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1.0 INTRODUCTION 

i Exxon Minerals Company is conducting a series of stud- 

Oo ies to evaluate the feasibility of mining a copper-lead- 

i zinc orebody near Crandon, Wisconsin using underground 

mining techniques. ~ " 

i The proposed waste disposal facility, mine/mill com- 

plex and related activities will, to some extent, have an 

i ~ effect on the local hydrologic system. In order to quan- | 

| tify these effects, the surface and groundwater systems 

i must be understood in their existing condition. The pur- 

pose of this report is to integrate the various data and 

i studies relating to the hydrology, both surface and ground- 

waters of the project area in support of anticipated hydro- 

i logic impact assessment studies. This information has been 

| reviewed in detail and has been synthesized into a coher- 

i | ent, unified picture of the existing site geohydrologic 

system which is presented in the following sections of this 

/ report. 

Throughout this report three perspective views are 

i used, as shown in Figure l.l. The regional area is at 

| scales of 1:30,000 or 1:24,000 and includes the surface and 

| groundwater system boundaries. The project area includes 

the orebody, mill site and proposed waste disposal system 

| i area and is presented at a scale of 1:12,500. The orebody 

area includes the orebody itself and specific surrounding 

| J points of hydrologic interest, such as Swamp Creek and 

several perched lakes. These scales range from 1:1,000 to 

: 1:5,000. 

Metric units are used throughout this report with 

i English units presented in parentneses. All figures are in 

S.I. units with the exception of the 1:30,009 and 1:24,000 

i 
i Golder Associates
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I Scale regional area drawings which were developed from 

f English basemaps and are in English units. 

This report is divided into 8 sections. Following the 

i introduction, Section 2 presents the many sources of infor- 

mation used in the compilation of this report; Sections 3 

i and 4 describe the geology and geohydrology of the study 

area; Section 5 discusses the surface water system; 

i Section 6 presents: the details of the orebody = and 

. Overburden interconnection; and Section 7 discusses the 

i interaction between the perched lakes and the regional 

groundwater system. Section 8 presents a summary of the 

J geohydrologic system, highlighting various key features. 

i 

i 

i 

i 

i | 

| 

i 

i 

i 
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2.0 DESCRIPTION OF BACKGROUND INFORMATION 

i 2.1 Review of Data Collection Efforts 

Exxon Minerals Company initially began drilling ex- : | 

i ploratory boreholes at the Crandon orebody during 1975. 

Since that time there have been numerous data collection 

i efforts relating to the geology, hydrogeology, and.surface 

water hydrology of the study region. The major data col- 

i lection efforts are summarized below. 

- Orebody evaluation drilling program by Exxon 

i Minerals, 

~ Environmental baseline study by Dames & Moore, 

i covering geology, groundwater, and surtace water, 

- Waste management system vreliminary design data 

i collection by Golder Associates including boring 
program and pumping test, 

- Orebody geohydrologic data collection and analy- 

i sis including borings and pumping tests done by 

Camp Dresser and Mckee and pumping test analysis 

[ by Thomas A. Prickett and Associates. 

In addition, less extensive geologic, hydrologic and meteo- 

| rologic data from several other sources were compiled and 

integrated into the review and synthesis of the study area 

| geohydrology. In the following subsections each of the 

above major data collection efforts are discussed in de- 

7 tail. | 
b 

co The majority of the data and reports used in this 

i study are in the form of final project reports prepared for | 

be Exxon Minerals or as public domain documents. All such | 

| i data sources are listed in the reference list at the end of 

this report. Appendix A is a table of the soil boring 

i information database which was developed as this data was . 

accumulated. This listing contains boring data from Stud- 

i Golder Associates
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i les by Exxon, Dames & Moore, Golder Associates, Camp Dress- 

er and McKee, and several other boring programs. The 

i borings are arranged alphabetically by boring name, and the 

table includes the S.I. and English equivalents of the 

i boring location coordinates, ground elevation, bedrock 

elevation (if available), groundwater elevation and reading 

i date (if available), and coarse stratified drift aquifer 

| thickness (if available). Appendix B lists U.S.G.S. sup- 

i plied groundwater levels in private wells in the regional 

| area. Figures 2.1 and 2.2 show the plan location of this 

data on S.I. (1:12,500) and English (1:30,000) basemaps, 

i respectively. Figure 2.3 shows the plan location of boring 

data in the orebody area (1:2,500). Appendix C contains 

i miscellaneous data which were transmitted by letter. 

. i 2.2 Orebody Evaluation Drilling Program 

7 The orebody evaluation drilling program by Exxon Min- 

| erals Company progressed from the initial exploratory 

drilling in 1975 to the completion of the surface 

i exploration drilling program in August, 1978. These 

borings indicate the elevation of the bedrock surface and 

| i allow delineation of the various zones of weathering of the 

bedrock Surrounding the orebody, as presented in 

- Reference 18. In addition, some of these borings indicate 

| the glacial overburden types which exist at the _ bed- 

7 rock/overburden interface. This data was used, in conjunc- 

§ tion with data from other drilling programs, to estimates 

po the extent, thickness, and hydraulic conductivity of the 

f various soil types which directly overlie the bedrock in 

- the vicinity of the weathered orebody zones. Figure 2.3 

q shows the plan location of all the borings of primary 

interest in the vicinity of the orebody. 

i 

fi 
Golder Associates 

i
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E 
2.3 Environmental Baseline Data and Reports 

; Dames & Moore performed an environmental baseline 

| study of the Crandon Project between 1977 and 1981. Refer- 

a ences 2, 3 and 4 present the geology, groundwater, and 

Surface water hydrology of the Crandon Project area. This 

i effort produced several years of site specific streamflow 

data, approximately 50 observation wells, lake chemistry 

7 | data, and a large number of soil borings and soil sample 

i test results. In addition to the environmental baseline 

study, Dames & Moore performed a series of short duration 

; Dumping tests in the glacial overburden. 

a The Dames & Moore reports present the geologic, hydro- 

~ logic, and meteorologic characterization of the Crandon 

f Project area. This preliminary assessment was used in the : 

| subsequent, more detailed data collection efforts. Much of 

| the data and the preliminary site evaluations presented in 

f these subsequent reports formed the basis for this 

integrated site characterization report. 

i 
to 2.4 Preliminary Waste Management System Design 
| 

q The preliminary design of the waste management system 

Pe performed by Golder Associates between 1978 and 1982 re- 

f gGuired extensive geotechnical and geohydrologic data col- 

lection efforts as presented in References 5 through 8. 

| The database of soil borings and soil test results initial- 

ly established by Dames & Moore was more than doubled. 

7 Approximately 50 additional groundwater observation wells 

- were installed and a large scale pumping test was 

: 8 performed. 

In support of the selection process of various waste 

i disposal system design alternatives, a groundwater : 

i 
i Golder Associates
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i 
flow/solute transport computer model was used to estimate 

g the extent of possible waste disposal system seepage 

- migration (Reference 25). This modeling effort required 

| definition of the groundwater potentiometric surface, 

i surface of the Precambrian bedrock, net infiltration rate, 

extent and thickness variation of the coarse glacial drift 

7 and several glacial overburden hydraulic parameters. These 

| data were presented in several reports prepared by Golder | 

5 Associates (References 5, 6, 7, 8, 25). Subsequent to the 

Submittal of those reports, additional data have been 

; developed under several other contracts and is included in 

this report. The additional soil boring and geohydrologic 

i data have allowed updating of the groundwater potentio- 

metric contour maps, bedrock contour maps, and coarse drift 

i 1sopach maps. 

- 2.5 Mine Water Control 

i A fourth major hydrogeologic data collection effort 

was performed in support of the mine water control study. 

j This effort included a series of orebody pumping tests 

performed by Camp Dresser and McKee (CDM) (Reference 9), 

f and a subsequent analysis of these data by Thomas A. Prick- 

i ett and Associates (performed under contract with both 

. =xxon and CDM and included in Reference 9). This data was 

augmented by slug tests in the orebody borings performed by 

I =xxon (included in Appendix C). The orebody weathering 

| data collected by Exxon and the Golder/Dames & Moore 

| overburden characterization were also utilized in the 

| analysis. The degree of hydraulic connection between the 

: orebody and the overburden was also investigated by a 

, series of glacial overburden borings and geophysical tests 

done by Camp Dresser and McKee (References 10 and 11). 

i 

i 
5 . Golder Associates



a 
October 1982 -ll- 824-1304 

i The glacial overburden boring and geophysical test 

i data provided by these studies was used in conjunction with 

other data to define the vertical flow resistance of the 

soils directly overlying the orebody and the orebody weath- 

i ered zones and the hydraulic characteristics of the over- 

| burden. This potential hydraulic connection between the 

i —  orebody and glacial overburden is discussed in detail in- | 

: Section 6. 

i | 
, 2.6 Other Related Data Collection Erforts 

i In addition to the four major data collection efforts 

discussed above, several other programs were undertaken 

f which generated data used in this effort. Some of these 

efforts were designed to fill gaps in the general geohy- 

i drologic database while other efforts centered around un- 

related activities, but generated useful hydrologic or geo- 

logic data. These efforts are briefly discussed in the 

i following paragraphs. 

i Soil Testing Services of Wisconsin (STS Consultants) 

. performed two soil boring programs and laboratory testing 

f efforts in the mine access and ventilation shaft areas to 

| characterize subsurface conditions (References 12 and 13). 

i These data are included in the soil boring database in 

Appendix A of this report. A third STS drilling program was 

| undertaken to determine the soil types and potentiometric 

i head beneath Little Sand Lake (Reference 14). These data | 

were utilized in the perched lake/groundwater interaction 

: i discussion presented in Section 7. 

| Two additional soil boring and laboratory testing 

programs were performed which provided additional soils 

i data. Braun Engineering Testing performed borings in the 

| area of the proposed mill facility (Reference 15) and Foth 

t 
f Golder Associates
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i and VanDyke and Associates and STS performed a soils in- 

vestigation along the proposed access road and the railroad 

i spur to the mine/mill facility (Reference 16). The pro- 

posed access road crosses Swamp Creek north of the orebody 

; and the soil types and bedrock elevation data from this 

Study area were used in the groundwater/stream interaction 

i definition. | 

i Normandeau Associates performed a detailed wetland | 

| assessment study of the Crandon Project area (Refer- 

f ence 17). This work effort produced detailed surface water 

drainage divides which were used in this study. Norman- 

deau's work also provided additional insight into the sur- 

i Ficial geology of the study area. 

i Additional data on the elevation of the Precambrian 

- bedrock surface across the study area was provided by two 

i geophysical survey programs performed by Geoterrex (Refer- 

, ence 21 and 22). These data were provided at locations 

i where thg bedrock/overburden interface was not defined by 

: the various boring programs and have been used in the prep- 

! aration of the bedrock surface contour map. Bedrock sur- 

i face definition was augmented by data provided by the 

! U.S.G.S. 
y . 

i 

t 
; | 
f 
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3.0 GEOLOGY 

§ 3.1 Geological Nomenclature 

a The geology of the Crandon project site area has been . 

/ the subject of several investigations and reports (Refer- 

ences 2, 5 and 10). These various reports describe 

{ different asvects of the site geology (e.g. orebody 

_ Stratigraphy, glacial succession, glacial/orebody contact, 

J etc.) and use differing geologic terminology. The purpose 

; - of this section is to voresent the consolidated terminology 

- to be used in the hydrogeological interpretation of the 

i Crandon site. 

i When one is dealing with mineral resource investiga- 

tions, waste management projects, or hydrogeological stud- 

| ies, it is convenient to use litho-stratigraphic rather 

. than chrono-stratigraphic nomenclature. Litho-stratigra- 

i phic nomenclature divides sequences of deposits on the 

basis of physical characteristics and are therefore recog- 

i nized and defined by physical features rather than by age 

| or geological history. Since litho-stratigraphic units 

often cut across different time periods, physical terms may 

§ not be equated with chrono-stratigraphic terms. For ex- 

ample, the coarse stratified drift described herein may be 

| a combination of the Greenbay and Langlade drifts (Refer- 

| ence 2) believed to be present at the Crandon site. The 

‘| terms used in litho-stratigraphic classification, in order 

of decreasing rank are: 

f Group 

f Formation | 

‘ Member 

| Bed 

i 
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While reference is made to chronological events in this 

i report the Crandon Project study area geology is described 

/ - using the litho-stratigraphic nomenclature system. Fig- | 

ure 3.1 illustrates the geological succession for the study 

i area, which.consists of Pleistocene glacial deposits uncon- 

: formably overlying Precambrian metamorphics. | 

3.2 Precambrian Bedrock Geology 

i 3.2.1 Regional 

The bedrock across northern Wisconsin is the southern 

j extension of the Canadian Shield, referred to as the South- 

ern Province. This Province is one of seven Canadian 

i Shield rock provinces consisting of rocks ranging in age 

from 960 to 3,200 million years, Before Present (8.P.) 

i (Reference 2). Three major ages of Precambrian rocks, 

Early, Middle and Late are found in Wisconsin. Of these, 

| i the Middle Precambrian rocks (1,600 to 2,500 million years 

B.P.) are present at the Crandon site. Approximately 

| 2,100 million years B.P., volcanics and sediments were de- 

i posited in a large trough extending across Wisconsin from 

Ladysmith to Marinette. It is within this volcanic belt 

f that the sulfide ore deposit at Crandon is found. About 

, 1,800 million years B.P., this volcanic belt was faulted 

fg and folded and intruded by granite during the . Penokean 

Orogeny (Reference 2). The volcanics and sediments were 

J deformed into -a series of east-west trending folds, and 

were regionally metamorphosed to greenschist' facies. 

iy Greenberg (Reference 20) has suggested a general north- 

| south structural trend for the Precambrian rocks based on | 

. rock foliations of outcrops within Forest County. This 

J hypothesis is contrary to results obdtained from the Exxon 

| orebody drilling program. Dames & Moore (Reference 2) give 

B the average strike of the Precambrian rocks as north 

80 degrees west with the dip being 70 degrees north to 

f vertical. | 

i . Golder Associates
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i 3.2.2 Project Study Area 

i The Precambrian rocks of the project study area were 

deposited during two volcanic cycles referred to as the | 

i Hemlock Creek and Swamp Creek Groups. The formations and : 

members that make up these two groups are illustrated with 

descriptions in Figure 3.2. The Precambrian geology of the 

i site area is described in detail by Dames & Moore (Refer- 

ence 2). Figures 3.3 and 3.4 are horizontal and vertical 

; cross sections of the Precambrian Strata respectively. 

" Figures 3.5, 3.6 and 3.7 show the bedrock surface at the 

; regional, project and orebody scales, respectively. 

i The Crandon sulfide deposit is identifiable for a 

| distance of approximately 1,524 m (5,000 ft.) along strike 

and to a depth of approximately 823 m (2,700 Ft.) below the 

i bedrock surface (Reference 2). Its thickness varies from 

zero on the west to 76 m (250 £t.) near its center (Refer- 

i ence 2). These data indicate that the local bedrock trend 

is consistent with the regional trend previously 

i discussed. 

. i 3.2.3 Sulfide Ore Genesis and Weathering 

, An understanding of sulfide ore genesis assists in 

f estimating the modes and effects of subsequent orebody 

| weathering. This weathering has a direct bearing on the 

, site hydrogeology which is discussed in greater Getail in 

Section 6. | 

i The Crandon orebody may be classified as a volcano- 

genic deposit. Volcanogenic deposits are those that have 

a been formed by volcanic processes and the activities of 

thermal springs beneath bodies of water (Reference 27). 

i The Crandon deposit has features typical of subaqueous | 

volcanogenic deposits: 

i 
Golder Associates
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P a) It is associated with submarine volcanic rocks. 

5 b) The mineralized zones are flat to lenticular. 

c) It consists of two main types of mineralization, 

massive sulfide and stringer sulfide. At the 

P Crandon site, the zinc-rich massive sulfide is © 

conformable with the surrouding sediments whereas 

| the stringer sulfide zones consist of copper-rich 

quartz-chalcopyrite veins disseminated through 

| the hyrdothermally silicified volcanics and 

sediments of the underlying Sand Lake 

i Formation. | 

Subsequent consolidation, deformation, and uDLift ex- 

; posed the orebody and surrounding rock to weathering. 

i Exxon (Reference 13) has Listed four destructive 

weathering processes that were active at tne Crandon site; 

a) Oxidation 

; b) Leaching 

c) Argillization 

, d) Fracturing 

The degree of weathering is a function 32 2 combination of 

| the above ovrocesses. The weatnering r2tegories are as 

| follows: 

a) Strong. Weatnering is sconsicersa strong if there 

| is extensive Jevelooment of int or more of the 

: i above destructive processes. 

b) Moderate. Strong develoomen: of one of the 

i destructive orocesses and moderate development of 

at least one additional destructive process. 

Cc) Low. If the primary destructive characteristic 

: is only moderate leaching, tne rock is in the low 

} weathering category. 

Golder Associates 
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i qd) Weak. Weathering is considered weak if there is 

only weak development of one of the destructive 

f processes. | 

- Figure 6.1 illustrates the characteristic "Vv" shape of 

i — the North-South weathering profile of Crandon deposit and 

Surrounding rocks. The weathering profile and active de- | 

i structive processes vary considerably between the footwall 

i (rock underlying orebody), Crandon formation (orebody), and 

i hanging wall (rock overlying orebody). This is in response 

to the pvrimary chemistry of the rocks, and the physical- } 

i chemical conditions acting upon these rocks. 

Footwall - The footwall rocks follow a relatively 

i uniform weathering ovattern compared to the Crandon 

| formation (Figure 6.1). The lower boundaries of the 

i various weathering intensities are relatively horizontal, 

but may contain small root-like zones which penetrate 

i deeper. This uniform weathering is a direct result of the 

Siliceous nature of the footwall_ rocks. The primary 

i destructive process is leaching, with very little oxidation 

J associated with the footwall rocks (Reference 18). 

; : | Crandon Formation - The Crandon formation is more 

: deeply weathered than the footwall (Figure 6.1). The base 

a of the weathering is highly irregular due to a variety of 

: rock types. The most prominent feature is a large 

| i weathering "spike" along the hanging wall side of the 

| Crandon formation, which locally may extend 200 m (656 ft.) 

A into the bedrock (Reference 18). a 

dq Hanging Wall - The hanging wall rocks have weathered 

7 _ differently than either the Crandon formation or footwall 

- deposits. The dominant destructive process has been 

q | argillization (clay formation). This is due to the rock - 

i 
Golder Associates 
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l being a relatively homogeneous, non-siliceous, fine- 

grained, chloritic tuff which contains very small amounts 

i (less than 1 percent) of sulfides (Reference 18). The 

deepening of the strong and moderate weathering profile 

i near the Crandon formation, iS a chemical weathering 

| response to the acidic ground water solutions generated by , 

i the leaching of sulfides from the Crandon formation. The 

variation of rock permeability as a function of weathering 

[ is discussed further in Section 6. 

i 3.2 Pleistocene Overburden Geology 

3.3.1 Regional | | 

i The bedrock throughout much of northern Wisconsin is 

overlain by glacial deposits (commonly referred to as gla- 

i cial drift) deposited during the Pleistocene Epoch (2 mil- 

lion to 10,000 years B.P.). There were four major glacial 

i advances during the Pleistocene Epoch. Deposits from three 

of these have been recognized in Wisconsin. The majority 

of the surficial deposits resulted from the most recent ad- 

i vance, the Wisconsin Age (75,000 to 10,090 years B.P.). 

f 3.3.2 Project Study Area 

Over the Project study area, the Precambrian bedrock 

i is everywhere overlain by glacial drift and till that 

ranges in thickness from 8 m (25 ft.) to more than 91 Mm 

i (300 ft.). The glacial materials were deposited during the 

Woodfordian Substage (22,500-13,000 years 8B.P.). The 

f region was glaciated numerous times prior to the 

- Woodfordian, but only Woodfordian deposits have been = 

i identified. 

_ The Woodfordian ice advanced as a series of lobes. | 

i | Glacial materials from the Langlade Lobe and Green Bay Lobe 

; Golder Associates |
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l were deposited at the Crandon Project area. For a detailed 

review of the glacial history of the site, the reader is 

i referred to Normandeau (Reference 1/7). To aid in 

| understanding the site hydrogeology the following simpli- 

i Fied litho-stratigraphic system is presented for the gla- 

cial deposits. . 

TABLE 3.1 

i GLACIAL DEPOSITS 

Formation a Group OB (Epoch ) 

Lacustrine and Wetland 
i Sediments -- Holocene 

Outwash 

i _ Till ee Crandon Glacial Group Pleistocene 

- Stratified Drift 

i A brief description of the various formations that 

SO comprise the Crandon Glacial Group follows. 

Till 

i This deposit consists of a well graded mixture of 

silt, sand, gravel, cobbles, boulders and traces of clay. 

ff It is devoid of any significant area wide internal 

structure (bedding, stratification, etc.) and occurs as two 

| main layers over the site; 1) a lower layer directly | 

} overlying the Precambrian bedrock, and 2) a surficial 

tl deposit that forms the drumlin uplands of the site. . 

fl 
| In addition, a fairly extensive deposit of till has 

J been mapped within stratified drift deposits on the eastern 

Oo Side of the project area. The surface till locally 

if contains sand and gravel layers that grade and interbed 

with adjacent fluvioglacial sands and gravels. . 
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i A commonly observed feature of the lower till layer is 

; the local presence of coarse sands and gravels. 

Stratified Drift 

i The stratified drift is a poorly graded deposit rang- 

ing from sandy silt to sand and gravel. The formation may : 

i be subdivided into. a fine member and a coarse member, as 

described below. 

(a) Fine Grained Stratified Drift Member. A well 

sorted, interlayered fine sand, silt and clay 

i (Unified Soil Classification ML-SP) deposit, 

believed to be of glaciolacustrine origin, com- 

prises this drift member. This deposit has been 

i mapped over the eastern half of the project area 

, (Reference 5) and generally overlies the lower 

till although it has been found directly on bed- 

i rock. 

| | (b) Coarse Grained Stratified Drift Member. This 

| fluvioglacial deposit varies from a well sorted 

Fine to medium sand (Unified Soil Classification 

SP) to a medium to coarse silty sand (Unified 

Soil Classification SP-SM). The gradation occurs | 

i both laterally and vertically over the _ site 

area. The coarse drift member overlies either 

the lower till and/or fine stratified drift. It 

i is continuous over the site but thins and becomes 

| interbedded with layers’ of till over the 

orebody. | 

i Throughout the remainder of this document the fine and . 

i coarse grained stratified drift will be termed "fine drift" 

~ and "coarse drift". a 

4 Outwash | | 

{ These are fluvioglacial sands and gravels that have 

| been mapped extensively at the surface and tend to be de- 

posited in the relatively flat areas between the till drum- 

i lins. At some site locations these deposits directly over- 

; Golder Associates
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i lay the coarse drift and the boundary contact between the 

; two formations becomes indistinguishable at depth. 

7 Lacustrine and Wetland Deposits 

i This grouping includes all post-glacial (Holocene) 

Geposits in the site area. They are predominantly fine | 

i grained silts and ‘clays with varying amounts of sand tnat 

have been deposited directly from the lakes. They are 

i associated with the wetland areas and have been found ad- 

jacent to and beneath lakes on the site. 

Figure 3.9 shows FOUL geological cross sections 

i through the glacial deposits of the project area and Fig- 

ure 3.8 shows the section locations. These sections illus- 

trate the vertical and horizontal variation in facies to- 

J gether with the variation in thickness of these deposits. 

‘| 
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i 4.0 HYDROGEOLOGY 

i 4.1 Regional Hydrogeology 

On a regional basis, the glacial overburden directly 

i overlies the Precambrian deposits of northern Wisconsin and 

' may exceed 91m (300 ft.) in thickness, in buried, pre- 

i glacial valleys. The sheets of coarse drift and outwash 

which are contained in this glacial overburden are the most. 

J prolific groundwater aquifers in the region. 

The Precambrian bedrock deposits, although locally 

i fractured and showing secondary permeability, typically 

yield small amounts of water to wells (Reference 3). With 

respect to regional movement of groundwater under natural 

conditions, the bedrock is functionally impermeable. 

i : 4.2 Study Area Hydrogeology 

J 4.2.1 General 

The glacial deposits constitute the main water bearing 

i ! unit within the project area. The coarse drift is the pri- 

| Mary transmissive unit in the project area and although it 

f laterally pinches out or grades into till in some areas anq 

| exhibits vertical variation, over the project area as a 

! . | whole these effects become minimal. The coarse drift 

f behaves essentially as an unconfined aquifer that 15 

locally semi-unconfined where it 1S overlain by till. 

j Pumping of the bedrock strata indicates hydraulical 

connection in some areas to the overlying glacial 

i materials. 

‘| 4.2.2 Groundwater Levels 

In general, the upland vortion of the project area is 

i a groundwater recharge area with groundwater discharging to 

Golder Associates
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i the surrounding lowlying streams, lakes and wetlands. This 

pattern is shown in Figures 4.1 and 4.2. Figure 4.1 shows 

i the regional area potentiometric surface with the data used 

| to construct the contours in English units. Figure 4.2 

i covers the project area and shows the potentiometric sur- 

face contours in S.I. units. These contour maps are based 

i primarily on water level readings taken in February 1982 at 

| the various observation wells which exist around the Cran- 

i don Project area. The date of the readings and groundwater 

level for each well are included in Appendix A. In 

addition, a series of groundwater elevations provided by 

i the U.S.G.S. were used. However, these measurements were 

made at various times and are not considered to be as 

j reliable as the Crandon Project data. A listing of the 

well data provided by the U.S.G.S. and water level readings 

i for each is included in Appendix B. 

i The Crandon Project observation wells (1.2., tnose 

~ included in Appendix A) are screened at various depths in 

i several types of glacial overburden. The variation in 

) potentiometric level in clusters of adjacent wells screened 

at different depths indicates that the potentiometric lev- 

q els in the various types of glacial overburden vary less 

L than 0.27 m (9 inches) relative to each other (Refer- 

ff | ence 8). This leads to the characterization of the coarse 

_ drift as a semi-unconfined aquifer which is in direct 

f connection with free draining, though considerably less 

permeable, underlying and overlying layers of till. This 

| is further corroborated by the response of the clusters of 

: observation wells screened in the various glacial materials 

sg during the large scale pumping test performed py Golder 

f Associates (Reference 7). | 

t 
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i 
As previously discussed, the potentiometric heads in 

i the glacial materials are essentially equal. However, they 

do show a downward trend from the overlying till into the 

f underlying coarse drift. This fact is in agreement with , 

the concept of groundwater recharge in the till covered 

{ highlands and groundwater discharge in the lowlands which | 

- are predominantly coarse drift and outwash at the  sur- 

f race. | 

4.2.3 Typical Groundwater Flow Patterns 

i The general direction of groundwater movement is lat- 

eral through the coarse drift overburden and discharging 

i into the surrounding lakes and streams. The lateral direc- 

| tion of groundwater movement iS perpendicular to the 

| contours. Figure 4.3 shows the typical direction of 

A lateral groundwater movement across the Crandon Project 

‘{ area. However, this general trend is not exhibited beneath 

the perched lakes, as discussed in Section 7. 

i 
Movement of groundwater in cross section across the 

I Project area is generally downward through the overlying 

till into the coarse drift. The surrounding groundwater 

[ fed streams and lakes drain the coarse grained stratified 

fj drift, inducing lateral movement of groundwater in this 

7 material. To illustrate this pattern of movement, a flow 

‘| net was constructed along section A-A indicated on Fig- 

; ure 4.3. This flow net is bounded on the west end by a 

| groundwater divide and constitutes a no-flow boundary. The 

east end of the flow net is bounded by Hemlock Creek and 

if its contiguous wetland, which constitutes a discharge 

- boundary. - The rising groundwater gradients on the east 

ms Side of Hemlock Creek also direct discharge to the creek, | oe 

f insuring that flow along the section anaiyzed drains toward 

F 
Golder Associates 
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i the wetland or creek channel. The flow net analysis 

considers the material boundaries between the drift and the 

i till, as well as the differing hydraulic conductivity and > 

anisotropy of the two materials. Due to the scale of the 

i section analyzed, and the different order of magnitude and > 

anisotropy of the hydraulic conductivity of the materials, - 

i - a finite element computer model was employed. Figure 4.4 

a presents the final flow net. The flow directions indicated 

; on the flow net are parallel to the rigorously constructed 

flow lines and show that groundwater movement in the over- 

lying till is primarily downward and that movement in the 

i coarse drift is laterally toward the groundwater’ fed 

: Streams and lakes. : 

4.2.4 Hydraulic Parameters 

i In order to gain a detailed understanding of the 

| groundwater system in the Crandon Project area the hydrau- 

J lic parameters of the various glacial and bedrock materials 

must be Known. These parameters include hydraulic 

i conductivity, Storativity, and total porosity. In 

7 addition, the thickness of the primary transmissive unit, 

‘f the coarse drift and how this thickness varies across the 

project area should be known. 

f These parameters have been estimated in several stud- 

ies, including pumping tests, drilling programs, and soil 

j tests. Sources of these parameters are listed below. 

| , Ll. Golder Associates large scale pumping test (Ref- 

erence 7). 

if 2. Dames & Moore pumping tests (Reference l). 

3. Soil testing by Golder Associates and Dames & | 

i Moore (References 5 and 2). 

4, Orebody pumping test by Camp Dresser and McKee 

' (Reference 9). . 

: Golder Associates
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i 5. Boring and soil testing program by STS Consul- 
tants (Reference 14). 

i 6. Varied soil tests by other contractors. 

§ Although pumping tests and other borehole tests (ris- 

ing and falling head tests) measure the in Situ hydrogeo- 

i logic properties of the glacial overburden and are valid 

only over the area influenced by the test, these methods 

yield bulk formation. parameter values which are most 

i appropriate For use in project scale analytical 

orocedures. These types of in situ tests are considered to 

i be the most reliable parameter estimates available, but 

they do not indicate the range of values which can exist 

i across the project area or within a given material class. 

Therefore, data from the various soils test results were 

; used to indicate the range of hydraulic conductivity and 

porosity across the project area. 

i Values of hydraulic conductivity were estimated from 

| grain size analyses using Yazen's approximation. Hazen 

i found from numerous tests with loose filter sands that the 

| hydraulic conductivity of these sands depends upon the 

f effective particle size and the uniformity coefficients; 

: thereby relating permeability to grain size distribution. 

' For loose sands having a uniformity coefficient between 2 

and 5, the Hazen empirical equation is: 

. k = C(Dj9)? (4.1) 

f where k is the hydraulic conductivity in centimeters per 

| second and Dig is the effective size (10 percent of the 

| sample, by weight, being smaller than this size) in centi- 

meters. The value of the coefficient 'C' ranges from 90 to 

i 120, with a value of 100 normally used. For soils other 

than loose uniform sands, permeability values computed from 

a the Hazen equation should be considered only approximate. ” 

Golder Associates 
J |
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i 
Estimated coefficients of permeability for the glacial 

i materials have been made using Hazen's approximation and 

| the Dj;9 particle sizes from the Grain size curves. These 

i estimates have been made using a value of 100 for the co- 

| efficient term 'C' in Hazen's equation. The grain size | 

i distribution curves give the particle diameters in milli- 

a meters. Therefore, with C=100, and grain sizes in milli- | 

meters (not centimeters), Hazen's equation may be rewritten 

i as: 

a: k = (Dig)? 
100 (4.2) 

i 
. with the result in meters per second to be consistent with 

| S.I. units. 

| Figure 4.5 shows the distribution of computed hydrau- 

lic conductivity for samples of coarse drift and till and 

: Figure 4.6 shows the hydraulic conductivity for samples of 

lacustrine deposits and fine drift. Insufficient data 

t exists on outwash to show a meaningful distribution. 

. | Values of porosity were estimated from the bulk dens- 

fg ity of the various soils as determined from relatively 

7 undisturbed samples assuming a specific gravity of 2.71, 

f based on the minerology of the overburden (Reference 2). 

Figure 4.7 shows the distribution of computed porosity for 

| samples of the fine drift and coarse drift and Figure 4.8 

shows the distribution of porosity for the till samples. 

| Insufficient data exists to prepare distributions for the 

‘| | lacustrine and outwash materials. 

f All of the various overburden hydraulic parameters , 

values are shown on Table 4.1 and the orebody hydraulic 

Golder Associates 
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TABLE 4.1 

HYDRAULIC PARAMETERS OF GLACIAL OVERBURDEN 

(MOST REPRESENTATIVE VALUES ARE SHADED) 

Horizontal | Vertical | i 
| - Hydraulic | Hydraulic | Refer- . 
i Material . Conductivity | Conductivity | Storativity ; Porosity | Data Source ence 
' i ie ‘ | 
| , tows) | ie? ws) | | — 
| | i : 
i : ! : ! 
| Coarse Grained 13.0 12 | 0.0% 1 | Golder Pumping Test : 7 
i Stratified Drift : 43.0 - i 0.05 - | Dames & Moore Pumping Test fips | 

21.84 - i - | - | Hazen Approximations i 663 
| = : i 2 | 30.7 | Laboratory Density 63 

sce LS a De ei | 2 eS ee 

0.28/3) 0.094, | 0.054 =| | Golder Pumping Test 7 
: Tat : 19.5 | 0.016 1 0.0015(4) | - | Dames & Moore Pumping Test : 3 i 

: : = | 1.69 i - | - | Hazen Approximations ies 3653 : 

- 0.16 - i - ! Borehole Tests | 3 
a i = | Sih, p -22-6 j Laboratory Density ie a6n8 i 

——— ee es a a a a eal ee —-—-——-- eee 

Fine Grained : 0.12 | 0.012") | <a | - ; Hazen Approximations taGss j 
Stratified Drift | = : = ; 0.06 | - ‘Golder Pumping Test : 7 

i i iT ! = - ies Soni | Laboratory Density 63 | 

'  Lacustrine 0.015 + : ; = Hazen Approximations 6,3 
i - (1) OOMG : - - Dames & Moore Estimate 6 

o.000g* 7) 0.0003 | - - Constant Head Labora- 
is lp iota Bm oC er ee ee a ee ee 

Outwash 14.4 j 1.40) : - aq): - - Hazen Agproximation 553 : 
: = - 0.07 ons Golder Pumping vest aL : 

= = - B07 | Laboratory Density 633 ; 

Notes: (1) Estimated Values (3) Coarse Layer within Till 
(2) Value from one reading only (4) Early (elastic) response
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i conductivity on Table 4.2, with the most representative 

values shaded, based on assessment of the reliability of 

i the test method. Also given in Table 4.1 are the data 

' Sources and appropriate references. , 

TABLE 4.2 

i HYDRAULIC CONDUCTIVITY OF OREBODY , 

; Degree Footwall ____ Orebody Hanging Wall © 

of m./sec. ft./sec. 

F Weathering xL07> x107> 10-2 m./sec. ft./sec. 1072 m./sec. ft./sec. 

: Weak 0.0076* 0.025 = -- 0.0017 0.0055 

oe Low 0.0070 0.023 -— -- -- -- 

Moderate 9.0034 Q.011 0.998 0.32 9.0064 0.021 

| E Strong -- -- 0.39 2.92 0.017 0.056 

| E Source: Letter from Charles R. Glore, dated 5/22/82, in Appendix C. 

*Hydraulic conductivity of highest mine level tested. : 

, As stated previously, the coarse drift is the most 

| a prolific highly transmissive unit in the study area. Given 

| the horizontal hydraulic conductivity specified in Ta- 

f ble 4.1, the overall transmissivity of this unit can be. | | 

determined based on its thickness. The variation in thick- - : 

| ness of the saturated coarse drift across the study area is 

io shown in Figures 4.9 and 4.10 in English and S.I. units, | 

respectively. The total saturated coarse drift thickness | 

i data is included in Appendix A where doring data is avail- 

Golder Associates | |
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i able. This data was augmented with inferred data inter- 

preted from geologic sections to construct the 1sopach 

i contours shown on Figures 4.9 and 4.10. 

i Over the majority of the project area the saturated 

coarse drift isopach includes only the coarse grained 

i Stratified drift. However, in the area between the orebody | 

(Crandon Unit) and Swamp Creek, the base of the coarse 

i grained stratified drift material is higher in elevation 

than the groundwater level, resulting in very small to non- 

existent saturated thicknesses, as is shown in Figure 6.1. 

i In the vicinity of the orebody itself, deposits of coarse, 

highly permeable till were encountered. These highly per- 

i meable glacial materials have the potential to influence 

the hydraulic connection between the glacial overburden and 

F the weathered zones of the orebody, as is discussed in 

. detail in Section 6. Therefore, geologic interpretations 

i by both Golder Associates and Exxon, based on boring logs 

| and sieve analyses, where available, lead to the inclusion 

f of this coarse till material in the orebdody area for the 

| isopach presented in Figures 4.9 and 4.10. 

{ 

a 
' 

J 
7 

J, 

qT 
: 

Golder Associates ‘ |



“October 1982: ‘ : ae = ae H : eS See) ee i oh e ee SE Aa ah i renee : : 

UTS ee nw te ne 
a - eee ae er uae as oe ee Woes a = s SN et = A gelatin gral tp Fa p= cag 

Zero wa ae : 5 3 et 5 : > eee = eat - = i Zoe a ee ee ae 

oe ea ee ee et pe : os Rees aie Se =e a os ee ee pe ek Se SoS aa ] 
aiee ok ee Ci ea ce ee Si : oces - : eg) eee . --: - Pa a a ee eae Cape tee Seen g arom 

Be oe OU de sean cae ape sae eee Bea ea cay ae ee Ge ee a ‘ ~ ee Se Spe ae ee 

aes ae Bae Geet ae eee es fae = : ae Pa eecited Seige vay sede) - eee eae ot Wotan. iN eawe wucetwe [2a - 4 % ae = Sone Papert 6 er | 

ee d 2 - ae. é eee ee Beso aa : ea. - "es es cS oe a es aru cine Be eR ee eee ee ane Oe 
s pie - oe es a Ee ee = ae ce 

roe ; Tele = me ere. TTS a ee : pen ape ee as a : a) Pa ieee i eos peere 2 

i @ ie , ‘ ee Bes i Pe : Sey ye ip ne ae a = a ee ee = PS Be 

5 ae = r ° ees : Sa 7 seen Te * Sinha Nees ee - p ae Seg oO a es Rae > 

. Be a x 5 oe sf Paes Beye oe es O ; Srey ~ se 21} - a Sea aaa 

: ge ‘9 %” to See" eS fe | (oN . ae Te ah Bie rhe Erte str tse : 2 

: es A 4 o LL. f, eS Ps = i 
= 

ek ean Ss 2 NK UR a : & 3 : a ie tee teugee : ee ERGEND!o 2 - g 

_ i RICE oo oO. z Bie one - Pasoee ARSE, Lape ee ae e ne = Tee : ee 

ee : Pee eee ee - : +} i. % Sue 2. ° = : & TEST BORING LOCATION 
ca jt Be I Na end a 
: SU eam eee yh eae ee = ; -\—} it : | % eae TEST BORING INCLUDING GROUNOWATER_ 

of ee ee Bees oe a MS ees Nyt A ee =: oS eo. - ee ea — .. wl. OBSERVATION WELL . . 

ae ne yee ee : ee ey Pe \--— a Bn Oe eee J 
Sea SS Re TE SS EH ee ee a apes ecco.) Se ees: al Ee = £-& ¢ - TEST BORING INCLUDING MULTIPLE 

ds ie d t ; “pesos Bo Sey” i =. = SSS et ee — == GROUNDWATER OBSERVATION WELL == j 

Re >: - BA : pis, see - r i cy 
: ee ee ee to SAE a ——_ iy ese pe i ; f=) CRANDON FORMATION 
= ate Se J : Sri oe - > 200 oe Se st rae r sox GO . ae — - | 

ee Tee Ne RO: f a) Ne a) : 5 = eee. : —20— ISOPACH CONTOURS IN FEET | 

ee ie 7 3 ae oH \ ESS Set Sonne F aaa =e - 
Zz: VY TF Pac an SOT Lf. Seossr oe eeee— CONSTANT HEAD BOUNDARY 

ial , ee) Nee [f= ce ae uae NO FLOW BOUNDARY 
a2 . 7 puter FZ ee Tip ae asic oon a 80 ™ Sag (ree meme 

ee 3 PR ree : = 7 ee ea - 
J “at LUG OHS coer | ST ae a oe : qt ESTIMATED THICKNESS FROM BORINS 

Loe ae ese a SH Cees Cote tare er ae “= ( zr : : Sais 

: eet eae , Cp ice ay a * asia Sear een : eae 5 : me 

Me | Seas tA ee eM SRT a sfi&9L\60 omer eae oy" LoS, ime ieee ~~~ {ggty «ESTIMATED THICKNESS FROM CROSS 
: : —— 2 i US A Ny hay (a) ie tad aT een oe 2 s SECTION 

g eee ia 2° ¥ ~— eS feces te So Tt een RET aS SSS ee ee 
BA SES ne ee ea eo 180 . Tene SYP - 4 SCE ae ae f- So = yee =e ese ald Sa i cia oe ae ag, ool ESTIMATED THICKNESS FROM BORING 
Eye ae ee are pan i a ea SF oust 8 =e 7 === == (9Q'F - DATA AND INCLUDES COARSE ORIFT- ~ 

a ert é sae 5 a ae aie “A =| AND COARSE TILL 
Si et oN Doe (ISIE RIS Tee ACTEM ese oe 2 eames anaes a een el he — a Zz r a te Ott ye ‘0. 7 2 

ee hee ene a aa ee { Semen oe iy. ane | ie [tal ea DORACH THICKNess INTERPRE |e Dne mee 
a u : ue ; ents ee ee) Vee tao'1* BY EXXON FROM SITE SPECIFIC DATA 

z 2 ee 86 NY w 120 Yoana a . ae _ AND MAY INCLUDE COARSE TILL 

; - ‘ we ene tae Oo sus ¢ fatse / | MATERIAL 
= Ble _ 607 - _ “S\N sae NS oseize (era rod epee ant 

im pia 2 f F te 5 ne Ca 1% CL seee (axe = ff ~ 

a ‘ : ap ie / ay NOTE: 

M i af a Oe ae ee ‘ “¢ 5 

eee ( “oh 00 eee oa SUPERVISION OF BORINGS AND GROUNDWATER 

‘ : - : a aegis \ 7 eG OBSERVATION WELL INSTALLATION DETER - 

; : Ta as ws MINED BY THE FOLLOWING DESIGNATION 
eee f i oe i : i ~ 3 ah PREFIXES: 
ee % ce mates (Grass CeeaG) ae i C7 hey Ll inc ape amg ee ECES Ie ae s G-GOLDER ASSOCIATES ; 

1 ; BES f i ROS Tee Eos a DM-DAMES & MOORE 

i 5 2 See so = : X- EXXON MINERALS CORPORATION 

5 m sini Sohn 2S se > ‘ “%e. | 

! ee . Ro easels = z Shae Ve 2 weeee j 
ie 4 : _ oie, fee ; a tig 2 : . \ ie v 

\. sever ae a Soe - LA 5 
: Pi - Was 3 Si : 2 5 

* re ee PREM SSB eh cle an a eee Bios j 
in 8 of wm at See ee ie ET SaaS Ln aa ccs Salen Ee ree 

ae ee weit BY. a e. ee oe ee ee 
ee epee eee =e = sevevosen Re ‘ oe says elles FIGURE 4.9 

Bo RO ane eee es — —— LEANED Rete rece ade ot eh geen Sik: eek non . s = i eS : xe ae an 

ge is : Macon eee Sea ee Go der AG sacigtes = 

pai aaa ee ee ee ee ee ee ee ee ee ee ee eS amare, ieareve 
Se ee = - a ke pe GABA e N caame care es. = : Saas mee eee Rs 

lad oes t ag Sexe me KNEES EXXON MINERALS COMPANY, U.S.A. 
: a . = 2 1900 :s00 4000 $000 CRANOON PROJECT 

; q se z HALE meer * SATURATED COARSE ORIFT 

oe : ence oO meee ce ZT ISOPACH CONTOURS 
brave a ps : sa ae ie eS female ae REGIONAL AREA 

; : . 5 NA { wv] 4 t aegurus—# — eae ema at a ae 2 T= voneer 

: - A ata —~ \ 1 cane pepe [2 eee be eee oe ee AS suows wsSCONSIN ORES 

: i ; ose Sop ee / f Deven aaa La ae (ean epee eames 

: : Z ay —— to ee - j RI | Oe ee A a eg ia a es aus es 

: Sueno eee ge a A ele eae [eee i een ue a 
Ps ! Peeper aan aes ters Asn -1-90592- Hayes



FLEE en eat 924-1 
; ; -49- wt : Oe Ee A eS) ARN D 

FW eens) Se, Fee 7 ae G ba ett ACye CONG ANWw \ Yi, 

SF. AL SS CRI ~ Fe KO Sere Ss By Shee SHES BY eee aN SW 

IPS 2 (ED PP Se PIER CA OS SES CoE PO ESS VHS 

C ye Sy fy LYE Teh sx DR SOR SAL 21 he oo My DSN Sal eA 

NIP > GOS GO a ELIE HN OP SNe SE Nal 

a VAL OAL GSN. S <a eT ee fe Sis y ee Aff Ns SMES ONC LE HG A ‘\ 

ji WW 1 AS SnD =. me Se I ir eS py ee > oes a. SNARE TR NG 

iF is ; of 7 J i ‘BY, AG Sp ‘ ST SE. a FE a Y »: ASS Se oy SOs ys A 

Vif (iE IRAE EX SAG See Zoey eae OLIN Ao ‘ PNT AL SE See 

AAG QO NS ALY (So AY Pp N HT py: AN 1 dF 5 ps Pee. 

‘ . sR G EE SK Mcsnacrge Mees = FS a 
MWY [ff Je} ): PAA SING ge Uf fit Ns 

: SEI ST ES COSA fet = 2 Sf. WT D008 AEN, 

AO ELA EF we EN Ser SAA EEL l og He fe Wf 40 2a VO. a ee \ 

(BA WG — XS oe e SOS \\ = \ Wa i ee Hi Wf Le eS \. fe = a yA =e ea ae a 

pe es 4 : 
aS: == (a 

eo i eet f PF {aS tL NSU i) RFE Srsiy \ 

— ~~ aa. Ls e 5 = <m0Q) ~A 
Bs ry 2 Ama fe f “Lyf 1 | NLS oi) Bee a 

; \o SY yet ff f ZX-% ie ae coe oS S a 
2 a te Lest ~_ im fh > IE 1}; a Tee ee bes, Pa 

Me Me ee ees ae A a ee SS LL NANG = = Ee EES se 

eo £7 = J Sy, NEN i=} BEE «| ay wee if, Be 2 ae 2 cher | as 2 ae 

ee = fH att) Ges 
ct . Ges 

‘ vey oo fi NSE VOY YT Se en ee - ae 

EIT SS CED eT 2 MS OP On Soe: af — 

Oy Gia, fea ee oa y os o h SE ee ih NVA LAS Bs BF CEE 2S. 

Ne yp are ee Me 
ene, rs ++ Ge BX sn \ SEAS i ER = “PR-L. 200 

EW EUAY OPTS BN So OS A a a. Nee eS AS SS 2 sc LOSS 

: wr VE ie ZIM REF 
b bel]... i ne SES eo ve i a be Ear oes VSN Ss SS Tene 2 et 4 APS a 

ay Gi SS Ng AE ay ES i ae 7X : ZY 
_—~ is iy. t OF UL 5 ~_>s ieee SS — Ps a=” 

* De: CN | Rife Neh ee 
est PRIN SO fee =e Mee V ASS So eee. Eli mee 

St) age, ee NaN ees GSO 
SO hMode a) fies Ly LEA pw g 6 Ie SL Le 

Se SY Ste Ve Sa 
TE ; ee Ze A % #/ en = 

MO NSS take eae 
a ny 

f LE 

pase 
: Ss a fof 

= q{ ae = KG fF > op 

See oe ms NA EAE tity Z 
AN ee ae ASE. rey 67. OF 

ee ae A Ee a maha, ee 

eae 
: 2NREZ 8 - a, t= 2 “ == t-”% / = yy. 

2 a eee SEE Raia Ss y [yf 
LF) PP Rega Batt Nt AS - LSS ; : eek Ne Note | LEGEND 

ink Saga igs wee 
— OE T<d P 

SES Z ras VS eet Zo aN Nee 2 Wt BE TF cncune = 

fo eee es, Se A Dea A 
ee -<:} we ef Arr UE 0 \ eee “ ISOPACH CONTOURS It 

=" >< PD mre i" cae 2 ‘ p eee TN) SS ee 
am gap oN =. 8B \ oC ae i * SX wf Ea + 13.200 = 18 

, =e Bee eae A 
——— 

LPR) : Le 
Nae 

Ho se. aK, ees Boh 
TERS 

, gar NN Be A AOS je raures aed a 20° Z ry ff = 1 ek SS 
Me 

¥ ane A oN cP Cmee to fe eran a CESS 22 See 
ee ee aie tt A site! Ty. | SS = ay 

SN 
54: ai 5 es 

SAS y er oes _ J > ~~ ek Se i er es 
ON 

Se ee | : fi 2 Lr - rg 
3K A SZ We A ee ae Sa "== 4  CRANDON FORMATI 

SY TER (LW WE, WA oe SR OSS EAA FS es aN eee 

ere TAR [| Pa ei" Fee a OI LT AM Os. SAE [FRO eS 

eee nee ee j Cees in ee ig a / ee ey fp Aiegil Fab a WS ‘ 

Ge 47 4 CO £ ees nie Ap SL AREF - = SEs] ay ful 
Zl if 77 Noe ~ oe 4 reas 13=30 Ta N: 

ile SEN Qe} MAGE cE f= ai eA oo et ae pp lat ae Za SES NOTE 

oo ee Sy of | A oY ea yy Cane aml ye Ros a ( "Eh 20 AN he, 
NESS REPRESENTS TC 

‘ co 5 ee Wo SK NPL eE SIN A AUS ye st, ee eo Ne 5 ate iG x Ye 1 RICKNESS OF ALL SATURATED COAR 

; i ry 7 Sf a “4 Z / 7 \/ 2) de suo * eas jf me we Pt S Sea: | {/ 4 ie cry ( ts ome GHANED STRATIFIED ORIFT. 

Uo ap ae ie —f -. AY Y Pre aR fo A ae KFS fh AGEL f eH e 

i Soe on LLB 
a & ‘ 7 ee) ie an Aj SS, ne pe = ¥&; >) oe SAR PRAY « eee ens \ 2. IN THE CRANOON vTiLL MATERIAL 

} MIELE. is ay oS 4 Ole. “ax SAL oR AS Oe ny ies pete ea aN ey ts VICINITY COARSE AC! FICHE 

z a wt = XY RS cs fof / te of - Lal Ske na [3X? = FO Li AF SS <0 fecha: SZ Ga ADDED TO TOTAL 1SOP: 

o ‘ AE 7 fi fH res 
= -S \/ = ane 40 

ay : Se | a/ oy [2h FT sas ~ ss 2. a SRS ae 

cH 

a ee Zi ee Lae Pa) ES ae 
i rie Ges a ie ey NO SNES ws 3. IN ALL AREAS OTHER THAN THE 

a LOANS ye = fe e ag Sf on nf e x re --29\\ Le LE HY SRR. a ih 3 Ss bf a  ~S iS = Fi, 
Chita AOR HED STRATIFIED ORIFT 

Nw ON ae o (| fe fax =: af ES | = tS gee | (PEAS SNES ea ae oP NO . z. ReBcn Ge SHE TNcOBACM. 

som aa jhe hegher ttn — Liiillpias <7 FOP = wy eS Se f) ie re “=~ : a aay (FR BIN an WR eke. at 

UR ae Ge re Be a ee Q 2 a aC es Pay = A PED IY NO IS EW, se 3 Sar 

i a , ee fag iE ape Vi& INN is GR ie yee tS é ib x Se pf is (es atl eh ef ey i 

FN cy : ee taft “Mee fb SNE EET R 'S i eH 1 Er Ye SS eae a y= ‘y ~f) = - eo 40 ves 

ie eg gs re) oe ee ee oR | AR AD PY et Pi NN ee 

as At a i, Pert Wao) CV OP) by. o 4 as ‘ fe Le iN Vas (Ne b tee oS ie nate 

A to 
dy / tga Ka eh) OH ies: =i |, PS oie ve Pio wes Cee se Ss 

cs Pet Live LN SS 228 ee AN cia Ge NS Siw US coe Cee 

| : a i * 
See HS 

a oe aN ~ Ne NG aes He AG es ee 

. : ¢ a SLO Lol. ee ee ee na ee See VEL Y VAS = ¢ ey 

cen Nolen. Nes | aT he A eo Nee oe 
ce Af pF CONN SN Sse a oe [Re 

ere Sg ND a ee ee (== ANE Be eRe ass Bay Rt] p \ ESS Sueyece Sie dr 

Sor | if hd Oe ae ao oe SB. 7 Nesy fs es ai, a. 
RISUDE Sa 

; Se) a CAS 3 OS ee ts “SE 8 = FF HY VY Yo ac | Be eA 
2 

oN ee pai [A a od Ge oo. ae ee ea peg EL Pe OT: Se 
ee Golder Associates 

SNe aN 230 Shag = bs 2 Me Canes o = Je os ae ; = at = rea ve : NE AE Oi Ue NE Ss 
NY 

x, No 
. = a s y . ie Ce foe fe Se vu OR ieee 

S COMPA 

8 cS : % a ee Si 7. S ‘pe one ee Mm tf ih 2 5s aie) a3 =) ide { a y me, SEP MOTE ELEVATIONS IN METERS ABOVE MSL af ile ico pas 

SSN D AQT yr * the IN NN ee ay sea = —— ~ 2 wi a6 7 ' ee ees 30 0 oe 

an = “ORR JV. eau a a a 2 LL 2 a ICN. eo ersi 

Le a 7 ef. oS LC 2sh is \sFa8 Ny a LN 7 ie =. ee 7s 5. 2 
Pl SATURATED ee, 

pal Be AS ME. Re Ape ho sage (pee aly Gf ae PTE hy NIGER + MOREY Aiea 

Pe ee Sey Pe Oy” BE (ge Mae Fh ato SE ee = PROJECT AREA | 

- ar 
jae 2 y Ff ee PSS: fe Eu, a eT eee rnd Np SOO Pee vecoue [Rn 

oe LPO — fa “ae EE RIN of Nee oe? elect ee a a 

ae ca | ieee Gegr: Per ta] Re ee eee phe, : pw 7 Re f wk SE 2 Lg a LONE oe 
er gat ee 

ER ay Ne ee I | Aon pe ee eae Te MOM SON ieee ene ei ae Ny ae ee a) ay re ee Se 

oy oT BY thea Ve. Spe. 1s be ae ee Cea bef a op eS Pe ee eal Rav SETIREES C2! (==) peo acess [ehacon 

A ele, Se fy ses ve 7 Y Sy \ f- Sey n pe Pe tN 
aa aN Cason 4 ‘ ~ Peat a Nice Lite TATA Tt =) i 050-1 

Dee eee 
or eee as os es Pe OMe RSet eat; Ble a 

Pre Sek (Oa x g Ct Pes TENT SA : oe Sere aie a 3 ter, : 

See a Se ad ee ae a) Cee So eee = .



October 1982 -50- 824-1304 

i 5.0 SURFACE WATER HYDROLOGY 

i 5.1 Regional Hydrology 

5.1.1 Regional Drainage Basins 

i The regional area lies within the area of northwest 

Wisconsin that is drained by the Wisconsin, Wolf, Fox, : 

i Peshtigo, Oconto, and Menominee Rivers. The Crandon Pro- 

ject area is entirely within the northern headwaters of the 

i Wolf River drainage baSin as shown on Figure 5.1. The Wolf 

River originates approximately 32 km (20 mi.) northwest of | 

i the site area and flows south to Lake Poygan in Winnebago 

County, which is approximately 161 km (100 mi.) south of 

i the project area. The Fox River drains the Lake Poygan- | 

Winnebago system in a northeasterly direction to Green 

Bay. The Wolf River basin is bordered on the west by the 

E wisconsin River basin. The Wisconsin River flows south and 

then west to the Mississippi River. To the north and east 

; of the wolf River basin, drainage is provided by the 

Menominee, Peshtigo, and Oconto Rivers, which all flow 

; southeast to Green Bay. 

i In the upper Wolf River basin, the relatively slow- 

flowing streams frequently pass through lakes and wet- 

| | lands. Stream gradients were determined from topographic 

i maps and are generally in the range of 1.5 to 1.9 m/km (7.7 

' to 10 ft./mi.) (Reference 4). 

5.1.2 Regional Precipitation 

f Average annual precipitation (rainfall plus snow) in a 

the regional area is 781.6 mm (30.77 in.) (Reference 4). _ , . 

E Precipitation is greatest during late spring and early 

Summer and least during mid-winter when it generally occurs 

E as snow. The mean annual accumulation of snow is 1,270 mm - 

(SO in.) (Reference 4). Precipitation records from the | | 

P Golder Associates
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; Nicolet College weather station at Rhinelander, Wisconsin, 

the nearest long-term data record, are assumed to _ be 

q representative of the region. Rhinelander is approximately 

39 km (24 mi.) northwest of the project area. Average 

; monthly precipitation values for the period 1908 through | 

1977 inclusive are given in Table 5.1. On the average, the 

f wettest month is June with almost 15 percent of the annual 

precipitation and the driest month is February with only 

: 3.3 percent. — | 

; | 5.1.3 Regional Streamflow 

Total annual stream discharge in the drainage basins 

in the regional area ranges from 279 mm (11 in.) to 330 mm 

(13 in.) (Reference 4). For the Wolf River basin the 

annual stream discharges range from 254 mm (10 in.) to 

i 330 mm (13 in.) (Reference 4). 

F The nearest long-term stream gaging station in the 

area is the United States Geologic Survey (U.S.G.S.) sta- 

; - tion on the Wolf River at Langlade, as shown on Fig- 

| ure 5.2. The surface drainage area upstream from this gage 

J encompasses 1,191 km2 (460 sq. mi.) and includes’ the | 

project area. Based on U.S.G.S. records, mean annual 

i discharge at the Langlade station for the period 1966-1978 

| is approximately 13.2 m2>/s (466 cfs). This discharge rate 

= corresponds to an average water depth of 352 mm (13.87 in.) 

| for the drainage area of the Wolf River upstream of this 

to gage. Monthly stream flow data for the Wolf River at 

J . Langlade are given in Table 5.2. The highest average 

monthly stream discharge of 56.4 mm (2.22 in.) occurs 

| during April when snowmelt runoff is highest. January and 

February are the months of lowest stream discharge, with 

i 20.6 mm (0.81 in.) and 17.5 mm (0.69 in.), respectively, 

because most precipitation is retained on the ground 

E Surface as snow and ice. 

Golder Associates 
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i 
TABLE 5.1 

i AVERAGE MONTHLY PRECIPITATION AT 

NICOLET COLLEGE, RHINELANDER, WISCONSIN 
i 1908 THROUGH 19772 

i AVERAGE 
PRECIPITATION PERCENT OF : 

a MONTH (mm)? ANNUAL PRECIPITATION 

i October 6 «59.4 7.6 

J November 47.8 6.1 . | 

December 28.2 3.6 

i January 26.9 3.4 

February 25.4 | 3.3 

i March 38.4 4.9 

i April 59.4 7.6 oo 

May 85.3 10.9 

i June 115.6 | 14.8 

July . 97.3 12.4 

i August 102.6 13.1 

i Septenber 95.2 12.2 

| Total 781.6 100 

i 4Reference 4. , 

- b25.4 om = 1 ich. 
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TABLE 5.2 . 
USGS MONTHLY. STREAM DISCHARGE RECORD FOR TILE 

q 
WOLF RIVER AT LANGLADE, WISCONSIN 

| 
USGS STATION NUMBER 04074950 See ee | 

. WATER _ . 7 MEAN MONTHLY STREAM DISCHARGE (cfa) ANNUAL TOTAL YEAR ocr NOV DEC JAN FEN MAR APK MAY JUN JUL AUG SEP (inches of runoff) AUG SEP (inche: 
1965-1966 - = - - - = 685 540 365 240 280 231 — 
1966-1967 317 288 295 284 265 300 1,319 515 507 518 362 395 13.18 
1967-1968 423 386 344 279 263 4Ay 643 642 911 B74 473 813 16.03 
1908-1969 518 447 466 Sau 440 Moy 964 006 541 430 270 260) 14.65 
1969-1970 su 391 320 281 202 339 426 533 469 228 206 298 9.97 
1970-1971 380 683 476 309 348 401 1,142 572 421 283 224 256 13.64 
1971-1972 569 437 421 364 297 361 896 887 322 300 632 618 15.07 
1972-1973 723 612 359 397 351 1,227 1,100 1,312 649 369 384 483 19.66 
1973-1974 386 4h7 311 315 301 Gas 712 463 457 265 436 455 12.28 
1974-1975 3u1 465 345 312 287 356 B85 785 493 290 266 483 13.02 
1975-1976 295 40 518 241 292 698 1,330 713 344 229 254 216 13.71 
1970-1977 196 204 226 193 223 589 275 339 263 255 228 445 9.67 | 

j 1977-1978 5u5 441 384 305 258 294 693 494 460 592 526 538 13.53 
1978-1979 4a wy 321 ji 334 671 1,219 933 727 470 362 336 15.93 | 

j 

Max. Month 723 683 518 S48 440 1,227 1,330 1,312 ott 874 632 813 = | 
Max. Day 1,330 1,040 880 660 540 2,200 1,770 1,780 1,510 1,380 1,030 1,400 = 
Min. Month 196 204 226 193 223 294 426 339 263 228 206 216 - 

: Min, Day 185 164 166 190 200 295 250 248 226 166 156 166 - 

_ MEAN MONTHLY STREAM DISCHARGE ' 

(cfs) 417 426 368 323 302 507 914 667 495 382 350 416 =: 
Inches of 
Runot £ 1.04 1.03 0.92 0.81 0.69 1.27 2.22 _ 1.67 1.20 0.96 0.88 1.01 13.87 

eee 

Notes: Location: sce Figure 2.4-4, 
Drainage Area, 1191 km? (4uU square alles). ‘ 
Period of Record: March 1966 to September 1979, discontinued after September 1979. 
To convert to m/s, multiply cfs by 0.02832. 
— Indicates no data. orl 

Source: USCS, 1979. 
' 
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i Review of the Wolf River stream discharge data (Ta- 

ble 5.2) indicates that the 1977 water year had the lowest 

i surface water flow measured during the 13-year period of 

| record. The annual total surface water runoff for this 

f year was 246 mm (9.67 in.) compared to the average annual 

| total surface water runoff of 352 mm (13.87 in.). The 19793 : 

i water year was the second wettest recorded during the peri- 

. od of record with an annual total runoff of 405 mm 

f (15.93 in.). | 

i 5.1.4 Regional Evapotranspiration 

Evapotranspiration is defined as the movement of water 

i through vegetation to the atmosphere and the evaporation of 

water from soil moisture and free water surfaces to the 

| atmosphere. Evapotranspiration is generally computed as | 

i the difference between precipitation and stream discharge, 

| assuming that there is no net flux of groundwater from the 

i regional area. On this basls, average annual 

evapotranspiration for the wolf River surface drainage area 

measured by the U.S.G.S. station at Langlade is 

| approximately 429 mm (16.9 in.)). However, localized 

i drainage basins may experience significant groundwater flux 

and would show correspondingly higher Or lower | 

! I evapotranspiration amounts. / - 

5.1.5 Surface Water Use | 

| i In Wisconsin, ._permits for diversion of surface water 

i are required. Water law in Wisconsin is essentially rip- 

if arian, which means that water rights are acquired with and 

is are inseparable from land adjacent to surface waters. 

if 
“In the Wolf River basin in Forest and Langlade Coun- 

i - ties, there are eight diversions of surface water for ir- 

i 
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i rigation registered with the Wisconsin Department of Natu- 

ral Resources (Reference 4). The diversion closest to the 

i site area withdraws 0.062 m°?/s (2.22 cfs) and is located on 

| Swamp Creek below Rice Lake at County Road M. All other | 

f diversions are outside the study area. | 

| i 5.2 Project Area Hydrology 7 

5.2.1 General Descrivotion 

i The Crandon Project area lies within the Wolf River a 

drainage basin (see Figure 5.2) and is characterized by 

i forested land, lakes, wetland areas, and perennial streams 

providing drainage paths. Portions of the orebody, pro- 

f posed plant site, and the proposed waste disposal system 

lie in the subbasins defined by the watersheds above Rice 

i Lake and Pickerel Lake as shown on Figure 5.3. In general 

the project area is bounded by Ground Hemlock Lake, Hemlock 

- | Creek and associated wetlands to the east, by Swamp Creek 

i : and Rice Lake to the north, and by the chain of lakes and 

a, wetlands from Mole Lake to Rolling Stone Lake, Pickerel 

i Lake and Crane Lake to the west and south. This series of 

wetlands, lakes and creeks comprise the surface and ground- 

i water discharge boundaries for the project area. 

J 5.2.2 Study Area Water Balance 

In an effort to quantify the annual net recharge to 

i the groundwater system, a detailed water balance was made 

| on the Swamp Creek drainage basin above Rice Lake. This 

| drainage basin is large enough to contain a representative 

Sampling of the main surface characteristics of the area 

| such as forests, wetlands, lakes and creeks. A water 

| balance is a quantification of the total water gains and 

losses of a basin for a given time period. The balance 

i accounts for all waters entering, leaving, and stored with- 

in a hydrologic system and its various components so that 

i 
Golder Associates 
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i continuity 1s honored. The general description of the 

' continuity statement is (Reference 30): 

Inflow = Outflow + Change in Storage ( 

i 5.1) 

i The various terms of this basic continuity equation can be 

| divided into those components which are appropriate for the 

i watershed being studied. The following equation and its 

| further subdivided forms follow the approach presented in - 

| Reference 30. ) 

| P=SF+ET4+U+ So t+ Se (5.2) 

i where 

P = Precipitation 

i SF = Streamflow 
ET = Evapotranspiration 

: U = Supsurface underflow (beneath the stream 

i gage) 
, Sg = Change in surface water and soil moisture 

storage 

' Sq = Change in groundwater storage 

i The project area drainage bvdasin and each of the above 

| listed water balance.components are discussed below. 

i Drainage Basin - The drainage basin above the U.S.G.S. 

gage on Swamp Creek at Highway 55 upstream of Rice 

i Lake was selected for a detailed water budget analy- 

- sis. Golder Associates considers this gage to have 

| i the most accurate streamflow measurements in the pro- 

ject area due to its hydraulic control section (con- 

i crete weir), continuous data record, and-complete 

| . period of record. 

Golder Associates
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i 
The surface water and groundwater drainage areas above 

i the U.S.G.S. gage on Swamp Creek at Highway 55 are | 

shown on Figure 5.4. The surface water drainage area 

i is about 11,200 ha (43.1 sq. mi.) and the groundwater 

drainage area is about 10,600 ha (40.9 sq. mi.). 

, These two catchments roughly coincide as can be seen 

i in Figure 5.4. Since the groundwater system is the 

focus of this analysis and the surface and groundwater 

i catchment areas ‘are very similar, the groundwater 

catchment area was used to equate total volumes to 

i -areally distributed depths in this water balance anal- 

ysis. 

: Precipitation - The mean annual precipitation pre- 

i sented in Reference 4 and shown in Table 5.1 for the 

region is 781.6 mm (30.77 in.). However, streamflows 

| 7 at the study point are not known for a comparable time 

i period. A more representative estimate of the pre- 

cipitation for the project area for use in detailed 

j water balance analysis was obtained from The National 

Oceanic and Atmospheric Administration (NOAA) pre- 

i cipitation gaging Station at Laona 6 S.W. This gage 

is the nearest station to the site and has available 

dy : recorded data corresponding to the time period of 

streamflow measurements used in the water balance 

| analysis. For the period of 1974 to 1980 the average 

i annual precipitation of 840.0 mm (33.07 in.) was used. 

: Use of the lower value of 781.6 mm (30.77 in.) in the 

{ water balance computation would decrease the evapo- 

transpiration and groundwater recharge components 

| approximately proportionately. The annual precipita- 

: tion data for Laona 6 S.W. for this period is pre- 

i ‘ sented in Table 5.3 with the Rhinelander NOAA data 

shown for comparison. 

i : 

i 
_ Golder Associates
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i TABLE 5.3 

ANNUAL PRECIPITATION 

fi Laona 6 S.W. Rhinelander . 

Year mm inches mm inches 

f 1974 750.0 29.53 715.5 28.17 

1975 818.4 32.22 773.9 30.47 

1976 |  =6©606.3 23.87 447.8 ~17.63 

i 1977 1,052.6 41.44 990.9 39.01 

1978 895.6 35.26 1,014.0 39.92 : 

1979 912.1 35.91 796.0 31.34 : 

i 1980 845.3 33.28 814.3 32.06 
Average 840.0 33.07 793.2 31.23 | 

i The period of 1974 through 1980 was used to correspond 

: with the available streamflow data. The Laona 

i precipitation gage was used due to its proximity to 

the study area and complete record. | | 

i Streamflow - Total streamflow includes both surface 

runoff and subsurface discharge or baseflow, and can 

i be divided as shown in the following equation. 

i SF = RO + BF (5.3) 

wneres SF = Total streamflow 

i RO = Surface runoff 

BF = Baseflow 

J Baseflow separation was performed by Dames & Moore | 

(Reference 4) at the Swamp Creek at Highway 55 station 

: i for 1978, 1979, and 1980 and is presented in Ta- 

. ble 5.4. This data shows that about 58 percent of the 

, i total flow is baseflow. Using the average values, the 

total annual streamflow is about 278.9 mm (10.98 in.) | 

| with about 161.8 mm (6.37 in.) being of groundwater ae 

| origin (baseflow), and about 117.1 mm (4.61 in.) re- 

; sulting directly from surface runoff. 

P Golder Associates
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E TABLE 5.4 

i ANNUAL STREAMFLOW COMPONENTS 
= SWAMP CREEK AT HIGHWAY 55 

Streamflow!3) Surface Runoff Baseflow(¢) 

i Water Year mm in. mm in. mm in. | 

' 1978 282.7 11.13 119.2 4.72 162.8 6.41 

1979 307.3 12.10 133.6 5.26 173.7 6.84 

i 1980 246.6 9.71 97.8 3.85 148.8 5.86 

Average 278.9 10.98 117.1 4.61 161.8 6.37 

i . 
Notes: - 

(1) Streamgage maintained by U.S.G.S. 
i (2) Baseflow separations from Reverence 4 

(3) Volumes distributed over groundwater catchment area to 

determine areal depth. 

i Underflow - Underflow is the volume of water flowing 

: into cz: out of the Swamp Creek basin through the satu- 

i rated groundwater zone. By constructing the ground- 

water catchment boundary perpendicular to the ground- 

i water potentiometric contours at the stream gage Sta- 

tion, as shown in Figure 5.4, this component is lim- 

i ited to Flow beneath the stream gage itself. 

Underflow leaving the Swamp Creek basin was estimated 

: i using Darcy*s equation: 7 > 

' U = k-icaA (5.4) 

: wheres U = Underflow 

, f k = Hydraulic conductivity of coarse drift | 

| i = Slope of groundwater surface 

| i A = Saturated flow area beneath the gage 

P Golder Associates
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i Using the following values (k from Table 4.1, 1 from 

Figure 4.1); k = 1.3x1074 m/s; i = 0.0052; 

i A = 23,000 m (23 m thick x 1,000 m wide estimated 

From surficial geology and surrounding soil borings) 

i the average annual underflow rate is estimated to be 

0.0156 m?/s (0.55 cfs). This is about 4.6 mm/yr. 

i -(0.18 in./yr.) distributed over the groundwater bas- 

in. 

Storage Changes - Changes in both surface and subsur- 

i face storage were assumed to be negligible for the 

| water balance analysis. This assumption is considered 

yalid since full water years were used in the analysis 

i and year-to-year groundwater level variations are 

small. The minor variations which may occur would not 

| i significantly affect the results of this analysis. 

i cyapotranspiration - Evapotranspiration, as indicated 

in Section 5.1.4, is the primary mechanism by which 

i water returns to the atmosphere. Evapotranspiration 

consists of evaporation from free water surfaces and 

| soil moisture, evaporation of precipitation intercep- 

| tion from the plant surfaces, and transpiration of 

soil moisture by plants. An accurate breakdown of the 

| i components of evaporation and transpiration is beyond 

the scope of this study. A common method for esti- 

i mating evapotranspiration is by the equation below 

(Reference 3l). 

i ET = P - SF - U (5.5) 

i where: ' EP = Evapotranspiration 

Pp = Precipitation 

SF = Streamflow 

i z U = Groundwater underflow 

; 
Golder Associates 
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i Therefore, using previously estimated values. for the 

right side of the above equation the estimated annual 

i ET distributed over the groundwater basin is 556.5 mm 

| (21.91 in.). 

i 
As discussed at the beginning of this section, one of 

; the purposes of defining the water balance of the study 

- area is to estimate the amount of net groundwater recharge. 

i Net groundwater recharge, Or deeo infiltration, is that 

portion of precipitation that seeps into the saturated 

groundwater system. Therefore, in estimating the net 

i groundwater recharge the sum of voaseflow and stream gage 

underflow (as previously defined) mus~ be augmented = by 

i evapotranspiration which is from groundwater origin and 

. does not flow vast or beneath the stream gage. This 

| breakdown of evapotranspiration is descrined below. 

| | Large portions of the project area are groundwater 

discharge areas as shown by the groundwater potentiometric 

contours in Figure 4.1. A significant portion of these 

f areas are covered by groundwater fed Surface waters, such 

- as lakes and wetlands. These areas, wniichn include Ground 

| vemlock Lake, Lake Metonga, Rice Lake, Yemlock Creek, Swamp 

= Creek, Outlet Creek and their associated wetlands, consti- 

| tute about 23 percent of the total groundwater drainage 

basin. Because the surface water system in the region is 

| groundwater fed, a large portion of the eyapotranspiration 

from these lowlying areas is of grouncwacer ysrigin rather 

| than from direct precipitation or sur-ace runoff. The 

7 portion of the total evapotransovdiration Originating from 

I ~ groundwater must therefore be considered in determining the 

‘| net groundwater recharge as shown in the following 

js equation: | 

i | 
Golder Associates 
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eee,
 

i Rg = BF +U + ET, (5.6) 

i where terms not previously defined are: 

R = net groundwater recharge 

i Et, = evapotranspiration of groundwater origin 

Separation of the total evapotranspiration into a 

i groundwater origin component and a direct precipitation 

origin component requires detailed water budget data for 

i small areas in which groundwater underflow is well known 

and does not exist for the Swamp Creek basin. In order-to 

i estimate the portion of evapotranspiration which originates 

from groundwater, the total evapotranspiration was parti- 

i tioned petween that originating from upland (recharge) 

| areas and that originating from lowland (discharge) areas. 

yg Area measurements indicate that about 23 percent of the 

i Study area is lowland area and 77 percent is upland area. 

| | Therefore, 77 percent of the total evapotranspiration is 

i considered to be from highland areas and 23 percent from 

lowland areas. 

i 
The lowland evapotranspiration, 128.0 mm (5.94 in.), 

i was further divided into its groundwater origin and direct 

precipitation/runoff origin components. Based on the de- 

| termination previously presented that 58 percent of the 

i streamflow is baseflow, a value of 60 percent was used to 

estimate the Fraction of lowland evapotranspiration orig- 

i inating from groundwater. This leads to a value of 76.8 mm 

: (3.02 in.) for ET, in equation 5.6 and a net annual ground- 

| water recharge of 243.1 mm (9.57 in.). The sensitivity of 

| this assumption was investigated by varying the groundwater 

| i origin component over a range of 40 percent to 80 percent. 

This resulted in a range of net annual groundwater recharge 

of 217.7 mm (8.57 in.) to 268.7 mm (10.58 in.). 

| 
Golder Associates , 
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i The water budget equation previously presented in this 

D section can be re-written to include the various subdivi- 7 

| sions of each component and omitting the negligible change. 

: in storage terms: 

P = RO + BF + U + ET, + ETpp + ETypg (5-7) 

i | where terms not previously defined are: 

ETy = Evapotranspiration from highland areas 

: ETrp = Evapotranspbiration from lowland areas of 

direct precipitation and runoff origin 

ETrG = Evavotranspiration from lowland areas of 

i Groundwater origin 

i The above relationship is shown schematically with the 

| annual value in depth over the groundwater basin given for 

f | each component in Figure 5.5. 

| 7 5.3 Low-Flow Analysis 

5.3.1 Purpose 

J Although the Crandon Project waste disposal system is | 

designed to minimize leakage into tne hydrologic system, it 

y may be necessary to analyze various potential leakage 

- scenarios with respect to the surrounding surface water 

system. It is anticipated that any potential waste pond 

: i seepage which eventually reaches the surface waters will do 

So by way of groundwater discharge, i.e. the baseflow com- 

i ponent of streamflow. Therefore, the period in which 

groundwater discharge provides the majority of input to the 

f surface water system is that in which bdaseflow is the 

primary component of streamflow. | 

i The common standard used by the Wisconsin Department 

. of Natural Resources to assess the impact of various ac . 3 

i tivities on surface waters is the 7 day-1l0O year low-flow 

[ Golder Associates
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PRECIPITATION 
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i (Reference 24). The 7 day-l10 year low-flow is defined as 

that average rate over a 7 day period which the flow will 

i drop below on an average of once in 10 years. This 

statistical low-flow rate is commonly used with mass load- 

ing of waste material to determine critical in-stream con- 

i centrations. These concentrations can then be compared to 

the applicable water quality standards. | 

i | 

Low-flow estimates (Q7 10) were made at nine locations 

i in the Crandon Project area. The locations and the 

drainage basin boundaries above each estimate point are 

i shown on Figure 5.3. All of these points are within the 

Swamp Creek and Pickerel Creek drainage basins. As can be 

seen in Figure 5.3, five of the nine points are Dames & 

i Moore stream gage sites, three are U.S.G.S. stream gage 

sites, and one site is ungaged. The U.S.G.S. stream gage 

i at County Road K is not shown at its exact location on 

| Figure 5.3. 

i 
5.3.2 Analysis Methodology 

; As previously stated, most surface water quality as- 

r sessments are approached by combining a minimum flow rate 

{ at some level of probability (i.e. 10 year recurrence 

| interval) with a point source waste load, yielding a criti- : 

. cal in-Stream concentration. However, the Crandon Project 

7 differs in that any potential waste system seepage which 

| , may occur would be transported to surface streams by way of . 

i groundwater discharge. Therefore, the critical period for 

. in-stream waste system seepage concentrations will be when 

| baseflow comprises the maximum percentage of total stream- 

7 flow. During this period the baseflow will have the mini- 

| mum dilution from surface runoff. The first step in this 

analysis was to determine the period at which baseflow 

i represents the maximum portion of streamflow rather than 

the absolute minimum low-flows. 

i Golder Associates | 
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F 
The critical low-flow period described above can be 

i . determined by comparing the daily variation in streamflow 

exhibited during annual low-flow periods. Periods with 

i relatively constant flow rates are controlled by baseflow, 

| while periods with variable flow rates show that relatively 

i constant baseflow is augmented with surface runoff. In- oo 

spection of the flow records of the U.S.G.S. maintained 

| stream gage on Swamp Creek at Highway 55 (August 1977 to 

. - 1980) indicated that while the absolute low-flow occurs ~ 

i during late summer, the winter period low-flow (late win- 

terfearly spring) is virtually all baseflow. This was 

based on the daily flow variation in the late summer and 

i the near constant flow during the late winter. Therefore, 

7 day-10 year low-flow estimates were prepared considering 

i Flows during the entire year (annual 7, 10) and considering 

| only the winter period (winter Q7°10)> Both sets of analy- 

i SlS results are presented, 

j 5.3.3 Analysis Results 

Stream gaging stations were installed and are 

i maintained by the U.S.G.S. and Dames & Moore across the 

| Crandon Project area. However, most of these gages were 

; installed in 1977 and others in 1978 and 1979. This period 

| of record is sufficient for water balance analysis but is 

. too short for use in a statistical low-flow analysis. | 

| i Therefore, the annual low-flow analysis was performed using 

{ the procedures and equations presented in Reference 23, 

a which provide low-flow analysis procedures based on limited 

. Or no streamflow data. Although the Crandon Project area 

: ; is not in the basins included in Reference 23, it 1s stated 

that the procedures are considered to be applicable in 

i Forest and Langlade Counties. Equations are presented ~ | 

which allow estimates of the 7 day-10 year low-flows to be 

E 
Golder Associates : 
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made based on watershed characteristics. Procedures are 

i presented for both ungaged basins and for basins with 

limited streamflow data. The estimation equation for 

i basins with limited streamflow data is as_ follows 

(Reference 23): 

i 0 oO 1.45 
1.08 |—m_“30 

wheres: O47 10 = 7 day-10 year low-flow (cfs) 710 — 3 
A = dralnage area (m1.~) 

i Om = mean annual flow (cfs) 

X90 = flow which is exceeded 90 percent of the 
year (cfs) 

i QO; = average daily flow during index period of 
August 12-15 (cfs) 

i The estimation equation for ungaged basins is as fol- 

7 lows (Reference 23): 

Q7 19 = (1.22x1077)A0-89451.06p0.519 (5,9) 

J wheres Q7 10 = 7 day-10 year low-flow (cfs) 

A! = drainage area (sq. mi.) 
S = main channel slope (ft./mi.) 

i T = transmissivity of drift in basin 
(gpd/ft.). 

i The value of T represents an areal approximation of 

basin transmissivity and may be computed by the equation 

i (Reference 23): 

| Km AmtkKy A ; r=ep.{otStrtsp 8p 
. [=r are *p (5.10) 

i where: D = saturated drift thickness in basin (ft.) 
Am,;Ap = area in dasin of till and drift or out- 

wash (sq. mi.), respectively. 
i Km iKy = hydraulic conductivity of till and drift 

Or outwash in basin (gpd/ft. 7) respec- 
tively. 

i Golder Associates
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i a 

: i Equation 5.8 was used for all low-flow estimates where 

the index flow (9,) could be determined from limited stream 

; gage data, as was the case with eight of the nine estimate 

sites. Values of hydraulic conductivity and transmissivity 

used were selected from Table 4.1 and average material 

i thickness across the basin. The low-flow estimate on Swamp 

Creek below the confluence of Hemlock Creek was performed 

E by combining flows from upstream gaged areas using 

| Equation 5.8 with flows from the ungaged portion of the 

5 | watershed uSing Equation 5.9. Table 5.5 presents the 

results of this analysis. 

i | 

As stated previously, review of the streamflow data 

i from the U.S.G.S. gage on Swamp Creek at Highway 55 indi- 

cated that in the late winter period the streamflow is 

essentially all from groundwater. Due to lack of dilution 

i from surface runoff during this period, potential waste 

| disposal system seepage may be at a peak concentration in 

f the surface streams. This winter season 7 day-10 year low- 

flow is defined as the minimum 7 day mean winter (December 

i through March) flow below which the flow will fall on the 

average of once in 10 years. The low-flow report used to 

i estimate the annual low-flows (Reference 23) does not pre- 

sent a winter season low-flow estimation equation. There- 

F fore, it was necessary to develop a ratio between the win- 

ter 07,19 and the annual Q27,10°. 

i Two sources of information were used in develoving the 

ratio of winter Q7 49 to annual 97,10: First, three stream 

i gaging stations near the Crandon Project area were studied, 

Jolf River at Xeshena Falls (1907-1980), Wolf River at Lan- 

i glade (1965-1979), and Popple River near Fence (1964-1980). 

Daily streamflow data for the above indicated periods were 

i 
i Golder Associates
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TABEE*S).5 i 

LOW FLOW ANALYSES RESULTS 

| Surface Water Estimated Annual 10% f i 4 

Drainage Basin] Mean Annual Flow Low Flow Estimated Index Flow Estimated Annuat I Estimated Winter 

(Note 1) Qm (Note 2) | 2 Q Qr a7, 1d Q7, 10 (Note 3) 

Station or Location i} ha mi2 m3/s eisai! mars a0 cfs m3/s cfs m3/s cfs; m/s cfs 
Sega | 

On Swamp Creek at County Road K | 18,260 70.50 ; 2.005 70.79 | 0.510 18.00). 12589 56 «| 0.854 31.55 1.162 41.02 

On Swamp Creek at County Road M : 14,686 56.70 | 1.283 45.29 C.496 17250 1.192 42:1 @e329 11.62 0.428 m4 
i On Swamp Creek at Highway 55 ‘| 11,170 43.12 0.884 31225 «O48 17.00 0.657 2322 0.413 14.60: 0.538 18.98 

1 ' j : ; i 
! . : 

SG-3 on Swamp Creek below a ‘ i | 
confluence of Outlet Creek / 9,306 35.93 0.936 33.0408 C453 16.001) 5 0.813 Conia Be olg We27)-0.418 14.65 

i On Swamp Creek below confluence rf | ; ; 
1 of Hemlock Creek [eS e502 be! - - - - = - 0.028 1200". 05037 1.30 | 

i I 
j; SG-6 on Hemlock Creek below \ : mer 
; Ground Hemlock Lake i 648 2750 | 0.122 4.79 0.014 0.50 0.991 3.2 9.603 0229001 0.38 

SG-19 on N.W. Creek into Rolling °° ee Aen se 
Stone Lake 829 3220 0.129 4.54 2.034 1220 0.057 220 ee) 26538 i 9.020 3059 | 

SG-23 on N.E. Creek into Rolling . wee i: | hae 
Stone Lake j 1699 6.36 9.13] ae e3 9.043 Nes0) 7: 20230 4.60 9.9:5 0.36 9.921 o.73 

SG-22 cn Pickxerel Creek at | i : pee Oa 
=ast Shore Road 3,599) 13037 noes T7110 0.227, B30 02612 21.5 i yess: 3.44.4 0.127 tla): 

i IT A ei aol Me ee 

NOTES: 1. Orainage areas may differ from tnose presented in Reference 4 due to measurem2nt differences. 

2. Data from Dares & Moora, see letter dated 4/14/82 in Appendix C. 
3. Winter low flow estimazed using a factor of 1.3 times annual low flow.
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provided by the U.S.G.S. for these stations and both winter 

i season and annual 7 day low-flow analyses were performed on 

each of the 3 stations. Figure 5.6 shows the annual and 

, winter 7 day low-flow frequency curves for each of these 7 

Stations. In addition, Reference 24 presents both annual 

i and winter season 7 day-10 year low-flows for ll gages on 

the Wisconsin, Fox and Wolf Rivers. The average ratio of 

the winter 27,10 to the annual Q7°10 for these 14 stream 

gages is 1.30; 1.e., winter 07,19 is 30 percent larger than 

the annual 7 day-10 year low-flows. Winter °7 10 were then 

F computed by applying this factor to the annual 7 day- 

10 year low-flows. Table 5.5 also presents the winter 

E 27,10 values based on this ratio. 

; 5.4 Lake Storage and Annual Flow 

In addition to the streams surrounding the Crandon 

i Project site, the groundwater fed lakes may eventually 

receive potential seepage from the waste disposal system. 

; Four lakes around the Project study area are receiving 

waters from the site streams and include Little Sand Lake, 

Dickerel Lake, Rolling Stone Lake and Rice Lake. In order 

to assess how these lakes may respond to inflows during 

‘eritical low-flow periods, an average replacement time, or 

i | time required for the inflow to replace the lake volume, 

was computed for each lake. This required estimation of 

B the total volume of each lake and the annual yield of the 

basin draining into the lake. The total lake volumes were 

i computed based on the depth contours shown on tne U.S.G.S. 

topographic maps of the Project area and are shown in Ta- 

i — ble 5.6. 

The annual flow volume into each lake was computed by 

i using the U.S.G.S. and Dames & Moore streamflow data pre- 

sented in Reference 4 and the drainage areas of each lake 
| | 

i Golder Associates
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TABLE 5.6 

i | LAKE VOLUMES AND ANNUAL FLOWS 

i | Little Sand Pickerel Rolling Stone’ Rice 
Lake Lake ___ Lake Lake 

; Drainage Area (ha), 1,060 6,810 3,370 13,490 
(mi 2) 4.1 26.3 13.0 52.1 

| i Streamgage Used SG23 SG22 SG22 U.S.G.S. at 

| : Highway 55 

Gaged Area (ha), 1,710 3,600 3,600 11,160 
; (mi. 2) 6.6 13.9 13.9 43.1 

Gaged Annual Yield (10°m°) 4.10 15.14 15.14 29.96 
i (ac.-£t.) 3,323 12,270 12,270 24,285 

Area Correction (ha), -650 43,210 —230 +2 ,330 

i (mi.~*) -2.5 412.4 -0.9 4+9.0 

Annual Yield Correction (10°m?} -2.13 +10.50 -0.75 +762 
; (ac.-tt.) -1,727 +8,512 -608 45,178 

Annual Lake Yield (10°m?) 1.97 25.64 14.39 37.58 

; | (ac.-ft.) 1,597 20 , 787 11,666 30,467 

Lake Volume (10°m?) 2.54 13.78 4.18 1.15 
(ac.-ft.) 2,059 11,170 3,388 932 

i Average Replacement Period (days) 470 196 106 LL 

E Golder Associates
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watershed. The watershed boundaries above each lake are 

i Shown on Figure 5.3. Several of the stream gages in the 

Project area are located upstream or downstream of the 

i various lakes of interest. The annual yields of these 

gages can be used to determine total annual lake flows by 

: correcting for the difference in drainage areas. This 

i correction was performed by developing a relationship be- 

tween annual yield and drainage area for the Project area 

i Stream gages. Figure 5.7 shows the relationship between 

annual yield and drainage area. The data from gage SG-5B 

i were not used in the analysis due to the fact that all | 

| other stations gaged heavily groundwater fed streams while 

i gage SG-5B gages an upland area, 

i The total annual flow volume into each lake was com- 

puted by correcting the annual yield at the nearest stream | 

gage by adding or subtracting a flow volume based on the 

i appropriate drainage area. Table 5.6 shows the stream 

gages used and results of this analysis. From these re- 

i Sults 1t 1s clear that short term (7 to 30 days) inflow 

characteristics will probably not significantly alter the 

i water quality of Little Sand, Pickerel or Rolling Stone 

Lakes. However, Rice Lake is a relatively small lake on a 

i large stream and has an average replacement time of 

11 days, making it much more sensitive to short duration 

i fluctuations in inflow characteristics. 

; | 

i 

i 
; | 
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6.0 OREBODY/OVERBURDEN INTERACTION 

i 6.1 Overburden Contact Geology 

The hydrogeology of the orebody area is of particular 

i interest, and the degree of hydraulic connection between 

the glacial overburden and the underlying Precambrian 

i Strata will determine the mine water control 

requirements. | 

i Figures 3.5 and 4.9 show that the glacial deposits 

i thin in the orebody area with an associated decrease in the 

thickness of coarse grained stratified drift. Figure 6.1 

illustrates the overburden/bedrock contact with glacial 

i Stratigraphy and bedrock weathering zones. Camp Dresser 

and McKee (Reference 10) mapped the orebody area glacial 

i deposits in detail, designating the local glacial deposits 

as shown in Table 6.1. Figure 6.1 is a North-South section 

i of deposits overlying the orebody. 

i TABLE 6.1 
GLACIAL OVERBURDEN CLASSIFICATION 

| Golder 
i CDM Classification and Description Classification 

“ TL Highly compact gravelly, Till 
[ vebbly silt and clay 

T2 Silty, gravelly sand Till 

i T3 Sravelly, bouldery sand Coarse Drift 

T4 Silty sand Outwash | 

Sl Clean sand, some gravel and Coarse Drift 
. pebbles 

i $2 Medium to coarse sand Coarse Drift 

i $3 Sand and gravel Coarse Drift 

| S4 Stratified sands and silts Coarse Drift © 

i Golder Associates
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Various mine water control techniques could have a 

i range of effects on the groundwater levels in the glacial 

overburden. Those methods which would create a Significant 

i drawdown pattern in the overburden might also affect the 

Surrounding surface waters. The two water bodies adjacent 

i to the orebody are Little Sand Lake to the south and Swamp 

Creek to the north. Figure 6.1 shows the coarse grained 

Stratified drift pinching out south of Swamp Creek. Swamp 

E Creek therefore flows over till in this area and is some- 

what isolated from potential mine water control activities. 

i Little Sand Lake is underlain by thick drift that is later- 

ally connected to the drift overlying the oreboody. How- 

i ever, the relatively thick lacustrine deposits immediately 

beneath Little Sand Lake effectively perch and isolate the 

i | lake above the drift and underlying groundwater. Perched 

lakes are discussed in detail in Section 7.2. 

i 6.2 Orebody Weathering at Overburden Contact 

i | Weathering of the orebody subcrop strata has been 

extensive, one result of which is a potential for hydraulic 

i connection between the bedrock and overburden (Refer- 

ence 18). The degree of connection varies spatially, being 

a function of the hydraulic conductivity of the glacial 

i deposits and weathered bedrock at their contact. To aid in 

identifying those areas with a high degree of connection, 

Figures 6.2, 5.3 and 6.4 were prepared. 

; Figure 6.2 is a plan view of bedrock permeability at 

the subcrop level. Bedrock permeability values were cal- 

i culated from falling head tests conducted by Exxon Minerals 

(Reference 30), and are shown in Table 4.2. These values 

reflect the variation in mineralogy and related weathering 

i mechanisms among the footwall, Crandon formation and hang- 

ing wall deposits described in Section 3.2.3. Rocks con- 

i taining abundant chlorite within the Crandon Unit and hang- 

i | Solder Associates
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ing wall have weathered to clay, producing a low permeabil- 

i ity residue. This is in contrast to the siliceous footwall 

rocks where weathering has resulted in moderate permeabil- 

i ity due to leaching and the relative paucity of clay. 

f In addition to this broad variation in permeability, 

there are two areas where unusually large or small values 

i of permeability have been recorded. 

within the Crandon formation there is a group of rocks 

i referred to as siliceous massive sulfide (Reference 18). | 

These rocks consist almost entirely of sulfide and quartz, 

[ consequently very little clay has been produced by weather- 

ing. Leaching and oxidation are the dominant agents of 

i destruction and have resulted in a highly permeable rock. 

The outline of the oxidized siliceous massive sulfide 

i (gossan) is shown in Figure 6.2. 

In contrast, an area of very low permeability has been 

i identified within the hanging wall rocks (Figure 6.2). 

This is due to the fact that the hanging wall rocks are 

i relatively unweathered@d in the area outlined, hence the 

development of secondary permeability is very minor. 

i | 

Figure 6.3 illustrates the Stratigraphy and 

, permeability of the glacial strata overlying the orebody. 

Two areas of highly permeable coarse drift are present, one 

i crescent-shaped area in the west-central part of the 

orebody and one area at the east end of the crebody. ‘Two 

| - lobes of low permeability clay-rich till cover the east- 

i central portion of the orebody. 

i Figure 6.4 is a combination of Figures 6.2 and 6.3, 

and shows those areas with potential to allow groundwater 

i | 
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to migrate rapidly from the overburden to the bedrock 

i during mining. The areas of highest permeability are those 

where coarse drift overlies siliceous gossan. The areas of 

i lowest permeability are those where clay-rich till is found 

to occur. Gradation between these two extremes is shown on 

; Golder Associates



i | 

October 1982 -~387- 824-1304 
E ee 

7.0 GROUNDWATER/LAKE INTERACTIONS 

i 7.1 Groundwater Fed Lakes 
In general, the lakes and streams in the Project re- 

i gion are groundwater fed. This is primarily the case for 

surface water bodies which exist in areas of coarse drift 

i and outwash. Figure 4.3 shows the lateral movement of 

. ,groundwater into the lowlying surface water bodies. The 

i interaction between these surface water bodies and the 

groundwater system is discussed in detail in Section 5. 

i 7.2 Perched Lakes 

i In contrast with the lowlying groundwater fed lakes, 

the highland lakes are primarily in till and are perched 

above the regional groundwater table. These lakes are 

underlain by lacustrine deposits of fine silt and clay 

3 (Reference 14) which significantly impede seepage losses to 

| the groundwater. The elevations of the groundwater poten- 

tiometric contours shown in Figure 4.1 show that Little 

i Sand Lake, Duck Lake, and Deep Hole Lake are perched lakes, 

i.e. the water level in the lakes is higher than the 

| Surrounding saturated groundwater level. Other smaller 

| lakes exist across the Project area but are Similar to 

i i these three. 

Comparison of the lake bottom elevations with the 

i | study area groundwater levels show that the bottoms of Duck 

| and Deep Hole Lakes are above the water table. Figures 7.1 

| and 7.2 are sections parallel and perpendicular to the 

groundwater flow direction for Duck Lake and Deep Hole 

| Lake, respectively. These figures illustrate their perched 

nature and show them as discharging into rather than being 

i recharged by the groundwater. 

i | 

i Golder Associates



a ccm oe = — aa = a ae = —— - ~ - — — 

October 1982 i —-88— “824-1304 

Ne ee eae sm KO 
ELEVATION s d eae deat <= z ‘ - = = eee see ee as le = e eee eae aA = a 

ee ee ee a ee ; : ecm eee ee 
310 - <= moe - ones Seng eo eas, ee ees at eee SNe = we a 3 2 eee eerie ne 2 _ : -psio S 

: es >: a - ‘ LEV EGA Ree : a i he -F : 
: a = gear : : ; : ; BS EE EE ES I aS Bus = zs 

s el oe LSS EEF CRS BEE he at * - 
500 a FB : ; i y > OIE 1 Fi Ne OP ERE es aioe sa 

5 s 2 a Se ee a ES > ake LOOSE : Raata sre : Pips SENSOR ANG LETC VA AEA ID Sc: 
teas LENE he PATS ~ ; ER ABE ES AOS es ee see ent a 

Te SER FR gas ents 2 ; Si LE EGO ER BS ne Boe ET eS ey Et aes Sere 
; PEK a i eg Gi at FE EOE DUCK LAKE Be ES gs oe ecg I i tae AS tee 430 TE PE fo ee at FE IGa ee See FR Te ED - a Se P 490 

Aa Ire NaF De Fate Se ae gi ee ee ee —— a re et he He PE ee OP cee BF Nee ne oe tate Be de — = 
FET tS Rt EE SG Foe OBE og I Gs Sg ee — eee SEE 2 EPS EE GIES tS D Ge Nea ES a OE 
SAS eee a ee SN en ee ae een) ales SOME pS pies Pee pis et Fie Sete oe ae TT Ee gg = et ole 
DE ae SiGe ag GS ee GS FA a gE etn eet Speen ae ig BAe gee wns te gee ges aS See pe GU GAS UH a pe R Eee. eee TE a Ee! oe gh ge DE Cpt Eg Se WA Pn a ge ES. se fe seo} PARSE ERS ERAS Sg Bence Se Bog Se pets Re oe Sa Ae ae og ES REE ANTS oi Sie Se nee na ee ay Re en Se ee EE b a0 

Ti REE SR Re hn 8 AS IS a OS eat ee BE oe OR See ag Te OS Oe Cr Al BE ees eG ee a Reha SE ae RR aoe Sa es eee a ai NA tI, Seon eee Ee 
SEE SET, ERR em Nae Pe Pee ain ne ee Or a Te A ie Sane me Sie ene BEES ce et a eae, eS ees i re aa Beg oe SS Se SE ere ee - 

SEESREERES SR SES Se eae tose atoms eccace cae eect oa ea sae oe poe vse eg ST STU SOS THE EE TU DET SETS OU ae EB SE a oe Eo Soe ea eae ae SEN UE A ee Sees ee ener te eg (Pees! ine ee Be 
470 SESPEAE Rae aaron at ae OT a a Ta TESTS TT ESTE ECA eh TATA TENCE TSE ON OS ESTEE OE EE OEE CO EO TEC TOUSEN OE TOSCO OOTP OTN Wo EAL Ti Le TRE RAN TRG BA ie TE nl SS ee eb avo 

400) FEES ecient teaser ee eee entices nese enn ee ee Sb aso | 
i ___|_ BEREESE Sees ten ince ine ie EE eae aise nanan neta nett ence omen eee na aban eee rene te earn meee eee eb pigs eet escn gs Rees a 

: ~ FH o Sean EPR TEER rae ces eee ga SO ee Soe SE TO TEED EB EE BES SS EET EO BEE ETE EN BEES NE ONE EO DE EBT BEAD NON ONE ESB Se ST SESE FTN SO SOE ESE UOTE IU Gat UE ES OS NS OE EEE EEE ERIE EET EEE EEE SEDER IEEE FOE ALT AE os np Ne pe ok 
450 TN SEIRIEI EE Recs ac tee see tec tte see see tes soe be sod abe be be ete bee soe boa eb sebastien ted etecatetnetesanepaeyedsuaisvehaoaerbereeescany gang ny tare tac rs es be eon ESEE Dea ne Se oe Bo Be a ee De “= aoe ou kad i at a on te arate oe eee cuter eee he. 450 

Testesiec tec snes cecesnesbe se ste sa Ss Sag aS Sa St So a Sos Se Se so Se So a a I ete Se eee ae ances cee ttt eC COT Cee Oe OE ON GONE SESS Sil gE EEE TINTIEOSEETE RE EEDRLLELSIEEG PEDIC ERLE ogi ARs Tp eee aay anne BOTT 
Seater ets tne see eee ee eR Eee Raat caeecceeeenecaeceuan reser etnias se teen net ae ees ea oe ene ame net eames rasamiaa tant anatase eae ae ee ee i 3 
SEGRE ESSELTE Re rte teat toe teste sce ec eoetee soe te tem eettee tern seen eater tomentose settee teste secaageatemeemtecatate te eae ace abe creatine aire puree tae ae tae EEE one EE 8 
AAEM AA, SESS BS ae St ssa so See ae bo a acd teeta at cba aa baat beta baa tana an a OORT En ar PTET ae TEST UT SE TET PST EB a EE ORT. ke eo pte ere 440 5 < KAAc ae eae SS SSS SEED sarasota petceat canna caaecaaecaecet aca cates as eacc neat cate SUS CS SOS SUSE AS ES OS SST AEE SESE EES ESET TTT TS tN OSE EEE oa ois pag EI heen A I ing eee Rg 440 KESLAS SEE Cc AACE Sen SES ES SES SESS ese tae ee ee as ee ae ae gee oe enna 7 aoe ee ee eee ee 

E e SSS CN NS EO EE EERE RE Eo oar oto ats rT ETS  gree ee ee NN OO ER SS gee ere eee eee 
NOOO AIAN MOE RCE Rg ge Raat ate Epo re Oe See a iaraeiecinetateatatanraeasn ae eg 

6a OO NS TN NL NN Ee OOO Cana dg nat tia toon ate apn a ET ge FO 
NR OI EER ap ee a Ne A ta Liga FER TT NEE EI et FLT TAS ee TERE NEES SEE LL BESE ERE EE LEER ne RC RNS 

420 EE AT LMS OLED III RANE Laan 

410 ie Sagas eee aoe 5 i a ¢ os; 2 : - ee = --— - | 

‘ et 
as Sree 2 ee Cae orm YX Sst U lS " H eee % : BEN | Z = ee 

: TAS rf 

2320500 eee tees Aik ATP LJ gS, ga sk Sys 
 e- as Se ortne ore —---—— 8 9 ISCO oe 

, 
1 tay a “e~S Lae OS 

5 | LACUSTRINE ust-1 tNING aN By, ats | 
gi ye we Chee Ss i 

5 Cahat ws. he |i Nee epoms 
ELEVATION Ma -4 OUTWASH > Se iH 9 yc: Wy | ote 
(METERS) WSL A1=C! ELEvaTiON 7 ey ae on sisi oe. 

(METERS) MSL ae A My Veo CAX | {/ j; s 
500 B B 500 auras TILL, hs a Ne / oo \ for Cae i. 

: mL i) fF sen ay 
DUCK LAKE : | aes pale j NS SIL TN Bee oe ie 

430 a 2 —— ais peed COARSE OF! 4) Lee \ . Lh x hee cg pe 

Spe ee ee Se SS [2 oS anes St SSAA AEN RR 
SEES TRSSS SESS PSs PSR Be Es a / se xp | LW ae 
a Pe BEDROCK  BSSISS hae SO eke 

80) Behe Oe Sees Cee eee Ta ee ae BOT Pie EL OE Pa eo ae eee Pe Eigen ge Be bao : = SS wee alg UE orien: SoA SES al cea a een i I ees hese So Eat aye ate be OLS es Re ces eG rENTIONETHIE bs ( Qe . ate Hl 

esaces te tesco tessa tectim tee tae tecetecese oma eoa eee e eanrearenme amet ian toe toe eet temias soar temara eee reer pilates bas tov aa v  SURFACE ve were WSs. 
070) SERPS Se eet aa eset EL Ra eaernetects gas tea de nenaeertentcareeriear nie teeta cae tee ste ee ne eT Pe eb ATO \ f= LN)- TS 

FERRERS ER Tee roars aie ee SO ee teat rece tego sereantomanpuinagion omen etmetmenaice ty ioe varios nanaane tynsemeee teenies 5 CORY OIRECTION 59) we Sobek 
SUES Te SU SE ances ce cto see eee seat fe sue tos taste ee ose : —— z | 

asco, SUSE eee a ete aaa easement deen memenemenemesenre: | 4g PLAN LOCATION 
SUE eee reer tee See Bae SSR RETR ETE OR eae eae Sat NOR TM ET TM SN oe a CEE BO SO Io B ET OE SOE ESOT ES ED a AN Se Od TEENA ERE EEE ee ' 2 =o sated =e 
ETE ceases Sree aoe eee ter Seen ba tatte eae nena eRe NET EM CE TOES OL TOL S08 ET ON EEE EEE ELA TERETE EET EE Pa ae ete —— 
SERS ESS see eee ear Sea ete ee Rare tec tan dette tes te totic ate pea caer gte a pee sea a ae ae pieces ce neato ELS 

“50 TRS Re SR eee 430 
(ESE SSeS ect nes SEE a ts ts Ec ect tied see etter gi sears pean pas san sear sass eee eto ets ete Peotone oaetomee tanneries, , ¢ 

— | sca), _ Se Se sere rere enon oo Gee uanem ene sane nant ee a emeeneeccmme bag 7 FROG Sea 

~ 430 Sr GN EF AE Se ee ; 
a ee ee eeu ee me eee Pe GS a deepen ¢ Bg ee Golder Associates - 

NS? Ge TN OO Chale ee rae Gk OG met nee - ——— Minrae Coese ae ace = ee eee Ee = — — <* SANNA AS SA a aes = co UN A A - - -- - MOWIINTAL KRY METERS ee 2 — —- - — + - - - = = Rieger arene ne Soe EXXON MINERALS COMPANY 
CRANOON PROJECT 

: ee DUCK LAKE 
fecal GEOLOGIC SECTIONS AND 

| a ae FLOW DIRECTIONS 
~ ee oi 4 $$$ $$$ —————————————————— rr <= - ~~ - - = f Pig rent arr rac ee “as srows | WISCONSIN {i SORESE (eas 

sas $e te rr Ses 

Cases ee Ee ee pest eke ee 
, PEARS A ie oa ec fs ee ee 

: 

1 -—: =) a. ——- —e -* oo ie 

t fetes een ee eee eee ee eee ee eee eee ss eer: ES Se 
Hit tS. Ses ne eee ana ss ———— 

: vast ' { G60 =1-20SS> gr) Sree



October 1982 i ; -89- ‘ ~* 824-1304 

mevarion) AS ff Fi POR ee eter PS Ie eee i aga VST = E Be tae gg nie - _ ee e oe : eee Sh ea 3 

(METERS) MSL piece : ‘ oe ae GseTERS) MSL ¥ 2 ens 
s <7 ; SMe ee = ‘ 530 . 

Es coe ~ S - ~ F s 3 _— : f= a 

820 ‘ % E tS : is <- 3 % wt ee a apts sige jes Be at szo % “e 
Se nen ea u , q f : Reon, . f i Sas = on te base: iz 7 

: 2 : . ee ia |S eS Sectaieer 
sto Be ct = epee i gc rate Se Fe ees 310 : 

is Bice 7 i : : 3 peace * Bed orm oe "no nis seer eee 3 * 

ea octet el oie eee: ares iis 
ai : ‘ a I ee ES EE See Pee ‘ ie - f Titel te pre ee et, Bee Ren ee TE a Pee Ff wo} hess Ce ore ae ; SEE pages foe ee RA eR hin ee De are Se eee 490 si Giietare (6 ee: SION Seg en Oph SP DOE 8 as eB re eg bes see tented nteae, 

4527 I Tre et ee Et gS ee es I re 
TASS ete Se ie oe es ee EE Gp 
Ee PR TNL Gee TS GI Gs De OIA FE Ca I ak GE aE a Pn oe SD Bg Eg SPE EE BA yg EES re STE 

| See Speke Lote a er rep RR UR SRC a Sag att Ss EUR eR, neers cao SEE os 2 BA EES aaa erent ee nena ieee e 
-- ESE ER a Se reece Se EI AS NSA OE eg bets hg RRS OMe, EE Oe ee mY cae PRS ASAE ate Sage eta ee Men SE se arrears sea teste seas tanacabscabacat rant tomate eas estan Sov aes Say ae a oe a 

— ERESEUS ES ats eee ee, wer ce eae Ops EE AS Be aes eee Be oe Ae ee gored SE ae oe treme totem teeeeereee ener arcemactee peepee emt eae ome ; 
w7o4 TERE nr SS caress see 90 

Se eee eee a ec ee 
BEERS race recesses terete teas tector cna eee eae ec ar ceae Same Gage ene ee a eT Rea RSE a SESE ETO DE EE Se gree AR et eR een SSE ENN ETE NY 

Se eae e ee ee ee CR RN Rin SES ne RINE SAS TT SL EE A eS SN ase 
Ry aie Aa Sk eS . eS SN No SS SN a 8 ARN eee od HSIN NRA y, 

ELIE LE MACE NORE FESR EERO : 

420 ~ Sie 420 ie 

ne j NS ' df SS A\ eee Ai SO CSN a es Dicaiete eve Sse Eh ere ee Sinead een Soy ne pei enaouh bites i = Eis i ae Wf SFr JM Sone ee Pediat f Sas Me Hi EPS 
i Cae taae ged LN, foe hy a 

reas 5 Sate 5 SS SSeS = ee = - oes = ML 7) NS fe Hi 
oes y ti fi; 

i : a i aN WT, eriih 
ea or etme ee a ee el eee Me a eh |, Wee, LEGEND ney aw) 4 Cary SS ASG Ea cid 

Ns (Cae f £2 G 1 Bea aza al LACUSTRINE chy A Sv \ “1 | gee? 

ae d a — 
i OUTWASH Pee \* -4 LS % 5 2 SS gy WE 

Seay, (ES USE 
see x fae as \ fe Eee] me VAX (OLD 

wee ! s 
COARSE ORIFT oe se ai te 

ELEVATION Eeevarian pairnieni er 1e3 4 , 
seme B e ee 5 ee oe X YS BSS 

S 500 Patan a ‘ “ SY ON AG eS fcer] BEDROCK FX hoi Cee 

E i: oy ae <a. NEE K SPL IS EX 
90 — plas eis sss An anes GROUNDWATER POTENTICMETRIC a NEES CNG we 

Bae) geet ene Be ei ese ee 490 T— SURFACE 6 Li Fei (Ne 8S: 

Zi OE ans ee oe ee er eet SU ees ee ewe es eS ep ene ge eee Bes Ro be See FLOW OIRECTION Bere ie W—~ \F a AN fe 

a Ne Ser ae ag gen a es ee ee ee ee es | ' ORI? EE bh rte Be oy 
Hoare Gl cetera tee ee: tshea oe eeee een ee ere Yas 20 SST te Cem Noten a eG CFs iar arate es oe ad eee ieee Meee SoS See eee ie Peet ye eee | {eae 

i Se ee ee i oe I a ee eee gina et ee ee ee ae ea ot Wf 2 \ SE 

SEE te eee rae neanean tetera sat mae oe re ners mie a near ances eee eae eesti > em 
SEE SES SES Sessa cia sta eae ser oe eae ee EO NOE OE TOE COATES ETS ESTING TEE SS TATE EEG TEAC REET TE ENN ONO OT OE TENET ESOT EE — 
TERI SSS re canoe iesseeeaseesons tesa sues daa tae soe sce ate stern stat soar pac geese peas esses pons nag nates ane sees oe gaara ae be oe Ta DTU TT TE SOD aa Toon aaa [ oad oboe eee mene Soeur * seacg om wE-eRs | 

- MOT SER Se Siege cient esc roetunnnesraseesesasctenetonsen ten gen tne tee toe sen sentra psa erratoses saretoe toate dan inne oe popes ene err eee ooeeooaeoe eee eae tam toes [ ete 460 cet pinay NaOH 

“40 TEST ices reeRa E Sa es ted sahara tee sae reer ese see ve reser sanc gate eset toea ne se tie ge tees parte eae eters ses oases mabe somnen nase me bned ne tga pie sear oper see seee ears eae pete seonease cate eee S 440 Se atau Ceaaee 
Te EEE EEE ESS ERS ES DTS te tee seater gear aaecrenecntieey sees eeerste rates tresaaieet spe coaa sac omesomanaatomeaaeace to semis ma esre tm seat apnea protean mete Pest eateraearenmeanesorsomarsseese =f ee SAEDTL sca ow WEES Ei, 

5 BRERA ee SECS EU A T Re eco hence eee Eanes rerpere riers eerie: | fF ae ae —— }-. EXXON MINERALS COMPANY 
M90 ERNE ENN AS EN nT RE eee erecta 430 CRANOON PROJECT 

Se NR sae Da ee ten ep eer cca emeaceecrre tamara eee 
eee ORNS SLO TALL Ee SRST ee me DEEP HOLE LAKE 

420 os PA Ae eC As ngs es GEOLOGIC SECTIONS AND 
es BERGA AI AO aig ea eee FLOW DIRECTIONS 

= ax - eee greed VS ac Ae a _ j ; } 4 as seowe aISCONS i FOREST 

i=l «4 — pes tte Stee rrr es T3aaz 

f OI 2S i Va meee ure 2 at pe Sam is 
' ; Sea re! clare: Tansee eS Ses ams 

e Bs eee ee Sao Sn a ee ae 

eee eee ee a eee



October i382 -90- 824-1304 
a 

Little Sand Lake differs from Duck and Deep Hole Lakes 

i in that its bottom is beneath the surrounding groundwater 

level. However, the lake level 1S about 2.51 m (8.23 ft.) 

above the surrounding groundwater level. In order to fur- 

ther define the stratigraphy beneath Little Sand Lake, a 

drilling program was undertaken consisting of six boreholes 

i in the lake bottom, as presented in Reference 14. These 

: Gata revealed that the lake is underlain by up to 10 M™ 

i (32 ft.) of lacustrine silt and clay with vertical hydrau- 

| lic conductivity ranging from 107-8 to 1079 m/sec. (Refer- 

a ence 14). Measured groundwater levels in these borings 

showed them to be below lake level, indicating that Little 

i Sand Lake is a perched lake. Figure 7.3 shows three 

geologic sections across the lake and a schematic diagram 

| of the underlying lacustrine devosits. Figure 7.4 shows an 

i idealized flow net beneath Little Sand Lake. | 

E By reviewing all the geologic and hydrogeologic data 

pertaining to Little Sand Lake it can be seen that the lake 

; | itself actually impedes the flow of groundwater across the 

Study area. Figure 4.3 shows the groundwater flow direc- 

i tions diverging around the lake. The lower vermeability of 

the lacustrine deposits beneath the lake act as an obstruc- 

P tion to lateral groundwater flow. Similar phenomena have 

been observed to occur 2round low permeability landfill 

i Sites (Reference 29). 
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8.0 SUMMARY 

i The Exxon Minerals Crandon Project may include several 

aspects which have the potential to affect the existing 

i site hydrogeologic system. As a preamble to evaluation of 

these effects, the existing hydrologic system has been 

i characterized in detail, including geology, hydrogeology, 

surface water hydrology, and potential interactions between 

i -the groundwater and the orebody and nearby surface water 

bodies. This review and synthesis effort has lead to 

i several key conclusions which should be considered in the 

design of various aspects of the Crandon Project. 

i 1. The predominant path of groundwater flow in the 

Project area is vertically downward through the 

| till and then horizontally through the coarse 

i Grift. 

2. The water level in the perched lakes south of the 

i orebody (Little Sand, Oak, Duck and Deep Hole 

Lakes) is higher than the surrounding groundwater 

levels. This condition precludes migration of 

i groundwater from the underlying aquifers into the 

lakes. 

| 3. In some areas in the vicinity of the orebody the 

combination of residual bedrock weathering prod- 

ucts and aquifer materials result in the poten- 

| : tial for a high degree of hydraulic connection 

E between the orebody and the glacial overburden. 

These areas should be considered in the design of 

mine water control strategies. 

i 4. The hydraulic connection between Swamp Creek and 

the orebody to the south is lessened by the ab- 

sence of Saturated coarse drift material. The 

- hydraulic connection between the perched lakes 

and the orebody is also minimized by the lacus- 

trine deposits beneath the lakes. 

4 5. Rice Lake has the shortest average residence time 

= of all the lakes studied in the project area. 

¥ This information should be used in siting any 

treated water discharge points. 

i Golde: Associates
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The hydrogeologic characterization presented in this 

i document is the culmination of a great deal of data ac- 

quisition, analysis, and study. While Golder Associates 

i has attempted to present the appropriate degree of detail 

in this report, readers may at times need to refer to the 

original data and reports. Nonetheless, this report should 

i greatly aid in developing a thorough, comprehensive under- 

standing of the Crandon Project area surface and ground- 

i water hydrology. . 

a GOLDER ASSOCIATES 

Ss \ YG 

WoAw v -- 

i John V. Kinsella 

Hydrogeologist 

i é bz 
ohn F. Clerici, P.E. 

i Senior Geotechnical Engineer 

: i AE of Baker, P.E. 

. Associate 

J JIVK:JFC:JEB:dapb 

i Golder Associates
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| ECR ING COORD IMATE ELEUATICHCMSL) GROUNDWATER SCUIFER Heme NORTH EAST GROUHD  PEDROCK ELEU.(MSL) DATE THICKNESS 

f FEET FECT FEET FEET FEET FEET 
METERS METERS METERS METERS METERS METERS 

; AR-1 122216.068 2276441.¢0@ 1559.68 —-- woes ee | S7251.987 693867.81%3 472.45  ---- ---~ —— 

AR-1A 122224.298  22746451.60@ 1556.08 ---- m--- nee 
S7254.387  ES387A.S12 © 472.45 ---- ---- ---- 

| qR-2 122134,608 2276484.50@ 155G.88 ---- ---- cae 
: S7226.891  S4ESSALSIS. «F245 ---- ---- ---- 

| AR-2A 122133.59@ 2O7E476.50G 15Se.e@ -—- ---- -----  ---- 
i S7228.327 9 S93878.313 472.45 ---- -+-- ---- 

_ AR-3 117200508 ISPEIS4. 000 1655.86  ---- ---~ aavn- ---- 
i TS722.992 9 SSTROEL SOS Gd. 4 ee --— 

AR-4 LIFOPS.SBA = SBrsdtd. Oa fe48,0@ ---- ca Sota a 
I TSEE2.831  SsEeS. S88 499,990 ---- ---- ---- 

PE-211-1  AI817G. 9TH SOTRTSI. SIG «147.53 1459.33 157R.61 4ve2 39 
f OSES T4G Saddh2,25G = G2.1E | 444.81 0 481.17 12.0 

PE-211-2 LIS4S4,725 2OTSSS@.SET 1666.92 1474.42 158.77 dee? 49 
T3414 S9TAd OAK. 25 dt 481.22 15.0 

i SE-211-E 0 M1E4PELGS1 - B27ETAG. SSE «1647.89 «1455.99 «158. a dete 57 
TESG2, 33S SSIST4. PEG = SP. 2B 443.7641 17.0 

| i BE-T1T-1 0 ATSHSS awe | SOTS4TALT 25) 6 1618.92 1950.92 ---- -----  ---- 
: | SETS4.9€9  SS44PE.875 dO. 466.63 ---- ——- 

| i PE-213-2 0 11SHET. 997 ~ 227SEEd. 481 «1616.09 1523.49  ---- -----  ---- 
TUIVS.724 0 SB4545.513 9 492.59 9 dod. g ---- ---- 

i CE-T1T-E 0 UIS112. 257 BOP4EP. SER LESS. PA ISTE Pq eee eee 
| TSEW1.485 SONGS. 18% dda ---- -~~-- 

PE-T1S-1 0 1E22, FEL 227PSI@.922 « LEST.4S | 1SG2.45 | 1S7S8.55  4-g2 43 
: T4S4.270 9 694199.813 9 FOS. 22 459.78 481.15 13.0 

CO<71E-2  LGEOPLB1G «= QSFPSSS.B71 «6 1655.19 1S17.18 | ISTE.44 478223 
i TS456.992  S94007,195 SRS. 462.44 488.58 7.C 

- SE-216-3  126358.882 F2TK1SB.9%4 — 1EE1.93 «1511.98 1591.25 4-82 72 
i SE46Q.273 - SS379R.FEG TRELSQ $60.96 © 485.82 22.0 

SE-231 1iS742.7GG  - DAPEITEL SRR teh. dt | ---- ---- -----  ---- 
; SESS. TGQ SSEPORL PSG 6 S@L.@3 0 ---- a= ———— 

BE-232 L15641.20@ 2278687. 900 1653.92 -—- ---- -----  --— 
i SSES2.879 Sasteg.S63 5a3.85  ---- —-- -—-
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| ROPING COORDINATE ELEVATIONCMSL) GROUNDUATER AQUIFER 
MAME NORTH EAST GROUND BEDROCK ELEV.CMSL) DATE THICKNESS 

: FCCT FEET FEET FEET FEET FEET 
METERS METERS METERS METERS METERS METERS 

| 

coma! 116262.569 22748H8.508 1657.80 1497.99 --—— 9 ee 
og SU437.278 = G68237O.908 = SAS. 3@— 456.53 ---- cee 

: — mn on - = | i. CiM-22 PISSSE. IG SETd555.10G@ 86 1661.58 1519.5@ —-- -----  ---- 
i SEOZS.S75 9 f95d14.675 9566.43 9463.15 -—- ---- 

COM-G> Preise See SSPEISI.EGG 6 1679.48 00 «1475.48 ---- ----— ~~ 
i TES15.414  €92534.975 499.78 9 449.71 ---- ---- 

CUM-a4 P12533.709 2EPSTS2.3@8 1641.4 1475.48 «1576.96 4/92 86 43 
i SSSLS.77? 9 $93544.9875 SA@.I@ 449.71 $26.63 13.0 

COM Ge. L1E255.49G S2FTSO2.4GQ 1640.0@ 1456.08 ---- e-a--  -- 
J TIS47. 266 693672.258 499.93 443.79 ---- ---- 

POMS S1251G. 5 | BRP EPP3.80G 8 8616338.58 1442.58 ---- TTT ae | BID12.2278 693664.188 499.42 439.68 ---- ---- 

i CM-GP L16837.5G@ 2275778.268 1648.78 1457.78 ---- cata tao 
SS627.738 692665.565 S@2.53 444.31 ---- ---- 

i Comoe 1inW36. 269 22P6242.508 1656.96 1458.96 ---- ToT 
BISS6.779 = s92S37.563 SOS.G3 442.24 ---~ --—— 

i CPM f09 L1ES84.40G 22T6977.70@ 1675.9@ 1474.98 ---- Tatts tao 

J COM-1G sinioy. BG S2TéS97e.26G@ 1683.08 8 1499,28 ---- TTT | PE459,126 694G31.213 Si3.23 454.48  ---- ---- 

i COM-11 M1o713,.086 2276976.068 1679.78 1508.78 ---- ns 
R204. 793 eod@T@. FS 11.67 457.42  ---- ---- 

| COoM-12 L{EELPL PEG BPP EEE COR 61668, 7G) 6 614Q0,7@ = ---- wana ---- 
i PSE43.75G f24362.25R 9 4G. 34 0 451.9% ---- ---- 

Cop 1 S25241,986  22F7S91.50G 1643.78 1522.78 ---- TTT i TS428.957 S94749.125  5G2.53 0 dé LLP ---- ---- : 
CoM-14 116833.908 22F8939,e@@ 1683.48 1538.48 ---- Soa saao 

i T3369,082 694644.479 490.25 466.47 ---- --~- 

CUM-15 M19587.7@0 2274845. 208 féd5.e@ f475.2@ ---- Haan oom 
, TE45G.77G 93998.758 501.65 449.23  ---- -—— 

CIM-1¢ M14340,198 2277GP4.888 1595.46 1496.68 1579.52 4-92 tat 
I | T4257.379 694G66.508 4286.34 4234.83 421.57 42.8 

ChM-17 114397.9@@ 2277RT4.4R@ 1595.78 ---- ---- 4°92 ---- 
' 24965,.252 €24648.50G 496.68 ---- ---- ---—
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5 | POR ING COGPDINATE ELEUATION<MSL) GROUNDWATER AQUIFER 
: NAME HCRTH ERST GROUND BEDROCK ELE. (MSL) DATE THICKNESS 

i FEET FEET FEET FEET FEET FEET 
METERS METERS METERS ETERS METERS METERS 

COM-13 114245.4¢9 2277073.19@ 1595.2@ ---- 1589.73 4°82 ---- 
: 24852.298  694061.758 486.22 ---- 404.57 — ---- 

» CEM-19 114745,4G9 2277158.108 1595.28 ---- ---- $22 ---- 
Z4252,299 694086,00G  4e6.22 ---- ---- --— 

| fOM-28 {14226.16@ 2277128.16@ 1894.58 ---- 1854.68 4°92 ---- 
i : T4245,192 Soseca,ce@ 426.61 —-- 425.13 ---- 

DMA-B1N 11TSE4,50G  F2P2EESL IGG = 1ETS.AB | ---- 1626.57 I-82 ---- 
i T4E45,355 S9S5S9.515 499,54 ---- 493, 96 ---- 

| DMA-A15 11TSE1.48G 2OTIEST. GGG 1SkS.9@ 0 ---- ---- 3622 ---- 
P MMédd.41@ S252. GET 9 499,54 0 ---- ~--- ---- 

[Ma GF 115494,d00 F27TSTS.IGR ote47,51 9 ---- ---- 36820 ---- 
ISPAZ.11F 9 AeTIS4. SQ SBR, ---- ---- ~--- 

i [Hef 111424, 7GG Foeeede, 908 1f12,ER 9 ---- 1586.67 3°RE ---- 
TESS2.688 F65C1@,563  491,%4 9 ---- 485.62 ---- 

| i CMA-@5 f15Z2QO. 56H 2e2TaR. eae =«167S,eG ---- ---- -----  ---- 
TSi6G, 246 BSEEOG.ETS = 499,220 ---- ---- ---- 

i Pps 115450 GG 2OS529@ BAR  {PLT,G@  ---- ---- -----  ---- 
- TEMS ES 62tted S172 SOT TG ---- ---- ~--- 

i CMS aF H1TESR. eG «| ISSSTER ERA | 1feT.eR | ---- ---- -----  ---- 
24406.272 9 £37869,972 9 4Q2,75 0 ---- ---- --—— 

/ 

DMa— 14 H1O51G,908, 227S40R,00% 1593.68  ---- 1674.51 3/82 -—- 
MIS2T.EE5 S9TSSA.25@ 425.74 ---- 479.92 ---- 

£ CMe 12 LITSSP. IGG | BET S3SS. TRG | 1S2t.2Q 0 ---- 159t.15 3-82 ---- 
| TESTI, 4G 0 Sadede gee ded, 15 9 ---- 484.39 ---- 

OMa-13 PIGS EG OG LOESTGR,GEH 1854.7 ---- 1553.52 3-82 ---- 
| i TIESS.LEES SEES IER | APELGQ---- $73.52 ~--= 
L 

C}A-14 (22450, 00 FOTKTOG. GOR eet .ea 0 ---- ---- -----  ---- 
P3142 227 SSTSEE. Ces 40,2 P 0 soa iota aio 

; { f 

| CMA-16 123792, 589 LOTLISd.18Q@  1EER,39@ 0 ---- 1553.89 3-82 ---- 
7 RPPEE.SS1 | SSIES SH. St ---- 473.65 ---- 

OMAR1? (AESS5.408 2OTSSd7, GG 1£€4,68 ---- ---- -----  —-- 
I IMEL.525  e93Se5.c83 476.71  ---- ---= --—— 

CMA 12 LLI7S7.5G@ -22ee@SF.¢9@ «:1619.4@ 9 ---- 1561.69 3-82 —— 
; W4G64.098 S91S6s.813 493.68 ---- $76.8! ----
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i COPING COCRD INATE ELEVATIONCMSL) GROUMDMATER RQUIFER 
MAME NORTH EAST GROUND REDROCK ELEW.<MSL> DATE THICKNESS 

i FEET FEET FEET FEET FEET FEET 
METERS METERS METERS METERS § METERS METERS 

1 DMA-19 115@03.26@  2279719.9G@ 1597.28 ---- 1598.54 3/82 ---- 
, THASE.573  «—- $94867.863 486.93 ---- 424.19 ose 

PMA-og 119268, 2GQ 2272677,19@ 1592.48 ---- 1561.37 3/82 ---- 
T6332.66@ $92703.563 485.25 ---- 475.91 ~--~ 

a CMA-22 117208,808 2297358.208 1629.63  ---- ~——— maces soo 
i 74686.556 7O024@.758 496.41  ---- ---- ---- 

pEA-205 1122H8.008 2297T5R.G@G 1629.26 ---- 1682.85 ZS2 --— 
i T4E26.856 FOGCH@.PSA 496.59 ---- 438.55 ---- 

rhe 37 (HS15G, G0 20SdOtG,. 608 1948.18 ---- ---- -----  ---- 
i TOSS, 1G5 9 SETGTILSE2 469.430 ---- ---- ---- 

OME 278 {C24IO, GG 2ES4TSG.S0@ 1547.18  ---- ---- -----  ---- 
J T1S3H.642 SSPRSS.258 471.56 ---- ---- ---- 

[MA-22 (A12TB.G0G F2S1TEA,GG 1537.18  ---- 1554.5@ 3/82 ---- 
TAZSS.275 EES IRELOPS = 469.51 ---- 457.75 --~- 

i OMR-238 [QITSA. OGG = 2SELTSE.CBG «1536.78 ---- 1534.68 3°@2 --— 
IOSkL.IF1 9 SRE2EA.APS 468,59 ---- 467.78 sess 

i OMR-2A {OPS GAG 2TSIBIA. BOB iS7’7.86@  ---- —--= mao 

TTTSE.S16 | SS5260,258 9 de. ee ---- --~- ---- 

j OMp-T! (PA160,008 228157G.G08 1522.19 ---- iS@4.7@ 3082 ---- 
TE625.211 S9547@.9%38 425.28  ---- 423,82 ---- 

I OeR-T29 112G5G,05@ 220056G,800 1992.18  ---- 1585.54 3°82 ---- 
| TH153,.25G 698177.19% 485.28 ---- 422,57 -—-- 

i CMe 73 }OS525, G0 2OSIPTG.GGR  1537.9@ ---- ---- -----  ---- 
| TRBQB.621  SPETHP.PSQ@ © 468.76 0 ---- ---- ---- 

) CMA-34 114G08.00@ 204285R.068 1935.96  ---- 1533.82 382 ---- 
ff T4747.617 S252135.875 468.15 ---- 467.51 ---- 

= DMAR35 111138.GeG 224597G,0@G 1578.48  ---- ---- ----=  --— 
I TIS2O,.074 = £e4554.188 478.56 ---- ---- ~-~- 

. rytQ-36 1PSSRO EG 22SG18G,80G 1S75.50 9 ---- ~--- -----  ---- 
i T3472. 874 —- 6E5O6T.125 1B. 7B --—- ---- ---- 

OMA-37 [2DEZ4G GG «= 224T4SN.8GR = 1824.18 9 ---- ---- ----- ---- 
I T2thg N94 KSTOTH, 9EQ | IT. 32 ---- ~~-- 

‘ x 44°, ¥ 7-9 § QO 44 {W779 — a oe —— oe a “Q? —— CMA-32 142158,008 22428ER.0CB 1772.08 382 
i ATC, AZZ 6S5771.588 248.12 cao = TT
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, ROPING COORD IMATE ELENATIONCMSL) GROUMDUATER QOUIFER 
i Lree WORTH CAST CROURD BEDROCK ELE. CMSL) DATE THICKHESS 

CCOT FEET FEET FEET FEET FEET 
f METERS METERS METERS METERS METERS METERS 

cMa-2a 142560.806  7259998.00@ 1772.28 --—- ~--- a---- ---- 
1 43757.617 S86197,6¢@ 546.28 ---- ---~ = 

DMa-12 13ZR4G. PAR 2271008, AAR 1615.9@ ---- _--- ----- ---- 
i S6551,822 629015,25@ 492.53 ---- — ~--- 

noe gs 1TTOGR, ARB 2tPOT7R.GGQ 1624.78 ---- $05.45 3°82 --—- 
| 41752, 192 £20733.458 495.21 ---- $25.58 ---- 

mMa-dd O20 AGA 25912R.F6Q 1530,8@ ---- ---- ----- --— 
: ME GRR, OED 24606.375 484.98 ---- ---- ---- 

| nMOS 1GOLTA GEA PZLATRR.AGA 861448.68@ ---- _--- ----— ---- 
| "A572, 295 “$157,438 GLEE  ---- ---- — 

I roMo4¢ 11742R, GAG 221948G.808 1714.5@ ---- ~--- ----- ---- 
35790,@G47 ABA6L. 62S P59 nee ---- ---- 

5 pMa—4F 121592. 500 P276057.58G 1572.48 ---- 1554.69 2S? --—- 
| STEGER, 919 BQZTSA. O13) 4P8.6400 ---- 4735.37 ---- 

i hMa49 119991. 50Q@ 20487RR.50@ {547.48 ---- [537.39 3°82 ---—- 
| TLA26, GA Sa151G.682 471.65 ---- 468,66 ---- 

| reenat 114405. GGG 2OSCcCoR GAR 1627.26  ---- ~~~ ----- ~--- 
“4571, G62 B65S27,75G 446.61 ---- ~--- —— 

nMonata 14405 GO  22SOORR GEG 1627.08 ---- 1592.76 3°82 ---—- 
{ 

| f T4271 862 SSSSTA TLE d@6.19°0 ---- 425,36 ~--- 4 

noo 114995 GAH TESSCAR, AAR {766.3@ ---- ~--- ----- ---- 
} ZEG5R, 22 S967 28, 250 528.82 0 ---- TTF OO 

t 

PMOLAT HLSTE GGG 72ATHEs AGG 1527.98 ---- 1579.45 382 ---- 
i TEETO.G27 9 ESPEIPLTEG © 424.8000 ---- 431.42 ---- 

OMEAaY 1194R5 AGH 2OTTSS AGG 1644.58 ---- 1=99.48 1Q/S@ ---- 
5 TST, O77 656186, G62 Byi,05 ---- 495.39 ~--- 

Catt one, 17 PITS AGA SB ed a GG 14.28 Qa — ae oe ae we 3.782 ~~ 

. _ em 8 the Laan a ee ee es ne ee a oe suet wad n' O . HS @ Ly 

! | T4179, 124 626641. 6@G Sti4.75  ---- ---~ ---- 
im 
7 Mo seg 11O1T GEG «= 22e5545.e0@ 1699.38 ---- 1592.51 2/82 ---- 

| T4177, 627 Sa¢¢47,5AQ SI4.9Q  ---- 435.40 ---- 

J rMQ~RE 112225.00R 257G15.00@ 1666.58 ---- 1592.23 3/92 ---- 
S47 55, 259 295971.375 SG7.96  ---- 425,33 ---- 

I UPB-B? 1AS1SQ.AG@  2287345.96G@ 1553.78 ---- 1589.87 392 --—- 
32754, 218 697243.563 S@Q4.@5 ---- 494.35 ----
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BOR IMG COORDINATE ELEVATION ISL) GROUNDWATER RQUIFER [ MAME NORTH CAST GROUND = FEPROCK ELEU.<MSL> DATE THICKHESS 

CEET FEET FEET FEET FEET FEET ' METERS METERS METERS METERS METERS METERS 

CMB-ag 114595.608 2297940.26@ 1622.78 ---- 1586.97 3/82 ---- 
] T4992.977 9 697242.G62 9 494.88 9 ---- 493.71 ial 

DMB-B9R M1GS55.808 22S7255.00@ 1661.68 1422.66 1598.48 3-82 167 
i B3637.578 ES7157.625 566.46 433.61 484.7¢ 58.9 

DME-Gop, 114555.G06 2287235.0G8 1661.68 ---- 1598.31 3/e2  ---- 
A SS697.578 BSP Lo7.625 s86.46  ---- $84.73 ---- 

DME- Gar 1MASES. GGG ZeET2T5S.ERG 1661.68 ---- 1898.47 3492 ---- 
i 3I637.578 e9F71S7.625 506.46 ---- 424,79 ---- 

MME 1G 117729.506 2271178.00@ 1619.18 ---- 1559.39 3-82 ---- 
TESS1.923 S92268,.9T9 493,51 ---- 475.46 ---- 

i OMe 169560,009 227587R. RGB 1656.98 ---- 15E9,F4 3v82  ---- 
S3516.211 S9%869,6e9 565.@3 ---- 478.24 ---- 

i PME-12 1B739G.8GG 22752G5.GG@ 1596,1@ ---- IS65.15 3°82 ---- 
32732.267 é92496.975 482.45  ---- 477. G6 -—— 

i MMB-15 1a7118.00@ 2269998.8R@ 1469.4@ ---- 1553.82 3-82 ---- 
| S2647,52! 691299.758 494.55 ---- $73.37 ---- 

i | mMP-14 L1A875.008 227H995.6G0 1632.7@ ---- ~—-- -----  ---- 
ZUSTL.2f6 9 B922H4 SEZ g99,4Q 00 ---- -~-—— --~= 

} OME=15 11TESG,. G68 P2PERS5 SRA LSEP.5@ ---- ~~~ —----  --~- 
| B4643.924 SS2STLL SET aga, 12 0 ---- ---- ---- 

) PMp-1¢ 1119282G.668 2297T4re,.ceR 1274.6@  ---- os TQ? --— 
i B41G1.4id 49867. BGR | 1.42 ---- -——— ---- 

ME -1F 1S29E0, GG 22ESTSS E08 1649,e@  ---- -——- 3°82 ---~ 
i 332114168  SS1824 S7S 9 842,62 9 ---- ~-—~ --== 

CME-19 1:S5G,06@ 82ESRER. GPA 16@t,G@  ---- ISES.22  IvQZ ---- 
i TIESG. O84  SS1T1T,GG@ = dg7.990 ---- 874,37 -~-~- 

OMB-19 UO TISS50,G0@G SPES215.00G 1554.68 1418.68 ~---- aneeaneeet 
: BIGGS. 566 89G628.758 4P.35 432,39 ---- -—-- 

OMP-24 L1SP25,58 B27G5T@. G68 1605.8@ ---- 1578.55 3°82 ---- 
S5273.406 A422865.975 499.45  ---- 491.15 ——== 

i oMp-2eA LISTIG. COG = F2705d5.G68 1666.2@ ---- 1561.93 3-92 ---- 
| TS271,283 - BS2H7B.438 489.58 ---- 476.88 aaa 

i OMS-21 11228°8,G8G 2265775.008 1559.38 ---- 1954.58 3/82 ---- 
74387.949  698616.563 475.29 ---- 473.34 --—



f Setober 1962 -AT- 924-136: 

SOR ING COORD IMATE ELEWATICNCMSL) GROUNDUATER AQUIFER 
. HARE HORTH EAST GROUND  EEDROCK ELEU.<MSL) DATE THICKESS 

FEET FEET FEET FEET FEET FEET 
f METERS METERS METERS METERS METERS METERS 

Mp-29 113248.90@ 2269698.80@ 1616.58 ---- 1559.62 3/92 ---- 
i 34515.969 691627.@@@ 492.72 ---- 475.38 —--- 

CME-23 115989.08@ 2269905.G88 1563.38 ---- 1553.98 3-2 --— 
‘ 35326.746 691357.188 476.5@ ---- 473.63 --—— 

OME-24 18296@.968 2271375.0@8 1565.40 -~-- 1539.79 18°8@ --— 
- S1188.264 -6.92323.438 9477.14 —-- 462,33 aa 

i DME-25 1@S725.G0G 2268525.66@ 1644.78 ---- 1542.17 3/82 ---- 
32225.7E9 = BS1454,75G 9 SBL.31 0 ---- 471,39 ---- 

i Pine -246 1G5S2G,0R@ 222005H.e68 1713.08 ---- 1584.09 382 ---- 
S2162.293 $98E58.19F 9522.13 ---- $82.34 ~--- 

| OMB-27 1@2675,008 I297S395,.808 1649.68 ---- 1587.83 3-92 ---- 
S3124.539 626078.625 582.62 ---- 423.73 ---- 

i OME-2e 1C6S48.9G8 2295425,6G@ 1442.13 ---- i5gF.$8 3/82 ---- 
S2565,225 €96605.9%8 SGQ.53 ---- $83,39 aa 

- nMo—24 1G4295,.008 27R011G,G¢@ 1699.98 ---- 1587.56 3782 --— 
€ SH2tE.932 9 697424. 313 498.82 0 ---- $33.39 ---— 

| CMC-at 119128.8@8 279°T3G,G@@ t4t4.3q  ---- 1685.98 18-8@ ---- | TEQSI.GB@  =s2R71G.625 492,84 ---- 433.41 --=- 

OMT Bo 12S518,G0G 22°874G,.0G@ 1503.68 .---- 1579.13 3“82 ---- 
a SRECO. FL! 9 SAP616, 375 9 484,21 0 +--- $31.32 -—-— 

/ DMC-83 IGEWG. GAG 2291F15,G@@ 1418.8@ ---- 1589.96 3/82 ---- 
i TIS85. 785 9 692503,195 40.73 ---- 424,63 a 

CMT Gt IIS746,.7G@ 22PS815.7G@ 1¢7E.7B@ 1575.58 1589.44 3-92 3 
' TES24.2974 9 -S4591. 258 = 498.87 = 8.220 484.47 1.0 

PMI-G2 116608.9GG 227STSG.1GR@ 1499.48 1574.58 1588.54 3-02 14 
' SSa2. 224 S457 2.375 496.65 9479.91 © 484.22 4.3 

* CM -83 115504.403 2272692.208 1626.58 1573.5@ ---- -----  -~-- 
| TSS1G.969 S94553.F5@ 495.7 479.61 ---- ~-— 

I [MIG 115374. 7G 2279621.78B 1637.18 1561.98 ---- -----  ---- 
TEN71.437 9 $94532,313 438.99 475.900 ---- -~-- 

; : . 

i CMI-aS 11S232,004 2278473.600 1641.2@ 1557.5@ ---- -----  -~-- 
SS476.711  694487.125 9 SGG.24 0474.73 ---- ---- 

i nM -@7 116412.99@ 2278275.5G@ 1447.78 1557.8@ -—- wana a 
TS483.078 694476.488 562.23 474.58 ---- ----



- Tol ~O_ : Octcber 1282 -7.5 &€24-1304 

COPING COORD INSTE CLOUATICP SL) GROUBDUATER ACUIFER 
i pm NOTH CAST GROUND  TEDRCCK ELEU.CMSL) CATE THICKNESS 

COET CEET FEET FEET FEET FEET 
' METERS METERS METERS METERS METERS METERS 

CMI-@3  116436.2@@ 272778175.2700 1647.36 155@.eg --— ----~ ---- 
; 25458, 255 624320, 933 5Q2, 18 472.45  --—- ~--~ 

UMI-83 116908.98@ 2279982.908 1633.98 1579.9@ ---- pene nee 
: 25634, 262 6.24612, AGG d97,99 431.29 ---- ~--- | 

CHtI-11 1155¢4,G0@ 2278599,5G@ 1634.2@ ---- _--- ----- -——~ 
75527, 933 624525, 8G $98.29 ---- a--- ~--~ 

5 CMP-Gt 115675.20@ 2279490.G@@ 1647.68 ---- 1537.91 3-82 ---- 
T55E2, W469 524489, B63 5Q?.19  ---- 483,97 ---- 

i DMP-A2 115135 ,0RQ 2O7e685.PR@ 1595.68 —---- 1584.52 3/82 -—- 
ZSGAz, S7B 624551. 563 486,34  ---- 432.97 ----~ 

i DMp-az 11TS65.G60@ FOPSK75.G@Q 1623.6G ---- 1577.34 3/82 ---- 
T4645, 503 697612, 275 Aug, 383 ---- 488,73 — 

i ores-a4 (17104 18% FOFET19,928@ 1661.78 1554.48 1593.96 3,82 a 
| ZSGIR, 762? £94409, 13 536.49 473.66 435, a4 a.8 

. / opts a? 1172296. 708 PPF7S89. 78GB 1641.78 §494.08 1596.49 3-92 Q 
T5044, 492 Kag7H'2, 1288 EGR, 24 452.33 434.79 Q.g 

 Dl-era 11S254.908 2276266.40@ 1649.5@ ---- WQ1.32 0 3-42 ---- 
i | TSd59, 705 553814. 375 5Q2.47 ---- 431.3% ---~ 

oe pat 1:507R, SHG FOThOS1.G@R 1449.78 ---- 1581.81 3-32 ---- 
| J TE45E 979 697312, 4629 562.4. ---- 4231.26 ~--- 

CyB 11677680 22FATad.4e@ 160.78 ---- 1591.52 3-92 --— 
i TELAT, 296 624289, 7ER $87,9Q@ ---- 485.18 ---- 

Cili§ BON E776. SHR PeTared.4a@ 1668.78 ---- 15%.Q6 See? ---- 
fj TERA, 2ag La4eea, FER $97,9@  ---- 426,49 ~--~ 

a Pg—@ZL 118754 8G POTASAM IAG 1657.18 ---- 1575.98 3-2 --— 
“Ed Tet, 328 93579, SEZ 5@5,89 ---- 458, 76 ---- 

: Cd asi 116054 EG 227484R,1G@ 1457.1@ ---- 1576.21 3-92 --— 
35434, 223 523379, 563 565,@9 ---- 490.43 — 

j G4BDe4 (QCREA, GRA 2Sh94Q,AGG 1£299,93 1446.42 1553.23 3/02 185 
S7AS7,A8R © S9R9TL. 4675 426,31 442,22 473.43 32.8 

a G4ate. 112755,0GQ 22675278,AG@ 1574.48 ---- ---- ----- -—- 
T4528, 5359 62114Q, 42g 479,38  ---- — ~--~ 

i G4e£22 1G0E53,.9GG 2°67465.0GQ 1594.18 ---- — --—_- --— 
73421, 723 S41131.¢689 $95,989  ---- — : —



i Octoper 1952 -2,5- 222-1304 

BCR ING COORDINETS ELEWATIONCIMSL } CROUNDUATER AQUIFER 
f MARE HOPTH EAST GROUND = SEDROCK ELEU,<MSL) DATE THICKNESS 

FEET FEET | «FEET FEET FEET FEET 
f METERS METERS METERS METERS METERS METERS 

646-Ga7 113955.0G@ 22768708.00@ 1548.35 1431.35 ---- -——-- --— 
5 26257.922 691588.125 471.94 436.28 ---- ---- 

G48-G12 111248, 6GG 226935@,808 1649.98 ---- ~--- ---—  -—- 
g S2936.249 491706.25@ 5@2.9@ ---- -~-- ---~ 

G49-G24 1A7938.063 22638258.980@ 1658.78 ---- ---~ --—- -—- 
oo S2666.988 €91553.913 505.58 --—  --— --— 

| i G48-G26 IGES9R. BAR 2262660.0R@ 1578.78 ---- ---— -—-- --— 
, S2519.584 sé91495,875 S11.67 ---- ---- ---- 

i G4BH15 115275, G0@ 2969350,008 1762.28 ---- ~--- --—-- ---- 
BELZ6.242 = 6917RA.125 = S7.13 0 ---- ——-— --— 

f G4GH1s 1{3258,08Q8 FP69110.GG8 1617.1@ 1355.18 1559.5@  3/e2 48 
T45227.063 S91633.863 492.99 413.04 475.234 28.7 

| i C4e-HeF 1A597TR.GRG 226965G.R@8 1642.18 1278.16 1549.19 2°82 2 
- 22287.254 691797.688 488.33 417.61 472.17 13.9 

: i G4e-15 111G1B.9@@ 2270158.08@ 1623.68 ---- 1562.13 3-22 ---- 
: T4689, 707 S2195@,863 493.738 --— 476.14 ---- 

4 GAG-I2G 111149.066 22659965.9GG 1429.78 ---- ---- ----- = 
| TRSPS.979 = SAAFS.37S 446.74 ---- ---- aaa 

— Reais 1151 5G,GAG 8 227S95,008 1688.98 ---- 564.68 3-92 --— 
i ; TERS2,C4P SS2174,G635 497.96 ---- 476. 26 aa 
L.. 

| Gie4g9 117745.80G 2271195.G@8 1621.8@ 1415.86 ---- <oe 
| i | 35899.109  S92765.563 494.09 431.2@  ---- a 

G4e-Lis 111966,80@ 2271825.888 1671.36 --— ~--- -—-— 
. ‘ BISS1.49S = GAPPIB. PSG EGS. 42 ---- ——— aT 

| G40-L2F {CQ62G, BEB B271G6S.AGB 1629.58 ---- 1961.32 -—— -—- 
| ‘ S3LP3,215. - $92278.953 0494.66 ---- 475, 28 --—— 

: G4a—tt4 114595.86@  2271978,0e@@ 1649.66 ---- ---- = 
| 34923.977 $92459.063 ©@2,9@ ---- ---- --—— 

| 

J GAAS 115E68.008 2271F7IS.G0G 1637.48 1352.68 1568.2@ 3°82 129 
T4645.924 9 692435.188 9 499.15 42.280 477.99 39.8 

i G4a 13 117145,.C@G P27ERdA, PAG 1454.0G --— ~~ ———- 
SS7S6,227 s622378,93@ 8498.85 --— —~-~ --— 

| G4O-P19R 116 F45.008 2272895. PAB 891551.35 1497.35 1969.56 3-82 33 
35534.265 692796.758 583.34 456.48 478.35 18.1



“ae ey 7 0 me ~ r . i Octlber ifse2 -AlO- $24-1206 

| COP IMG COCPDINATE ELEVATIONS MEL» GROUNDWATER AQUIFER 

i bapuae HOP TU CAST GROUND = SEDPCCK «ELEU. CISL? «DATE THICKMESS 

CCT FOET FEET FEET CEET FEET 

, METORS METERS METERS METERS METERS METERS 

G4B-P17 112718.G0@ 227349@.0G8 1707.98 --— --— -—-- -—- 
f 24254 .422 692968.1275 526.57 --— -~— -~— 

G4Ak-P2e 111@7Q.G@@ 2273515.8@G 1641.18 --— 1978.22 392 -—— 
q S3854.543 68297S.758 588.21 --— 472.61 ---- 

- G40-a? 11905B.R8G 2274558.0@6 1689.18 ---- 1564.24 3°92 -—- 
i 76226. 379 693238. 256 499.15 -—- £476.79 --— 

| 548223 182778,66@ 2274885.8@6 1626.38 ---- 1568.63 3-92 -—- 
| 1 TI1SS. 498 EIIZEQ, B39 493.97 --— 473.12 -——— 

mae-243 112749 FAQ PPTET6S.2@@ 1659.98 --— —o —- 

TEdZO. 373 637539, 625 499,35 -—— --— ——— 

i Gan-i1F 112055, 068 2275778.GG0 1595.65 --— 1576.19 3-92 -—- 
7 34227, 230 693663, B63 496.36  -—— 428,49 --— 

| c G4e-517a 1]2TZELAGR 86 POPSTRG. BGG 60«1595.98 = =-—- 1577.98 3-82 -—- 
T4248.121 693669.125 9 496.44 --— 4268.60 ——— 

f Gte-Tza 125755. 00Q 2279419.00G 1594.48 1434.49 1579.42 3°82 184 
22237. 561 524467, 750 424.76 437.23 498.99 3t.7 

i  geaeuet I21515.0@3 2277990,00@ 1616.55 1485.05 1583.27 3-82 34 
37@28. 213 Sag729, FSG 492,73 452.65 482,59 16.4 

| GHP-NAtg {2753G,08Q@ 227FBEe@.C@B 1578.98 1589.9@ 1573.68 3°92 @ 

| Peroronarn bat 117455. G0R ZE7919R.AAB 1593.48 1425.48 1505.68 3°82 115 
T4642.451 6Ad7A2, 433 485.67 454.47 - 483.28 =4.4 

CHS 58 11IS65,06Q 227917, G8G 1593.78 --— --— 3°82 -—- 
i T4545, HAS 634699. 375 $85.77 --— -—- --— 

Tit! 1107TB CGR 227eete. Pee 61592.88 -—- 1592.76 3-82 -—- 
| 2 TEPER. 918 624554, 939 4395.49 -— 492.28 --— 

| GeQ-72 142208, AGG T2F8S18.0@@ 1609.18 1419.80 1575.93 3-92 157 
. ; TALRT. B23 694437. 250 $98, 46 432,52 $88.35 47.9 

GAR ye 196288, BGR POPSEAR. CGR 1590.76 1465.78 1500.56 3/92 1a? 
' 32515,.455 6544506. 625 4934.95 $46.75 431.76 32.6 

G41-42% 1G2R7G. GGG 272A088.fe@ 1689.88 --— 1983,32 3°82 -—- 
32244, 125 2540, 138 g$9@.12  -—— $92.68 -—- 

i G41-A24 167C¢6@,G@G 220@5G8.@G@ 1614.18 1448.38 -—- -—-—-  ---~- 
ZI632.7314 695184. 758 491,93 $39.16 -—— -—-—



Ccotcoper 1982 -\11- 824-1294 

i SOR ING COLSQT MATE ELEVATION’ MEL 5 GROUND STEP. SOUTEEP 
Hee HCETH CAST GROUND = -SEDFOCK ELEW.CMSiLa  DSTe THICeMESs 

i FEET FEET FEET CELT FLET FEET 
METERS METERS METERS METERS METERS METERS 

i G41-8t2 116'20.0@8 2290618.C@G 1618.65 1497.65 1591.46 3/92 24 
S5393.981 695138.313 499.93 456.49 4985.a9 7.3 

f G4i-cit 11€G9S.80G6 2291698.8@8 1624.4@  --— teeter 
35726.194 S69346P7.50G 498.17 -— --— -—-- 

i C4115 114775,00@ 2721395,8@8 1617.28 -—- -—- -——— = 24993.240 S955%0,9@@ 492,93 -——~ —--= -——- 

| E41-C1s 1P325G.90R DOR2FS.GGG 1615.68 1419.66 1591.49 3-92 113 
SH549.496  695504.975 9 492.4dg 0 40 KASS we, 26.8 

| G4i-C1SA = 11T765.00@ 22908086.G@@ 1615.6@ -——- -— -_——— -— | T4554,070 S95586.375 492.44 -—~ -—- -—— 

z G41-CIER = LLE2S5.0RR §8609981958.808 8 16t1.5@ -— 1592.61 3-82 -—- 
TATBI.59G © AS55116, 28@ = 49y,22  -—— 485.43 -—- 

G4HI-C1EC A E31SA.58@ 8 9228179.8e@B 861611.35  -— 1686.61 3-92 -—- : | S4492,582 695998, 60@ 421.15  --— 429.78 -_—— 

| G4t-C32 1E2TCR.70R = 22R2115.00@ 1729.98 1999.96 1584.93 392 7 i T12$2.577  GS5597.863 3G.58 456.84 433.89 22.3 
Gat-fia 114075.008 22803RG.GRA 1615.1@ -— -—- -——— -—- f S4778.48@ S35653.458 492,29 -—— -— -—— 

Gai-ptF 112229,088 2292595, G@@ 1449.29 -— -—- -——— -—- : Y B4285.07R 695722.6¢@ $@2,69 --— -—- -—- 

G4i-D13 1113@@.080 22221de,ae@ 1698.49 -— -— -—— -—- | . S3924.649 €393604.987 St2,19  -—— ——= -—- 

G4i-Et} 1IS245.006 2799975, RGB 1651.69 -— -—— -_———  -—— 
TSIUS.G72 6258798, 698 89 SBI.dt | -—— ~-— -—- 

i Gat-E15 PiSTRE GR | S28S38,. GGA 1627.58 1396.88 1592,98 3-92 116 
THEBES  SSSEET.ES@ ARE. Gt © 422. 7A 485.55 sa.4 

s G4i:-f1TA 9 tidTes.ae@ oo s2eDeas.ae@ = 1626.7a 2 9=-— -— -——-—  -—- 
T4064.969 9 -895254.913 495.92 -—— -—- = 

i GS1-E15 11IT2R. G68 2299955.808 1647.38 -— -— -———  -—- 
TH552,d41 A9S8247,00@ 9562.18 -— -— -—- 

f G41-E17 I{2TIS.GRB = 229785. 00 1666.48 1419.98 1591.45 3-82 75 
| TS255,759 55888. 313 587.92 432.49 494.96 22.9 

| G41-E19 L1G7S@.008 2295885.QG@ 162¢.9@ -—— _—— ——— + 
SS757.@@8 695892.688 494.46 -—— -_— -—-



f Cetoper 198< ~ALZ-~ 224-1304 

De ro T be. ~ "PGC ° - mom) ee mye 

ACR IND ~ ORO TNATE CLOUAT ICN’ MSL 3 CROWN[ HS TOP AQUIFER tPA We OoTW mast —=, aa -— - ’ ‘ - - 

i = re SAeT SPCUND  EEDROCK ELEULEMSLY DATE THICKHESS 

FOC FEET FEET FEET FEET FOOT . METERS METERS METERS METERS METOPS METERS 

h4t-5799 11@25@,.0@B 2293796.86@ 1645.68 1391.66 1588.95 379? ag 
' TZEO?. 652 695955, 133 =81,58 424,16 424,32 27.4 

G4t-£99 199978,008 228°576.608 1663.75 1391.75 1589.58 3-92 146 
| BIE19, 262 635735. 750 $98, 66 424,21 494,71 44.5 

i 41-0979 12555. 08G 229c599.Re@@ 1499,56¢ -—~ 1594.24 3/92 -— 
514.439 S9574t. 812 $28,58 -—— «484.71 -~—~ 

i G4i-F15 114945.0G@ 2ERQ36ER.A0G 1678.78 -— -—— -—— 
SEBS, 126 SUAH67, 93a 539,24 -—— ~—— ~—— 

; Gat-oo4 197255,00@ 228T465.A@G 1655.58 1499.98 1526.58 3-9? 123 
22591, 719 626882, =6a 532, 23 435,50 493.53 39.8 

q S4i-Gtt 1140935. CQ 272Adz=45 PAB 1497.18 --—~ -—— -—-—~ -—~ 
T5l26, tad 626976, FaG Sig,23 --— -—— -—-~ 

5 Capt? 115925, 988 2294430.80@ 1575.78 -— — -——- _ ---~ 
ZETA, 227 626782, 682 51Q,76 -—— -~— -——~ 

| Mat-Gts 115288.@GG@ 22794705. 8A@ 1729.68 1393.6@ 1591.69 3-32 St 
7 ZS1351,472 SAG 92, SES 52t, aq 424,77 485,15 12.5 

G4t-ot 1139558. 50Q 2284T15 GAA 1785.19 -— -—-~ -—--—-  -—_~ 
f | T4728, 701 S26 767, GOS eta.72 -—— -—— — 

M4171 4p 114050 GE 2794715.66@ 17a6,38 -—~ 1991.94 3yva>2 -—- 
s T4772,00d = S9K287.6295 828.27  -— 425, 23 -—— 

G4t-Gise 114255, RG 22A4Tt5.80G 1786.9@ 1391.9@ 1592.83  3-a2 36 
i 47 h4, 2QS KASS F, 625 COR, 24 424,23 $85.26 tt.a 

| Sat-etar 114878 MAR 27OC4T15,/PAG 178E,5@ -—~ 1599,78 3a? -—- 
f THT SE FE? SUgISF, S25 57R.99 -—- 495.49 —e 

Gat-otsp 117285 CER P24 T15.C@A 1705.48 --—~— 1997,@2 Fao -—- 
TATU, 420 SU8267, 675 519,37 -—— 4Q5, 25 -~——— 

i S44-Gt +e {1=S0@. PER 2724515.e8@ 1785.6@ -—~ 1592.14 Faz -—— 
34655, 281 KA6267, 62S Sia.a7  -—— 425,29 -—— 

i G4t-Gter 11TS85,ARA 27Qd515 AGG 176%.5Q -— 1592.29  3a?> -—— 
T4850 194 SAR 2K7, AOS 519,23  --— 4a5 3% -—- 

7 C4Ht-01S  . f1THt1S eR 279447 BEA 1991.58 1766.58 1592.37 3-92 7a 
74559, 383 548799, 625 S15, 59 415,51 425, 3G 74.3 

f G41-G!5Q t17498.8GG 20794396.888 1892.98 --— 1592.91 3-92 -—- 
74529,122 626296. 439 515.97 -— 485.25 -——



f Coen oe 2382 21 3- 6Z4-i1356- 

Se COORDINATE =LEVATICHKIMSL? CROLYD WATER ROWISED 5 HME MOOT CAST GROUND BEDROCK ELE. SMSL) OSTEO THrcKHESs 

coeT FEET _ FEET FEET FEET FEET : METERS METERS METERS METERS METERS METERS 

G41-Gi5B 11744@,80@Q@ 2724395,00@ 1692.18 -— 1591.86 3/82 -—- 
' 24576. 938 $96233. 938 Si5.76 -— 485.28 -—- 

G41-GiSc 112448.0@8 2224485,.8@8 1697,9@ -—- ~——— 3/82  -—- 
34575. 928 636295, G63 S15.75  -—— ——— -—- 

i G41-G1s 11279R@,8G@ 2294598.e@@ 1695.70 -—— -—~- -—— _-—- 
242783, 385 676298. 432 Si3.81 -—— -—- -—- 

i G41-G19 110c28.0@@ 2294798.G08 1696.68 -— -—- -———  -—- 
TIF96.633 S96756, 928 517.13 -—— -—— -——- 

. ; G41-G2! 1G9495. G68 BE2d26s.A@@ 1664.98 -— 1569.49 3-92 -—- 
| DEEP 4. 47? £46252, 375 587.44 -— 494.49 -—- 

7 Gd 1-Hes MTICG. GbR S>e5ene.GeA 1702.88 1391.58 1591,92 3-92 6@ 
SS7SS. 475 636476, 375 519.73 $24.15 435,19 13.3 

Gat-ure f1470R. 908 22a4a75.G@@ 1715.28 -— -——— ee 
| T4248, 328 626468, 7508 922.38 -—— -_—— -——— 

GS1-Hi? 112145, 0G D22Es36e@.cea 1684.58 -—— -—- 3/82 -—- 
T4192, 287 B26464, 198 S13.44  -—— -—— -———— 

G41-H12 111478. GOR 22e5125.80@ 1684.5@ -—— --— 3°92 --~- 
i LI, QFE 636514, 58 e13.30  -—— --—— -—— 

Ga i-lr sp IH1ES@ CAR STSEGES. BGG 1608.48 -— 1679.86 3a? -—- 
, T40i3,G43 9 636496,199 9 512,19 0 511.79 -—- 

atu op IPIsTE. BRA |= PSHASS. GGA 1693.98 1403.96 1587.73 3-82 @ 
i TES? 1.295 G3ESRE, SES 513.23 427.39 433,95 19.3 

Idi-mt {1282 488 2238506, 80@ 1709.98 --—— -— -———  -—- 
f TSTe8. 27S SISKST, 132 “28,91  -—— -— -—= 

idt-Ti4 114119, 8C@ 2F55898.80@ 1489.26 -—- -— -———  _-—- 
T4F7Sf,142  sas7q7,. 638 Si4.a7  ---- -—- ~—- 

| i G4i-31F 112278. G05 2285527R8,886 1689.2@ -— -—— -—-— _-—- 
T4155,445 S9E634, 875 514.37 -—— -—— -—- 

i G41-J17A 112418,80@ 2295528.G6@ 1633.23@ -— -—— —— 
ZS171, 553 K96537. 958 5i4.72 -— — — 

| 7 G41-113 11215, 808 F2R25S95.968 1579.78 -— 1656.17 3792 -—- 
32898, 742 626627, 254 511.98 -— 582.98 -—— 

i 641-319 11@73B,8G@ 2295696.80@ 16986.5@ -—- -—- ee 
aS ° EO ® 132 626683 © 533 St 4 s 85 ——— oe —



F Octcber 1982 ~A14- 624-122. 

BCR ING COORDINATE ELEUATIONCMSL? =» «GROUNDWATER 9 RQUIFER f HAIME NOPTH CAST GROUND  FEDROCK ELEULCMSL) DATE THICKHESS 

CEET CEET FEET FEET FEET CCET 
. METERS METERS METERS METERS METERS METERS 

G4t-K13 114755.808 2285965.6G@ 1699.78 1427.76 1591.72 3/92 4! 
5 T4977.746 696778.563 519.47 435.17 495.16 12.5 

G41-K1ZA  114778.68G 2295955.888 1599.99 -— 1592.29 3v92 -—- 
J 74927.316 636767.5@8 519.14 -— 425.34 -—- 

G4i-KIZR if4269,888 2086878.80G 14696.8@ -— -~— 3°92. -—- 
SEGRS.7O3 «= S868G2.563 17.19 -— -~— —- 

i G4i-K17 112155.00@ 22663525.0G@ 1689.78 -—- -—- -——_—  -—- 
T4195.759  - G3888R.25G 8914.72 --— ~--- — 

5 G4t-Ko4 {99525,G@8 2286215.0@8 1673.79 -— -—- -—-— -—~ 
SITYG.949 «= 686846.758 890 S115 -— ~—- — 

i G41-V215 10973@,80@ 2285998.0GG 1698.4 13292.4@ -—- -—— -—- 
SI446.105 S96747.688 512.19 424.41 -— -——- 

§ G41-K268 1CE°SB. GCG 22RE445.00G 1696.19 1367.18 1589.24 3-92 155 
TOTS. 4EZ  HASMG. BIT 515.93 «= 486.78 3s 484.18 46.6 

J G$t-L11 115935.0@@ 2236698.808 1788.58 -— -— -—-—- -—~ 
| SER2S. 223 40 6SKBST.5@B | SPA.FE | -— ~—~ -—— 

— Gdi-Liz 144065.608 2286795.8G@ 1711.5@ -— — -——  --— 
: T485G, 515 S97@25.5GG SPt.67 --— ~—— -—- 

GAt-Lis 112575,80@ 2286755.06G 1785.38 --— — -———  -—- 
f Z4012.978 G8FBLL.313  s19.7a  -— ~—~ — 

G41-L19 111660,808 22968°€.90@ 1696.49 -— -—- -——--~ -—- 
i 30851.495 9 687E31.125 Sid.@2  -— -_—— -—— 

GS1-L23 102775, G00 F29658R. RGB 1577.68 -— -— -—— _ -—— 
' TIGA2.G17 SS6558,60@ Stt.%4  -—— — -—-~ 

| G41-L 25 IGESdG. GGG 22CC8TH.9GQ 1693.78 -— -—~ -—_—  -—- 
1 TO8G4 264 BS7EPBLIFS | 516.250 - ~~ -—— 

S4i-Mtd 1{S°TE,. GCG 2287725.8GG 1582.88 1426.34 1579.47 3-82 75 
TESS3.523 8S72Q?7.6GG 492.44 434.74 481.43 22.9 

| i G4t-n15 1IT11S.G0G 2287645.00G 1653.68 1416.98 -—- -——  -—~ 
T4477.967 © 697207.627 53.84 431.58 -— -—-~ 

i G4i-MO4- 1075G@, REG «22E7176.GR@ 1653.18 -— -—~- -——— -—- 
T2828.315  697139.625 563.87 -—— -—— -—- 

' S41-H21 109170.0@@ 228841a.eg@ 1727.48 -—- 1589.97 3-82 -—~ 
32275.419 SS7515.75G 526.52 -— 484,32 -—~



i POR IHG COORD IMATE CLEMATIONY MSL GROUNDWATER AQUTESP 
HAPS MARTY EAST GEOLHE  CEDPOCK ELEY, ¢MSL) BATE THICKNESS 

FCET FEET FOOT FEET FEET FEET 
METERS METERS METSPS METERS METERS METERS 

Gdi-p1s 113755.60@6 2299768.688 1598.78 1423.76 1582.49 3,82 4g 
T4672. 941 637622.439 434,24 433.95 432.32 17.2 

| Gd 1-PyQ 111545.66@ 27290875.e8@ 1589.¢@ -—-~ 1586.43 3-82 ——- 
| 34829, 4B5 627642, 256 484,3a -—- 433.55 -——— 

G41-P13B 171393. °@8 270°978.RGg 15989.1@ —-——~ 1588.54 3-92 -—- 
i SHE? R22 K3I764a. 758 494,36 -—— 494.19 -—— 

G4 1-Pted 1ATSEB. GGA PP206GE.GGG 1589.88 1365.48 1589.16 3-9? 187 
| S2FB1. 637 597592, eae 512.69 416.86 494.39 57.8 

G41-922 {S24658,206 2IS919G.GQG 1512.38 1303.34 1529.72 3-82 716 
J TZBSS, FR 63977 os. Se 494,43 337. 4@ 494.43 65.9 

PO-] it4445,5G8 2273°388.7RG 1575.66 -— ~—~ ——-——- 
j S7ASt.4rr 6385656, ASS 498.87 -—- -—~ -— 

{ 

cOW4 174763.5G@ 2297799,58@ 1575.8aG -— — -_——— -—- 
7 37387. O77 Hes, 258 $94.97 -—- ~— -—~ 

a STt-2a 4 1{S792.19@ 2278148,9A@ 1455.78 -—- -—-— ——— 
TES'22, 468 624525, 687 “4.66 -— -—- -—~ 

f STS a7 114641.48@ 2772142.98@ 1657.99 -—— —e -———-  -~-- 
: TEES? 727 EAdi86, BFS [@s.31 -—- on -—~ 

‘ ITT O25 11552R SBA 2277G9S 4A@ 1454.98 -— _—-— -———  -——-~ 
- TES, 254 S34347, 315 oa¢.359 -—— -—- -—— 

i oT S-De4 114777, 48G 22700271. 7AG t46t.2@ -— ~—— -——  -—~ 
35594. 198 524549, OO "36.34 —-—- ~—-— os 

IT t-o¢e 146229, 5G@ 2779R%6.C8R 1655.68 -— -—~ ————  - 
TEA, 149 6243525, 258 5Qg.$3 -— -—— -——— 

STT-0n8 14753, 40@ 2079896. 7aG t649.7—8 -—— ~—— -_———  -——~ 
i TEM =4, 158 624572, 258 532.93 -— ~—~ -—~ 

ITS-2R7 114257. 4RG 2279°97.R@G 1642.1@ -— ~—— -——- -—- 
i TEM 34,150 624478, 258 500,52 -— ~—— — 

oT¢2e2 1tS476,10G 2279696.78@ {653.09 -— -—_— —- 
i 2E498,152 694372, 256 543.384 -—— —— co 

sTS-ERa 16554, 280 2279191.29@G 1657.ag@ -—- -—- 
f TEES, 149. $94491.312 533.54 —— -—— = 

STS-R1B 116499,5GQ 2278383.488 '647.7@ -—- — -———- _---~ 
{ 355@3.172 694435, 258 542,273 -— -—~ ——



. Octeber 19tz -2i6- 524-1304 

SOP ING COORDINATE CLEWATICNCHSL ChOUNDWATER ECRITFER 
: Hee HCP TH EAST GROUND = EEDPCCK SLEW. MSL) DATE THICKMESS 

FEET FEET FEET FEET FEET FEET 
: METERS METERS METERS METERS METERS METERS 

STS-811 116514.948 2279385.58@ 1651.08 -—— -——— —— -—- 
: 75514.168  694468.25¢ S@3.23  -— -—- -—- 

STSHSL-1 11428G.088 2279245.08@ 1591.91 -— 1585.31 4782 -—- 
34932.965  624417,438 485.22 -— $92.66 -—- 

i STSALSL-2 113575.008 2277008.008 1591.9! -— -— 4-82 -—— 
34519.873 694962,375 495.22 -— -—- -—- 

i STSLSL-J -11351G.8EG «= 227799G.088 «1591.91 -— -— 4/92 -— 
T4598.2766 694339.758 495.22 -—- -—— -—- 

| STS-LSL-4 « 112745.06G © 227643G.088 «1591.91 -— 1583.69 4/92 -—- 
T4243.168  693864.258 4985.22 -— 492.71 -—- 

f STELSL-S 111519.90G 2077598.Ge@ «1591.91 -— -—- 492 -—- 
TES27.885 9 894156.813 495.22 -—- -—- -—- 

BB STS-LSL-S  L1ASSG, GAB «= 2276598. AGS = 159f.91 -— 1598.68 4/82 -—- 
| SSG17.9E9  89391S.0nG 4ag.22  -—- 431.96 -—- 

| ‘TP-#! 110208,0@8 22355e8.G@G isaa.@@  -—- -—- -———  -—- 
a SEGW2.727 = A96623.215 «= SZ.aFZ  -— -—- -—- 

TP-02 11560@,.80@ 2295¢00.G@G 1715.69 -— -—- --— -—- 
i | TSIS7.207 0 S86653.258 522.740 -— — -—~ 

TP-GS 1147G8,G2@ 2092988.9e@ 192@.09 -—- -—~ -——— -—- 
| a T4S82.578 oSF5856.313 493.73 -—- ——~ —— 

TP-Rd 1137S8,PGG 2275e20.C@@ 1624.49 -— -—- -—— -—- 
5 THEN, 12G  - G9T6F2.198 «64S. FQ -—- -—- -—- 

TPES (15808,00@ 2273700.0@@ 17¢5.a@ -— -—- -——  -—- 
T450G,295 89 GSRGG2.10S «= 19.69 -—— -— -—— 

) i TP-GE 111100,80@ 2278!e@.0@@ 1625.a@ -— -—- -—-— -—- 
TES8S.588  SB1AS4. BES SSE -—— -—- ee 

: i TPT {:5S9G,80@ 22952°70.08G 1716.98 -—~ -—- 
| SEGEL.128 €36558.689 521.21 -—- -—— -—- 

| ; TD-02 116108,0C@ 228557G.Gaa 1789.@@ -—~ -—-~ -——— -—- 
TSda7.787 - S9E650.125 520.98 -— -—-~ -—- 

i Te-G9 LIEGE. GAG = 229497G,.C8B «1787.88 = -— -—~ ---—-  -——- 
SEES5.935 $36452.0@8 526.38 -—-~ -—~ -—- 

f TP-18 11688G,80G 224168,0G8 1695.88 -— -—~ -——-—  -—- 
ZEIS1.603 696220.575 516.64 -—- -—~ -——



: Qciober L482 ~ALT- : S2e-Lits 

COPING COORDINATE CLEWATLOMCMEL) GROLEDUATER 9 AQUIFER 
. HPMe MCETH cast CROUND = BEDROCK ELEN. OMSL) DATE THICKNESS 

FEET FEET = FEET ~—s FEET FEET FEET 
' METERS METERS METERS METERS METERS METERS 

TP-11 115728.G08 22939@0.Gea@ 1688.88 -—- ——- -——— -—- 
5 B5271.993 696141.125 512.67 -—- — -—- 

TP-12 115229.900  22930G8.e0a 1695.a@ -—- ——- 
S55G2.263  «- 696118.625 516.64 -—- -—~ -—~ 

i TP-13 11SI78.G0G 229599@.aaG «1674.8 -— ——-  - 
. T5149.961  § 696147.197 518.24 -— ~~~ -—~ 

i TP-14 114498.e@8 2285G4a.aca 1635.69 -— ——- 
B4293.925 - AS5C79.0G8 «9498.35  -—- -—~ -—~ 

| TP-15 L14980.088 278084G.90@ 1643.88 -— ——- 
TEGG9.75G = 655819.G8G 5aG.79  -— -—~ -—- 

f TP-18 (15970,00@ 2294850,GGa 1691.68 -—- —- 
TESE2.244 9 §36199.60@8 9512.38 -—- ---~ -—- 

TP-17 115S68,G@ 229798G.68G 1632.a8 -—- ——- -——— -—~ 
M4784.945  G85858.198 9 «497.44 -— -—~- -—- 

—Tp-19 113408.00G 2292868.808 1647.08 -—- 9 -—- --— -~- 
fF MHS84. 759 9 695824.125 502.91 -—- -—- -—~ 

| TP~12 LITER. GRR = 2287GEG.GGB 1666.98 = -—- He 5 M273.223 S95885.063 Sa7.gq -—- ~~ -—- 
TB-2¢ {12798088 2085S8G.c0@ 1764.98 -— ——- 

f T4158,973 696629.913 S19,38  -— -—-- -—- 

TR~21, 192048,90G 229932G.8G8 1727.88 -—- ——- -——— -—- 
| ; RIO6.754  BSPHBA_LIPS | 526.4 -— -— -—- 

12-29 1O7S80.80G 2028798.8GG 1682.28 -— ——- = = 
: SOPSh.275 9 - $97604.198 «= SEBS -— -— -—- 

TPA! L1¥I5B. C68 2oe4258.c@G 1785.88 -—- waa eH 
I47O3,TeB ASEM SIS | 519.59 -— -—-~ -—-- 

i THe 116297,983 2O7S723.3GG 16@t.28 -— 159.56 3-a2 -—- 
SEEIS.641 694268.588 498.85 -— 494.58 -—- 

f TYG? 119222.509 2274923.300 1654.48  -—- -—-- - -——_ + - 
TE443.322  893404.958 9 SGH.27 0 -—- -—- ~~ 

i TW 11417G,00@ 22204315.9GG 1767.28 -—- ——- 
TSPS7.242 0 S8K267.625 © 528.36 0 - -—- -—- 

| WO 116983.208 2277828.60@8 «1671.28 = -—- 2 
S5622.527 694238.588 589.59 -— -—- -—-



§ Qetorer i772 -A1S- 22-1304 

i ROPING COORDINATE ELEVATIOHCMSL 9 GROUNDUATER FACUIFER 
MAME HORTH FAST GROUND  EEDROCK SLEV.(MSL> DATE THICKNESS 

FEET FEET CEET FLET FEET FEET 
| METERS METERS METERS METERS METERS METERS 

LIW-A2 116442.06@ 2276157.4@@ 1645.4@ -—- -—— -——— _-—- 
SEd9t.949 0 693781.199 = SB1.52 0 -—- -_—— — 

Llle-24 116178.978 2278391.91@ 1693.67 -— 1584.55 4/92 -—- 
f TE4O9,24G  694462.258 9494.98 9 -—- 493.99 —- 

M178 129143.708 2273e92.6@@ 1582.78 1472.98 -—- —— 
; MET15.433 692946.9%8 992.4100 44.67 2 -— -—- 

X-175 112288.008 2278¢R@.G@@ 1596.68 1498.@@ -—- -——— -—~ 
5 T4381.255 692876.25@ 434.64 456.56 -—- -—~ 

M178 1126€4,108 2278659.90G 1615.6@ 1391.48 -—- -——  -—- 
: STSS9.643 9 691922.625 492.44 423,99 -— -—— 

MLSS {17E97.200 2278198.108 1661.78 1559.7@ -—- -—— -—- 
S5698,521 §94483.125 5G6.49 473.27 -— -—— 

i NofS5°EUS oo LISTH2.GGR = 2O7RI74. 19 1614.19 154d4.1@ -—- -———  -—- 
BE4G1.469  694639.625 491.99 470.65 -— -_—— 

i MOSSEWUS  L1S745,908 22743572.108 1693.88 1923.¢@ -— -—— --—- 
SETES.969 9 - GREPTE. IFA 512.98 2 464.22 -—— -—- 

5 M- 153 11T41. 500 22264G7.48@ 1717.58 1415.98 -—- -———  -——— 
T4569.242 S36305.438 523.58 431.38 -—- -—— 

§ 4-288 1L2752.90@ F285TES. TAG 1678.28 1482.88 -—- -———  -—- 
T4ieF.4%6 9 S9S9TB.125 1G. 32 | 427.350 --— -—— 

| N-2e! 115295. 5R@ 2OFG43F. 300 1686.98 1577.98 -—- oa 
SEiV2.973 - SS2G07.8FS 489.760 | 419.72 -— -—- 

W- 262 11iP27. Tea 227eaeG. Tee = fea7.0@ «1345.98 -— -———  -—- 
f TH77E,902 S31904.452 4199.92 489,96 -—-~ -—~ 

Ho2Ol 110409, 25G PESFLTS.20G tsé4.4a f428.G@ -— oa 
[ FIATPLELS = SS7158.913 7.32 44S -—- 

N= 284 112717. 20@ - 22SE26T. ERR =«6«17AS.5B 1434.88 -—- -——— = | 
, THISS.645 9 S9E861.5GG 89 519.23 437.89 -—- -—— 

| DRE {11575 20R .223E71G.5GG 1693.68 1422,¢@ -—- _———— 
f TMGP2.531 SR6997,7HG 516.22 435.43 -—- -—— 

N26 1{I7S1,10@ 22R55QT,9GM 1858.88 1393.98 -—- = = 
THE72.754 S96751.939 S17.56 424.59 -— -—- 

i N- 2a? 113742,10@ 2°98A47,390G 1596.38 1323.48 -— —— -—- 
T4663,012  €23015.908 486.56 484.78 -—- -—-



va ere UP OD ~1O_ 
. Cece per ~~ wee ~alye 924-1204 

7 , . | i . . Toco 

CP Th. COORDINATE FLEVATIONCMSLO GROUMIAIATER RQUIFER 
coee So C EW, (4SL) CATE THICKMESS Ene HORTH EAST GROUND  SEDPOCK ELEU. (4s ATE HES 

c- Ty 

FEET FEET FEET FEET FEET FEET 
METERS METERS METERS 5 ? 

M- 208 114124.508 2278608.408 1687.68 1339.88 -—- -——— -— 
24735.598  $91906.958 494.08 488.13 -—- -—~ 

211 116227.1G@ 2276572.e88 1552.38 1474.98 -—- -——  -—- 
f SS612.379 S938d6.753 803.63 449.52 -—- = 

¥-215 116471, 58G 2278557.508 1638.48 1523.38 -—- -———  -—- 
j , TEEGG@.379 0 £84506.575 499.39 465,93 -—— — 

N-214 L1ERE7. 908 227224¢4.28@ 1652.88 1565.08 -—- -—~—-  -—- 
i TSEBS.ISP 0 S94417.258 = SOS.54 0477.82 0 -— -—- 

n-218 1150@3,908 2277553. 7a 1677.28 1543.18 -—— -—— -—- 
s FEEMT. O34 9 694206.75G 9 S1t.22 478.340 -—- -—-



APPENDIX B 

| 
: 5 U.S.G.S. Well Data 

| |



: October 1982 -Bl- 824-1304 

APPENDIX B 

i  U.S.G.S. WELL DATA 

i Water 

Observation Meas. Elevation 
5 Well Date Ft. (m) Comments 

FR-36 Unknown 1534 3 

(467.6) © 

i FR-96 Unknown 1534 3 

(467.6) 

j FR-97 1977 1531 4 
(466.6) 

j FR-98 n 1537 4 | 
(468.5) 

z FR-99 " 1534 4 Next to Swamp Creek 
| (467.6) 

| i FR-100 " 1536 4 Between Mole Lake and Rice Lake 
(468.2) 

FR-103 " 1534 4 

; (467.6) 

FR-104 " 1534 4 

i (467.6) 

‘ FR-105 " 1535 4 

; | (467.9) 

FR-106 " 1534 4 Between Mole Lake and Rice Lake 

i (467.6) 

FR-107 n 1536 4 Between Mole Lake and Rice Lake 

| fj . (468.2) 

| FR-108 Unknown 1535 3 Between Mole Lake and Rice Lake 

. (467.9) 

| i FR-109 1977 1535 4 Between Mole Lake and Rice Lake 

(467.9) 

q FR-110 Unknown 1536 3 Between Mole Lake and Rice Lake 

(468.2) 

‘ Golder Associates



: -B2- 

October 1982 U.S.G.5. WouL DATA 824-1304 

i Water | 

Observation Meas. Elevation 

i | well Date Ft. (m) Comments 

| FR-111 1977 1537 4 Between Mole Lake and Rice Lake 
| (468.5) . 

FR-112 " 1534 4 Next to Swamp Creek 

(467.6) 

i FR-113 " 1535 4 Between Mole Lake and Rice Lake 

. (468.9) 

i FR-114 " 1534 4 Between Mole Lake and Rice Lake 
| ' (467.6) 

7 FR-115 " 1535 4 Between Mole Lake amd Rice Lake 

(467.9) 

j FR-116 Unknown 1534 3 Between Mole Lake and Rice Lake 

(467.6) 

a FR-117 1977 1538 4 Between Mole Lake and Rice Leake 

| (468.8) — | 

ro FR-118 " 1538 4 Between Mole Lake and Rice Lake 

| f (468.8) 

FR-119 " 1520 4 Next to Swamp Creek 
5 | (463.3) 

FR-120 " 1534 4 Next to Swamp Creek 

: ‘ (467.6) 

7 FR-121 n 1538 4 
i | (468.8) 

FR-122 " 1536 4 

; (468.2) . 

FR-123 " 1537 4 Between Mole Lake and Rice Lake 

(468.5) 

: i FR-124 " 1534 4 Between Mole Lake and Rice Lake 
(467.6) 

: i FR-125 " 1537 4 
| (468.5) 

F FR-126 " 1533 4 
| (467.3) 

i FR-127 " 1537 4 Next to Swamp Creek 
(468.5) 

i Golder Associates



i -53- 

October 1982 U.S.G.S,. WELL S42A _ 824-1304 

i Water 

Codservation Meas. Elevation 
i Well Date Ft. (m) Comments 

FR-128 1977 1536 4 
: (468.2) 

FR-131 " 1536 4 Next to Swamp Creek 

(468.2) 

i FR-132 " 1542 4 | 
. (470.0) : 

i rR-133 " 1543 4 Next to Mole Lake 

(470.3) 

. FR-134 1534 4 
| (467.6) 

i FR+135 Unknown —s-1541 3 Next to Mole Lake wetland 
(469.7) 

, FR-136 1977 1540 4 
(469.4) 

. FR-138 Unknown 1551 3 Next to Mole Lake 

a . (472.7) 

FR-139 " 1552 3 Next to Mole Lake wetlard 
; (473.0) 

| FR-140 " 1535 3 | 

f (467.9) 

UFR-142 " 1565 3 About 700 £t. (213 m) north of 

i (473.0) Oak Take 

FR-143 " 1575 3 

(480.1) 

| FR-144 1977 1577 4 
| | (480.7) 

| i FR-145 Unknown 1580 3 Next to Little Sand Lake 
(481.6) 

| i FR-146 " 1575 3 Next to Little Sand Lake 
(480.1) 

i FR-147 " 1577 3 Next to Little Sand Lake 

(480.7) 

j Golder Associates



Octobrer 1982 - U.S.G.S. weELL DATA 824-1304 

i Water 
Odservation Meas. Elevation 

i Well Date Ft. (m) Comments 

| FR-148 Unknown 1583 3 Next to Little Sand Lake 

i (482.5) 

FR-149 " 1569 3 Next to Little Sand Lake | 

5 (478.2) 

FR-150 1977 1535 4 Next to Bishop Lake 
_ (467.9) 

i FR-151 " 1534 4 Near Bishop Lake 

| (467.6) 

; FR-152 " 1538 4 Next to Bishop Lake 

(468.8) 

i FR-153 " 1538 4 Next to Bishop Lake 
(468.8) 

' i FR-154 n 1542 4 Next to Bishop Lake 
| (470.0) 

{ : FR-156 Unknown 1549 3 

(472.1) 

: | FR-157 " 1539 3 Next to Bishop Lake 

| i (469.1) 

FR-157 1977 1554 4 Northeast of Rice Lake 

| f (473.7) 

| FR+158 n 1556 4 
| J (474.3) 
| 

- FR-159 " 1594 4 
| 5 (485.9) 

FR-160 n 1591 4 
: (484.9) 

a FR-161 " 1599 4 
(487.4) 

| i FR-162 n 1604 4 
(488.9) 

i FR-163 r 1603 4 
(488.6) 

i | Golder Associates



: October 1982 U.S.G.S. WELL DATA 824-1304 

water 

Observation Meas. Elevation 

i Well Date Ft. (m) Comments 

FR-164 Unknown 1611 3 
. (491.0) 

3 

FR-165 1977 1628 4 
: (493.2) 

FR-166 Unknown 1580 3 

| (481.6) : 

i FR-167 " 1602 3 

(488.3) 

; FR-168 co 1592 3 | 

(485.2) 

i FR-169 " 1640 3 

| (499.9) 

, FR-170 " 1660 3 
(506.0) | 

i PR-L7L " 1649 3 

(502.6) 

FR-172 " 1536 3 

; (468.2) 

| FR-173 " 1575 3 

i (480.1) 

/FR-174 " 1592 3 

: i | (485.2) 

| FR-175 n 1575 3 
| (480.1) 

FR-176 1977 1534 4 Between Mole Lake amd Rice Lake 

5 | | (467.6) 

: FR-179 n 1545 4 Next to Rice Lake wetland 

| (470.9) 

. i FR-180 n 1545 4 Next to Rice Lake wetland 

(470.9) 

; FR-181 n 1537 4 

(468.5) 

i Golder Associates
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October 1982 U.S.G.S. wena CATA 824-1304 

i Water 

Observation Meas. Elevation 

i well Date Ft. (m) Comments 

FR-182 1977 . 1536 4 

| (468.2) 

FR-183 " 1543 4 , | 

(470.3) 

i FR-185 " 1558 4 

| (474.9) 

i | FR-186 Unknown 1572 l 

| (479.1) | 

i FR-187 1977 1539 4 Next to Hoffman Pond | 

(469.1) 

i FR-188 " 1549 4 
(472.1) 

; FR-189 " 1545 4 Next to Bishop Lake wetland 

(470.9) 

_ | FR-190 Unknown 1548 3 Next to Bishop Lake wetland 

i (471.8) 

| FR-191 1977 1541 4 Next to Bishop Lake wetland 

; (469.7) 

| FR-194 Unknown 1541 3 Next to Bishop Lake 

! i | (469.7) 
{. 

FR-195 " 1534 3 
: I (467.6) 

| FR-197 " 1533 3 
: (467.3) 

. FR-198 " 1536 3 | 

(468.2) 

| i FR-199 " 1538 3 
(468.8) 

: i FR-200 " 1538 3 
: | (468.8) 

i FR-201 " 1575 3 

(480.1) 

i Golder Associates
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October 1982 U.S.G.S. WELL DATA - 824-1304 

i water 

Observation Meas. Elevation 

Well Date Ft. (m) Comments 

FR-202 Unknown 1539 3 
(469.1) 

i FR-203 " 1534 3 
(467.6) 

i FR-205 " 1535 3. Next to Swamp Creek 
| (467.9) | 

E | FR-207 " 1534 3 Next to Bishop Lake 
(467.6) 

; LN-478 1977-78 1538 2 
(468.8) 

NOTE: Data sources as listed by the U.S.G.S. are as follows: 
| ; 1 - Unknown 

2 - Gata from Dames & Moore 
mo | 3 - data fran Wisconsin Logs 

i 4 —- data from JRE 

i Golder Associates
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: October 1°82 ody —<l- “ty 224-1204 

Be EXON MINERALS COMPANY 

| i June 22, 1982 

Crandon Project - Table of 
i Permeabilities for the Ore Zone 

i Mr. Gary H. Collison, P. E. | 
Golder Associates : 

5125 Peachtree Road 
Atlanta, GA 30341 

f ‘Dear Gary: 

| Enclosed is a copy of the Summary of Slug Test Analyses from the testing work 

a done earlier this year. 

| Si eV, 

: Char . Glore, P. E. G. 

| CRG:jmn 

i Enclosure 

; c: J. D. Grenia | 
G. D. Mittelstadt 
C. C. Schroeder, Crandon Project



So voser asee ~ “Ci a itaeling 
E * 7) 

E Test Analyses 

The following table summarizes the results of the tests for each type 
; of weathering that was tested: 

TABLE 1 SUMMARY OF SLUG TEST ANALYSES 

i | DEGREE OF WEATHERING as 
Well ae | 

Numbe we 

E LOW MILD ~ STRONG 

| 253} 48 fF 23 | | 

; 0.04/1.7 x 1078 | 0.14/6.4 x 10-8 
| | (258 - 375) C167 - 258) 

i 254) 0 14 TB 

i 0.15/7.0 x 10-8 | 0.07/3.4 x 1078 
: (315 - 435) (217 - 315) 

| 

| 255%) — 13 867 

: | 0.35/1.7 x 107/ 18.96/8.9 x 1076 
i | (252 - 300) (300 - 426) 

; . 256 —. . 139) —_._ . . 290, 

2.1/9.8 x 1077 5.3/2.5 x 1076 
| f (282 - 394) (167 - 282) 

| 257} 8.1 | 

: (Avera 0.15/7.6 x 1578 

! i esed) | | 

* Note: Both tests in Well 255 were in strongly weathered rock. 
f The lower zone was a strongly leached, gossain. 

j 

{ 
LEGEND 

[ - oe 
| i Transmissivity (gpd/ft) - ee ABEL ORS 

i Permeability gpd/ft2/meters/sec 

7 (Test Interval, feet) 

; 
|



i " Octeper 1252 oN —C3- “RS gpgetoss 
| 

a : - _~—~ 

. . 

i . , 
/\\ Golder Associates | 

i [7 CONSULTING GEOTECHNICAL AND MINING ENGINEERS 

; April 14, 1982 786085/MA/407 
| F/N 402.7 

Dames & Moore | | 

; 1550 Northwest Highway 
Park Ridge, Illinois 60068 

i Attention: Mr. Kenneth P. Stimpfl 
Project Manager 

| RE: STREAM FLOWS 

F EXXON CRANDON PROJECT 

CRANDON, WISCONSIN 

| i Gentlemen: 

The following flow values were transmitted in a phone con- 

E versation between Mr. Stimpfl and Mr. Clerici on April 13, 
1982: 

Flows (cfs) for Water Year 1978 

: i Gage Total Runoff Baseflow 

| “ SG1 70.79 26.60 44.19 

| i SG2 | 38.24 13.99 24.25 

: SG3 33.04 7.25 25.79 

| SG4 11.61 4.33 7.28 

i SG5B 4.24 1.68 2.56 
: SG6 4.79 1.41 3.38 

} SG19 4.54 0.85 3.69 
| SG22 . 17.10 9.25 7.85 

| i SG23 4.63 1.96 2.67 

: UGSG @M 45.29 16.47 28.82 
. USGS @ 55 31.22 12.62 18.60 

| I 
. These values were obtained by Dames & Moore by integrating 

the hydrographs used in the Surface Water Report, and were 

i used in the water balances presented in Table 2.4-12. 

i 
Toa 

i BOUT ES 28500 27ES NC 8 ELE TOAD =" SEE SCAD ATLANTA BEDAG A Maat USA © TELEPHONE 205. 255 226 ¢ “ELEK TOCEL2 

DEEDES NOUNCED STATES © CANADA © LNOTEL X NGOOM © AUSTRAUA



| om oat 
- 3 Ona7 i504 

Dames & Moore -2- April 14, 1982 _ 
Mr. Kenneth P. Stiinpii 406085/M4/407 

Please contact us if this recap of the conversation is not 

- correct since this data will be used in additional studies 

. being performed. 

i Very truly yours, 

I 
GOLDER ASS IATES | 

| Loy sl bein. ' | 

Ga H. Collison, P.E. 

i Associate | 

| GHC: JFC:dap 

i cc: Mr. Curtis E. Fowler 

I 

| 

| 

‘| | 

tT 

i 
Golder Associates
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