MSL). As shown, approximately 

i 10 feet of saturated glacial cCrift will require dewatering to provide a 

| reasonably dry excavation. . 

if During previous studies by Dames & Moore (Reverence 1) in the 

: general vicinity of the exploration ramp, Geohydrologic Zones II and III 

} were mapped as a single aquifer Upper Aquifer (Figures 3 and 5). These 

i studies showed that this aquifer is apparently artesian east of the explor- 

ation ramp. Figures 3 and 5 also show that the aquifer is not saturated 

i west of the exploration ramp; therefore, no ground water flow occurs in 

E this area. oe | 

| Geohydrologic cross-section C-C' (Figure 5) shows the aquifer 

i pinching out north of the exploration ramp between borings DMA-12 and DMA-31. 

Therefore, the aquifer is apparently bordered on the west by a no-flow 

i bounGary and on the north by a barrier boundary. As also shown on Figure 

i 5, the aquifer is continuous and saturated generally south of the exploration 

ramp in the direction oz Little Sand Lake. 
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i 
f AQUIFER PARAMETERS - 

§ As discussed in the preceding section, the sand and gravel aquifer 

system in the general vicinity of the exploration ramp is under both water 

i table and artesian conditions. As part of the previous study (Reference 1), 

pumping tests were conducted in Test Well 1 (TW-1) east of the exploration 

i ramp (Figure 2). The aquifer in this area is artesian. The pumping test 

i indicated that the aquifer transmissivity averages about 50,000 gallons per 

_ day per foot of aquifer (gpd/ft). The thickness of the aquifer around TW-1 : 

i is about 50 feet, indicating a permeability of about 1,000 gallons per day ; 

per square foot of aquifer. The coefficient of storage was calculated to be 

i about 2 x 1074. 

i In the immediate vicinity of boring DMI-9 where the be@rock is - 

topographically high, the aquifer is under water table conditions and the 

i saturated thickness of the aquifer is about 10 feet. The transmissivity is . 

i calculated to be about 10,000 gpd/ft, using the permeability of 1,000 

opa/£t? Getermined from the pumping test on TW-l. As the saturated portion 

i : of the aquifer increases in thickness away from DMI-9 (and away from the 

bedrock high), the transmissivity would increase in direct proportion to 

i the saturated thickness, assuming a constant permeability of 1,000 gpd/£t?. 

i Consequently, the maximum transmissivity within the boundaries of the explor- 

ation ramp is approximately 28,000 gpd/ft. The coefficient of storage under 

i water table conditions is higher than that for artesian conditions and is 

roughly equivalent to the effective porosity of the aquifer material. There- 

i fore, the coefficient of storage is estimated to be about 0.20 in the immediate 

i vicinity of the exploration ramp. 

As mentioned previously, particle size analyses (sieve and hydrometer 

| analyses) _— conducted on selected samples (Appendix B). Using the results 
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i of the particle size analyses, coefficients of permeability were calculated 

using the Hazen Approximation (Table 1). The calculated permeabilities 

i in Geohydrologic Zone II and III range from 120 gpa/£t? to 1900 gpd/ft*, 

i and are considered to compare favorably with the permeability of 1000 gpd/ft 

as determined from the pumping test on TW-l. 

i SURFACE WATER - GROUND WATER RELATIONSHIPS 

i The main surface water bodies in the exploration ramp area 

5 (Pigure 2) are Little Sand Lake and Skunk Lake. Little Sand Lake is located 

immediately south of the site and at its northern-most point is about 2,000 

i feet from the ramp excavation. Skunk Lake is 1,200 feet northeast of the 

. exploration ramp. 

i Surface water-ground water relationships in the site vicinity are 

| / somewhat complex and variable. The lakes in the site vicinity appear to be 

related to the overall ground-surface water regime to some degree. The 

i water surface elevation of Little Sand Lake was about 1,591 feet above sea 

_ level (MSL) during May 1977. Ground water elevations northeast and north of 

i the lake were (April 1977) between 1,588 and 1,590 feet MSL at piezometers 

i DMA-10 and DX¥-2U, respectively. The water level in piezometer. DMA-10, 

located south of Little Sand Lake, was about 10 or more fee below lake 

i level. These data indicated that Little Sand Lake may slowly sede the 

ground water regime. Brenan water elevations near Skunk Lake were lower 

i than the lake level, indicating that these lakes are not directly connected 

i to the underlying aquifers. 

? It is likely that the materials underlying the lakes near the 

i site are low permeability deposits of silt, fine sand, and till, and the in- 

i terconnection between these lakes sia. ‘the ground water regime is mostly by 
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i : 
i slow movement through these confining beds. 

1 
{ 

i - CONCEPTUAL DEWATERING SYSTEM 

i : 
: The purpose of the dewatering system described herein is to | 

| provide a reasonably dry excavation to allow construction of the explora- 

tion ramp down to the bedrock. The preliminary configuration of the planned | 

i excavation is shown on Figure 7. The configuration considers the general | 

5 exploration ramp design provided Dames & Moore by Exxon Company, USA, the 

area required for installation of an effective dewatering system, and the 

i slope stability requirements which will be discussed later in this report. 

With respect to these factors, the resulting excavation will be about 625 

[ feet long and have a maximum width of 339 feet. The pit is expected to 

i range from about 55 feet to 60 feet in depth, depending upon the thickness 

of the glacial drift overburden. . , 

i DEWATERING SYSTEM DESIGN 

i In order to construct the exploration ramp, it will be necessary 

j es” aenacene the saturated glacial drift in the ramp area. The quantities of 

ground water which will have to be pumped from the excavation were determined 

i by using standard techniques of ground water analysis, as follows: 

(1) Theis non-equilibrium well formula; 

i (2) Theim equation of steady flow to a well; ‘ 

i é (3) Direct application of Darcy's Law; and 

(4) Determination of specific capacity of the excavation ‘ 

i using the Theis non-equilibrium well formula. 

In all four methods, the excavation was assumed to be a fully 

i conemneine, circular well with a diameter of 300 feet. Aquifer coefficients 
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i were based on the data presented in Table 2 and were as follows: 

Permeability (gpa/£t2) 1,000 

i Transmissivity (gpd/ft) 20,000 (average) 

| Storage Coefficient 0.05 (average) { 

Saturated Thickness of 5 

Aquifer (feet) 20 

i d 
The optimum pumping rates calculates using the four listed 

i methods were 300, 350, 450, and 425 gpm (gallons per minute), respectively; 

7 or 432,000, 504,000, 648,000 and 612,000 gpd (gallons per day), respectively. ! 

5 Therefore, the required pumping rate to maintain a dry excavation is expected | 

i to range between 300 and 450 gpm. These pumping rates will result ina 

ground water flow rate to the line of well points ranging from 0.30 to 0.46 

i e cpn/linear feet of perimeter. These values compare favorably with published 

averace values (Coros of Engineers, 1971) of about 0.1 to 1 Gpm/linear foot 

i of perimeter for ground water flow to a line of well points for similar soil : 

i Gaterials and equivalent lowering of the ground-water table. Based on the 

Theis non-equilibrium equation, the optimum pumping schedule appears to be 

i 400 gpm for the first 10 days of pumping and 300 opm thereafter. 

i RECOMMENDED CONCEPTUAL DEWATERING SYSTEM 

i It is our opinion that the most cost effective and efficient 

system for dewatering the ramp excavation consists of peripheral vertical 

a well points used-in conjunction with ditches and sumps. The recommended 

system is shown On Figures 7 and 8. 

i Tne recommended system will require that a bench be constructed 4 

i sheng the excavation slope to allow installation of the well points. It is 

recommended that the bench be constructed at a level about 2 feet above 

' | 
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i the ground water level existing at the time of excavation. This will keep | 

to a minimum the suction head imposed on the dewatering system and, conse- | 

i quently, will ‘provide a more efficient dewatering system. It is recommended | 

i . that a system of approximately 150 well points (Figure 7), 1% inches in , 

| diameter, be installed along the bench at intervals of about 6 feet pumping : 
| | 

| a 2-3 gpm. The well points should be connected to a common header pipe (6-8 | 

in. diameter) which is in turn connected to a pumping station which will | | 

i : deliver the water to a pipeline which will transport the water to a point 

i of disposal. The recommended design of the well points is shown on Figure 8. : 

As shown on Figure 8, it is recommended that the well points be | 

i | installed by jetting and washing a temporary casing down to the clay material | 

| overlying the bedrock. It is possible, however, that the success of this method : 

i | may be limited in the exploration pit area due to the large number of cobbles | 

f and boulders present in the glacial drift. Due to their large sizes, it may | 

be Gifficult or impossible to wash the cobbles and boulcers from the bottom | . 

f of the hole to the surface. In this event, one alternative would be to | 

offset the well point a few feet from the original location in order to bypass | 

i | the cobbles and boulders. Should the cobbles and boulders continue to prevent | | 

i relatively easy installation, it may be necessary to drill the holes for the 

well points with a rotary wasn drilling rig. | 

i As shown on Figure 6, the thickness of the saturated glacial drift 

in the vicinity of boring DMI-9 ranges from 10 to 18 feet. The well point 

f | system recommended above are suction lift well points and will not lower the 

; water table much in excess of 15 feet (approximately elevation 1573 £t, MSL). , 

Therefore, it may be necessary to install several well points or a small | 

i sump system in the excavation beside the exploration ramp in the vicinity of 

i | 
i - -il- 
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i DMI-~9 to dewater this small area. | | 

In addition to the well points, it is recommended that upon | 

i excavating down to the clay overlying the bedrock that a bench 20 feet | 

i wide be constructed to allow the excavation of a sump trench (Figures 7 and 

| 8) a few feet into the clay. The purpose.of the sump trench will be to | | 

; collect the ground water seeping between the well points. The sump | 

| trench should be sloped toward the northern end of the bench where a | 

i pumping station should be located (Figure 7) for transporting the water | 

; out of the excavation and to a point of disposal. : 

| | It is possible that the surface elevation of the clay unit is | 

i somewhat variable and the clay may be thin in certain areas. Consequently, 

' proper sloping of the sump trench may be difficult. In this case, clay 

q dikes can be utilized to form a sump trench to allow collection of seepage | 

i flowing between the well points (Figure 8). 

The estimated costs for dewatering the exploration ramp excave- 

f tion are presented in Table 3. The costs are based on @ construction 

| schedule of approximately 12 weeks with 10 weeks of active pumping. Based 

a on conversations with the Wisconsin Department of Natural Resources, it 

. is highly probable that a permit will be required to operate the Cewatering 

systen. | 

i 
DISPOSAL OF DISCHARGE - | . 

i | This section presents various methods of disposing of the ground 

a water pumped from the exploration ramp excavation. Each of the methods 

could be employed to dispose of all the discharge, or two or more of the 

i methods could be used in combination with each method being employed to 

E dispose of some percentage of the total Gischarge. The methods of disposal :



i - 
i presented and discussed are as follows: + 

| (1) Spray discharge into the wetlands south of Skunk Lake; | 

i (2) | “Direct Gischarge into Skunk Lake; | 

a (3) Inject the water back into the glacial aquifer via 

i the wells existing in the area, such as TW-1, WW-1, 

~ and WW-2; and | 

i (4) Inject the water into the unsaturated zone of the glacial : 
So Grift (recharge area, Figure 2). . 

i | It is highly probable that all of the methods listed would | 

| require a permit from the Wisconsin Department of Natural Resources. As 

i a prerequisite to obtaining the permit, it is likely that an environmental | 

assessment of the impacted area will have to be performed. . 

i | Spray Discharge - This method would consist of utilizing a | 

f sprinkler system to dissipate the discharged water over a relatively larse | 

area. Assuming a constant discharge of 300 gom, approximately 16 acres 

f woul@ be covered to a depth of 1 inch in a 24-hour pumping period. However, ” 

this Goes not take into account water losses due to direct evaporation and 

E some degree of transpiration. It is estimated, based on average annual 

i evapotranspiration rates given in Re ference 1, that approximately 60 per- 

. cent of the discharoed water would be lost to evaporation and transpiration, 

j Leaving ground water infiltration and surface water runoff of about 180 gpm 

. (0.4 cubic feet per second) - The total evapotranspiration rate will probably 

be higher during the excavation dewatering because this disposal method would 

f be restricted to the summer months consequently reducing the total infiltra- 

| tion and runofi even further. Although not analyzed quantitatively, it is 

i believed that the drainage system in the area could easily assimilate the 

i discharge quantities expected. 

The primary disadvantage of this system is that it would not be 
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i possible to spray in the winter months due to freezing ‘temperatures, 

i thus the exploration ramp construction would be restricted to the summer 

months if this discharge system were employed. 

i The estimated cost of this disposal method is given in Table 

3. : 

i Discharge into Skunk Lake - Skunk Lake is located northeast 

i of the exploration ramp at a distance of approximately 1200 feet. Direct i 

aye discharge of 300 gpm into Skunk Lake, which has a surface area of approx- 

5 imately 12 acres, would result in a water level rise of about 1.3 inches 

per day, not accounting for losses due to outflow from the lake and evapor- 

i ation. Although not analyzed in detail, it is believed Skunk Lake could 

i t sauiqbsare this quantity of water. 

The estimated cost of this disposal method is given in Tabie 3. 

i : Injection Through Existing Ground Water Wells - The wells consid- % 

ered for this method of disposal were Wi-1l, WW-2, and TW-1 (Figure 2). All 

i three wells extend into the saturated portion of the glacial aquifer at their 

' respective locations. WW-1 and TW-1l are finished in the upper glacial 

aquifer. TW-l is under artesian pressure and WW-1 is under water table 

5 conditions. WW-2 is finished in a lower aquifer which is under artesian 

pressure (Figure 3). It is estimated, based on the specific capacity of 

i Te and wWW-2 that approximately 50 and 150 to. 175 gpm could be injected 

i into these wells, -respectively. Based on the ‘specific capacity of WW-2, 

it is estimated that approximately 70 gpm could be injected into this well. 

i However, before this disposal method is employed, it is recommended that in- 

jection tests be made in each of the wells to determine their capacity for 

i accepting injected water. . 

| 

i 
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i 
i The estimated cost of this disposal method is given in Table 3. 

Injection Wells in the Unsaturated Zone - This method would 

i consist of drilling 2 to 3 wells for injection in the recharge area designated 

i on Figure 2. The glacial aquifer is unsaturated in this area and would 

pronanry wendy accept injected weuex, Based - the spantsic exiaexties . 

i of wells WW-2 and TW-1, each of the wells tapping the unsaturated glacial 

materials would probably accept 150-175 gpm, assuming the permeability of the 

i unsaturated glacial materials is similar to materials tapped by TW-1 and ww-2. i 

5 It is recommended, however, that injection tests be conducted on 

an existing well in the vicinity of the recommended recharge area, preferably : 

i Wi-2, before employing this method for the disposal of discharge. 

The primary advantage of this method is that the wells would 

i probably accept a higher injection rate than the wells in the saturated 

i portion of the aquifer, thereby, possibly reducing the number of wells 

recuired to Gispose of the discharge from the excavation. In addition, 

i injecting through these wells would not interupt the use of the existing 

wells for water supply purposes. 

i ; The estinated cost of this method is presented in Table 3. 

' 
ENVIRONMENTAL CONSIDERATIONS 

i OF DEWATERING 

i EFFECTS ON USERS 

i The Theis non-equilibrium well formula was used to develop 

i relationships between Grawdown and distance from the ramp excavation, and 

between drawdown and time (duration of pumping). Figure 9 presents contours 
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i of equal drawdown after. 100 days of continuous pumping at various distances 

from the ramp excavation. As shown, the boundary conditions discussed 

i previously were introduced to simulate the unsaturated portion of the aquifer 

i west of the exploration ramp as well ag to account for the pinching out of 

the aquifer to the north. It is noted that the boundary is the same as 

i used in Reference 1. 

As shown on Figure 9, the one-foot drawdown contour crosses the 

i northern end of Little Sand Lake. Consequently, those wells tapping the 

| glacial aquifer in this area may experience approximately 1-1.5 feet of 

Grawdown. It is noted, however, that the situation depicted is conserva- 

i tive and actual drawdowns:in the wells along the::lake may be somewhat less 

‘than depicted. . 3 < 

EFFECTS ON SURFACE WATER BODIES 

i | | 
Although not analyzed in detail, it is believed that the near-by 

5 surface water bodies will be affected only slightly by the exploration 

i ramp dewatering. The drawdown contours shown on Figure 9 show the water 

level in the aquifer declining about 2 feet in the vicinity of Skunk Lake. 

3 Previous studies (Reference 1) indicated that Skunk Lake is not 

hydrologically connected to the glecial equifer. The wetlands south of 

j Skunk Lake are underlain by lacustrine silts and clays (Figure 3) and are 

i also probably not hydrologically connected is the aquifer system. Consequently, 

Gewatering of the meneewescn ramp should not have any apparent effect on 

i the Skunk Lake and wetlands area. 

: Previous studies (Reference 1) indicated that Little Sand Lake 

i was connected hydrologically to the glacial aquifer system. However, the 

| connection was considered poor due to the lake bottom acting as a confining 

i PEARSE SE he + Ue 
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i 7 
i unit (Figure 5). When the ground water levels decline -at the northern | 

| end of Little Sand Lake, infiltration through the lake bottom will be in- : 

i | duced by the increasing head difference between the lake water surface and | 

the ground water potentiometric surface. | 

i Induced infiltration was calculated to be about 330,000 apd 7 

i | (Reference 1) for the dewatering system discussed in that report. However, | 

. the head decline expected with dewatering the exploration ramp will not | 

| ; be as Great and the area of influence will not extend:as far south under : 

: Little Sand Lake. Therefore, induced infiltration should be much less ! 

i | than the 330,000 gpd previously mentioned. : 

i EFFECTS OF DISCHARGE ON DISCHARGE DISPOSAL AREAS - | 

i This section pertains to the degree of environmental impact , 

upon Cisposal areas indcuced by the disposal of ground water pumped from | 

i the exploration ramp excavation. This topic was net specifically addressed a 

i during this study. Therefore, only @ very general evaluation of the possible 

environmental impact is presented. In addition, the evaluation is limited | 

i - | to a general statement about the possible impact on the water quality of | 

i the receiving bodies. It is highly probable that a detailed evaluation 

of the possible environmental impact upon the receiving bodies will be 

F required to obtain the permits for disposal. The specific areas of concern | 

would be the areas receiving the discharged ground water and consist of the 

i following: (1) skunk Lake, (2) the wetlands south of Skunk Lake, and (3) . 

i the glacial acuifer system in the vicinity of inspection wells. 

| The quality of the ground water in the glacial aquifer system is | 

i of high quality in the vicinity of the exploration ramp with total dissolved 

solids in the ground water generally everacging about 100 PPM (parts per 
i | . | 
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i million). The ground water satisfies drinking water qualtiy criteria 

since the aquifier also serves as the primary source of domestic supplies | 

i in the areas around Little Sand Lake. Therefore, since the quality of the i 

i ground water is high, the ground water pumped from the excavation is not 

expected to significantly affect the water quality of any of the receiving | 

i water bodies mentioned previously in this section. However, further work | 

i will have to be performed to evaluate in detail the possible environmental 

m4 impact upon the disposal areas. i 

q { 

I | | 
: SLOPE STABILITY 

fk | 
i - 7 The subsurface conditions at the proposed location of the ex- 

ploration ramp were investigated by drilling nine borings. The borings 

i show that the subsurface soil and rock profile consists of a 3 to 12-foot : 

thick layer of medium to dense silty sand and sandy soil overlying approx- 

‘q imately 40 to 80 feet of very dense granular material which ranges in 
a 

i composition from poorly-graded sand to well-graded gravels. The granular 

Geposit is underlain by approximately 3 to 10 feet of highly plastic clay 

| (residual-soil) and highly weathered bedrock (saprolite). The clay and 

saprolite is underlain by volcanic tuff, containing numerous fractured 

i and broken zones. 

i Our recommendations regarding the etre slopes for the ramp have 

been Geveloped based on a slope stability analysis. Parameters used in 

| the slope stability analysis were obtained from direct shear tests on the 

sand'overburden soils and from direct shear tests onthe highly weathered 

i rock (saprolite) immediately below the overburden soils. The direct shear 

| tests on the highly weathered rock were performed to determine its residual 

i DAMES LO niOomR ee 
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i | 
i strength (residual strength was considered to be representative of the i 

material in highly fractured and broken zones). The results of the strength 

| tests have also been correlated with the properties of similar material ‘ 

of comparable density. The stability of the cut slopes for the explor- 

i ation ramp has been investigated using both conventional slope stability 

i analysis for cohesionless material and wedge analysis. The stability 

of the cut slopes for the granular material was evaluated for the portions | 

j of the slopes both above and below the water table. ~ 
| 

Based on’ our analysis, we recommend that the slopes in the 

i excavation for the exploration ramp be cut as shown on Figure 7. ‘The 

i clay immediately above bedrock should be cut ata slope of 1 vertical i 

to l horizontal. At the top of the clay layer, a 20-foot bench should ‘ 

i be provided. This bench would serve to collect debris from possible i 

erosion of the cut slope above. From the top surface of the clay to 14 

i feet above the clay, the slope should be cut at an inclination of 1 geceiestl 

3 to 2 horizontal. At the top of this slope, a 20-foot horizontal bench 

should be provided for the installation of dewatering equipment. From 

i this bench to the surface, the slope should be cut at 1 vertical to 1.5 

horizontal, and provided with a 10-foot wide bench at 20-foot depth intervals 

i for erosion control. . ; : 

j 
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| TABLE 1 | 

- RESULTS OF LABORATORY PERMEABILITY TESTS | | 

| | og 

| 7 l Permeability 3 
| Boring Depth Type Gallons per day Moisture Content soil 

: Designation (feet) Test cm/sec per square feet (percent) Type 

 DMI-1 14.0 PS 4.9 x lo? 105 | 15.8 sP/SM 
DMI-l «33.5 PS 2.25 x 10-7 4715 9.7 SW : 

| DMI-1 43.5 PS 3.24 x 10°77 685 6.4 sWw/GW 
DMI-1 54.0 PS 4.9 x 10°? 105 11.0  °  sw/Gw . 
DMI-2 42.0 PS 7.8 x 107% 1650 6.8 | SW 

pM I-4 34.0 Ps 4.9 x 10° 105 6.9 Sw 
DMI-4 48.5 PS 3.6 x 10°” 760 7.6 SW 
DMI-4 58.5 Ps 9.0 x 10°“ 1900 8.4 SW/GW = 
DMI-4 68.5 PS 4.9 x lo > 1.0 8.9 SM 
DMI-7 64.5 PS 3.6 x 10° 760 8.1 SW 
DMI~7 83.5 PS 8.1 x 10°? 170 6.9 SM/SW 

DMI-8 29.0 PSs. 2.89 x 10° 610 4.8 SP | 
DMI-8 58.5 ps 5.6 x 10> 120 11.2 SW n 
DMI-9 43.5 PS 6.7 x 107° 1420 7.5 SW/GW 

: log - Particle Size Analysis (See Appendix B). 

: * permeability calculated with Hazen's approximation. | 

sec Boring Logs (Appendix A) for detail soil description.



TABLE 2 

i GEOHYDROLOGIC DATA 

i IN VICINITY OF EXPLORATION RAMP 

i Ground water table 

elevation, feet (MSL) 1588-15901 i 

i Saturated thickness 10-282A 
of glacial drift, feet 12-3028 

Average Permeability 
(gpa/£t2) 10003 

Transmissivity 
i (gpa/£t) 10,000 - 28,00044 

12,000 - 30,00048 

i Storage Coefficient 0.2 - 0.0002 

Notes: =e 

i (1) Based on ground-water levels measured in DMI-2 
piezometer on 7-12-77, and in piezometer DW-2U . 

i in April, 1977 (Reference 1). 

(2) Based on difference between bedrock elevation 
‘ and water table elevations listed above. 

i (3) Determined from pumping test on TW-1 (Reference 1). 

(4) Based on permeability above and saturatea@ thick- 
i ness. 

i (5) Estimated.



: TABLE 3 . 

i DEWATERING SYSTEM COSTS 

i 1. Rental costs for following: 

(a) 150 well points 

(b) 1 - 8-inch pump and associated equipment 

i 1 - 6-inch pump and associated equipment 

3 - 3-inch pumps and associated equipment 
i (c) 1060 feet of 6 - 8-inch header pipe 

NOTE: Based on 3-month rental . 

i Subtotal (a-c) $28,000 

(ad) Jet-pump and hole puncher (1 month) 3,000 
{e) Temporary casing 720 

i (£) Mobilization (a-e) 2,000 

: 2. Material: i 

i (a) Gravel packing ; 900 

(b) Miscellaneous materials 300 

i 3. Labor: 

. (a) Install and remove well points $18,000 

i {b) Setting discharge lines, mount pumps, 

trucking 2,000 

i 4. Pumping: . - 

24-hrs/day, 7 days per week for 10 Weeks 35,000 

i 5. Excavating sump trench on constructing clay 

: dike 4,000 

i TOTAL COSTS DEWATERING $93,920 

NOTE: The above do not include costs for the possible necessity 

of drilling the holes for the installation of well points. 

i ESTIMATED DRILLING COSTS $20,000 

Disposal Costs : . 

i Option No. 1 - Spray disposal to wetlands $ 2,700 

Option No. 2 - Disposal directly to Skunk Lake $ 2,000 

i Option No. 3 - Injection in existing wells $ 3,500 

i Option No. 4 - Injection in near wells (3-total) $ 9,000 

NOTES: Dewatering costs, not including drilling costs and disposal 

costs can be adjusted at a rate of $6000 per week if the 

actual ramp construction schedule differs from'l0-weeks.. core
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PUMPING STATION 

Ph DISCHARGE PUMPED WATER THROUGH 
- PIPELINES 10 POINT OF DISCHARGE 

= soon EXPLORATION RAMP ENTERS 
——¥ erases WATER TABLE; BASED eee * 

* = aN WATER ELEVATION OF 1589 FEET, . ‘ . " ' y 9 EF F | tl \ sz val 31.58 10" 30 20 28 20 . 

\ = i= \ = 
= — — GROUND ELEVATION 1633.62", MSL I 

ff fz KA oy XE 
SUMP PUMP es = | | = vo soy" 

Bf fff: —\ es 1/24 
wesen eae saotg ane —— & : a Ex | 2 cool NEE\— WELL ports AT 6,0 FEET CENTERS — = 

, ap fod, fa = = Y=\ CONNECTED BY HEADER PIPE (SPACING 1172 o 
zg ff fap = =\ \ee\ YEE\ not to scace) t “ Ss} =f [=f f= A NE feo" 3 — A A sae) ——}.—-}-== |]. SUMP PUMP. w 2! 

= =} JES =| [rea = GLACIAL ORIFT ¥ . 77 GROUND-WATER TABLE - 1588 FEET, MSL 

- =| Ey ce =|{=| = 2 , =| ==l+ = =——| ey 4 TOP OF PRE-CAMBRAIN. 2 2 SUMP DITCH ; + = = — T=} qe=] fe 1579 Feet -. i t 1:1 SLOPE AT EDGE OF : 
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20K 29! 715! NOTES uy . 

1. CONFIGURATION OF THE EXPLORATION 
RAMP IS OASED UPON THE FOLLOWING: 

1) GLACIAL DRIFT THICKNESS OF 
339° 55 FEET FOUND AT BORING DNI-9, 

‘ ANO, 
2) GROUND WATER ELEVATION MEASUREMENTS i 

MADE AT BORING OMI-2, WHICH HAS ' CONCEPTUAL CONFIGURATION 
A PICZOMETER AT THE BASE OF THE . 
GLACIAL ORIFT, {OF EXPLORATION 

PLAN VIEW 
| RAMP EXCAVATION, DEWATERING» 

i ne ti SYSTEM AND RECOMMENDED 
(NOT TO SCALE) STABLE SLOPE CONFIGURATION 
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A. WELL POINT INSTALLATION B. SUMP SYSTEM . . 

6"or 8B" HEADER PIPE 

. z GLACIA LACIAL 
Q 0 ORIFT 

TOP OF BENCH ; — . 

nes] | 
—— — — 4H] ee L —  GROUND-WATER ~ TRENCH 

ny An LEVEL j CLAY CUT IN CLAY 

gee . 
— 6"-12" 0.0. TEMPORARY BEDROCK 

: CASING 

-|——1 1/2" I.0, WELL POINT 
(CAPACITY~ 50 gpm) 

i 5 C. ALTERNATE SUMP SYSTEM 

‘ 

_——- SAND or GRAVEL PACK 
AROUND WELL POINT 

ova aie BASE OF GLACIAL DRIFT z 

ah a 
ile 

2a" Se CLAY ‘ 
Vv Qe 

wih. 6 0.0, PUNCHER Waa = Ne WE NE EWEN el 

PUTT IM aNOANCIE BTS E STUY 

BEOROCK 

INSTALLATION PROCEDURE! g 

(1) TEMPORARY CASING(6"-12" 0.0.) WITH A TIP PUNCHER NOTE? !F CLAY HAS TO BE EXCAVATED, 
(6" 0.0) IS VETTEO AND ORIVEN 2 FEET INTO THE CLAY. CLAY DIKE CAN BE BUILT TO 

(2) AFTER CLEANING OUT THE HOLE, THE 11/2" WELL POINT FORM SUMP, 
WITH A 24" SCREEN 1S INSERTED; SAND IS INSERTED ANO 

TEMPORARY CASING 1S PULLED. 
DETAILS OF 

DEWATERING SYSTEM 

FIGURE 8 t
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oo | TABLE A-1 

. HORIZONTAL AND VERTICAL CONTROL OF BORINGS | 

Boring Ground Elevation Standpipe Elevation* Horizontal Coordinates” } 
Designation ' feet (MSL) feet (MSL) North | East 

| DMI-1 | 1636.74 1638.29 116,746.693 2,278,815.316 

DMI-2 1629.43 1630.77 116,608.916 2,278,750.054 | 

DMI-3 | 1626.34 —— 116,504.436 2,278,692.158 

DMI-4 1637.06 = 116,374.694 2,278,621.737 . 

DMI-5 1641.24 -— 116,392.018 2,278,473.556 

DMI-7 1647.69 -— 116,412.929 2,278,275.264 

DMI-8 1647.29 . -= 116,430.248 2,278,125.170 

DMI-9 1633.82 : ~~ 116,908.854 — 2,278,902.931 

DMI-11 — 1634.82 | —— 116,544.035 2,278,599.478 

Notes: 

(1) Piezometers installed in only DMI-1 and DMI-2. | 

(2) Wisconsin Grid System. | | | 
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i GRAPH RLETTER 
MAJOR DIVISIONS SYMBOL} SYMBOL TYPICAL DESCRIPTIONS 

See *ELL-CRADCD Ceaveis, GRAVEL- 
RAVER CEES GW SAND VIXTURES, LITTLE OR 

72ND CLEAVTSRAVELS «| BRB Sor ANES 
GRAVELLY (eitTLe of No dopo es 

SCILS Fincs) Sor Re POORLY-GRADED GRAVELS, GRAVEL= 
Tek GP SAND MIXTURES. LITTLE OR 

COARSE (Ss no Fines CRAIRED Lele 
SOILS eye 

igi eet oom SICTY GRAVELS, GRAVEL-SAND= 
wort THAN SOX | no gig ! wee Pom ige ti iil: SILT MixTuRES 
OF COARSE FRAC- Cieeeeci eave CNS thse 
TION RETAINED £ SOON OL 

er er OF FINES Li MK Age i OW NO.4 SIEVE ) MY CLAYCY GRAVELS, GRAVEL-SAND- 
YY 6c CLAY MizTURES 
Kiba 

tees sw WELL-GRADCD SAnDS, GRAVCLLY 
SAND epaty rats SANDS, LITTLE OR WO FINES 

END - CLEAN SAND (Lirtee £3 oot : 

: Sandy OR NO FINES) Seeley g nS 
: / soiis DEEEEETS 5 | pcomy-ceapeo sanos, oxaveuty 

wore TRAN SC% SUrsteiseses SANDS, LITTLE OK NO FINES : 
or MATERIAL iS BENE 
ARGER THAN NO, y hen Ni ae 

200 Sitve size Tas 
: Eigite mats SM SILTY SANDS, SanD-SILT MIXTURES 

WORE THAN SOS SANDS WITH FINES Eiki 
OF COARSE FRAC= | (APPRECIAELE AMOUNT Ft 

| Tow Passing cr Fines) Satter 
WO, 4 SIEVE LST IES | | Oe sc CLAYEY SANDS, SAND<CLAY MIXTURES 

i Fh aes j 

. | Hoel tty INOREANIC STILTS any VEKY FINE 
. Beat ML SANDS. ROCK FLDUR, SILTY OR 

ea CLEYEY FINE SANDS OR CLAYLY 
ee SULTS witete ScasatT PLASTICITY 

1 < Gti ity INCREANIC CLAYS OF LOm TO MEDIUM FIN Wr LLY iy L cai sep Sites erounD Cami LYE LA CL PLASTICITY, GRAVELLY CLAYS, 
SCILS CLAYS LESS tran 50 MOLLE SANDY CLAYS, SILTY CLAYS, LEAN § CELE Cuars 

| CASENIT SILYS AnD ORGANIC ” 
| ied OL SILTY CLAYS CF LGM PLASTICITY 

i WAT 
AVL WNERGANIC SELTS, MICESTOUS CR . 
HAR | MOR DIATCMECEOUS FINE SAND OR 
TE Stuty sores 

woRe Taam SCE SILTS YY OF MATERIAL 1S AND Quip cautT INCKSANIC CLAYS OF HIGH 
Gulce Tran nO. opNTS GREATER tran 50 CH PLASTICITY, FaY CLAYS 
eeO Svive size d Yo 

| LEVYS ORGANIC CLAYS OF MEDIUM TO MIGK 
7 | 0 YIGE OH PLASTICITY, ORSANIC SILTS 

i ee 
nun nesie SOILS Se PLAT, MUMUS, SwauP SOILS GHLY ORGANIC ——— HIGHLY ORGANIC SOILS PT AITM mIGe ORGANIC CONTENTS. 

| NOTE! DUAL SYMBOLS ARE USED TO INDICATE SORLLKLING SOIL CLASSIFICATIONS. 
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i = ATTERBERG =z 2 BORING DMI-1 SN 
e[- = 

BR dose | se. ens e3 |3 |e Su _ SURFACE ELEVATION 1636.74 SY 
ew | 2g | Sess vw. de. (eck bt EE 88 ue 

5 zeralee |e Jos [es jocls ~ 
BE | OF | ET | Esa Esa/ Eb | E fy [EE gs : 

sa yer ts" |g ZX srweo.s DESCRIPTIONS Oo z a4 

Puy MU Jerown sandy SILT; TRACE ORGANICS END ROOT 
Pan FRAGMENTS; MEDIUM STIFF — 4635 

Nie! LIGHT BROWN FINE SILTY SEND: TRECE MEDIUM TO 
Uh ; COARSE SAND; LITTLE GRAVEL AND CLEY; LOOSE _ 25m ‘il GM BRAY 

ti 
ili GRAVEL GRADES OUT AT 7.0 FEET — /630 
— LIGHT EROWN FINE JO VERY FINE SILTY SAND, LITTLE 

pete FINE GRAINED HICK, LOOSE; INTEREEDDED WITH TEN 
208 fi MEDIUM TO COARSE SAND, TR2CE FINE GRAINED MICA, 

10 ee SOME BLACK SHALE FRAGHENTS, MEDIUM DENSE 

SEE — 1625 
i #8 a7 fl] sp | Suety Laver at 1.0 FEET 

ca] SM — 1620 
op eee Piss] GRADING TO VERY DENSE 

Egeees LOCALLY SOME COARSE GRAVEL BELOW 19.0 FEET 

: pert — 1615 

7o wm PES 
2s peste . 

Pee TEN MEDIUM TO COARSE SEND; SOME FINE GRAVEL AND —_ /6/E 
ooo BLACK SHALE FRAGMENTS; TRACE MICA; TRACE 

govern fete SILT; VERY DENSE 

30 eee 
i see] SW 

1600/1000 pete — 1605 
2850/1475 feee ager 1138 9.7 com bee 35 £260/3060 a 

‘ eG TAN TO REDDISH-BROWN FINE TO COZLRSE SAND WITH 

one FINE TO CORRSE GRAVEL; OCCASIONAL COBBLE: as 
5 2 LOCALLY SILTY; VERY DENSE 1600 

250 B Féfes 
40 nie 

oes SOME COEELES FROM 40.0 TO 41.0 FEET 
i ane — 1595 

; €.4 200 & [ie 
45 ofee z LOCALLY COARSE GREVEL WITH 3"-4" COBELES 

| i ese SW — 1530 

50 3] GW 

es — /§. 

i Pi | ody oe eS oe 55 ce 2208 Fret 

1650/2000 ose — 1580 
2250/4000 age 

60 3786/6000 13.7 /012 som fete 

- PRECEMERIAN SYSTEM 
GREEN TO GREY CLAY; SOME SILT AND FINE TO COLRSE —_ 

BEI GREVEL; VERY STIFF: HIGHLY WEZTHERED SAPROLITE 1S75 
WITH POCKETS OF RED CLAY &T €3.0 FEET 

Nm % aie MAFIC LAPILLI TUFF; GREEN TO GRAY; FINE GRAINED; 

Oo 65 ASA BODERATELY WEETRERED WITH OCCASIONAL RED CLAY FILLED 

: 100] 100 ae FRACTURES 
PE] GREDES GREEN TO BLECKISH-GREEN FROM 65,5 FEET: — 

2 1660/2000 ret] iié Soc} COARSE GREINED: SLIGHTLY WEATHERED: SLIGHTLY FRACTURED 1370 
o 2580/4000 : itd (FRACTURES 30°-65° EVERY 8-12" WITH OCCASIONAL 

: 70 3736/6000 Pc] CLAY FILLING FROM 67.5 TO 72.6 FEET) 
NS tool go 4 FAULT ZONE, CLAY GOUGE FROM 72.6 0 73.8 FEET 

© se — 1565 
oO ~ INTERMEDIATE £SH TUFF; GREY TO BROWN; FINE GRAINED; 

i 75 = 
ie CORVINUE NOTES: BORING CONTINUED 

ELEVATIONS PRESENTED REFER TO MEAN SEA 

LEVEL DATUM, 

INOICETES NUMBER OF BLOWS REQUIRED TO 
ORIVE A DAMES & MOORE SEMPLER ONE FOOT 
WITH & 340 POUND WEIGHT FALLING 24 ‘ 

INCHES ¥ 

i eo Tm TNGIC TIES BERTH, FAG REGEVEND (OF (BIPES & LOG OF BORINGS 
, B INDICATES DISTURBED GAMES & MOORE SAMPLE ‘ 

1 RECOVERY, 

T © SKESR STRENGTH $ 

. DAMES B Ke re Nom NCRMLL STRESS oo 

FIGURE A-4.1



= i : Y BORING DMI -I CONTINUED SS . = ATTERBERG 5 = gb = Limits. z ee > 
x ERY se | fez. 38 zEle $e qe ty xs wrne = ole SElo 6 * ss &y zo SGSole.. jes [Se Te ES) e ~ a ~ pRe | oF | SES) Sr] eee] Se] °E te xs ™ ° fas jer jer | SX srusors DESCRIPTIONS 75 S2ve\] SLIGHT TO MODERATE WEATHERING WITH INTERBEDDED GREEN 

tau, TO GRAY CLAY FILLINGS FROM 73.0 TO 74.0 FEET; HIGHLY —_ /5EO J 
72 LA FRACTURED ZONE FROM 73.B TO 75.2 FEET. 

Maso GRADES MOTTLED RED TO WHITISH-GREY; SLIGHT IRON OXIDE ALSy STAINING: SLIGHTLY FRACTURED, O°.300 EVERY 4"6"; 80 5] SLIGHT’ 7O MODERATE WEATHERING, 
100 iN FRACTURE ZONE; STRONG IRON OXIDE STAINING; HIGH — (S55 TEs CLAY CONTENT FROM 77.8 TO 79.2 FEET 

cad GRADES GRAY; FINE GRAINED; SLIGHTLY WEATHERED; SEY SLIGHTLY FRACTURED; MODERATE BREAKAGE ALONG NEAR 
22g VERTICRL BEDOING PLANES 65 
pars GRADES LIGHT BROWN TO GRAY AT 83.6 FEET; MODERATE 100 Rox cte IRON OXIDE STAINING; NUMEROUS CLOSED BREAKS ALONG _— 1550 Siy)) NEAR VERTICAL BEDDING PLANES 
FENG] HIGHLY FRACTURED ZONE FROM 88.0 TO 88.6 FEET; SOME 
Behe CLAY FILLING 

90 
ens GRAY; WEAK IRON OXIDE STAINING FROM 90.0 FEET 100] 86 SST NUMEROUS FRACTURES FROM $1.0 TO 95,0 FEET — /§45 Sie} WHITE CLAY INCLUSION, 1/2" AT 91.9 FEET 
Sik SLIGHTLY COARSE GRAINED FROM 92.0 10 94.0 FEET 

J 95 aad y 
100] 56 Sete as 

Pt | Ey SAG Fracture zone FROK 97.8 To 99.0 FEET 1040 
100 VS] FAULT ZONE FROM 100.9 TO 102.5 FEET: RED; HIGHLY . Tcxiq WEATHERED AND IRON OXIDE STAINED WITH VERY HIGH CLAY 

86) 56 Ag CONTENT — 1535 
ASTM MAFIC LAPILLI TUFF; GRAY TO BLACKISK-GRAY; COARSE 
VLG CRETRED, SUIGHTLY WEATHERED TO UNWEATHERED: SLIGHTLY 1085 
ns FRACTURED, 

“ 834, NUMEROUS FRACTURES FROM 103.0 TO OL, 5 FEET 100 }!00 2 i04 FRACTURE ZONES AT 106.0 FEET AND 108.5 FEET — /530 

1/10 

BORING COMPLETED AT 109.0 FEET OW 6-1b-77, 
WATER LEVEL RECORDED AT 16,4 FEET UPON COMPLETION 
WITH ALL CASING IK GROUND, 
WATER LEVEL RECORDED AT APPROXIMATELY 46.0 FEET 1 HOUR 
AFTER COMPLETION, 
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I & = $ . ATTERBERG z |, & BORING DMI-2 se 

RR] se | sda. ArehTs. et JE Ise So SURFACE ELEVATION 1629.43 Je se oo scl Se Q | a | S255 Fe hed re 38 we ge Eo | eepete. fee fee [Ex* ee] 23 Le = 
or o Sel Sselfeei 2 }e pre 

x o 33% 33 oe 5 18 . sz 
we ye de § Ss sreso.s DESCRIPTIONS 

o fT OL Jeteck Fiekous SILT WITH ORGAWICS; WITH LEAVES 
AND ROOTS; WITH 6" - 12" COEBLES (TOPSOIL - 

ML | 12") 
MOTTLED LIGHT BROWN AND ORENGISH-BROWN CLAY EY 

SILT; MEDIUM STIFF _— 
5 23H fo BROWN FINE TO MEDIUM SILTY SAND: SOME COARSE 1625 

HIGH SAND AND FINE TO COARSE GREVEL; MEDIUM DENSE 

Ant 
ipa] SM ; Bi, 9 © I — 

10 sfatie 1620 
te) 
ny 
arece BROWN TO TAN FINE SAND; TRACE StuD SIZE BLACK 
Hy SHALE FRAGMENTS; INTERBEDDED WITH MEDIUM TO 
pres COARSE SEND, LITTLE BLACK SHALE FRAGMENTS; _ 

is See ES HEDIUM DENSE (615 
sess GRADES VERY DENSE 

i 36 100/3" & Lan TReCe FINE TO COARSE GRAVEL FROH 19.5 70 20.5 _ /610 

7 Pi] ody av 4o a PE — 1605 

; Pt | odd L 90m RY GRADES VERY DENSE — /600 
i 30 Les s A 

ee BROWN FINE TO COARSE SAND AND FYRE TO COARSE 
bes GRAVEL; LOCALLY TRACE SILT; VERY DENSE 

i 55 200 © ey GRADES TO SOME COBELES (6" - 12") AT 34.0 FEET __ pesos 

40 || UL Spied — 1590 
: eli} SW 

€.8 [132 com PET cy 

i 45 
wees 

— 1585 

: | zon fees GRADES TO TRECE GREENISH-GREY SILTY RESIOURL = __ 50 | Sted INC LUS 1ONS /5@0O 
5 eee 24" BOULDER AT 51.0 FEET 

— 2 ORENGISH-BROWN SILTY FINE SSNDz LATTLE CLAY; SOME 
FINE TO COLRSE GRAVEL — 

55 . a PERCAMBRIAN SYSTEM (S75 
65/3" & | -} CH iF CLAY AND HIGHLY WEATHERED SZPROLITE FRAGMENTS: 

s SOME SILT: VERY HARD 
pels} FELSIC - INTERMEDIATE LAFILLI TUFF: GRAY; LOCALLY SOME 
nip TRUR URTUE STZTRING: PevlUm CRETNED: SLIGHT 70 “ 1570 
ee MODERATE SURFACE WEATHERING: MODERRTELY FRECTURED: 9 —— 60 100] 10 Tee 2". 3" FRACTURE ZONE EVERY BY - 12", 

LOG] STRONG BREAKAGE EVERY .5 70 1 INCH ZLONG BEDDING 
oa PLENES FROM 58.2 TO 59.0 FEET 

as RED CLEY FILLED FRACTURES (1/16") FROM 60,0 TO 60.2 
ES) FEET is 65 TNs] STRONG EREAKAGE EVERY 1/4" ALONG EEDDING PLENES — /565 

100 av} -Feom 62,5 TO 63.0 FEET 
° Lect} - TRON OXIDE STLIRED, TIGHT, VERTICAL FRACTURE FROM 

' Axi} 63.2 10 65.5 FEET 
@ ice] MODERATE TRON OXIDE STAINING FROM 67.3 TO 68.5 FEET: 
10 soe TRACE CLAY IN FRACTURE ZONE FROM €7.3° 10 67.7 FEET. 1560 

a GELDES GREY; SLIGHTLY WEAHTERED: SLIGHTLY FRECTURID —— 
° 70 wh FROM 68.6 FEET; O° - 20° FRACTURES EVERY " - BM 
ne 100100 a 
rm as 
Q wees aay — 1555 i © 75 BORING CONTINUED 

i DARERS BROOK RE



= ite Te ° BORING DMI - 2 CONTINUED S~ 
= = ° = ae = LIMITS : se = xu RE] EE | $8.0 722,135 EE se . Se & Za | Ss en ze gs & 

we oF zeral]ee fEx los [es es z = & ore [eat] 232 /(se] 2 ey zy u 
53° |33 |? | = s 

75 z 3 as SYMBOLS DESCRIPTIONS 
seucif LOCALLY WEAK IRON OXIDE STAINING FROM 75,0 FEET; 
SUL MODERATELY WEATHERED; SOME BREAKAGE ALONG NEAR 
iv VERTICAL BEDDING PLANES 

as _ 80 100 Rie 1550 

| P| | fy CNET TRACE BRIGHT GREEN HINERAL INCLUSIONS FROM 83.0 
Rietp FEET 

65 SENG INTERMITTENT MODERATE TO STRONG IRON OXIDE STAINING —— {545 
- VAz] FROM 84,0 FEET; MOTTLED RED, GREEN, AND WHITISH-GRAY: 
73 CASS} MODERATELY WEATHERED; MODERATELY FRACTURED 

f NED STRONG BRERKAGE EVERY, «6 70.1 INCH ALONG BEDDING 
OJ PLANES FROM 67.0 TO 88.4 FEET es 

oe 
— 1540 

P| | fd ee NUMEROUS HIRCOFRACTURES FROM 92.0 TO 96.0 FEET 

i 95 Se! 4 — 1835 
334°] GRADES WHITISH-GRAY TO GRAY AT S&.0 FEET; VERY FINE 
Hing GRAINED: MODERATELY WEATHERED; SLIGHTLY FRACTURED; 

77 IOS] OCCASIONAL BRIGHT GREEN MINERAL tNCLUSION; 
"yE] WEAK FRACTURE ZONE FROM $7.5 TO SB.5 FEET; SOME 
tet CLAY LINED FRACTURES 

/00 or — 1530 
LN] 1 CLAY FILLED FRACTURE AT 100.6 FEET 
FA'3;] GRADES GREY; LOCALLY WERK IRON OXIDE STAINING FROM 

100 100 SECA 101.0 FEET; SLIGHTLY WELTHERED: SLIGHTLY FRACTURED; 
ELSA OCCASIONEL IRON OXIDE STAINED, TIGHT FRACTURE 

i 105 Ues . — 25 

aamail reeyiee aS i /10 ee — 1520 

. Ma 

CEG GRADES WHITISH-GREY WITH LOCALLY KEAK IRON OXIDE 115 100] 18 Soca STAINING FROM 114.0 70 118.5 FEET: MODERATELY — 1515 
ctl} WEATHERED; MODERATELY TC HIGHLY FRACTURED; 1 - 2" 
S2ig CLAY LINED FRACTURE ZONES AT 117.0, 317.5, AND 
Sesh 1B. FEET 

SUA GREDES GREY: MEDIUM GREINED; SLIGHTLY WEATHERED: 
120 100] 95 So SLIGHTLY FRACTURED; OCCASIONAL GREEN MINERAL — 1510 

Req INC Lus tons 

“ESA 60° OPEN FRACTURE AT 122.2 FEET 
‘2R5] 80° OPEN, IROK OXIDE STAINED FRACTURE AT 123.7 FEET 
ers] 70° OPEN FRACTURE FROM 124.7 FEET 125 x — 1505, 

i $6 Sh 
CUSG  MODERETE IRON OXIDE STAINING FROM 129.2 TO 130.7 FEET 

130 US] LY WEAK CLAY LINED FRACTURE 2ONE 87 129.7 FEET — /500 
i aaa SER] SOME FRACTURES ALONG NEAR VERTICEL BEDDING PLANES 

135 oy — 1495 

i P| || nae FRACTURIKG ALONG BEDDING PLANE EVERY .5 TO 1 INCH 

i 140 — /490 
oO BORING COMPLETED AT 139.0 FEET ON €-21-77. 1 CASING USED TO & DEPTH OF 58.0 FEET. 
oO 
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% OR 7 8 
= ATTERBERG z S B ING DMI -3 ce 

zr se | sS2. UIMITS of rf So SURFACE ELEVATION 1626.34 Se { : 2re = ee se w 
Sa} ES | eerete. fen [Ee [Est] EEL ES Ss aS SS POP | ET | Sel see ebe| 2 |p FE 38 “ $ = 1s 2 

oO 2 jer [s g ZX srwsors DESCRIPTIONS 
Fmd SP | eROWN FINE SEND; TRACE FINE TO COARSE GRAVEL: 2 

LOOSE (ROZD FILL - 10") — 1625 
gu DARK BROWN CLEYEY SULT; SOME ORGANICS AND ROOTS 

(TOPSOIL = 12") 

Ss o,6*) BROWN FINE TO COARSE SAND WITH FINE TO COARSE SAND 
i7 8 oy AND FINE TO COARSE GREVEL; LOCALLY SOME SILT; 

ceel Sw MEDIUM DENSE WITH SOME 3" - Un COEBLES FROM — /62O0 
ved 475 TO 6.0 FEET 

em pose GW 
10 He 

einee BROWN FINE SAND; TRACE SILT; MEDIUM DENSE — /6/15 

i sing SP 2 28m fii: GRADES WITH OCCASIONAL LAYERS OF TAN COERSE 
Sa His SAND 

ive BROWN FINE TO MEDIUM SAND WITH INTERBEDDED Fine —- /6/O 
. bevees TO COARSE SEND WITH LOCAL ZONES OF FINE TO 

aw ES COARSE GRAVEL; DENSE TO VERY DENSE 

ee 20 boc SPR 

eed SW — 1605 

osm fii 

25 SEY 
ne FINE"TO COARSE GRAVEL WITH INTERBEDDED FINE TO —— 

Bi COARSE SAND; VERY DENSE 1600 

160 8 oe 3b" COBELES 
30 ee : 

. doe — 1/595 
100/0" B fees : 

i . 7 
a8 
es — 1590 

2508 PES GW 
40 CHIE COSELES UP TO 6" 

al A SES 

E woos" mF 
45 See 

a — 1580 
C Pe 

g "75/6" 8 PEs 18" SOULDER FROM 4S_5 FEET 
60. ats 

BEY _ — 1575 
SS VL" BOULDER FROM 2.5 FEET 

” PRECAMERIAN SYSTEM 
55 200/3" & MOTTLEO REG; OLIVE-GREEN AND GREY RESIDUEL CLAY: 

SOME SILT: SOME COSRSE SAND END FINE GRAVEL: 
VERY HARD; SOME FRAGMENTS OF HIGHLY WEATHERED 
SAPROLITE ~ grty ms af 57O 

150/3" 8 CH | creoes Some WHITE MOTTLING 

60 

i Lt | ~ Bis. L] FELEIC - INTERMEDIZTED LEPILLI TUFF: MEFIC CHLORITIC 
t 65 O74 EREGUERTS | SUEEROULER FELS TU FREGMENTS ; COARSE 

oO oi} TUFF - MEDIUM LEPILLI, GENERALLY SUBROUNDED 

i 8a 2 — 1560 o whe HEAVILY IRON CXIDE STRINED FROM 67.3 TO €9.7 FEET; 
1 a, vi ee MAFIC FRAGMENTS ELTERED TO CHLORITE AND WEAK CLEYS 
o 70 100 }100 ee FRACTURE ZONE FROM €8.C TO 70,8 FEET 

i SY FRACTURE ZONE FROM 71,5 TO 72.3 FEET 5 KR ne mas 

© Het © 75 eS 

BORING CONTINUED 
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SA A eC EN AS A NA A CPR RS LU 

i 
= 

AViERGERE A e BORING DMI - 3 CONTINUED Ss = Ele |e = oe «5 LIMITS. of (= [ee Sy . Su xR Boece 2s 3 : tae as wese} Ty Jel leet y eb] ss eM as Berejer [ee [os fee [Seles z 
eg mE | Bel eie|Ebe/"E Lp |FE 38 " 75 ae fe he . So srMso.s DESCRIPTIONS 

i ses FRACTURE ZONE FROM 76,3 TO 76.7 FEET — /650 

100] 57 oo 
Tk FRACTURE ZONE FROM 79.3 TO 82.3 FEET 

80 ut 
; a — 1645 

i RY 5 pean - Ne FRACTURE ZONE FROM 86.5 70 86.8 FEET — /640 
100] 70 oa 

PLEX] FRACTURE ZONE FROM 89.3 TO 89.7 FEET 
90 wae 

Pt] ody 7a i es LH 
ue — 1630 

ey FRACTURE ZONE FROM 87.7 TO $8.0 FEET 

/00 $0 ears WEAK IRON OXIDE STAINED CHLORETE ALTERED MAF IC 
aie FRAGMENTS (ORE PIECES 10 - 14 sw LENGTH) FROM — (625 
1ras4 89.7 70 105.0 FEET 

105 : = 
BORING COMPLETED AT 105.0 FEET G& 5-26-77, 
NO GROUNDWATER LEVEL RECORDED. 
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i . ; ee . 

= iviinstae > e BORING DMI - 4 Se = 2 = 
xa <a eX CERITS z 3S SURFACE ELEVATION \637.06 Sw RR | SE <ozu ss 82 w aw | ES | ease vy [EL [ee oY we 

fad zeeefee foe |ox jes 
t SEP Sh | GE) SS n] Eee] Pee] “2 Bs _ "yor fer fee 1.8 ZX sresos DESCRIPTIONS 

QO Ht ORANGISH-BROWN AND BROWN FINE TO MEDIUM SEND; 
ore t LOCALLY WITH COARSE SAND AND FINE TO COLRSE ‘Sead 1635 
iRIS GRAVEL; OCCESIONAL COBBLE; TRACE SAND SIZE 
teil BLACK SHALE FRAGMENTS; MEDIUM DENSE 34 8 nikal 

S tieita GRADES DARK BROWN SILT SEAM Hebd SM 
atl 
St GRADES TAN TD LIGHT BROWN FINE SILTY SEND; — 1630 
iat TRACE FINE TO COARSE GRAVEL; TRACE SAND SIZE 

40 w PRM BLACK SHALE FRAGHENTS; DENSE 10 rahe 
oe 

a 
ee TAN TO SROWN VERY FINE TO FINE SEND; TRACE SAND —— 1625 

pare SIZE BLACK SHALE FRAGMENTS; TRACE SILT: TRACE 
41m bes mica 

15 peseed 

a — 1620 
es mse (LEY GRADES VERY DENSE 

Pf] ody a jog a PS : 
i 25 HES 

Hy SP 

Sece — /610 

60m fists i 30 Petey 
ee 18" EROWN SELTY LAYER FROM 32.0 FEET GRADING ‘ pcre COASER — 1605 eee GRADES TO TRATE FINE GRAVEL 

s 568 fee TAN FINE TO COARSE SAND INTEREEDDED WITH EROWN 35 
eed FINE SAND: LDILLLY SOME FINE TO COARSE GRAVEL; 
of * TRACE SILT; VERY DENSE 

ee S — 1600 

i #0 
“es nis 

ae a> f995 
45 108 § ete SW 

i ered — 1590 
: 7.6] 12€ 7Om fess 

50 Pee a GREDES TO OCTASTONAL COBBLE 

i peecel — 1585 
” we es TAN TO ORANGE FINE TO COARSE SiND AND FINE TO z 70a" & Pee COLRSE GRAVEL; TRACE SILT: &"-€" COBBLES; 

55 fet VERY DENSE 

i o — 1580 8.41131 SOR fee's] Sw | Graves cRey 60 eect ~ 12" COBBLE FROM 60.0 FEET 

tee GW GRADES NUMERSUS 4-6" COBSLES i 
o 

— (575 

R 65 
eee" . 

o estf 6" COBBLE FROM 67.0 FEET 
© . ae REDDISH-SFOWN SILTY FINE SEND; TRACE couRSE sand — /97O wo €.9 413) HOs2" © elt AND FINE GREVEL; VERY DENSE “JER 
ig 70 nie 
t eeelt SM i 

ee 
— 1565 © ane 6" COBBLE AT 74.5 FEET 

@ 75 = 
BORING CONTINUED 
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i i - a eeeeeeneneeneteneernnreneceeevasenet 

iviinsene : o BORING DMI —4 CONTINUED 8. = = |e = 
iw ~ os timits Bie [2 3 . = RR sf | se.0 sh, |.) 55 sy me qk xa wire e Foe] S51 oF ° AS ge oe | zereler fee [oe [re [St les a wu s Mo [see SEH] se TE §3 7 or ye le s aa _srwsos DESCRIPTIONS 

75 — PRECAMBRIAN SYSTEM | 
ty RED CLAY; SOME SILT AND FINE TO COARSE SEND; HARD | 
See oles YACH 1560 : 

10/3" a by GRADES WITH HIGHLY WEATHERED SAPROLITE FRAGMENTS | 20 Ye AT 79.5 FEET | 
. 50 Vig INTERMEDIATE 2SH TUFF; RED: STRONG {RON OXIDE STAINING; : 

“Sh HIGHLY WEETRERED - "LOCALLY CLAYEY FRACTURE ZONES EVERY /S 55 
Ke EVERY 6"=12" | 

STREG VERY HIGH CLAY CONTENT - ROCK BADLY BRCKEN END | 65 TSEq WASHED Away 
70| 38 ans 

i Say ~~ fS550 | 

90 cave 

ast — 1545 
BA . 

95 Sah 
32120 ee 

x — 1540 VPs} BASE OF HIGHLY OR INTENSE WEATHERING AT 98.0 FEET 
/00 SERS YELLOWISH-GRAY; FINE GRAINED; MODERATE SURFACE 

ait WEATHERING; SLIGHTLY FRACTURED EVERY 12"-18" 
100] 80 eee 

stiet HIGHLY WEATHERED FRACTURE CLAY LIKED ZONE FROM — (535 i Sins} 102, 5 TO 103.5 FEET; STRONG IRON OXIDE STAINING 

105 oe 
77 Anh] 5° CLAY LINED FRACTURE AT 107.5 FEET ~~ (330 

S54 WEATHERED AND FRACTURED IRON OXIDE STAINED ZONE 110 Nene FROM 108.1 TO 108.4 FEET 
eq YELLOW CLAY FILLED FRACTURE ZONE FROM 110.4 TO 
ey 110.0 FEET 

Tad. SOME NEAR VERTICAL FRACTURES FROM 117_0 TO 112.5 — /825 AWA FEET 
Se HIGHLY WEATHERED, FRACTURED AND ION OXIDE STAINED 115 eae 112.2 70 113.0 FEET 

100] 77 V2 SLIGHTLY FRACTURED FROM 115.0 TO 116.0 FEET 
Pia es NEER HORIZONTAL EVERY ANL 10" 
ate IRON OXIDE STAINED FRACTURE ZONE FROM 117.6 TO — 1520 Nec] 118.3 FEET 
icp GRADES GRAY; MEDIUM TO CDSRSE GRAINED-FROM 118.3 120 wey. FEET; SLIGHT TO MODERATE SURFACE WETHER ING 

100] 54 Nets OCCASIONAL IRON OXIDE STAINED VUG FRDM 119.0 TO Yee 120.0 FEET 
PLive} HIGHLY FRACTURED ZONES FROM 120.3 TD 121.3 FEET AND —— /S/S5 
OS V22,0 TO.122,5 FEET: WITH IRON OXIDE STAINING 
Scag NEAR VERTICAL FRECTURES FROM 124.0 TD 125.0 FEET 

fZ29' Re SLIGHTLY OPEN FRACTURE FROM 125.0 7D 131.0 FEET | 100] 75 Vary SOME CLOSED FRACTURES; MDDERATE 1ROW OXIDE STAINING : SO FROM 126.4 0 12€.8 FEET; 127.2 TO 127.4 FEET AND | Sef BN T0187 FEET — /510 
ery | ae 130 ay VERTICAL FRACTURE FROM 130.8 TO 131.3 FEET f too] e4 Lee YELLOW, CLAY LINED FRACTURE ZONE FROM 131.8 TO 132.1 
ae FEET | | Fe — 1505 | ae 
ne MODERETLELY FRACTURED EVERY 2"-4": MODERATE IRON 

135 * eS OXIDE STAIN FROM 134.4 7D 136.0 FEET 

| EES] CLAY END SILT LINED FRACTURE ZONE FROM 138.2 TO 138.5— /50O 
100] 64 Song FEET RE LDU) VERTICAL FRACTURE FROM 138.0 TO 140.0 FEET | is 140 we Oo wee | F reite 

| © cee — 1495 
0 are 

| °o 145 s3 | ' 7 ae MODERETELY WEATHERED 2ND FRACTURED ZONE FROM 146.3 KR 100) 76 te TO 147.8 FEET; MODERATE IRON OXIDE STAIN; SOME CLAY Mm rss FILLING — 1/430 © SSnf FINE TO MEDIUM GREINED FROM ILR.0 FEET: SLIGHTLY 
wa FRECTURED WITH LEO - 60° FRACTURE EVERY 8-12"; 

@ 150 “ites LOCELLY MODERATE IRON OXIDE STAINING; OCCASIONAL 
VUGS, PINPOINT TO 1/2" 

| i BORING CONTINUED 

| . 
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i 
2} 

= wo - 8 

= ; 5 penne ours Se 
zed ose | <5 vite a5 on So Sq cu | zs | Sz<5 z |oue ge] 8 se we wf Se | retete. |e. Jes [Fe ele me i 
SE OP LET Sxl She] ee 2 |p FE s3 ‘ 150 wt jer s < SS sreso.s DESCRIPTIONS 

i 100 Ese — 1485 2NA IRON OXIDE STAINING GRADES OUT , 
155 Wied] GRADES OCCASIONAL QUARTZ FILLED FRACTURE 1/8" Bis HE — /480 

92 on: . /60 ay 
ee — 1475 
wand MODERATELY WEATHFRED: SLIGHTLY TO MODERATELY 
Alay. FRACTURE WITH 200-75° FRACTURES EVERY 4-8" WITH 165 
ata TRON OXIDE STAINING 

an — 1/470 
100] $7 SN 3" WEAK FRACTURE ZONE AT 169.0 FEET . 170 GS] UNFRACTURED, HIGHLY COMPETENT AT 169.3 FEET . SOS] BASE OF MODERATE SURFACE WEATHERING AT 171.0 FEET 

i ST] 75° IRON OXIDE STAINED FRACTURE AT 173.7 FEET — 1465 

175 aes 
aoe — 1460 

100|100 Mie 
1/80 ite : 

. Sif] OCCASIONAL STAINED, TIGHT FRACTURE OR VUG FILLING woe AT 182.0 FEET — 1455 j . ee TSI2Y 60° IRON OXIDE STAINED FRACTURE AT 184.3 FEET 

SAC] gan VERTICAL IRON OXIDE STAINED TIGHT AND OPEN — 1450 100 | 92 eer FRACTURES FROM 167.2 TO 189.8 FEET 
i /30 a 

| | | SG) WEAK FRACTURE ZONE FROM 192.7 TO 193.4 FEET => 1945 
195 “4 WEAK FRACTURE 20NE FROM 185.5 TD 196.0 FEET: SOME eq RED CLAY FILLING 

100] $2 wo 
— /440 

ee 3" WEAK FRECTURE ZONE AT 198.5 FEET; SOME GRAY CLAY 200 SNS} Fitine 

i | | BORING COMPLETED AT 200.5 FEET ON 6-8-7. — 1435 
i 205 

S ‘ 5 : 
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ba 

i ii ie 

= 
= » - 8 : GiEKai ne E |. e BORING DMI -5 Se 

zpfoce | eeu UMTS es JE Ite Sy SURFACE ELEVATION 1641.24 Su RS | EE | S2z5 1 eee|is|Es] ¢ 88 ss &Y a zerele, je. [te Jie? | skies! & z a= 
r Sri] E5u| eee] 2 |e [ES &e oe git See] Eee] E 1g [FE g8 . “ 

Oo er 1s $ 2x srwsors DESCRIPTIONS 
\| hi BROWN SILT; TRACE FINE SAND; MEDIUM STIFF 

i I ML 12" COBBLE FROM 1.0 FOOT — 1640 
aH 
veer ORANGISH-BROWN TO BROWN FINE TO MEDIUM SAND; 

Wem Brissy LOCALLY WITH COZRSE SAND AND FINE TO OCARSE 
§ pene GRAVEL; MEDIUM DENSE 

ose 6"-24" (COBELE AND BOULDERS) STRATA FROM 5.0 i HEY gp | to Mas reer — 1635 

10 PEE 
—— BROWN FINE TO COARSE SAND; LOCALLY WITH FINE 10 —— /630 
eee, COARSE GRAVEL AND COBELES; TRACE SILT; DENSE 

46m Est 
1S wes 

wee — 1625 

i ave [vss : 20 Le GRADES WITH NUMEROUS 3-4" COBBLES 

Pi Ty = a i 25 et 

eed — 1615 
ees 12" COBSLE FROM 27.3 FEET 

TON Pets COBBLES AT 29,0 FEET 
30 ot GREDES WITH INTEREEDDED BROWN FINE TO MEDIUM 

' oto SAND eee — 16/0 

joove" mw feces} SW : 
3S: eed 

“4 GW — 1605 

40 loovs" mw foe CONTINUOUS 34-4" COEBLES FROM 35.0 TO 42.0 FEET 

i er — 1600} 
Se ed COsRSE GREVEL AND COBELES GREDE DUT FROM 42.0 

a aS TO 4L,0 FEET 
isova"@ fees 

45 24 

i a | a ~ 50 es i 4 a — 1580 

200/2" 8 Ets 
55 ag 

| oat — 1585 

200/3" B fe. 
60 “ 

i BORING CONTINUED 
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i = = © - s . 5 8 BORING DMI 5 CONTINUED Se 
7 Limits e © : & 

RE] se | ssl. 2s 5E au sy 
aw | FS | S825 we Jee | eet}Ee es sy as ad ° Eeea]ss [Fr for yes os SS POF | SETS | 54] Bex] Fee] "2 te x§ q 
60 av te" yer |g ZX sreso.s DESCRIPTIONS 

see — 1580 

i Aes GRADES WITH BROWN FINE TO MEDIUM SILTY SAND 
Le 3d AT 64,5 FEET 

65 Pe GRADES WITH COBBLES FROM 66.5 TO 70.0 FEET 
Se’ —/S75. 

i | || ee “4 70 ee] GW 

Pit ot. 4 es i 75 “14 
Spe REDDISH-BROWN TO BROWN SILTY FINE TO MEDIUM — S65 
Rit ia SAND; LOCALLY FINE TO COARSE GRAVEL; VERY 

he DENSE 
eR SM 

%° be 
- eh PRECAMBRIAN SYSTEM 1560 

‘ YELLOWISH-GRAY CLAY; SOME SILT; SOME HIGHLY 
WEATHERED SAPROLITE FRAGMENTS; VERY HERD 

a2 Sees INTERMEDIATE ASH TUFF; INTERBEDDED RED AND YELLOWISH- 
icc] tROnn; HIGHLY WEATRERED WITH HIGH CLAY CONTENT; — 1555 

HIGHLY BROKEN, 

90 
BORING COMPLETED AT 87.0 FEET ON 6-27-77. 
NO GROUNWATER LEVEL RECORDED, 
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ARS AER NE 

J = 
= ry - “Ss : ‘Utenetne = 2 BORING DMI - 7 Se 

xp <2 =CL, LIMITS of <2 So SURFACE ELEVATION 1647.69 SY 
aw | zs | Szsn Epos oe Ss : ue 

ky ee xerafe. |e. |x |r Es z “4 

BE for | BE 352] sae] See |°2 me ey . “ 
a2 |@° fs 18 ZX sresous DESCRIPTIONS 

o FSP ] BROWN Fine Sand; Loose (ROAD FitL - 6") 
HI BROWN SILT; TRACE FINE TO COARSE GRAVEL; MEDIUM 
Or STIFF _ 

HE REDDISH-BROWN TO BROWN SILTY FINE TO MEDIUM 1645 
ie a PRE! SEND: SOME COARSE SEND AND FINE TO COARSE 

Ss of EY GRAVEL; MEDIUM DENSE : evi) SM 
ee 
BVA — 1640 

40 8 Pr TAN FINE TO COARSE SAND; INTERBEDDED WITH BROWN 1/0 Bee FINE TO MEDIUM SAND LAYERS; LOCALLY WITH FIRE 
*ee*] TO CORRSE GRAVEL; OCCASIONEL COEBLE (4"-6"); 
fee TRACE SAND SIZE SLACK SHALE FRAGMENTS; MEDIUM 
bee DENSE 1635 

53 8 tee GRADES VERY DENSE 

13 oe, GRAVEL GRADES OUT AT 16.0 FEET 

a — 1630 
658 feos‘ GRADES. TO TAN FINE TO MEDIUM SAND; SOME BLACK - 

20 eyed SHALE FRAGMENTS 
fete] SW | GRADES LOCALLY TO SOME FINE TO COARSE GRAVEL 

. . Poe SP GRADES LOCALLY TO FINE TO COARSE SAND WITH 1625 65/4" gw frets FANE TO COARSE GRAVEL 
25 feat) 

wee — 1620 
30 ee 

she — 1615 
ee m feete, GRADING FINE TO COARSE SAND WITH FINE TO 

3S oe. COARSE GRAVEL 

my FINE GRAVEL; SOME COARSE GRAVEL AND FINE TO x 

ail 808 ee GP CORRS ENSANUS VERY: DENSE we Ewer 40 way 

woe TAN FINE TO COARSE SEND, SOME FINE GRAVEL; 
sree sw LOCALLY WITH COARSE GRAVEL; VERY DENSE — /605 

100/58" & fees 
45 wee 

i secsren FINE TO COARSE GRAVE WITH EROWK FINE TO COARSE 
BS SEND: OCCASIONAL COBBLE: VERY DENSE ~— /600 

c00 g Pe 8" COBBLE FROM 47.8 FEET 
© eats GREDES FINE TO COARSE SEND WITH FINE TO COARSE 50 wee GRAVEL; OCCASIONAL COBLLE: VERY DENSE . 

i oad 5 
HEA — 1595 son PRE GW - . _ 

2 ae « GRADES CONTINUOUS 6-8" COSELES FROM 54.5 TO 55 Sed gw 63.0 FEET 
ws 

a 

ee 4 
i fee BROWN FINE TO COARSE SANDS. SORE F INE 2 — 1585 

Hog «84 GRAVEL; VERY DENSE; LOCALLY TRA! SILT S 65 ve SILT 

\ cee] SW 
i @ in| — 1580 

© 70 tece GREDES SOME FINE TO COARSE GREVEL 

i abl BROWN FINE TO MEDIUM SILTY Sh; TRACE 
rm 6 eis FINE TO COARSE GRAVEL; VERY DENSE — (875 
oO HOw Jeu 

i © 75 Atti 

i BORING CONTINUED 

i 
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i : 

= = we iS ividanene : e BORING DMI - 7 CONTINUED Sp 
= Ts elt = sa ~ time Ee S RR oe = 28.,| 2. ea ae &a worsele. |e. [ie |ig? | se es a= ae zere | oe esyl eee] 5 | x & G 

S oF 32%] 22¥] oF] 5 lg 3% : 
° oe yer ts ZX srwsos DESCRIPTIONS 

i 73 AH GRADES LOCALLY WITH COARSE GRAVEL at 
Bs — 1/570 she 
Ae 

80 ENR 

a SM ate : GREDES REDDISH-EROWN SEND; TRACE RED — /5E5 
CLAY AND SILT; SOME FINE TO COARS 

6.8 60 § eu SW] cravet , 
me 65 Aa GRAVEL GRADES OUT 
Reh 
ne oan i a 1560 
‘fay gO euit : PRECAMBRIAN SYSTEM 

% ig CH RED CLAY; WITH HIGHLY WEATHERED SAPROLITE; 
i My SOME GREENISH-CLAY SILT POCKETS; VERY HERD — (555 

‘ 95 FOL] ANTERMEDIATE LAPILLI TUFF; SUBANGULER MAFIC FRAGMENTS 5 ee SAN] (20a) RECTOR GRETRED TUFF MATRIX (B02), 
93] 38 BS 

i Aa oe — 1550 

100 ee 
100] 72 Bint 

pee — ($45 

i 105 5 SRES) FAULT ZONE FROM 106.2 TO 110.0 FEET 
6s/5 ae 

: 5) — (S40 
i . hayes VERY WEAK FRACTURED ZONE FROM ¥i4.0 TO 115.0 FEET 

410 TRS 
1oo}s2 vee 

os — 1535 
i 15 ys 

| | eyes os ~~ 120 120 ey 
i | | eee! WEAK FRACTURE ZONE FROM 122.3 ¥O 123.2 FEET gas 1525 

125 “ENiS] WEAK FRACTURE ZONE FROM 125.2 TO 126.8 FEET 
i 100}100 Bey. 

ta — 1520 
ees NUMEROUS FILLED FRACTURES, 1/38" THICK FROM 

130 nes 128.5 TO 132.0 FEET AND < 1/5" TO 1% THICK FROM 
igal’ss Sy 134.0 To 136.5 FEET 

i eS, — (515 

von] INTERMEDIATE BSH TUFF; COARSE GREINED: UNIFORM 
135 tas TEXTURE: UcceStowkL CHLORITIC FRAGMENTS 

i 100100) EAE — 1510 
Ny 140 ae 

_ S Sea * 
1 ‘Sma 

© oe — /505 

é 145 as: 
1 109] 100 es 

ts as rm watt — /500 © IN 
© 150 

i . EORING CONTINUED 

7 DAMES & MOOR



i 
“3 

ATTERDERG : ° BORING DMI — 7 CONTINUED Se 

ze] ose | 25 urs Te |E [se s. Br EQ | £5 | s2e5 = 1 eee Es] EE] 2 $s : &S Ww] oF | zere}er [Es [os |ss Jee ss] © z =~ 
ee Ye oe | gee] 22] E84] 2 fe | FE xs & 

” So [soe |2= Z4°¢ 150 ae yer ys ¢ SS SYMBOLS DESCRIPTIONS 
Telyy INTERMEDIATE LAPILLI TUFF; MAFEC CHLORITIC FRAGMENTS 

100 Ose TSO 10 60x); PecTUR GRAINED ASH MATRIX (40 TO 60%) 

vary OCCASIONAL FILLED FRACTURE, < T/16" THICK FROM 150.077 “49S 
MoSA TO: 178.0 FEET 

(55 Care 
viet 

EB — 1490 
100 se 

160 Hey 

i a9 — 1485 

165 ‘end 

i S04] — 1480 

170 38 Ea : 

175 4 

ae VERY WEAK FRACTURE ZONES FROM 2¥B.0 70 178.5 FEET 1470 180 94] 86 aA AND FROM 182.5 TO 183.0 FEET 

ee INTERMEDIATE £SK TUFF; VARIABLE TEXTURE; LOCALLY _ 
SA38) UEPTIcr rr (465 
eae OCCASIONAL FILLED FRACTURED, < 4/16" THICK FROM 

185 ae) 182.0 TO 195,0 FEET 

see — 1460 
i Pt tT a oo 

' —/90 Oe 

195. “Too] INTERMEDIATE LAPILLI TUFF: MARIE 2xGULAR CHLORITIC 
ins FREGMERTS (50n); MEDIUM GRAINED 25H MATRIX (50%) 

Te — 1450 
200 100 | 100} eines 

i i] LL a ~ 1448 
I 202 100] 100 aae 

ae — 1440 
aan INTERMEDIZTE ASH TUFF; FINE GRRGKED, LAMINATED TEXTURED 

210 : oN ERUR TUS 0 10 T2e.U FEET; MEDTUN GRAINED, MESEIVE 
100 }100 oe FROM 226,0 TO 230.0 FEET; COARSE GRAINED, MASSIVE 

Pe FROM 230.0 TO 237.0 FEET; 
whe OCCASIONAL FILLED FRACTURES, < 1/16" THICK FROM _— 

es 202.0 TO 212.0 FEET 1435 KR Ad SEVERAL FRACTURES EVERY 1/2" YO 3" FROM 212.0 TO oO 2/5 ins 218.0 FEET 
' 100] 100 ee 

o Ait _— i fe) UAT] FRACTURE ZONE FROM 219.0 TO 220.0 FEET lB3O 
e 220 we 

10 f100 oy i 100 }100 SUS EROKEN ZONE FROM 222.0 TO 223.5 FEET 
i oO Piet QCCESIONAL FILLED FRACTURE, < 1/16" TO 1/8" THICK — 1425 

Sie FROM 224.5 TO 226.0 FEET 2 225 “one 

i 
BORING CONTINUED 

E 
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2 = = Ss ~ erieseene : 2 BORING DMI - 7 CONTINUED se 
fat Limits, ye Jr ].e = x ER] se | ssl. Se ee ae ge ky =s won m Soe E5} os] o ° & & =o weele, fe, fi. |re*jee] 23] 2 = a Be | BF | SEM* | 85] Bl Hel “E fe TEE x8 “ os }35 [22 | ¢ [é 25 ° ar ye a $ SS srwso.s DESCRIPTIONS 

230 oes 
i SEE] OCCASIONAL FILLED FRACTURE, < 1/16" THICK FROM — 1415 

sea 233.0 TO 236.0 FEET 
235 Re 

100 = FELSIC - INTERMEDIATE LAPILL! TUFF; MAFIC CHLORITIC in] ERGUUER FREGHERTS (SUz); CORRSE FELSIC RSH (70x)  —— /4/O0 

240 Boe OCCASIONAL FILLED FRACTURE, < 1/16" THICK FROM 
28 241.0 TO 250.2 FEET 

i wee — 1405 
m 245 100 4 

i P| | Ul ms ~~ 
250 e9 STRONG FRACTURE ZONE FROM 250.2 10 252.8 FEET 

I = — 1395 

255 EORING COMPLETED AT 252.8 FEET ON 5-29-77. 
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= i 

- rec net naeRnr te i 

i = 
= w - Ss 

ATTERBERG =|. g BORING DMZE-8 Se 

ze dice let SUMS eb |E [re so SURFACE ELEVATION 1647.29 Su 
R reg = sofas es o m 

i gw | zs | Secale. Je. [E. | Fe*]22| 25 Ss as . zera]2r Jet jos 5 |]. lee SEY OF | SEP*) Sec| be] ede] "E [a | FE 58 “ at le" fe $ SS srweos DESCRIPTIONS 
O Py ML | GReyISH-BROWN SILT; SOME ORGANICS; WITH LEAVES 

Pre AND FINE ROOTS (TOPSOIL - 12") 
sip EROWN FINE SILTY SANO; SOME COARSE SAND; TRACE ——- /EFSD 
we FINE GRAVEL; MEDIUM DENSE 

ism fet 5 nde GRADES BROWN FINE TO HEDIUM SILTY SAND; SOME 
SHEL ong | SQRSE SEND END FINE TO COBRSE GRAVEL: SOME 
Sie 3/24" COBBLESs MEDIUM DENSE 
ai — 1640 
ahie 

IS mw pS Hey 
/0 Pedi 

—nnte TAN MEDIUM TO COARSE SAND; TRACE FINE SAND END 
Sug FINE GRAVEL; LITTLE SAND SIZE BLACK SHALE — 1635 
ree FRAGMENTS; LOCALLY TRACE SYILT; MEDIUM DENSE 

25 8 Danes 
IS nated GRADES WITH FINE TO COARSE GRAVEL FROM 15.0 

SEEITY TO 17.0 FEET 

ieeee — 1630 

i 120 m Bl: GRADES .TAN FINE TO MEDIUM SAND; VERY DENSE 
20 SHE 

petyes GRADES LOCALLY WITH SOME FINE TO COARSE SAND 25 
ee AND FINE TO COSRSE GRAVEL BELOW 21.5 FEET: — /6. Breas OCCASIONAL 3*—4 COBBLE 

i TOM ferry 

2 HG 
HEE) SP 
SEs — 1620 

50 2,0 {107 “rea [ES 

: : BEY — 1615 
1 osm PEE 

3s Eee 

ay — 1610 
osm fils 

40 fe 
i Le — 1605 

pee 6" COBBLE FROM 23.5 FEET 
100/64" & Tee BROWN FINE TO COZRSE SLND: LITTLE FINE TO COARSE 

45 fee GRAVEL: OCCESEGWAL COBELE: VERY DENSE 

i ee — /600 
zoo a fess] SW FINE T = GRAVEL CONTEW 1 50 nee £ TO COARSE GRAVEL CONTENT INCRELSING 

eck — 1595 
100/0" & * FINE TO COARSE GRAVEL WITH €"-12" COBELES: VERY 

dies DENSE 

” < 
ea ORENGISH-BROWN END SROWN FINE TO COARSE SEND; — 1590 

100 M fore, SOME i INE GRAVEL: SOME COARSE GRAVEL; VERY 
a fet DENSE 

60 ane GREDES TRACE SELT POCKETS 
: est] gy | 18" BOULDER FROM 61.5 FEET 

i A — 1585 

y 65 see! 

o am & SEND 1 T REDDISH-BROWN S¥LTY FINE SAND; TRACE COARS AN 
© “uae AKO FINE TO COARSE GRAVEL: VERY DENSE — 1580 
10 Ho2 wb tes, 
o 70 PuET SM] GRADES LOCALLY WITH COARSE GRAVEL AND COEBLES 

Ba KR ates — 1575 
m : ate I © ipa iD re Bie 

BORING CONTINUED 
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i 5 

$ ST TE e BORING DMI- 8 CONTINUED Ss 
LIMITS : e = xy ~ z 5 se S RE | £8 [Sis edinlHle] 88 we Be | ES [See fen fee [Ee [Fe 58] = ce 2 

ge oo | gee] Sie] 25] E te g3 : “ a 2 “> a§ ~ 75 ma" 16 g ag , SYMBOLS DESCRIPTIONS 
ihe GREDES ORANGISH-BROWN 
mt 
et — 1570 
in GRADES WITH INTERBEDDED GREENISH-GRAY RESIDUEL 
Dit SILT LAYRRS AND ROCK FRAGMEKTS. 
wyat €0 hs Bt 
tn — 1565 

200/7" & Aidt 
why, 8S aah 

4 hod SM i af — 1560 
ifthe 

120 © bial GRADES REDDISH-BROWN 
90 aan 

. frat 
Lfhth) — 1555 
ant ath : 95 te : fet 

ai 1550 PRECAMBRIAN SYSTEM 
60 Vinp SAPROLITE: HIGHLY WEATHERED; APPREARS TO BE INTERMEDIATE /00 im Med CEFTULT Ture ——<—=—) 

TUS ANTERMEDTETE CAPILLT TUFF; RED; STRONG IRON OXIDE 
CRG) STRINTRE: MODERATE 10 AIGH SURFACE WEATHERING; HIGHLY 

34 SUN] FRACTURED FROM 98.5 TO 121.0 FEET; witH CLAY LINED —- /5G5 
TE FRACTURES; LOCALLY HIGH CLAY CONTENT 
CAs7) MODERATELY FRACTURED; COMPETENT FRACTURE FROM 101.0 105 sivy 10 102.7 FEET 3 

Bien = es 
i 110 OMS] BASE OF HIGH WEATHERING AT V31.5 FEET 

Sand GRADES YELLOWISH-CRAY TO GRAY: FINE TD MEDIUM 
100! 76 x) GRAINED; SLIGHT SURFACE WEATHERING; SLIGHTLY — (835 

ws} FRACTURED 
SESES| FRACTURE ZONE FROM 113.8 TO 114.4 FEET: SOME CLAY 

VIS SON FILLING: MODERLTE IRON OXIDE STAINING 
SRN] | LOCALLY MODERLTE TO HIGHLY FRACTURED FROM 116.2 FEET 
sae — 1530 

i 120 37] 18 Ay 

| eS — 125 nee SLIGHTLY WEATHERED; SLIGHTLY FRACTURED FROM 125.0 
Nee FEET 

go] 90 Soa : : — 1520 

SL) RED: HIGHLY WEATHERED; LOCALLY VERY CLAYEY; HIGHLY 130 Yay FRACTURED FROM 129.4 70 139.7 FEET 

§ Tyr ~— (5S 

(38 at 
57 WA 

i see =HYSIO 

KR its ene neue - corer, 
4 Laid GRADES GRAY: MEDIUM GRAINED; SLIGHTLY WEATHERED; 

° 140 CMESP OSUIGHTLY FRACTURED 
1 100} e7 eee 75° OPEN FRACTURE AT 141.0 FEET 

oO “| Aste MODERATELY FRACTURED: MODERATE IKON OXIDE STAINING —— /5SOS5 
Pe VSAd FROM 142.0 70 143.0 FEET: SOME CLAY FILLING, 1/8" 

° 145 Vee) wee rReCTURE ZONE FROM 145.5 70 1L6.3 FEET; STRONG 
1 oe JACK Oxibe STAINING; TRACE QUARTZ FILLING i 

& 100] 69 aan 20) VERTICES CLOSED FRACTURES FROM 146.3 TO 348.0 — 1500 

o See VERTICEL FRACTURES, 1/8; MODERZTE IRON OXIDE STAINING 
oO "Tg FROM 148.0 FEET; MODERATELY WEATHERED; SOME CLAY 

150 FILLING 

i . BORING CONTINUED 
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2 ® - 3 : attemetne E 2 BORING DMI- 8 CONTINUED St 
LIMITS z s wy ze] se |sbe. 28 |2_ [52 se . Sg aw | zg | oZ<o ve. TE, Peet] Es] es 8 &S Bey oF | Sere ssf ese] ota oE Fg ¥§ a 

a Sa tee Lee s SS 
_ ot ev le g as srwso.s DESCRIPTIONS 

S50 ae 

i 60 oe — 1495 
SOX SLIGHTLY WEATHERED BEDDING PLANE; FRACTURED FROM 
Sed 150,0 70 155.0 FEET 

(86 P7fq MODERATELY TO HIGHLY WEATHERED FROM 155.0 TO 159.8 
SAQ FEET 
Sis VERTICAL BEDDING PLANE FRACTURES: OPEN AND CLOSED; 
GMg LOCALLY CLAYEY FROM 158.8 70 155.8 FEET — 1490 

/60 ‘AEST TRACE YELLOW STAINING ALONG INFREQUENT FRACTURES 
S32 FROM 161.0 FEET 

ioc SOSA SLIGHTLY WEATHERED FROM 162.5 FEET; WEAK IRON OXIDE —— /#BS 
VENP STAINING ALONG WEAK VERTICAL FRACTURE ZONES 

JE5 Fe 
SMG MODERATELY FRACTURED; MUCH BREAKAGE ALONG WERK 
SSS4 VERTICAL BEDDING PLANES WITH STRONG TRON OXIDE i 74| 26 TS] STAINING — #480 

170 SSG MODERATE TO COARSE GRAINED AT 170.0 FEET 
MR ROCK BREAKING WEAKLY ALONG BEDDING BEANS SOME HICRO- 
J-c0] FRACTURES BEGINNING TO APPREAR, 250UT 5/FOOT FROM 

100) 76 S75) 170.0 TO 180.3 FEET IETS. 
22774 MOTTLED GRAY AND WHITISH-GRAY FROH 174.2 FEET; 
sss} SLIGHTLY WEATHERED 

175 yi 

Pt] [dee Be miele i 180 EAC] RED; STRONG IROW OXIDE CONTENT; MODERETELY TO HIGHLY : Ae] WEATHERED; HIGHLY FRACTURED AND WERTHERED ZONES EVERY 
56 Sthi2f 6-18"; OCCASIONAL QUARTZ FILLING: LOCALLY CLEYEY; 

SEMA MICROFRACTURES, 10-20/FOOT FROM 160.3 TO 211.5 FEET —~ /4#E5 

i 185 Be 

Pt | oA ie en 190 se 
i 100] 52 a 255 “74 FAULT ZONE FROM 193.3 TO 197.4 FEET ~~ f455 

i 195 jse[ | we 2" QUERTZ INCLUSION FROM 195.0 FEET 

sued — 1450 
TAG 

200 SiS 
i ‘ 33 SEE] 2" QUARTZ INCLUSION FROM 201.0 FEET 

i888 — (445 

205 es 

i | LL oS eS 2/0 oa 
Seed MOTTLED RED AND GREY FROM 211.5 TO 230.0 FEET: 

70 Bigg MODERATELY WEATHERED; MODERETELY FRACTURED ALONG 
ceke VERTICAL BEDDING PLANES; MODERATE IRON OXIDE — 1435 

CuNq STAINING; SEVERAL MICROFRACTURES PER FOOT 
NK 2/5 tla 
° 100] 54 wa 
oO Wied WEAK HIGHLY FRACTURED ZONE FROM 217.4 TO 218.7 — £430 io ‘iysig FEET; SOME CLAY CONTENT 
° 220 ae cee, 4u-6" WEAK RIGHLY FRACTURED ZONES EVER I'-2! 

Ny ~ Mau 
2 4 diay — 1425 
© a 
© 225 o~ 

i BORING CONTINUED 
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5 4 - 8 : : Q BORING DMI - 8 CONTINUED 8 

= LIMITS = 2s x ze | se |< 38,13. |EE| « se ue Go| gs | <2== = t 8 ge we aw zo werele. fe. fix [ix eal e z a> Fo} fene[)x | Zt for ss gs SE OP | BEM) Beebe BLE Ua [FE 38 ‘ 
225 ae le |S 8 BX srwsocs DESCRIPTIONS 
2. IN 

100] 55 ah 
i eo| Oe — 1420 foo} 0 | CAP HIGHLY FRACTURED ZONE FROM 228.0 TO 230.0 FEET 

Zz Tety 
230 pith GRAY; SLIGHTLY WEATHERED; SLIGHTLY FRACTURED FROM 

SogeP 220.0 TO 240.0 FEET; SOME BREAKAGE ALONG NEAR VERTICAL 
100) 94 hoy BEDDING PLANES — 14/15 

2SKy HODERATE IRON OXIDE STAINING FROM 233.5 TO 236.3 
Mes} FEET 

235 eos : 

i | tee & rin 240 ASS MOTTLED RED AND GRAY FROM 240.0 TO 251.5 FEET; 
SEU] LOCALLY SLIGHT TO MODERATE tRGN OXIDE STAINING: 
“iS SLIGHTLY TO MODERATELY WEATHERED: MODERATELY FRACTURED, 

. Be) 64 eisic} SOME LIMONITE STAINING IN FRACTURES; SOME BREAKAGE —~- /4O05 
S¥AS} ALONG WEAK BEDDING PLANES 

. 245 A 

Pt] dd e ee i 250 SisGe] COARSE GRAINED FROM 251.5 TO 255.0 FEET; SLIGHTLY 
eq FRACTURED, 60°-75° OPEN FRACTURES EVERY 6"-B" 

ak — 1395 

255 oR FINE GREINED FROM 255.0 FEET: SLIGHTLY WEATHERED; 
oo] = LUS4 MODERATE TO HIGH BREAKAGE LONG HIGH ANGLE BEDDING 

sRoe PLANES. 
. LSQ4 GRAY CLAY FILLED FRACTURE, 1/36" AT 257.5 FEET — /330 

. 100| 87 ge 
260 eg GRAY CLAY FILLED FRACTURE, 1/2" 47 260.5 FEET 

Sac: ae mes 265 SORING COMPLETED AT 264.0 FEET ON 6-12-77. 
WETER LEVEL RECORDED AT 62.5 FEET UPON COMPLETION, 

i 3 
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= ” - Ss 
* ATTERBERG 3 = BORING DMI 3 Pa 

xe | se |ed. Limits ei lt Sa SURFACE ELEVATION 1633.82 Su 
4 Ozu = Svat re . 

Sa | ES [wesse}on [ee [Ex | Fe*] ee o 4 as wy e xBrale S . ~ SEP Or | aErS | Bsa) She] Fee 2 [5 x& aq 
. ce Sa se 2+ = 

Oo wr ye te 3 Ss _srwso.s DESCRIPTIONS 

EROWN SILT WITH ROOTS; MEDIUM STIFF (MODIFIED 
o. ML | Loess) 

COARSE GRAVEL WITH 6-24" COBBLES AND GOULDERS 
SW WITH INTERBEDDED REDDISH-BROWN FINE SILTY — 1630 

5 Sp | SAND: MEDIUM DENSE 

: etes ORENGISH-BROWN MIDIUM SAND; SOME BROWN FINE TO 
toe bos COARSE SAND; SOME BLACK SHALE FRAGHENTS; LOOSE 

BEE — 1625 
10 bo 

i Bin SP , 
peecea GRADES TAN; MEDIUM DENSE 

ere pe — 1620 
1s SEY 

Ter TAN FINE TO COARSE SAND; LOCALLY SOME FINE TO 
2m Poe COARSE GRAVEL; VERY DENSE — 1615 

20 oe OCCASIONAL 3"-4" COBBLE 

i al SO/ST fae , — 1610 
25 oe 

Seg GRADES WITH OCCASIONAL LAYERS OF FINE SAND 
| | cone woes SW 1605 30 eed 

3600/2500 . a fees 
i a 1B.) 115 10072" & fee — /600 

35 oe d Z os 

EROKN FINE TO MEDIUM SAND; TRACE COARSE SAND ND ° 
| | | al 96:8 sp FINE GREVEL TRACE SILT; VERY DENSE 1925 

40 
6" COBELE FROM 41.0 FEET 

Pre FINE TO COARSE GRAVEL WITH FINE TO COLRSE SAND 
oor WITH COEBLES; TRACE SILT VERY DENSE 

7.5 200. © bee &" COBELE FROM 44.5 FEET 1590 45 Bee 
ow 
se] GW 

senyee fog - zoos" 8 fe ow ~— (585 
50 te GRADES TRACE YELLOWISH-GRAY AND RED CLAY 

i ret 
200/46 B FPS — 1580 

55 PRECEMBRIAN SYSTEM 
CH | MOTILED YELLOWISH-GRAY END RED CLEY; SOME SILT: 

WITH HIGHLY WEATHERED SAPROLITE FRAGMENTS ; 
VERY HERD 

soss] FELSIC ASH TUFF; GREENISH-GRAY; LOCALLY WITH BROWN = —— /57H 
60 DOM ROTTUTRGT FIRE GRAINED; SLIGHTLY TO MODERATELY 

ESD q  WERTHERED; SLIGHTLY FRACTURED, 
93 SSO] SOME BREAKAGE RLONG WEAK NEER VERTICAL BEDDING PLANES 

“Davy 3" WEAK FRACTURE ZONE FROM 61.1 FEET 

Sea _ ae — 1570 KR 65 “YO} STRONG IRON OXIDE STAINED, WEAK FRACTURE ZONE FROM 
oO See €5.2 10 65.9 FEET 

a8 GREDES GREY; MEDIUM GRAINED FROM 65.9 FEET; LOCALLY 
o LAA] MODERATE IRON OXIDE STAINING 

100} 77 oe 
10 J FELSIC - INTERMEDIATE LAPILLI TUFF; CHLORITIC MAFIC —— /S6H 
Oo 70 “ weiS | FRAGMENTS [30 © sun), GEhENELLY SUBANGULAR; FELSIC 

1 ue LAPILLI TUFF (60 - 70%) 
KR SIT NEAR VERTICAL FRACTURE FROM 70.0 TO 71,0 FEET; SOME 
1 , Sf ClAyY FILLinG 

SiN] OCCASIONAL CLAY FILLED HORIZONTAL FRACTURE EVERY 2"~ 

© 
en 6" FROM 71,7 TO 73,0 FEET — /560 

o C8 SLIGHTLY WEATHERED, UNFRACTURED FROM 73.9 FEET 

i BORING CONTINUED 
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, : z 
: ~ Ss . isaene : g BORING DMI 8 CONTINUED Se 

on - LIMITS: Fie lee = x 
RE] Se | e820 25 |5./ EE se of 
Se | ES | wesc len fee [Ex | Fe*| Sk] 28 cy Ge 

e | ze ge fee os) 8s £8 
aeye oe | ae] see fbr] 2 tg [FE xs u 
75 se feo ts ds ZX srweors DESCRIPTIONS 

SEs — 1555 
80 ti] 80° OPEN FRACTURE FROM 80.0 FEET 

ipo TUNA DARK GRAY; MEDIUM TO COARSE GRAINED FROM 81.0 FEET 

TSA] 0° OPEN FRACTURE FROM 83.6 FEET i NF — 1550 
85 ae 

E229 70° oPEN FRACTURE FROM 87.7 FEET 
i Pit Ld 37 S| G grant sRaeTURe chow 08.3 ceeT — 1545 90 eye’ yee BEDDING PLANE BREAK, NEAR VERTICAL FROM 90.2 TO 

WIA 90.8 FEET 
SXc7] 58 OPEN, IRON OXIDE STAINED FRACTURE FROM 91.2 FEET 

: Mo1%4 80° OPEN FRACTURE FROM 91,5 FEET 

95 SST] 60° OPEN FRACTURE FROM Sh.0 FEET — 1540 

. a NEAR VERTICAL FRACTURE FROM 97.2 TO $7.7 FEET 

100 a 45° OPEN, IRON OXIDE STAINED FRACTURE FROM 99.7 FEET — /SZFT 
1/00 Na 

he 
Pit |. — 1530 

105 BORING COMPLETED AT 104.0 FEET OW 6-24-77. 
WATER LEVEL RECORDED AT 24,5 FEET UPON COMPLETION. 
WATER LEVEL RECORDED AT 41,0 FEET AT GB00 ON 6-25-77, 
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: | June 15, 1977 

TO: E. R. May 

i FROM: R. G. Rowe 

i SUBJ: Dames & Moore Incline Test Hole DMI-1l ; 

: The decline is located at a depth of 32.0'-42.0' in the middle part 

i of the glacial overburden. The Precambrian schist begins at 61.0', 

and is moderately weathered to the bottom of the hole at 109.0'. " 

E Locally, the rock may or may not hold a back. | 

Two bad faults with strong clay couces exist at 72.6'-73.8' and 100.7'- 

: 102.4'. 

Roger G. Rowe 

i RGR/JEK | 
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i ERSON COMPANY, USA. 

Aw. | 

i : June 27, 1977 

. MEMORANDUM 

i TO: E. R. May 

[ FROM: R. G. Rowe 

SUBJ: Dames And Moore Incline Test Hole I-2 

Hole I-2 is a@ competent hole from top to bottom. There are no fracture 

zones per se, end most of the breakage of core is along beddins planes, 

; Drimarily es the result of moderate cléy weathering of the rock. 

The Gecline cuts the section at the overburden-Precambrien interface. The 

; top of the Precembrian is moderately competent and will probebiy hold a 

back with rock bolting. 

i Rocer G. Rowe 

RGR/Jfk | 

E AT OY SION OF EXXON COEF ORATION .
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EX(ON COMPANY, U.S.A | FLOWN COMPANY, U.S.A. 

r June 13, 1977 

TO: . E. R. May 

4 FROM: RR. G. Rowe " 

[ SUBJ: DMI-3 Test Hole | 

Attached is the log for DMI-3 with the new and correct position of the decline 

between 79'-89' in depth. The oround is strongly weathered in this zone. 

There is a strong fracture zone of 79,.3'-82.3', which could cause a lot of 

- problems. Recovery was only 25 percent, which could mean that a lot of fine 

| material, perhaps clay rich, hes been lost. 

At this point in the Cecline, with only 11.3' strong weathered rock in the 

i hanging wall end then saeprolite, the back will likely not stand up. 

i 
, > -Crx¥< 

f | Roger G. Rowe 

RGR/jfk 
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+} . , 

VT . EXLON COMPANY, U.S.A. 
£r~ 

: i 
| June 13, 1977 

i TO: E. R. May 

i FROM: R. G. Rowe | 

SUBJ: Dames And Moore Incline Test Holes J LAA ZL - oH 

- Hole DMI-4 core began in @ strong saeprolite zone (79.2'-98.0") and 
: very abruptly went into strong weathered rock (98.0'-125.2'). The 

i Gecline will cut through this section at 106.0'-116.0' within the 
Strong weathered zone. , 

} | A strong clay fracture zone at 102.7'-103.6' will Gefinitely not hold 
eae back. Only 4.7' ebove thet clay frécture is strong Saprolite, so 
there is nothing to sink rock bolts into. Strongly weathered and 
fractured rock continues to a depth of 125.2'. Below 125.2" the rock . 
will probably hold a@ fair back, because we ere dealing dominantly 

| with thin, individual quartz, FeO fractures without eny clay, repre- 
f | senting oxidized indigenous sulfides. 

| | Roger G. Rowe 

i RGR/J£k 
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, BON COMPANY, USA 

1 : June 28, 1977 

— MEMORANDUM 

i TO: E. R. May 

i FROM: R. G. Rowe 

. SUBJ: Dames And Moore Incline Test Hole I-5 

Hole I-5 hit the top of the Precambrian at 82.0 feet. The hole onlv 
penetrated 4 feet of Precambrian seprolite (83.0-87.0) before the 

i pipe broke off and the hole was lost. Consecuently, we know the depth 
of overburcen, but Gid not learn anything siognificant about the Pre- 
Cambrian itself. 

Roger G. Rowe 

i RGR/JEK . 

Att. 

i ADIWSION CF Exx Ch CORPORATION
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B= Z0N COMPANY, USA 

ij : June 13, 19377 

: TO: E. R. May | 

| FROM: R. G. Rowe 

i SUBJ: DMI-7 Test Hole 

a Attached is log DMI-7 with the new and correct position of the decline 

between 180'-190' in depth. It still looks as thoucsh there will be 

no problems. 

i : Two minor fracture zones at 178' and 181.5' ere only .5' wide and do | 

not contain any clay. 

fi | Roger G. Rowe 

| RGR/ fk | 

i Attachment | 

i BOVStON CF EXxO% CORPORATION
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! wf e. | BE XON COMPANY, USA 

' June 20, 18377 

i MEMORANDUM | 

TO: E. R. May 

5 FROM: . R. G. Rowe 

f SUBJ: Dames And Moore Test Hole DMI-8 . 

. Hole DMI-8 is incompetent from top to bottom as the result of being cut by, 
i and being uncer the structural influence of strong faulting. This has 

resulted in a shattering-microfracturing of most of the rock in this hole. 
In acacition, the rock has a strong tendency to separate along the bedding 

i planes. , . 

The cecline cuts through the section et 208-218'. The hanging wall consists 
of a major fault zone from 193.3-197.4', with a strong Sphere of shattering 

| and intense cléey alteration streaching from 180.3-211.5', This zone will 
| likely be difficult to hold up, aes it has been shattered end contains perhaps 

[ - 10-20 microfractures per foot. 

i | Roger G. Rowe ee 

i RGR/JEk 

Attachment 

a cc: L. D. Hayes 

M. K. Lawson 

Merk Koehler 

i Dean Gregg | 

i AOWSSON CF EXxOnN CORPCSATION
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EXXON COMPANY, U.S.A 

i June 28, 1977 

i MEMORANDUM 

f TO: E. R. May | 

’ | FROM: R. G. Rowe | 

SUBJ: Demes And Moore Incline Test Hole I-93 

f EHOle 1-9 was spudded where the decline begins in the overburéen. The 

bedrock 1S competent where corinc becins at 60.0'. There is no signif- 

, icant fracturing or faulting in this hole. : 

. CCBerg ees DS / 

| . Roger G. Rowe 

i RGR/ jfk | 

Att. 

AD WISiON OF EXXON CORPORATION |
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~, : . i FON COMPANY, U.S.A 

June 27, 1977 

i MEMORANDUM 

i TO: E. R. May . | 

| FROM: R. G. Rowe | 

i . SUBJ: Dames And Moore Incline Test Hole I-ll 

vy O - L _ Hole I-ll was spudded at -45° and was Gesigned to test for the presence 
| .Of a N/W trending fault zone, which is suspected to encounter the decline 

at the bend near 1-4. Strong faulting/fracturing was encountered at 
i 158.0-179.0 and 221.6-236.0. 

Above and in between these zones the rock is reasonably competent and 
i will probably hold a back. Below 236.0 the rock is very competent. This 

indicates the suspected N/W trending fault may not be represented by a 
Single, thin, Ciscrete fault break, but may be expressed es a wider zone 
of fractured rock. This zone could widen, narrow, or splay out in short 
vertical or horizontal Gistances. | 

Roger G. Rowe 

i RGR/JEkK | 

i A TIVISION CF ExxOh CORPORATION | ;
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