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i . 

I INTRODUCTION | 

: i GENERAL» 

| , In this investigation we have evaluated several | 

conventional dewatering methods and how they apply to the | 

i large possible open pit mine near Crandon for Exxon Company, | 

| U.S.A. The main dewatering methods considered for use were 

: peripheral dewatering wells, horizontal collectors within 

J the excavation, well points, and a combination of all these 

— methods. In accordance with a verbal request from Mr. Robert i 

I Russell of Exxon, we have also considered alternative methods | 

I : of maintaining a dry excavation and pit. These methods in- 1 

: clude slurry trenches, chemical grout curtains, and freezing. 

i The possible open pit considered for the Crandon 

project would be located over the east-west trending ore body. 

i The general pit outline is shown on Figure 1. This upper LO 

I : pit outline was transmitted to Dames & Moore by Exxon on 

, March 1, 1977. The approximate areal dimensions of the elon- 

I gate pit are about 6000 by 2500 feet at the surface. The 

pit would extend through the total thickness of overburden : 

| hier Bs. Sethe +5 5OK Tim brtgercre EP uanit FTN « 
and about QO feet into the ore body! According to Exxon ‘ 

i Company, U.S.A., the excavated walls in the pit would have 3 

horizontal to 1 vertical slopes through the overburden and 1 

I _to l in the crystalline rock. 

i , We have estimated that about 85 to 100 million cubic 

yards of overburden would be excavated. The overburden thick- 

i ness'at the site ranges from about 90 to over 225 feet. The 
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A . overburden is generally thicker at the western and central : 

| a portions of the site and thinnest at the east end of the : 

| | pit. : 

A - Although the possible open pit would extend into : 

| the crystalline bedrock and ore, we have limited this study 

q to the overburden dewatering as per our proposal. For ‘the ! 

‘J | | purposes of this study, we have assumed that the bedrock in ! 

the area is impermeable and will not transmit water to the | 

4 excavation by upwelling. 2 

i PURPOSE ! 

q a The purposes of the dewatering investigation were | 

i the following: : | 

1. Evaluate the geohydrology of the unconsolidat- | 

| i ed materials overlying the ore body; | | 

a | 2. Make a preliminary design of the dewatering , 

i system for the site, including the size and . 

. i ) | number of wells needed, approximate pumping | 

| | rates, spacing of wells, and estimated costs; 

3. Assess the potential environmental effects of 

| fi the local ground and surface water systems 

| i | | and measures that could be used to mitigate 

| any adverse effects; and 

| i | 4. Make a conceptual design of several alternative 

, | methods of maintaining a dry pit and assess 

: i | - their feasibility and costs. 
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| On a 
. i | SCOPE OF WORK | - | , 

fj The field work completed for this investigation in- | 

| | cluded the drilling of four test borings and installing seven 

os piezometers, drilling and construction of two 8-inch ID test | 

{ wells and conducting one 24-hour pumping test and one 18-hour : 

} | recovery test, and one 48-hour pumping test and one 24-hour. | | 

‘I | recovery test. One 24-hour or longer and one short-term (4 to 

i | 8 hour) pumping test remain to be conducted; the results will ! 

. be sent to Exxon in an addendum letter report. | : 

J — Orifice work performed for this report included ana- : 

7 | | lysis of the pumping test results, evaluation of site geo- 2 

q logy, a computer modeling and analysis of the several de- : 

i | watering systems, a cost analysis of the various methods of | 

Gewatering, and an assessment of the environmental effects 

i of an open pit dewatering system. 

i | Field Investigations | 

j | Four borings were made for the purpose of evaluat- . 

| ing the overburden geology and to install isolated piezo- | 

[ meters tapping each of the main aquifer zones and the inter- 

q mediate till (DW-1U0). Two borings (DW-1, DW-1A) and three 

| piezometers were installed near Water Well -2 near the 

i a -middle of the ore body (see Figure 1). This 8-inch ID well 

i was originally drilled by Exxon to obtain water for drilling. | 

. One boring (DW-2U,L) with two piezometers was made near the 

i northeast edge of the ore body (Figure 1). The third location 
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i - | 
i was near the southwest edge of the ore body (Figure 1). | 

i One boring with two piezometers (DW-3U,L) was made at this 

location. The construction features of the piezometers and 

i the lithologic logs for these borings are given a Figures 

2 through 4, Nv eutheoy Lege? Speck Spores 

i Two test wells were constructed at the site area | 

‘| : (see Figure 1): one near the northeast piezometers and one 

near the southwest piezometers. The test wells consisted 

1 of 8-inch ID for Stel casing (ASTM-538) and 10 and 15 feet 

i of 8-inch stainless steel screens installed in 12-inch dia- 2 

_ meter borings, Each hole was drilled with a Schramm rotary 

i : drilling rig. After placing the ‘G-Such ID casing in the : 

hole, the 8-inch nominal screen equipped with neoprene upper 

{ seal and a bottom plate was set through the casing to the 

i Gesired depth. The casing was then pulled back to expose 

, the screen. Then pea gravel was placed around the several 

| feet above the screen. Details of the two test wells are i 

“shown on Figure 5, 

i : Two pumping tests were conducted at the site. A 

i 24-hour pumping and 18-hour recovery test of Test Well -1 

was conducted April 1 through April 3, 1977. The well was 

i pumped with an airlift pump at an average rate of 80 gallons 

. per minute. 

i Water Well -2 at the site was pumped continuously 

i for 48 hours and recovered for 24 hours from April 11 through 

April 14, 1977. The average ‘pumping rate was 48 gallons per 

i fire using the existing submersible pump, 

, 4 
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| | | _ SITE CONDITIONS : 

4 
= GEOLOGY i 

| | | The unconsolidated deposits that overlie the ore : 

body and bedrock in the site and vicinity consist of gla- : 

A : cial deposits ranging from about 30 to over 200 feet in ! 

| | - thickness. Generally, the overburden can be classified as | 

; 7 outwash deposits, till, or lacustrine deposits. The outwash 

5 was generally deposited in a high energy environment as the ! 
{ 

. | glacier meltwaters flowed and sorted existing till or other 2 

I _ deposits. Outwash materials are mostly sands and gravels | | 

| | with some cobbles and boulders, as finer-grained silts and | 

- clays were likely held in suspension in the meltwater streams | 

i | and were not deposited simultaneously with the coarser fraction. 

i The till is a heterogeneous mixture of sand, silt, , 

— gravel, and boulders with a trace of clay. Till was deposited | 

5 | directly during either the advance or recession of a glacier 

a - and was not water sorted. 

i | | Lacustrine deposits occur mostly in swamps and | 

i lowland areas and include peat, fine sands, and silts. 

| These materials were generally deposited in relatively calm 

G bodies of water. Figure 6 shows the location of geohydro- 

7 | | logic sections shown on Figures 8 and 9. Figures 7 through 

i 9 show the geologic characteristics of the unconsolidated 

y deposits near the site. 

- | The glacial deposits at the site and vicinity 

i overlie crystalline igneous bedrock. The upper portion of 

: 8 
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q - 

‘| the bedrock is a weathered zone, commonly a red clay. The | 

f weathered zone of rock varies in thickness over the site. : 

Weathered rock grades into unweathered rock at greater : 

ff | depths. | 7 | 

( ; GEOHYDROLOGY | 

q | The geohydrologic setting in the overburden in | 

— the site area is basically two sand and gravel aquifers : 

J with confining beds of till. The main aquifer {hereafter : 

- | termed upper aquifer) is a sand and gravel deposit that is : 

f continuous over much of the site. A till deposit overlies } 

I | the upper aquifer over most of the site. | 

- The upper aquifer is underlain by another till, | 

i | which in turn overlies a thinner discontinuous sand and 

4y gravel aquifer (lower aquifer). The lower aquifer is pres- | 

: ent at the west end of the site. Cross sections (Figures : 

i : 7 to 9) show the relative subsurface position of the geo- : 

hKycrologic units present in the site area. | 

i The upper aquifer appears to be continuous over | 

| much of the site. This aquifer ranges from fine to coarse | 

- sand with varying amounts of gravel and often contains 

‘ large boulders. The unit ranges in thickness trom about 

25 to 60 feet near the exploration site. The bottom of 

i this aquifer ranges from an elevation of about 1540 at the 

i east end of the site to a high of about 1620 near the center 

of the site and elevation 1560 at the west end. Figure 10 

| —_ 
| | . 
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| i is a contour map showing the approximate elevation of the | 

f - base of the upper aquifer in the site area. The ground ! 

water levels measured in piezometers tapping this aquifer : 

| | | indicate that the aquifer is artesian at the east end and | 

{ under water-table conditions at the west end of the site. | | 
| 

Water levels in this unit vary from about 1580 to 1590 : 

‘| feet elevation (MSL). | | | : 
. | 

oe | The lower aquifer occurs below the upper aquifer | 

| . and is separated by as much as 80 feet of silty sand till. 

{ | This aquifer appears to be a lens as it is not present | 

. over part of the site. It ranges from about 5 to 20 feet | 

i 7 thick where present, which is mostly under the western half , 

| of the site. This acuifer is overlain, underlain and con- : 

i fined by till. Although the till is a confining unit, it 

f is assumed to be the main source of recharge to the lower | 

a aguifer. Ground water in the lower aquifer is under 

i | artesian conditions with potentiometric levels similar to 

' those in the upper aquifer (1580 to 1590 feet elevation, | 

i MSL). | 

i | In addition to the above noted two aquifers, it | 

| is likely that several thin, discontinuous sand and gravel 

‘ lenses occur within the till at the site. These lenses may | 

| | be expected to Le of limited thickness and horizontal extent. 

i Till deposits in the overburden have relatively | 

i low permeability and tend to restrict ground water flow. | 

The till is generally a heterogeneous mixture of sand and 
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a Silt with some gravel and boulders, is mostly quite dense | | 

f | and contains varying relative amounts of sand and silt. | 

| The upper till at the Site appears to be continuous and 

J ranges in thickness from about 15 to 45 feet. This | : 

. f | deposit acts as a confining bed over the upper aquifer at 

| the east end of the site and probably restricts the amount : 

‘ i of natural recharge reaching the underlying aquifer. | 

7 Another till occurs below the upper aquifer and | 

| appears to extend to bedrock except for where the lower . 

{ | aquifer is present. The lower till is generally reddish- | 

co _ brown in color and similar in composition to the upper ) 

i till. The unit ranges in thickness rrom about 30 to 130 7 | 

ae feet. 

i | The weathered and unweathered bedrock units at | 

f the site will generally act as an impermeable barrier to | 

a Ground water flow. The weathered material above the rock is ! 

: ' | mostly a silty clay material with rock particles. The un- | 

a ‘weathered bedrock is dense and would have a very low natural | 

i permeability. | | | 

i 
_ AQUIFER PARAMETERS | 

tC 
The first pumping test was conducted at Test 

f | Woll -l, which taps the upper aquifer at the northeast end 

~~ of the proposed pit. The aquifer is artesian in this area | 

i and test results indicate the aquifer transmissivity ranges 

f from about 30,000 to 64,000 gallons per day per foot of 
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f aquifer (gpd/ft). With approximately 50 feet of saturated i 

c -_ material at plezometer DW-2U, and an average transmissivity : 

q | of 50,000 gpd/ft, the average permeability of the upper 

| a aquifer is about 1,000 gallons per day per square foot of : 

aquifer (gpd/ft*). The coefficient of storage calculated | 

{ from piezometer DW-2U data collected during the pumping ! 

,E | _. test of Test Well -1 is about 2X 1074, Since much of 

i | the upper aquifer is under water-table conditions, we have ! 

if | assumed an average storage coefficient of 0.05 for the aquifer. | 

” . A pumping test of the lower aquifer was run using i 

| i Water Well -2 as the pumping well, and Observation Well | 

i . | DW-lL as the primary monitoring point. Results indicate 

= that the average transmissivity is about 8,000 gpd/ft and | 

f the storage coefficient about 2 x 1077, Besed on the test 

oe results and an average aquifer thickness ranging from 8 to 

i 15 feet, the average permeability of the lower aquifer | 

y . probably ranges from 600 to 1000 gpd/tt*. The vertical 

- permeability of the lacustrine silts and till deposits were 

; estimated to range from 0.1 to 0.01 gpa/ft*. The basic data 

7 For the pumping tests are in the Appendix. 

f 
g SURFACE WATER - GROUND WATER REGIMES 

— The main surface water bodies in the site area 

q (see Figure 6) are swamp Creek, Hemlock Creek, Little Sand 

| Lake, Oak Lake, Skunk Lake, Duck Lake, Rice Lake, and Mole 

| 
; ; | 9 
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I oe 
‘| Lake. Swamp Creek is the primary drainage basin near the : 

ys site. Hemlock Creek flows north-northwest into Swamp ! 

Creek about 1.5 miles northeast of the site. Swamp Creek 

j i - flows west to Rice Lake and is located about 1 mile north : 

: of the site. . : 
’ i 

fq | Little Sand Lake is located immediately south of : 

" | | the site and at its northernmost point is about 400 feet : 

” : from the edge of the proposed pit outline. Oak Lake is : 

| south of the west end of the possible pit. This lake is | 

- ‘smaller than Little Sand Lake but deeper. Skunk Lake is : 

ff immediately northeast of the northeast end of the site, : 

7 f | while Duck Lake is about 1 mile south of Skunk Lake. Mole | 

. Lake and Rice Lake are located about 2 miles directly west | 

i . of the site. » 

- The surface water regime in the site vicinity is 

dt scmewhat complex and variable. The average annual precipi- | 

| i tation in the region is about 31 inches and the average | 

- -runofr is about 12 inches. Thus of the 31 inches total, | 

ij ebout 19 inches are lost by evaporation and transpiration; 

- the remaining 12 inches make up the flow in the rivers and : 

i streams. Swamp and Hemlock Creeks are fed by surface water | 

| outflow from lakes and swamps in their drainage basins. In 

| | addition, ground water seepage reaches these streams where 

; permeable deposits intersect the streams. | 

| The lakes in the site vicinity appear to be re- 

i lated to the overall ground~surface water regime to some 

i a a 
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I 7 : 
§ degree. The Little Sand Lake water elevation was about 1591 | 

- | feet above sea level (MSL) May, 1977. Ground water ele- | 
: 
t vations northeast and north of the lake were (April, 1977) . 

7 between 1588 and 1530 feet MSL at piezometers DMA-19 and : 
) | | 

; DW-2U, respectively. The water level in piezometer DMA-10, | 

{ located south of Little Sand Lake, is about 10 or more feet : | 

! _. below lake level. These data indicate that Little Sand © . 

: i Lake may slowly feed the ground water regime and not vice- | | 

J | versa. Ground water elevations near Oak, Skunk, and Duck : 

| Lakes are presently lower than the lake levels, indicating | 

i | that these lakes are not directly connected to the underlying : 

| | aquifers. . 

ft It is likely that the materials underlying the | 

i jakes near the site are low permeability deposits of silt, 

- fine sand, and till, and the interconnection between these 

: j lakes and the ground water regime is mostly by slow movement 

J | through these confining beds. | 

| Based on ground water levels at piezometers DMA-16, 

i | | DMA-20, and DMA-47, it appears that Swamp Creek north and | 

northwest of the site iS being fed by ground water inflow. 

i It is not clear whether the upper aquifer at the site is 

| a connected with Swamp Creek here, but as shown on Figure 8, it 

: | seems chat the upper aquifer thins and pinches out before it 

| ; - reaches the valley. Some seepage through the till or through , | 

| springs where the aquifer does intersect the valley wall 

| i probably does serve to maintain baseflow in Swamp Creek. 

) | Ql 
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J : Ground water flow in the upper aquifer at the | 

t site was found to be under very low gradients. As shown on : 

” Figure 7, it appears that the aquifer is not saturated near . 

| : the middle of the site. This indicates that there is no. | , 

. ground water flow in this aquifer in this area. West of 2 

{ this barrier ground water movement is probably to the north , | 

| | ~ and south in the upper aquifer. Ground water seems to be | 3 

a | moving towards the south in this aquifer at the east end of ! 

i the site. oe , 
. | : 

| Ground water movement in the lower aquifer is not | 

f well defined due to lack of control data, but at the western | 

: i | portion of the site, ground water elevations in the lower : 

aquifer are about the same as in the upper aquifer and flow | 

i ls probably in the same general directions except where the 

| aquifer is absent. 

t The main source of natural ground water recharge | 

: i : is precipitation, which infiltrates the ground and percolates 

7 | _to the saturated zone in the upper aquifer. Some ground | 

| ; water recharge 1s probably by leakage from nearby lakes. The 

- lower aquifer at the site probably receives recharge by 

f leakage through the overlying till. 

. g The main ground water discharge areaS appear to 

_ be the major streams including Hemlock Creek, Swamo Creek, 

) ; and the Wolf River as well as some of the large lakes and 

t ‘swamp areas. | 
| 

St a 
| | 12 
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‘fk — 
ff | LOCAL GROUND WATER USE . | : 

f | ' The primary off site use of ground water in the | 

vicinity is for domestic purposes. Although a well inventory : 

fj . was not. done during this study, the main center of year-round | 

4q , Ground water users is about 1.5 to 2 miles west of the site : 

: | at Mole Lake and the Mole Lake Indian Reservation. There are : 

‘f - also about 7 to 10 permanent residences along Little Sand , 

—_ | Lake Road between State Route 55 and the site. It is : 

A assumed that these homes use ground water supplies. Several : 

{ - cottages or summer homes around Little Sand Lake likely 

. | - utilize ground water for limited times during the year, : 

i - primarily during the summer. | 

dq 

f 

ff 

| 

| : | 13 
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: | ALTERNATIVE DEWATERING METHODS AND : 

| | ___ PRELIMINARY COST ESTIMATES : 

; | We have evaluated the following methods of dewater- : 

i ing or ground water control for use at the possible open pit | | 

{ of the Crandon site: slurry trenches, grout curtain, | 

- freezing methods, deep peripheral wells, well points, hori- ! 

‘| zontal collectors, and combination systems using two or more : 

: | of the above methods. The cost estimates given in the sections : 

- that follow serve only as general guidelines that could vary 

{ considerably depending upon the timing, the contractor used, : 

oO and more specific site information. ° 
f . | 

i SLURRY TRENCHES | 

The slurry trencn method involves excavating a | 

i deep narrow trench through the permeable zones and backfill- | 

a ing the trench with a very low permeability slurry such as 

| -a bentonite mud. The trench walls should be as near vertical 

f as possible and should be excavated by conventional methods 

such as drilling or dragline. Boulders in the overburden 

f would cause additional problems in terms of trench excava- 

i tion. The required depth is at about the upper limit of 

_ present day equipment. A bentonite slurry is most commonly 

5 used to make the impermeable curtain. 

i . The use of slurry trenches to stop the movement of 

ground water toward an excavation would require trenches 

a ranging From 80 to 175 feet ceep at the site. 

f | 14 DAMES £ MOORE



o | | If slurry cutoff trenches were used as the primary | 

| | ground water control system, we estimate that about 12,000 ! 

| lineal feet of the perimeter would require the slurry trench. | 

| | This distance assumes no trench needed where the aquifer base : 

| 1s dry. | | : 

| The cost of a slurry trench cutoff system at the | : 

“y site was estimated by assuming an average of 100-foot-deep . 

| | trench 12,000 feet long around much of the perimeter of the : 

q | possible pit. Based on estimates from experienced contractors, : 

i such a system would cost about $7.50 per square foot (cross | 

o | sectional area) or about $9,000,000 for a trench 12,000 feet | 

ff | by 100 feet deep. The estimated capital and annual operating : 

costs for this system are given in Table 1. It has been : 

f | assumed that an interior sump and ditch system would be re- 

| Guired in addition to the slurry trench to assure the integrity © 

, of the slopes. The slurry trench cannot be assumed to be 100 

{ | percent efficient without increasing the costs significantly. 

f CHEMICAL GROUTING 

i Chemical grouting methods of ground water control 

i involve drilling a dine of small diameter holes into the 

! permeable zones that require control. Chemical grout is 

; | injected under pressure, into the permeable zones forming 

| a "wall" of very low permeability soils. 

i : As the primary system at the site, the chemical 

a grout curtain that would be required is estimated to be 

i : | 15 
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| | about 12,000 lineal feet with holes on 4-foot centers. This | 

| | assumes that no curtain is needed where the aquifer is dry. : 

| The average hole depth would be an estimated 100 feet but : 

| ; the average curtain height would be about 50 feet. The hole ! 

cost is estimated at $5/foot. _ | 

i | The rough estimated cost is about $12 to $14 per ! 

‘| . ' square foot of cutofi area. For a 12,000-lineal-foot by 

oo 50-foot high curtain or cutoff area, and for 450,000 feet of : 

| | drilling, the system would cost about $10,000,000. The esti- : 

. mated Capital and annual operating costs for this system are 

f given in Table 2. We have again assumed that an interior | 

i | sump and ditch system would be required in addition to the | 

. grout curtain. | | 

, 

/ : FREEZING METHODS | 

oe Freezing methods to control ground water movement 

f | generally involve pumping brine-type solutions through 

/ . piping installed in borings. The brines freeze the water 

_ | and soil near the borings, thus causing a barrier to ground 

f water movement. These type systems are usually used for 

_ temporary control of ground water during construction of 

i Shaits and smaller pits when other methods fail. Very large 

- . numbers of holes and large amounts of piping are required. 

_ High enercy input is required to operate the overall system. 

i - The feasibility of using freezing methods to 

— control ground water at the possible Dit appears to be poor. 

E ess 
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1 Oo 
. | The systems are generally used only for temporary localized | | | | 
| | conditions; to utilize a freezing system as the primary | : 

method of ground water control at the Crandon site would | 

fl | not be cost effective. In addition, high energy inputs | 

. . would be required over the life of the project. We feel ! 

{ costs for a freezing system would be several times higher _ : 

‘| = than for the slurry trench or grout curtain methods. | : 

‘f | SUMMARY OF ALTERNATE DEWATERING METHODS ! 

i It was found that in general, the large size of | 

J . the pit and thickness of the overburden would likely prohibit : 

| the use of slurry trenches, grout curtains and the freezing 

{ | methods. These methods would cost much more than conventional 

_ p dewatering methods, and the overburden soils, gravel and 

| , boulder content would probably further increase the installa- 

: i tion time of these systems. The use of dewatering wells, 

. horizontal gravity collectors and well points appears to be 

t more feasible in terms of economics, time, and flexibility | 

| i as will be explained in subsequent sections. 

| So 

jo 
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‘fj DEWATERING COMPUTER MODEL : 

‘ff | A computer program was developed after Prickett : 

, - (1971) to simulate the hydrogeologic conditions in the | 

- vicinity of the possible open pit mine. In the program, the : 

{ upper aquifer, which was discussed previously, is replaced | 

- | by an equivalent set of discrete elements. The digital com-~ ; 

'f puter treats both space and time variables as discrete param- ! 

. | eters. Also, the equations governing the flow of ground | 

water in the simulation model are rewritten in finite differ- ! 

{ ence form. The resulting set of finite difference equations | 

oo . is solved numerically by means of a computer. | 

J | A finite difference variable grid system was de- : 

i Signed to concentrate on the head distribution in the pit : 

| area Gue to dewatering, and to determine the effects of 

; pumping on nearby Little Sand Lake. Although preliminary | 

a Gata indicate that there is little exchange of water between | 

i | the ground water region and the lake, the leakage factor was ) 

| i modeled for conservation. The intersections of grid lines : 

. | are called nodes, which are referenced with a column (1) | 

f and row (j) coordinate system. The variable grid system 

| consists of 25 columns and 29 rows-of grid lines, covering 

; i an area of about 170 square miles. Figure 11 shows the | 

| i - variable grid system used in the dewatering computer model. 

| The Spacing between nodes at and near the open 

; pit was set at 500 feet. This value was selected as an esti- 

| mate of the probable well spacing or a multiple of the well 

| a 
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I 7 | 

f spacing. However, with increasing distance, convergence in ! 

‘ | the model can be achieved at a greater grid spacing without : 

: i sacrificing accuracy of the solution. A detailed description : 

| of the head distribution at great distances from the proposed | 

| excavation was not of major concern in this report. The : 
, 3 
ff variable grid system was utilized to minimize core storage | 

y | and reduce computer execution time and costs. : 

| | 

: After studying and interpreting field boring logs i 

§ , and pumping test data, a model aquifer representing the : 

- upper aquifer (see Figures 7 to 9) was developed. Figure : 

q 12 is a typical north-south cross section of the model : 

| : | aquifer. From field data average values of 30,000 gpd/ft | 

and 0.05 were chosen for the aquifer transmissivity and | 

i | storage coerficient, respectively. The vertical permeability 

(P') of the semipervious sediments below Little Sand Lake 

was estimated to be 0.04 cpa/ft?. The model aquifer has 

i | a thickness of 30 feet, is bounded below by impermeable . 

| strata, is completely saturated initially and is under | 

; water-table conditions. In reality, the aquifer is parti- 

ally saturated at the west end and under a slight artesian 

| i head at the east end of the pit. Figure 11 shows the 

i barrier boundaries that were placed in the model by setting 

: values of transmissivity equal to zero along Swamp Creek 

| | and Hemlock Creek. These barrier boundaries were incorpor- 

: : ated into the model because boring log and field reconnais- 

7 sance information indicate that the upper aquifer is pinched 
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ol out by an overlying till unit south of Swamp Creek and west : 

| of Hemlock Creek (see Figure 8), and the upper aquifer is : 

7 hydraulically connected to Swamp and Hemlock Creeks only : 

“f - through seepage and springs north of the site area. At these | 

: locations, ground water seepage at the surface moves downhill | 

tT to recharge Swamp Creek and probably Hemlock Creek. : 

‘J | | Field data from borings in the immediate vicinity : 
, = of the site also indicate that the upper aquifer is | 

of | mounded in the center of the pit area. Within this mounded 

. area, the water levels are at an elevation of about 1590 

Js | (see Figure 7) and are below the base of the upper aquifer. 

J | Therefore, the upper aquifer is completely dewatered in | 

- this area and a ground water barrier exists. Figure 10 | 

i | indicates that this "high" region probably extends for 

| i some Gistance to the north and south of the pit area. A 

. barrier (no flow) boundary (see Figure 11) was incorporated | | 

i | into the computer dewatering model, and values of trans-— | 

7 ‘missivity were again set to zero at the appropriate nodes : 

i to represent this region where no flow is occurring. | 

y Because of the close proximity of Little Sand | 

_ Lake to the possible open pit mine, and its apparent 

i hydraulic connection with the upper aquifer, dewatering 

- | of the upper aquifer may induce surface water from the | 

i lake to recharge the upper aquifer. During dewatering | 

| operations, water levels in the upper aquifer will be 

lowered below the surface level in Little Sand Lake | 

E a 
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. i | creating a potential for induced infiltration through | 

f | the lake bottom. The Quantity of induced infiltration : 

from Little Sand Lake from dewatering of the upper aquifer : 

| | was calculated with the model based on estimates of the | 

vertical permeability of the Lake bottom. The vertical : 

ti permeability (P') of the silts and clays beneath the lake . ! 

i - bottom was estimated to be 0.04 gpa/ft?, Although no : 

| field samples of the lake bottom were obtained, this low : 

E value of vertical permeability is probably representative ! 

J of typical lake bottom sediments from this region. Induced : 

- infiltration was calculated at each node representing Little : 

| ; | Sand Lake (see Figure 11 and the sum of these values approxi- ) 

| mates the total amount of recharge from Little Sand Lake at - 

E | any given time. Figure 12 shows the hydrologic relation- 

, ship between the model aguifer and Little Sand Lake. 

. , Initially, the model aquifer is in equilibrium | 

i : with no flow occurring anywhere within the grid system and | 

a all heads are set equal to a zero reference level. When 

i dewatering operations begin, water levels in the aquifer | 

ty decline, and induced infiltration from Little Sand Lake 

_ occurs. The barrier boundaries and the induced infiltra- 

i tion will affect the rate of water level decline throughout 

= | the upper aquifer. The model output shows 

E -the drawdown effects at each node due to pumping. Draw- 

| down effects at pumping noces have to be adjusted to | 

account for converging flow in the model. 

_ : | 21 ) 
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‘J 
| The average adjustment factor was calculated to be approxi- : 

ff | mately 8 feet. : , | bo 

| A model aquifer representing the lower aquifer ! 

J (see Figures 7 through 93) was also developed. Figure 12-A ! 

| | is an east-west cross section of the model aquifer. From : 

. the field data, average values of 8000 gpd/ft and 0.0002 ! 

‘| | were chosen for the lower aquifer transmissivity and storage : 

- | | coefficient, respectively. The vertical permeability (P') 

a of the confining till unit was chosen as 0.02 gpd/ft. The : 

i | model aquifer has a thickness of 15 feet, is overlain by a . 

, | semipervious till unit with a thickness of 75 feet, is : 

| ; | bounded below by impermeable strata, and is under artesian 2 

conditions. Field data indicate that the lower aquifer is : 

i | pincned off near the middle of the pit. Therefore, the | 

i barrier boundary bisecting the pit was used as a no-flow | 

4 boundary representing the discontinuity of the lower aquifer. | 

i | Available field data suggest that the lower aquifer is not | 

, hydraulically connected with any surface water bodies in the | 

7 vicinity of the Site. | 

; Initially, the model aquifer is assumed to be in | 

- equilibrium with no flow occurring. anywhere within the 

i grid system. Water levels are set at the top of the confin- | 

dy : ing till unit. When dewatering operations begin, water 

“levels in the lower aquifer will decline until the contribu- 

i ‘tions from leakage through the aquitard balances the well 

discharge. However, in reality, water levels will continue 
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7 to decline because the source bed will be virtually removed : 

| i locally by excavation of the pit. | | 

Lt. a 
| J 
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2 i CONCEPTUAL DEWATERING SYSTEM : 

| The physical dimensions of the possible open pit | 

iy | are about 6000 by 2500 feet and are shown on Figure 1. | 

a Conceptually, the pit is bisected by a barrier boundary | | 

| | (naturally unsaturated part of the aquifer) that trends in | 

° | - a north-south direction through the area. The upper and : 

| | lower aquifers will have to be dewatered near the face of 

Sy | and within the pit itself to permit operation of the pit and / 

: to protect against slope instability. : 

UPPER AQUIFER . 7 

_ A total of 20 wells, each 6 to 8 inches in diameter, _ 

i | will likely be needed for the upper aquifer dewatering opera- | 

J tion with some of the wells on standby. Most of the wells | 
: 

- on the eastern side of the pit will be concentrated near | 

| i | Little Sand Lake to collect induced infiltration and to 

" | ‘ maintein water levels at required aepths near the face of | 

i the pit. Figure 13 shows the proposed locations of wells 

ty that will be needed to effectively dewater the upper aquifer. | 

- | Two pumping schemes were used to describe the draw- 

: i down effects for short- and long-term pumping pericds. 

_ . Firstly, 12 of the 20 dewatering wells were pumped at rates | 

| i from 100 to 150 gpm for a period of 240 days. Figure 14 is 

1 ‘a contour map of the drawdown effects for short-term pumping 

| in the upper aquifer. At these pumping rates, the upper 

4 | | 24 
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dT | An approximate schedule of pumping rates for the ! 

“| | upper aquifer is given in Table 3. Here 15 pumping wells | 

: are suggested to optimize the system. Another 5 wells : 

J | would be on standby. | 

i LOWER AQUIFER | | , 

i Figure 13 also shows the proposed locations of : 

i wells that will be needed to reduce the artesian head in 

. the lower aquifer, eventually dewatering a major portion of | | 

| i the aquifer. This aquifer is probably discontinuous (see | 

| - Figure 8). A total of six wells, each 6 to 8 inches in | 

q Giameter, will be needed, with two of these wells acting in 

i a standby capacity. Four of these wells will be pumped at 

an approximate rate of 200 gpm. 

i The dewatering wells in the model are pumped con- 

| tinuously, resulting in an initial total discharge of about | 

i 1.2 mgd. | 

i | As the source bed above the lower aquifer is de- 

, watered by dewatering wells and horizontal collectors, the 

| i lower aquifer will be deprived of recharge. Therefore, 

. rates of water level decline will increase until water-table 

i . conditions prevail in the lower aquifer. Additional pumping 

| will rapidly dewater the remaining saturated thickness. When 

the depth of excavation penetrates the lower aquifer, using 

i a bench system similar to the one shown on Figure 16, hori- 

i zontal wells will be installed to minimize seepage at the 
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' i excavation face, and a ditch will be made to capture any | : 

. i remaining seepage and divert it to a sump system for — : 

| discharge to the surface. : 

: i | Figure 17 is a contour map of the drawdown dis- | 

| tribution in the lower aquifer after pumping for a period : 

i of 900 days at a rate of 1.2 mgd, indicating that drawdowns ! 

| up to 80 feet could be achieved. Actual drawdowns would ! 

os probably be much greater once the upper aquifer and till is : 

| lost as a source bed for the lower aquifer in the vicinity | | 

: | of the excavation. Thus, water levels would decline ata | 

; [ faster rate. When water levels reach the top of the lower , 

i | aquifer, water-table conditions will prevail. After a | 

. short period of time the relatively thin lower aquifer | 

i , (about 15 feet) will be dewatered because of rapid reduc- : 

tions in saturated thickness and transmissivity. | 

J | It is physically impossible to completely dewater | 

_ both the upper and lower aquifers with wells. It will be | 

i necessary to reduce the water levels in all materials to a 

_ considerable depth beneath the base of the aquifer and to 

i the top of the bedrock. Thus, an additional dewatering 

| | system, such as horizontal collector wells, sumps, well 

points or a combination of these systems, will be needed to 

i effectively Gewater the remaining saturated areas, near the 
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J. oe , : 
° | face of the excavation where Slope instability conditions : 

i - could occur. One possible companion system could be a . 

: series of well points located on benches cut into the face ! 

: i of the excavation. Although well points could possibly be | 
| | . 7 

| used locally within the pit during the initial excavation, | 

- . especially prior to the installation of horizontal collectors, : 

| 7 their limited_efficiency and pumping 1ift would preclude | 

—_ | their effective use on a permanent basis. | | 

f | A more feasible companion system is a series of ! 

i | horizontal collector wells, and a header system around the 

2 | perimeter of the excavation at some depth. A schematic : 

i | Giagram of a combined dewatering system consisting of de- - 

- watering wells, horizontal collector drains, ditches, and ) 

qa | sumps is shown on Figures 13 and 16. Horizontal collector | 

i Grains would be about 150 feet in length, and spaced 50 | 

me to 100 feet apart. Using Darcy's law, where Q = KiA, } 

i | the amount of water flowing to the horizontal drains along | 

- ‘ the entire perimeter of the pit was estimated to be about 

i 600,000 gpd after 500 days of dewatering from about 200 | 

i drains tapping the upper aquifer. Another 50 drains yield- | 

_ ing 300,000 gpd would tap the lower aquifer. Therefore, | 

i each drain in the upper and lower aquifers would discharge | 

| oo at a rate of about 2 and 3 gpm, respectively. 

— Water in storage between the dewatering wells and | 

. the face of the excavation would be collected at some dis- 

- | tance into the exposed Face of the aquifer and would move 

iti — 
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| under gravity drainage to the header system. Subsequently, | 

| | these waters would be removed trom the excavation by pumping | 

7 from the collector header or sump. Also, some horizontal | 

‘| 7 collectors will have to be placed in the upper and lower : 

; | till units to capture remaining waters that might conceiv- : 

q | ably reach the face of the excavation, creating slope in- | 

Tt : stability problems. A ditch along the bench would capture | 

: any remaining seepage and transport it to a sump system for | 

| | discharge to the surface. : 

I | 

; | 

q - 
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‘iq | PRELIMINARY COST ESTIMATE OF CONCEPTUAL . 

y | | COMBINATION DEWATERING SYSTEM | 

| | DEWATERING WELLS : 

_ Figure 12 is a schematic of the dewatering well | | 

| ; System including standby wells, header collection system, 

7 _. sumps, and ditches. A total of 20 wells, 6 inches in diam- 2 

tT eter, will be utilized during the dewatering operation for . 

i the upper aquifer with 5 to 8 of these acting in a standby : 

7 capacity. The dewatering well system will pump approximately : 

| 2.2 mgd during the first 4 to 6 months. As pumping , 

| rates are decreased over the period of dewatering to main- | 

q tain the desired water levels, power costs will also be | 

i : reduced. Table 3 gives an estimate of one possible pumping | 

| schedule for dewatering the upper aquifer. In addition, 4 

i to 6 wells will tap the lower aquifer at the western end | 

Xt of the excavation. These wells will be necessary to reduce | 

| the existing artesian head of approximately 80 feet and even- | 

| i . tually dewater the lower aguifer. A total Gewatering system | 

- Similar to that proposed for the upper aquifer will also 

: i be used for dewatering the lower aquifer. The cost of the 

| i dewatering well system is itemized in Table 4. Capital — | 

: costs for the initial installation of the dewatering well . 

| i | system are estimated at $1,260,000. Operation and mainten- 

! ance costs, much of which will be shared with the horizontal | 

: i .cOllector system are estimated at $275,000. The power costs 
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A in Table 4 were estimated assuming an average dynamic head | 

‘| | of 200 feet, an average pumping rate of approximately 2.2 | 

- | mgd, months, and a pump efficiency of 50 percent. However, | 

q - initial pumping rates may be somewhat greater to achieve | | 

. | maximum drawdown aS soon as possible, without reducing the | 

a . efficiency of the pumping equipment. : 

‘tT | | | 
— | HORIZONTAL COLLECTORS, DRAINS, AND SUMPS | 

mo : : Figure 17 is a section through the various units | 

q at the site delineating the horizontal collector system | 

~ which consists of horizontal drains, header Pipes, ditches | 

| i and sumps. Inflow to the drains end any additional seepage 

i | along the face of the excavation will be collected to pre- 

a clude the possibility of slope instability conditions occur- | 

| ; ring. The horizontal collector system for both the aquifer 

oe | and the confining units will include approximately 200 drains 

i spaced at 50 to 100 foot intervals or as conditions dictate, | 

| i about 16,000 feet of header pipe (6-inch PVC) to collect 

_ arainage, continuous ditches to capture additional seepage, | 

! i sumps to accumulate the ground water inflow and pumps to 

- discharge these waters at the surface. The cost of the 

, E horizontal collector system iS itemized in Table 4. Capital 

| i | costs for the horizontal collector system are estimated at 

7 $711,000. After the collector system is in operation an 

: i - additional pumpage of 900,000 gpd (both aquifers) will have 

LC — 
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Tl to be removed from the header, ditch and sump system. | 

| | When the horizontal collector system is installed in the | 

| upper aquifer, the total pumping rate will be 1.7 mgd for : 

q the entire upper aquifer dewatering system (see Table 3). | | 

'y The electrical cost associated with the increased discharge | 

= | rate of 0.9 mgd from the horizontal collects is estimated : 

Tt at $15,000/year; however, at this time, the initial elec- : 

- | trical costs for the dewatering wells will be reduced to ! 

. I about $25,000. Therefore, after 4 to 6 months the total | 

I electrical cost associated with pumping will be reduced : | 

ae | from $52,000 to $40,000. : 

fj | The total capital cost of the dewatering system, : 

- including dewatering wells, horizontal collectors, header 

q | pipes, pumps, ditches and sumps is estimated at $1,971,000. | 

The total cost for operation and maintenance of the combined : 

- Gewatering system is estimated at $275,000/year. Tt is | 

I : assumed that the operation and maintenance on both the : 

- / dewatering well system and the horizontal collector system | 

E can be accomplished simultaneously with the suggested man- | 

i power. Obviously, electrical costs for pumping will fluc- : 

_ tuate depending on the pumping rates for the total system 

f in operation at that time. Therefore, the figures shown in 

- | Table 3 should be considered as best estimates tor that | 

I _ discharge rate. | 

i 
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qa . ENVIRONMENTAL EFFECTS ON DEWATERING : 

i NEARBY WELL SUPPLIES | | 

| - The drawdown distributions from the dewatering : 

g | operation indicate that wells tapping the upper aquifer in : 

: / the area will be affected by the dewatering operations at : 

‘| the possible mine pit site. Figures 15 through 17 show | nS 

| : that drawdowns up to 5 feet occur at distances over 1 mile 

a southeast of the site after 6 months of pumping. The known , 

i | well supplies near the northern end of Little Sand Lake will ; 

ae experience increased drawdowns because of the concentrated | 

i pumping at the southeast end of the excavation. Drawdowns | 

| up to 12 feet could occur in this area (see Figures 15 

I through 17). Well supplies north of Swamp Creek and east of 

; Hemlock Creek will not be affected by the dewatering opera- | 

L tion because the upper aquifer 1s pinched out to the north 

i - and east. This pinch out (see Figures 7 through 9) acts as 

= | a no-flow boundary; also the creeks would hydraulically 

: separate any shallow ground water erfects opposite the mine. ) 

yt Drawdown effects in the lower aguifer will be sub- 

_ stantial (see Figure 17) during dewatering operations. How- 

i ever, no wells are known to tap the lower aquifer in the 

iy - vicinity of the possible open pit mine. 
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q Oo 

tT WATER LEVELS IN NEARBY WATER BODIES © | 

q | After interpreting boring logs and studying the | 

J geohycdrology of the area, including the apparent barrier ! 

| boundaries, we believe that Little Sand Lake, Hemlock Creek ! 

| and Swamp Creek probably, will be either directly Or indirectly : 

_ . affected by the dewatering operation. Higher water levels 

qT ) in the other lakes surrounding the area, such as Oak Lake : 

J and Skunk Lake (see Figure 6), indicate that these surface : 

- water bodies are probably not hydrologically interconnected . 

| with the upper and lower aquifers. These lakes have water | 

: . | levels higher than those found in the underlying aquifers. | 

t When water levels in the upper aquifer decline | 

i during dewatering, induced infiltration through the lake bed 

= increases until water levels in the aquifer drop below the 

q base of the lake bed confining unit. At this point, maximum | 

| : recharge to the upper aquifer through induced infiltration 

| will occur. Using an estimated vertical permeability (P') 

| i of 0.04 gpd/ft~, the amount of water lost to the aquifer : 

— from Little Sand Lake was calculated to be approximately 

i 330,000 gpd (about 225 gpm) after 180 days of pumping. This 

t is viewed as very conservative because preliminary data in- 

dicate that the ground water regime may be fed by the lake 

i and not vice-versa. 

— : The upper aquifer is indirectly connected with 

[ Swamp Creek and Hemlock Creek, thus, contributing some 

: a 
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if : / 

” ground water discharge to the creeks in the form of seepage : 

| | both north and east of the site. Although the amount of : 

. seepage could.not be quantified with the dewatering computer : 

t | model, the presence of springs, such as Hoffman Springs, : 

| indicates that indirect recharge is occurring. The reduction : 

| in seepage discharge to these springs due to dewatering | 

‘q could be mitigated by monitoring major spring discharges be- ! 

| fore dewatering operations and maintaining those discharges ! 

ti | (1.e., water levels in springs) during dewatering operations | 

| with some type of recharge mechanism. | 

_ In order to mitigate any possible environmental - 

J etfects of dewatering on Swamp Creek, Hemlock Creek and | 

| Little Sand Lake, several recharge pits could be located as | 

a shown on Figure 19. Discharge waters from dewatering opera- 

; tions could be diverted to these pits to maintain water 

i levels in affected surface water bodies. In addition, these | 

i 7 recharge pits would maintain water levels in the swampy low- 

5 ’ lands that would likely decline during dewatering operations 

- from either direct or indirect causes. 

i The initial quantity of pumpage from upper aquifer 

. dewatering wells will be approximately 2.2 million gallons 

i : per day (mga) , thence to 1.6 mgd after about 200 days. After 

I - about 400 days of continuous pumpage, when water levels in 

7 the upper aquifer are at lower levels, a substantial reduction 

i in this quantity of pumpage, down to 1.1 mgd, will be made | 

by pumping at reduced rates (see Table 3) using automatic | 

- | 35



cl : water-level activated relays. The additional drainage from : 

‘ji | horizontal collectors and small seeps, estimated at 0.6 mad, ) 

" | in the various sand and till units will be collected by means | 

| | of a header system, ditches and sumps. The total Guantity of | 

. | discharge waters from the dewatering Operation will be used | 

q | to maintain water levels in those water bodies probably affect- : 

y , - ed by the dewatering Operation, specifically Little Sand Lake, 

. Swamp Creek, Hemlock Creek and surrounding wetland areas. | 

q | Water from net precipitation falling on the bottom of the pit, : 

| estimated at about 340,000 gpd, cannot be used as recharge | 

a | because this water would have contacted the ore and would | 

J - | likely contain trace metals. Thus, the accumulation of net | 

_ precipitation would be collected in sumps in the mine and 

i 7 pumped to the tailings pond or used as process water. 

4 An important environmental consideration is the 

on eventual abandonment of the open pit. If the pit is not 

i partially backfilled with waste rock, it will have a volume 

of about 62,000 acre feet. The pit would eventually fill 

i with water to the natural ground water level. This would 

ty take about 45,000 to 50,000 acre feet of water. Approximately 

_ 600 acre feet/year would come from net precipitation and 

i another 6590 acre feet from controlled infiltration. The | 

_ controlled infiltration is estimated at 50 percent of the 

I - long-term withdrawal rate of 1.7 mgd , because part (estimated 

| at 50 percent) of the water would probably have to be re- 

charged to the aquifer to avoid possible @raining eifect on 
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| Little Sand Lake to fill the pit. Thus, reduced pumping : 

- i : would have to continue even after open pit mining ceased. : 

Conceivably, it could take several tens of years to fill up | 

q - the pit to equilibrium water levels. 

tt. 
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i _-- RECOMMENDATIONS | } : 

| : Based upon this feasibility study, we believe that | 

- the combined dewatering system described in this report, | 

i utilizing peripheral dewatering wells, horizontal collectors, : 

| ditches and sumps, would be the most suitable dewatering plan | 

| | if the open pit alternative is chosen. | : 

&d The relative costs for the slurry trench, grout | 

. curtain, and freezing methods for ground water control are ! 

; ‘prohibitive compared with costs for the combined dewatering : 

| system, consisting of dewatering wells and horizontal collectors. 

. The total capital costs for the combined dewatering : 

| | System are estimated at approximately $1,971,000. Annual | : 

— | costs for operation and maintenance of the system are esti- | 

| i | mated at $275,000. 

, We believe that dewatering of the upper and lower 

aquifers could be effectively accomplished using the combined : 

i dewatering schemes discussed previously. It must be pointed | 

i out, however, that the results of this investigation would not | 

| be adequate to properly design the dewatering-recharge system 

! E nor to fully describe the environmental impacts associated a 

with the system. It is likely that permits for the withdrawal 

! i of water would have to be obtained from the Wisconsin Depart-— 

i ment of Natural Resources. In all likelihood, providing the | 

necessary assurance for obtaining the withdrawal permits 

would be a very rigorous excercise. 
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nn TABLE 1 | , 
_ PRELIMINARY COST ESTIMATE FOR SLURRY TRENCH . | 

ITEM QUANTITY UNIT COST TOTAL COST 

| Capital Costs: a 
| Trench 1,200,000 sq. ft. 7.50 $9,000,000 

Interior sumps 6 12,000 72,000 

Sump pumps | 12 (100 gpm) 2,000 24,000 

: 6 (250 gpm) 3,000 18,000: - 

Pump installation | 6 sumps 15,000 90,000 

-_ . DiScharge piping 
(8 and 12 inch ID) 6,000 ft. 22/ft 132,000 

Electrical system . | lump sum | 80,000 80,000 

| | $9,416,000 | 

Operation and Maintenance (annual): 

Labor (12 man-hours/day) | 3,066 hr/yr | $15/hr 46,000 

Ditch maintenance | 
equipment 500 hr/yr $50/hr 25,000 

i Pumping cost (0.3 mgd) 109 mill. gal. $64/mill gal. 7,000 
Fs estimate 5 percent : 
iW | o£ capital for re- 
Si Equipment replacement placeable equipment ee 21,000 
‘4 —— 

O : 
5 Estimated Annual Cost: | 799,000 

A |
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a TABLE 2 | | | 
PRELIMINARY COST ESTIMATE FOR CHEMICAL GROUT CURTAIN | 

: ITEM | QUANTITY UNIT COST TOTAL COST NN OFA COST 

Capital Costs: 

| | Drilling 300,000 feet $5V/ft $1,500,000 
Grout curtain | £600,000 sq. feet — $14 tt 8,400,000 | 

7: Interior sumps 6 12,000 72,000 
| Sump pumps 12 (100 gpm) 2,000 24,000 : 

6 (250 gpm) 3,000 18,000 - 

Pump installation 6 sumps 15,000 90,000 

| — Discharge pipe 
(8 and 12 inch ID) 6,000 feet $ 22/ft 132,000 

Electrical system lump sum 80,000 80,000 . 

Estimated Total Capital Cost: $10,300,000 

Operation and Maintenance (annual): | | 

Labor (1 man @ 12 hrs/day) 3,066 hr/yr S15/hr 46,000 

Ditch maintenance 
“t equipment 500 hr/yr S$ 50/hr 25,000 , 

ne Pumping cost (0.3 mgd) -- ~~ 7,000 

a estimate 5 percent : 
an of capital for 

3 Equipment replacement replaceable equipment -- — 21,000 
C _—— 
Q ; 

Bs Estimated Annual Cost: | | 999,000 
pan
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a = TABLE 3 | 
. POSSIBLE PUMPING SCHEDULE FOR DEWATERING THE UPPER AND LOWER AQUIFERS 

« A A AL OO LC LL eC CECE Ce ttre Pr tyr ni rt tee recente -eeenarettneneereenyraine aetna usec 

| INDIVIDUAL, | WELL | 
| NUMBER PUMPING RATE DISGHARGE | 

- PERIOD OF OF WELLS (gpm) (MGD) 
PUMPING upper lower upper lower upper lower TOTAL 
(days) aquifer aquifer aquifer aquifer aquifer aquifer DISCHARGE 

0-200 15 4 100 200 2.2 1.2 3.4 

200-400 15 4 75 200 1.6 1.2 2.8 

a b 

400-800 L5 4 50 200 1.1 1.2 2.3 

b b 
800-2000 15 4 25 50 0.5 0.3 1.7 

a 
Horizontal collector well system installed, . 

5 . 
Horizontal collector system yields an additional 0.6 mgd. 

- | } - | 

Horizontal collector system yields an additional 0.3 mgd. 

ty 
iP 
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. TABLE 4 | | 

i | PRELIMINARY COST ESTIMATE OF COMBINATION DEWATERING SYSTEM | 

{ | ITEM QUANTITY UNIT COST TOTAL COST 

DEWATERING WELL SYSTEM -- | 

. f Capital Costs: 

| | Dewatering wells 26 600/ea 156,000 ! . 

Heacer pipe and : 
i ‘connector pipe 

| 

between wells and 
Be recharge pits 36,000 22/L.F. 792,000 

Submersible pumps 
' : and pumps (10 standby) . 36 3,500/ea 126,000 

: Recharge pits & ditch gg 20,000/ea | 120,000 | 
| | Drop pipe for wells 26 135/ea 3,500 : 
f Electrical lump sum 60,000 60,000 : 

Estimated Capital Cost: $1,260,000 

{ a HORIZONTAL COLLECTOR SYSTEM 

Capital Costs: . 

“ Drains (150 ft in 

i 7 length) 37,500 6/L.F. 225,000 
Mebilization & 
Gemobilization lum>d sum 10,000 10,000 

Heacer pipe and | 

connector pipe 

| between drains 
: (6 inch Pvc) 17,500 12/L.F. 210,000 

| Sumpos (25 yds. . 

, concrete) 6 1,200/ea 72,009 | 

Pumps 12 @ 100 gom 2,000/ea 24,000 | 

Installation 6 @ 250 gpm 15,000/ea 90,000 

i Electrical system; 
cables, poles & alarm jump sum 80,000 80,0900 

f Estimated Capital Cost: | $711,000 

COMBINED OPERATION AND MAINTENANCE 

i Labor (3 shifts x | 
1.5 men/shift) 13,140/hr/yr 1S/hr 200,000 

| Ditch maintenance 
i ecuipment  500/hr/yr S0/nr 25,000 

| * 
) — Pumping costs 

| Q.x H (1/11) x 3 cfs 1.8 KWH | 

i l/eft. x $0.05/KWH (2 MGD) crs | 52,000 

Estimated Annual Cost: | $275,000 

* : 

{ ASSuming an averace Cynamic head of 200 feet, an average rate of 2 MNGD 
and an erficiency of 50 percent. 

i | PAMES & MEARE
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| J FIGURE 2 | , | 

7 GENERALIZED GEOLOGIC LOGS AT PEIZOMETER LOCATIONS | 

q DW-l1 - Land Elevation - 1648.32 . 

f Depth-ft , 

, , . - 
| T 0-18 Brown fine to medium sand, some silt, some gravel 

| UA 13-63 Brown fine to coarse sand, some gravel, several 
i - cobbles, none to trace silt 

T 63-139 Red-brown fine to medium sand and silt, little | 
gravel, few sand lenses 

‘a LA 139-147 Brown fine to coarse sand, some gravel and cobbles 
{ T 147-212 Red-brown fine sand and silt, some gravel and cobbles, 

- few boulders 

; 212 Weathered bedrock - black and green | 

a  DW-2 - Land Elevation - 1600.74 

i Depth-ft 

L 0-2 Light brown fine-medium sand (£111) 
i 7 L 2-5 Black peat 
a L 5-7 Yellow-brown and gray fine sand, some silt, mottled 

L 7-17 Light gray fine to coarse sand, trace silt, trace 
| gravel 

I | L 17-19 Light gray silt, some fine sand 
UA 19-71 Brown and orange-brown fine to coarse sand, some 

| Gravel, trace Silt, varying amounts of sand and 
| q gravel 
on T 71-284 Red-brown fine to coarse sand and silt, little to some © 

Gravel, many weathered pebbles. 
: j LA 84-32 Brown fine to medium sand and coarse cravel, trace 
| to little silt 
| T 92-95 Red weathered bedrock 

7 i | 95 Weathered bedrock 

| DW-3 - Land Elevation - 1657.07 | _ 

i Depth-ft | 

8 T 0-38 Brown fine sand, gravel, and silt, boulders 
, i UA 38-98 Brown fine to medium sand, some gravel, none to 

| trace silt 
po T 98-123 Brown fine to coarse sand, some silt, little gravel 

| LA 129-133 Light brown fine to medium sand, some gravel 
| T 133-162 Red-brown fine to medium sand, some silt, little 
: | gravel : | 

162-164 Red weathered bedrock 

164 | Weathered bedrock | 

« 7? = Till 
i UA = Upper Aquifer : 

7 LA = Lower Aquifer 
1 L = Lacustrine deposits.
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° - PUMPING TEST -1 

A | UPPER AQUIFER 

‘E Pumping Well - Test Well -l1, Pumping rate 80 gpm 
a Observation Well -— DW-2U - | 

4 Pumping Period - 1645 - 1 April 77 to 1715 - 2 April 77 

. Recovery Period - 1715 - 2 April 77 to 1508 - 3 April 77 
of - Record of Water Well -3 | 

bo. Time From Depth to Time From Depth to 
Start Water Level Start Water Level 

4 (min) (feet) (min) (feet) 

" _ 12.21 285 34.70 

4 0 12.22 315 34.70 
= 1 33.20 | 380 34.90 

ff 7 3 34.20 453 34.70 
U: 5 34.20 585 35.30 
{ 7 7 34.40 626 35.00 

7 10 34.40 700 35.10 
F 15 34.60 740 35.40 
e 20 34.60 910 35.00 | 

“y 25 34.60 965 35.00 
i 30 34.60 1035 34.80 

7 35 34.60 1095 35.10 
, 40 34.60 1155 34.60 

UL 50 34.60 1215 35.00 
; 60 34.60 1275 35.50 

_ 80 34.70 - 1335 35.50 
f 105 - 34.70 1415 35.50 

| 135 34.70 1455 35.30 
y 165 34.70 1478 35.30 

. 195 34.80 -Stop Pump- 

a 225 34.70 -Start Recovery- 

i 255 34.70 =, 0 35.30 

q |



ff 7 Page 2 of 4 

ff Time From Depth to Time From Depth to 
Start Water Level Start Water Level 

; (min) (feet) (min) (treet) 

tT bo 26.70 30 12.60 
, 1 19.20 38 12.60 
4 2 14.20 65 12.60 | 

- 3 13.20 : 90 12.60 
‘yf 4 12.80 170 > 12.56 

| 7 - 12.80 320 12.52 
if 10 32.70 1005 12.36 

15 12.70 1137 12.35 
{ 23 12.60 1300 12.35 

tT 

it 

E 

| 

i 

{
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: , a PUMPING TEST -1 

ff UPPER AQUIFER 

ff Pumping Well - Test Well -1, Pumping rate 80 gpm 

a Observation Well - DW-2U . . 

{ Pumping Period - 1645 - 1 April 77 to 1715 - 2 April 77 

: | Recovery Period - 1715 - 2 April 77 to 1508 - 3 April 77 

_ Record for DW-2U 
‘| Time From Depth to Time From Depth to 

Co — Start Water Level Start Water Level 
(min) (feet) (min) (feet) 

A - - 11.68 135 12.72 
0 11.68 165 12.74 

f s, 11.91 195 12.74 

7 a 1 12.09 225 12.74 
f | 2 12.16 255 12.73 

. 3 12.24 285 12.69 
{ | f 12.28 360 12.73 

. 5 12.35 405 12.71 

| ; 63; 12.39 540 12.73 

a g 12.41 600 12.72 
i 10 12.44 670 12.73 

12 12.53 705 12.74 
15 | 12.53 795 12.77 

i 20 12.58 930 12.80 
L. 25 12.58 965 12.82 

; 30 12.60 1035 12.84 
7 35 12.63 - 1095 12.91 
i 40 - 12.61 1155 12.78 

50 12.66 1215 12.81 
J 60 12.67 1275 12.82 | 

75 12.67 1335 12.84 

ty 90 12.69 1405 12.87 
| 1s 12.71 1440 12.86



ff Page 4 of 4 

ft Time From Depth to Time From Depth to 
Start Water Level Start Water Level 

: i (min) (feet) (min) (feet) 

1478 °° 12.86 23 11.92 | 
{I -~Stop Pump- 25 11.91 

-~Start Recovery- | 30 11.90 . 

, | 0 12.86 | 3B 11.87 
t 3, 12.85 56° 11.84 

| 1 7 12.75 75 11.84 
f | 2 12.54 80 11.86 

: 3 12.38 90 11.86 

{ 4 12.29 120 11.85 

oo 5 12.21 180 11.83 

J 4 12.12 325 11.81 
| 5 12.09 1010 11.76 

i 10 12.06 1142 11.76 
| 12 12.02 1305 11.75 

i 15 11.98 

i 

: . 

i 

i - 

i



f | oO Page l of 4 

S a 
. - PUMPING TEST -2 

| | | LOWER AQUIFER 

f Pumping Well - Water Well -2, Pumping rate - 48 gpm 
Observation Well - DW-1L -. | 

/ q Pumping Pericd - 1500 - 11 April 77 to 1510 - 13 April 77 
Oo Recovery Period - 1510 ~- 13 April 77 to 1530 - 14 April 77 

.. Record for Water Well-2 
5 Time From Depth to Time From Depth to 

mo Start Water Level Start Water Level 
| (min) (feet) (min) (feet) 

4q | _- 66.28 1508 75.28 
0 66.31 1688 75.77 

: i 45 sec 70.61 1998 75.49 

- ee 2 71.96 ~ 2500 75.87 
i 3 72.31 2730 75.83 

7 4 72.60 2800 75.50 
| i | LO 73.64 2880 75.97 
| 1235 73.76 -Stop Pump- 

i 24 74.02 ~Start Recovery- 

—— 38 74,12 0 75.97 
| i 55 74.59 35 71.62 
: 61 74.69 1 70.40 

73 74.83 2 69.82 
i 90 | 74.84 2h; 69.52 

~ 116 74.94 3 69.28 
: i 162 75.05 4 69.07 
- 193 75.13 5 68.91 | 
: i 233 - 75.16 6 68.75 
. 334 75.76 7 68.54 
i 510 75.84 8 68.32 

_ 784 75.82 9 68.30 
i 1073 75.80 10 68.27 

1368 — 75.80 Ll 68.15 

5 .



i | Page 2 of 4 

‘fi 
| | Time From Depth to Time From Depth to 
J , Start Water Level Start Water Level 

(min) .. | (feet) (min) (feet) 

{ 12 68.07 160 66.66 
7 14 67.93 : 170 66.65 

, , 16 67.83 180 66.63 
18 67.75 191 66.62 

5 20 - 67.67 201 66.61 

' 22 67.59 220 66.60 

/ 24 67.54 250 66.58 

| 26 67.50 280 66.56 

28 67.45 313 66.56 

J 30 67.41 340 66.55 
o 32 67.36 378 66.55 

j 34 67.33 425 66.53 
36 67.29 470 66.52 

J | 3g 67.26 595 66.47 

' 40 67.23 715 66.43 

fi - 42 67.19 | 795 66.43 

7 44 67.16 1045 66.44 

c 48 67.13 1166 66.43 

; 52 67.09 1432 66.34 

— 60 67.01 ~ 1462 66.33 

; 70 66.95 
_ 80 66.90 

i 90 66.85 

oo 101 66.79 
E DD 66.76 

es 66.73 
iy 135 66.70 

152 66.67 

J
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t | 
| - PUMPING TEST -2 | 
i LOWER AQUIFER 

| i Pumping Well - Water Well -2, Pumping rate — 48 gpm | 

| Observation Well —- DW-1LL - 

| Pumping Period - 1500 - 11 April 77 to 1510 - 13 April 77 

Recovery Period - 1510 - 13 April 77 to 1530 - 14 April 77 

‘f Record for DW-1L : 
a Time From Depth to | Time From Depth to 

Start Water Level Start Water Level 
E (min) (feet) (min) (feet) 

es - 775 73.20 
| i _ 69.85 1058 73.20 

| 0 69.85 1210 73.18 
ee 6 70.40 1372 73.14 

i 7 70.55 1390 73.08 
| 8 70.70 1490 73.13 
i : 15 71.60 1695 73.26 

| 21 71.96 1985 73.18 

; 30 72.23 2495 73.32 

— 353; 72.24 2670 73.29 

i 42% 72.34 2770 73.28 
| 49 72.41 2885 73.28 

; | 53 72.48 -Stop Pump- 
| 64 72.55 -Start Recovery- 

- 77 72.65 9 73.28 
; 99 72.76 1 73.25 

— 107 72.80 Lk 73.20 
i 1180 72.81 2 73.10 

— 150 72.89 23; 73.00 
i 180 72.96 3 72.90 

_ 235 73.03 5 72.58 

i 337 73.11 6 72.38 

| 500 73.20 / 7 72.26 

; an 

q



| 7 | Page 4 of 4 

A , — 
‘| : 7 | | 

A Time From Depth to Time From Depth to 
Start . Water Level Start Water Level 

| (min) °° (feet) (min) °° °° (feet) 

- 8 72.14 : 132 70.27 

Tt , 9 72.03 151 70.26 

, 10 71.96 184 70.22 

12 - 71.78 225 70.17 

q 14 71.63 252 70.15 
| 16 71.50 233 70.14 

q 18 71.44 315 70.11 
, 21 71.28 342 70.10 | 
| 23 71.21 380 70.10 

25 71.14 430 70.10 

| 28 71.11 475 70.10 
30 71.04 598 70.08 

; 32 70.99 | 717 70.04 

- 35 70.90 798 70.05 

| 37 70.87 : 1047 70.12 

40 70.81 1290 70.08 

_ - 44 70.78 1435 70.04 

i 49 “70.71 1460 69.98 

— 50 70.69 - 

i 57 70.62 

_ 60 70.59 

i 65. 70.55 
a 70 70.52 

i - 76 70.48 

7 80 70.48 

ty 30 70.41 
~ dil 70.33 

E
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