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Gentlemen:
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Report on Excess Water Discharge, Crandon Progect for

your review and comment. This report reviews and analy:zes
various methods for disposing of excess water at the
Crandon site.

Should vou have any guestions, please call.
Yours truly,
GOLDER ASSOCIATES
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Wwilliam F. Brumund, P.E
Principal
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1.0 INTRODUCTION

Golder Assqciates was authorized on October 21, 1981,
to study and evaluate alternative locations, methods, and
systems for discharge of treated water from the proposed
Crandon mining project to the groundwate} system. Our
scope of work required us to limit our site selection of-
potential recharge sites to the northern half of the Picke-
rel Creek drainage basin and not to directly cover any
wetlands. Potential groundwater impagts were to be based

on the assumption that 2500 gpm of :{&Gntinuous discharge

would be generated by the treatment sys

L i+

eview of the alternative
to

became clear

and potenti it

Gisposal sites

Gelder 2Zesociates that
also consider where

3

d water was com-
this study were

ing from. The
presented orall on November 16,
1981. It

prepare a

This

z) identify potential recharqge sites in the speci-
fied study area

b) discuss some of the possible recharge schemes

that are available
<) make a preliminary groundwater impact evaluation
for several potential disposal sites 7

In this report, no consideration was given to the source. of

the treated water.

Golder Associates

- ——— - — r



December, 1981 ' s M 814-1287

This milestone reporf should be regarded as a prelimi-
nary review of some-of the possible recharge methods avail-
able and a preliminary assessment of the relative impact

that recharge into potential Jdisposal areas might have.

Golder Associates
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2.0 SITE LOCATION

0

Certain limitations on the selection of recharge sites
were stipulated in the contract. These were that (a) the-.
techarge sites should lie within the northern half of the
Pickerel Creek drainage basin, (b) the recharge sites will
not directly cover any wetlands, (c) the recharge sites
will be'a sufficient distance from groundwater discharge.
areas to prevent adverse surface water impact. In addition

to the above limitations, it was considered that an zttrac-

tive disposal area would have a thick stfstum of stratified

drift (aquifer) relatively close to theifground surface.

Minor consideration was giveng i¥o not locating disposal

areas in Langlade County.
sing the above critet four potential excess water

These areas are shown 1in

scils at each potential disposal

available at this time, is

a) Rreaii Southwest of Little Sand Lzke

Urficial soils at this site consist of ap-
(33 £t.) of till which is underlazin by
about 55 m .(180 ft.) of stratified drift aguifer. There
are four boreholes and one test pit within this areaz from
which geotechnical information can be gathered. However,

none of the boreholes in this area went to rock, therefore,

G B NE T =
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accurate estimates of the thickness of stratified drift

cannot be made at this time.,

b) Area 2 - Northeast of Rolling Stone Lake
The two borings taken near this area suggest that
there. is no till cover and that the stratified drift out-

crops in this area. Althouch the two borings are shallow,

Golder Associates
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- face observations suggest that the su

it is estimated that the thickness of the stratified drift
is about 40 m (140 ft.) in this area. Some ablation till

may exist near the ground surface in this area.

c) Area 3 - North of Little Sand Lake
Three borings and three test pits have been ad-
vanced in this area; however, all of these borings are
shallow. These data suggest that the stratified drift may

exist at the ground surface. However, more detailed sur-

ial soils at this

pverlying "ordi- -

n

ite may consist of an ablation till shee:
ry" till, &all of which is, underlain by stratified
£, It is estimated that £ gtratified drift 4n this

m (180 ft.) in thick-

n

ol
v
o]

wm

rances from 30 m (100 £

v}
[
m o
f

poe
1]

ep Bole Lake

xist within this area. Three of
?bedrock. The surficial soils in
L azbout 20 m (66 ft.) of till which is
40 m (140 ft.) of stratified drift.

Golder Associates
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3.0 METHODS OF ARTIFICIAL RECHARGE

Artifical recharge of groundwater can be achieved
using a variety of methods, e.g. water spreading via bas-
ins, channels, ditches and irrigation or recharging through
wells. The choice of a particular method will depend on
the local topographic, geologic and soil conditions. The
two main methods, surface basins and injection wells, are

described below.

3.1 Recharge Basins

Infiltration beasins are tggically ;déed to recharge

nconfined or semiconfined ag rs (Bouwer, 1977). The

Ul
basins should be loczted so

is sufficiently permeable to
= . infiltration rates;

(a) the surface
yield accept

(b) there are
hini#*the unsaturated zone that would
di=groundwater mounds to rise into the
restrict infiltration;.

groundwater table is sufficiently
: ground level to keep the resultant
groundwater mound below the bottom of the basins;

(d) the aguifer is unconfined and has a relatively
high transmissivity to allow lateral flow of the
recharge water without building up groundwater
mounds that rise into the basins. '

Of the areas being considered as.suitable for ground-
water recharge, both Areas 2 and 3 satisfy condition (a)
above. The subsurface geclogy 1is poorly defined in the
vicinity of Area 2; the presence or absence of any low
hydraulic conductivity layers here is not known. Geologi-
cal éection B-B of the 'Geotechnical Review,' Golder Asso-

ciates (1981), shows there to be a layer of till underlying

Golder Associates -
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the surface drift at Area 3, which would make this an un-
suitable location - -for a recharge basin in accordance with
fb) above. Conditions (¢) and (d) will become apparent as
a particular recharge site is examined in detail (discussed
below). In addition to the general considerations (a
through d) above, the Crandon area experiences adverse
climatic conditions (mean annual temperature ranges from
-30°P to +90°F). Such low winter temperatures may result
in freezing of the rechargé basin(s),_thereby effectivelyﬂ

reducing infiltration to zero for a peripd of time.

major practical problem

:ith recharge basins is a

A
reduct

caused by an accumula-

d ion in the infiltration,
tion of sediment and other £ 2rial on the bottom and
sides .of the basins. To mifimize this "clogging effect™
the .

low as possible (this °

sediment content of echarged water should be as
the Crandon site
will be used). clogging will eventually occur

A typical curve showing the reduc-

tion in inf ion" rate 1is shown 1in Figure 2 (Bear,

1878} . The in

caused by dispersion and swelling of soil particles after

itial reduction in infiltration rate 1is

wetting, the subsequent increase resulting from elimination
of entrapped air by solution in the water. ‘The steady
reduction (approximately exponential) in infiltration is
due to clogging of the soil pores at the bottom of the
basin. and Jjust beneatﬁ it. The clogging will be due to:

(a) retention of suspended solids;
(b) algal and bacteria growth;

(é} entrained or dissolved gasses released from the
- water;

(d) . precipitation of dissolved solids.

Golder Associates
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To restore infiltration rates to their original levels it
is necessary to dry the basin and scour the top 1-2 in.
(2-5 cm) of bottom material.

The fregquency of cleaning will be a function of the-
local conditions (type of water and soil) aznd will effec-
tively be determined by trial and error &t Crandon. No
published fregquency of cleaning rates was found for spe-
cific material types, however, anticipated freguency of

cleaning range from three months to 2-3iyears,

From the foregoing discussign it may

ve two drainage basins

3

*f recharge using injection wells
is for recharqg' - ‘confined aguifers and of unconfined
aguifers oveg yilower hydraulic conductivity layers in
the unsatura zgne.l It is also an obvious choice where
the topography s makes basin recharge impractical or too
expensive. . All four areas being considered as sites for

artificel recharge would accommodate injection well sys-

- tems.

Injection wells are constructed in the same manner as
pumped wells, with careful attention being paid to grouting
of the well to avoid leazkage around the casing and seepage

to the surface.

-Recharge wells will also suffer from a reduction in
their recharge.rate due to clogging from processes similar
to those that take place in recharge basins. Clogging may
be reduced by jetting, air surging and chemical cleaning to
remove ‘bacterial growth and encrustation products.

Golder Associates -
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“accurately define the impact of the sys

4.0 EVALUATION OF GROUNDWATER RECHARGE WITHIN THE PROPOSED

AREAS

4,1 General Discussion

The following evaluation does not take into account
aﬁy effects due to groundwater extraction and should only
be regarded as a comparison between the various recharge
sites and not as a definitive prediction of the response of
the groundwater regime to artifical recharge. A detailed

evaluation of the preferred site or sites is reguired to

em on the hydrology

of the disposal area.

4.2 Recharge Basin Within

Of the areas evaluate Area Z would eppear to be the

most sﬁitable for siting charge basin, The area re-
3/&8 (2,500 gpm) will be a

fltration through the underlying

guired to infiltrate

sof

function of the rat.

soil. The infiltration will be governed, in part, by the
v.ertical hydraul

stratified drift. There are no existing
direct measure s of unsaturated zone hydraulic conduc-
tivity =2t the Crandon site. Bcwever, limited experimental .
data indicate that the hydraulic conductivity after arti-
fical wetting may be one-half the hydraulic conductivity at
complete saturation (Bouwer, 1966). From the pumping test
report (Golder Associates, 1981), thg saturated vertical
hydraulic conductivity of the coarse grained stratified
drift was estimated to be 1.12 m/d (3.72 ft./day). AS-
suming that the unsaturated vertical hydraulic COnauctivity
is 50% of the saturated wvalue, this value reduces to
0.56 m/8 (1.86 ft./day), and the recharge area required
would be 24,332 m2 (261,812 ft.2;or 6 acres). A pond with

the dimensions of 200m by 130m (660 ft. by 430 ft.) would

Golder Associates
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meet this requirement. This estimate does not consider the
processes of wetting front development and other transient
effects, but is a reasonable estimate of the reguired pond

area after normal operation has been established.

Leakage from the recharge pond will cause the under-
iying water table to rise and form a groundwater moungd.’
Analytical methods to predict the rise of groundwater.
mounds have been developed by Hantush (1967). The egquation

describing the rise of the center of

fined aquifers below rectangular
written as (symbols and definiti

of this report and shown

cn” site, disposal via a recharge pond
appears to be >Ticable only to Area 2. To estimate how
far the center ©f the mound will rise after six months of

infiltration, the following parzmeters apply:

40 m
0.56 m/d
182 days
0.07 . ;
448 m2/g3
200m

130m
(4tT/£)"L/2

W

n

1 I i .

bo I S e I I T s T « ¢
n

"
Il

4.6x10"%

Golder Associates
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For the above. conditions, the center of the ground-
water mound wodid_be'approximately 14.8 m (45.1 ft.) above
the 1initial groundwater level after six months of re-
charging. The above analytical approach is limited to a
relatively short recharge time span. The rate of rise of
the groundwater mound will dJdecrease with time as it ap-
proaches steady-state. To see whether the above mound is
approaching this equilibrium position after six months of

recharge, values of hy - H versus time were plotted (Fig-

after six months of
recharging, the groundwater mound 1is sentially at a -
steady-state condition.

It should be noted solution has

the following limitations

g take account of any regional stresses
the aquifer. )

4.3 Injeé_‘on Wells wWithin A11 the Propcsed Areas

The injection of 13,626 m3/d (2,500 gpm) through a
rechargce well will produce a groundwater mound which is the
inverse of a pumped well drawdown cone. On a sloping water
table, this mound will ‘be skewed downgradient an amount
defined by the gradient: and aquifer characteristics., Fig-

ure 5 represents this pictorially and defines the variables

‘involved. The shaded area represents the region in which

indigenous groundwater will eventually be replaced by re-
charge water., This zone extends to the nearest downgrad-

ient discharge boundary (stream or lake).

Golder Associates
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The edgesrparallel to the flow direction of Ehe re-=
charge area are bounded by 1limits which asymptotically
approach the lines  defined by the following equation (Todd,
1959) 3

y=+Q‘*’
~2Khbi

{4.2).

All symbols and definitions are given, at the end of this

report, The upgradient boundary of t%ﬂ recharge area ex-

tends to a stagnation point, at a distan: defined by the

following equation (Todd, 1859)

influence were

Table 1 gives the
are plan views of these influence zones.

TARLE 1

INJECTION WELL RECHARGE ZONES

Hydrauli¢c Saturated . ‘ ‘ ¥ X
Area Conductivity Thickness Flow Gradient Distance Distance*
(m/d) (m) (m3/8) (m) (m)
1 5.2 40.0 13,626 0.0014 10,300 -3,500
2 i3 40.0 13,626 0.0030 - 5,100 -1,600
3 1% 2 i 60.0 13,626 0.0018 5,600 -1,800
4 11:2 60.0 13,626 0.0064 1,600 - 500

*Note that the necative X distances denote upgradient distance to
stagration point. :

Golder Associates
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. From this comparison it is apparent that well recharge

has a minimal areal impact when conducted in Area 2 (see

Figure 7). However, there will be a considerable impact on
Rolling Stone Lake from recharge in this area since it
receives all of the recharge water. The average annual
throughflow of Rolling Stone Lake has been estimated to be
0.48 m3/s (17 cfs). ?he rate of well recharge is equiva-
lent to 0.15 m3/s (5.5 cfe),; & 3d percent increase in aver-
age annual throughflow.

Recharge at the other locations will have a

significant impact on the exis groundwater system but

they will be spread over a wi All three locations

in Swamp Creek. Using the

will increase streamflow 3
method of Jenkins (1873

crease in Swamp Creek

recharging system, the in-

each of the releva rarge well sites (Table 2). Since
£xion will increase through time, val-
10 and 30 years into the operation

t should be noted that this method of

ues are presesnt
of the syst

analysis does .consider regional groundwater gradients

or variable aquifer properties.

TABLE 2

SWAMP CREEK/HEMLOCK CREEK ACCRETION

Recharge Well Wbistance + Stream Accretion Rate
Location to Creek 1l vear 10 %ears T 30 years
(m) (m=/s) (m2/s) (m/s)
Area 1 3000 0.027 0.103  0.126
Area.3 1600 0.074 0.130 0.142
Area 4 1800 ., 0.06 0.126 0.140

Golder Associates
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- The obse:vea low flow of Swamp Creek at County Road 55
is about 0.55 m3/sec. indicating a maximum increase of
approximately 25 peircent flow through Rice Lake:. For all
of the proposed recharge areas, well injection of excess’
water will have a considerable effect on the ground/surface’
water system when recharged at the maximum rate at one’
well. . This impact may be spread by having several recharge

locations and/or using several methods of groundwater re-

charge. To illustrate the effect of reduced injection

3/4 (1500 gpm)
at Area 3 was computed. The wedl recharge zone has been

rate, the zone for a recharge rate of 8,

diminished as shown in Figur
duced to 0.044 m3/s (1.57 i

(2.7 cfs) in ten years an:

and stream accretion re-

ione year to 0.076 m3/s
0.084 m3/sec. (2.99 cfs) in
thirty years.

ormed indicate that recharge of the
full amount water at any one location will haﬁe a
significant B on the hydrogeological environment of
the proposed <(Crandon mine site. This effect may be

"damped" by using a hybrid system composed of basins and

wells in wvarious combinations and at several locations.

These options are discussed in detail in Section 5.0.

Golder Associates
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5.0 POTENTIAL RECHARGE SCHEMES FOR THE CRANDdN SITE

Three of the proposed recharge sites have low perme-
ability till overiying the more permeable coarse grained
stratified drift. As a less costly (and possibly more
acceptable) alternative to using an injection well at these
sites, recharge shafts may be considered (Figure 82). They
may be lined or unlined, open or filled with coarse materi-

al, and be of variable. size. They may be constructed using

a variety of methods (draglines and ackhoes or bored).

T . .
junction with pits

(Figure 8B). In common with other rech

suffer from decreased recharge rzfes due to accumulation of

fine grained materiels in the = S,

A- successful shaft/p
being used by the a #ot, North Dakota (Pettijohn,
1968) to dispose £0 m3/8 (2,781 gpm) of excess
water. The facild onSists of a recharge pit that feeds
into a Y-shaped ‘ vystem (Figure 9a). 2long the base
of the canal thirty-six 0.76 m (30 in.) diameter gravel
filled holeéu” four large 4 m (12 ft.) diemeter gravel
filled shafts.

recharge shafts. The shafts permit water to infiltrate

“Figure 9B 1s a cross-section of one of the

from the canals down through a layer of silt and cfay into
the aquifer.l This system operates in a hydrogeological
envifonment similar to that at Crandon, and recharges a
similar quantity of water. '

for the remzining recharge site (Area 2, Seéfion 4.1)
the recharge basin proposed'could be designed to consist of
a2 series of smaller basins. The basins would be intercon-
nected with overflow gates to allow transfer of water from
one basin to another. Thus the excess water could be di-
verted into any combination of basins, allowing simultane-

ous basin recharge and maintenance to take place.

Golder Associates
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" A variety 6f recharge options are avaiiable, some of
which would be more suitable for use at the Crandon site
than others. However, no realistic schemes can be proposed
unless all variable aguifer stresses (groundwater with-
drawal, tailings ponds infiltration, mine dewatering, etc.)
are taken into account. From a consideration of the pro-
posed agquifer use, an overall hydrological management plan

may be formulated. This may indicate that due to heavy

groundwater extraction it would be desir-

able to design a recharge system that w
esult of

mitigate pos-

sible stream depletion as a “such extraction,

Alternatively, artifical recha

act to reduce pond seepags: con ﬁtgations in both the

;@ given location. Use of a

ground and surface water

uter model would allow all

Golder Associates .
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6.0 SUMMARY AND. CONCLUSIONS

In this report severalApotential excess water disposal
sites within the Pickerel Creek watershed were selected for
dispocsal of 2500 gpm of treated water. Also, several po-
tential recharge technigues which Golder Associates con-
siders have merit for the project are propcsed and dis-
cussed. The relative groundwater impact that disposal in

the various areas would have is estimated.

Four potential disposal areas are: tified as shown

in Figure 1. These are as follows:

8. \irea 1 - Southwest@oi'uv?ile Sand Lake
B Area 2 - Northea éf Roiilng Stone Lake
. Area 3 - North of tle Sand Lake

= Area 4 - Eas Deep Hoié Lake

11%the constraints imposed in this
£ and available information suggests
‘knesses of stratifiedrdrift exists in
these areas. ,dditional detailed cgeoclogical information
will be required in the selected disposal area before aﬁ.

accurate groundwater impact assessment can be made.

The hand calculated analyses of areal effects on the
groundwater system from the injection of 2500 gpm of water
suggest that the changes 1in groundwater levels will be
quite extensive. Therefore, it may be specious and unduly
restrictive to specify disposal areas only in the Northern
half of the Pickerel Creek watershed. The impact on the
groundwater system is not controlled by the surface yater-
shed area of the disposal system. The.results of these
analyses also suggest-that it is not appropriate, in our

opinion, to perform detailed impact analyses without con-

Golder Associates
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sidering the source of the 2500 gpm and the impact of this
withdrawal on the groundwater system. '

We consider that infiltration basins or various types
of infiltration wells can be used for this project. Sever-
al conceptual designs for recharge systems are presented.
The choice of system depends to a significant degree on the
proximity of the stratified drift to the ground surface,.
In addition, the choice o©of a preferred system may depend
upon other hydrologic activities whigh will be ongoing

through the life of the mine and these wvarious

activities interrelate.

GOLDER ASSOCIATES

John V. Kinsella
Hydrogeologist.

"JVK:JEB:WFB:dap
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SYMBOLS AND DEFINITIONS

saturated aguifer thickness
fillable porosity (1>f>0)

height of <center of water table mound azabove-
impermeable layver at time ¢t

original static height of water table above.
impermeable layer

gradient of water table

horizontal hydraulic conductivit

vertical hydraulic conductivity
length of rectangular recharge bas
fiwell

H{in y direction)
pumping rate into injecti

transmissivity (Kh'b)

time since recharge bhégan

unit area infiltrati ate. into water table

width of rectangy echarge basin (in x direction)
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TIME (DAYS)
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NOTE: )
increase in hy-H over time shows steady-state condition
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K: Hydroulic Conduciivity { horizontol)

b = Saturoted oquifer thickness (confined or unconfined oqurfen)
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ABOVE MSL, NTERPRETED FROM
LIMITED DATA
GROUNDWATER ISOPLETH 486
——— . METERS ABOVE MSL AS ESTIMATED
EXCLUDING EFFECTS OF JUNE-JuLY
1980 PUMP TEST

NOTE

.GROUNDWATER CONTOURS INTERPRETED
BY GOLDER ASSOCIATES AND DaMES B
MOORE BASED ON THE FOLLOWING DATA:

" 1o COLCER ASSOCIATES AND DAMES B
- MOORE OBSERVATION WELL MEASURE -
MENTS ON SEPT 10 AND 11, 1980
b WATER CHEMISTRY DATA FROM DB N
_/’ AND DNR
¢ SURFACE TOPOGRAPHMY

d USGS WELL DATA AND GOLDER WELL
DATA FROM DIFFERENT TIME PERIODS

BASE MAP PROVIDED BY EXXON MINERALS -
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SCALE AS SHOWN

DATE || - 25-8]

INJECTION WELL RECHARGE ZONE

CHECKED J VA

Dwe . N0050_|_80554

s » B - e —
e ip—— S
et = s

Goldef Associates

EXXON MINERALS COMPANY -|Fflovre g -

e e R i




7/
¥k

EA A S AN PSR
S AL LA AT
A/ a7 77774, A
: KL SIS LTSN LA

LFGLLTILL L LSS
B FIIIII IS IIFLIPIATS ST
f SBIASLAL LIS LSS S IAL S E

PN TTTTIIAA T LI AN A S F L
/ {f?//ééﬁ/fﬂj;;ﬁj;(/-525////
7 FITTLST Y Ve

5J§§/A//////////(/§ LSS
o / f;f//?/[l//(/lVf LR S
ﬂ.r 7/// IA LT IL S NN S
Ary 7/ .;fiﬁ///_//x/ P S IKL S L
; S DA LT Q AV LA
b Yo

LA LR .
N RIATAL I LA LAt 7T

X SR
3T LN SEIL PR 77 7 St D

By

Y 74

N S 4 >

s 7 67 /5
; Ty

%
P ESALLILSL LIS LLT
7 45 /ﬁ//!//? < VR b’

754
75

s

“ .
SR LITEL A7 T

’7r7
/74 /_//’//V//?é’

AL e o
SALAT R Gt L A LSS LN LS A S AgpI g
< cieey

xa

Ao 25215 7% :5’/@?44133‘;3? et
' o g :
//1/%/#'5?{;(t.z /5(/

PP I TIEI LTS i?/fg///;g"/if
i S P P LKL T PRI T L
s s fs

772 PIETETE 2

9

SRS A
R v

SLY IV E
VIPITIS.

Ze

i

v
Ll A
2/

AFIEVIE o, I N &
7 17T IADy f(/égkz : i SR
G rit S :

MG e 3
TAELLY v ~ - T

o . =

A% —

s s s
TSR Ly
L

LEGEND

A INJECTION WELL

INJECTION WELL RECHARGE ZOWE
FOR Q13,626 m 5/4 (2,500 gpm)

LROUNDWATER ISOPLETHS (conlours)
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LIMITED DATA
GROUNDWATER 1ISOPLETH 486
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NOTE
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= MOORE OBSERVATION WELL MEASURE -
MENTS ON SEPT 10 AND 11, 1980
b WATER CHEMISTRY DATA FROM DBM

AND DNR 5
€ SURFACE TOPOGRAPHY
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MEDIA

BAGIN : CHANNEL - -
j_ /— N A ACCESS ROAD ——,

z - ) LEGEND
P WATEN LINES - : . HYDRAULIC CONNECTOR (30 inches)
.A’: 7 3 .
' ' 3 + HYDRAULIC CONNECTOR (72 inches)
MATCH LINME g
7 - P, - —%——5— FENCE

k7

T CANAL
PN ACE

=

-
- >
ATCH L e

OBSERVATION WELL

WASHED - GRAVEL

‘SAND ond GRAVEL
3 AQUIFER

5 « :][ . '~
" . CROSS-SECTION OF MINOT RECHARGE SHAFT, A-A
(after Pettijohn 1S68) ’ 9B i
o8R0 g1a_j287 . |*“** AS SHOWN | |
PN oxp C PR jy- 24-81 MINOT RECHARGE SYSTEM
cHECKED  fyMl or® " 050-1-80559 '
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