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1.0 MCLAREN TAILINGS ABANDONED MINE SITE GROUNDWATER 
MODEL 

This appendix provides a sUIllmary ol'the McLaren Tailings Abandoned Mine Site (S ite) 
groundwater model , inc lud ing the mode l setup, calibration, groundwater budget, 
considerations lo r site-spec itic condit ions, transient simulations, the evaluat ion and 
optimizati on of the 60% Construction Dewatering Design, and the recommended 
sequence of phased const ruction dewateri ng and ta ilings excavat ion. 

2.0 MODEL SETUP 

The primary object ive of the ground water model is to evaluate and optimi ze the 
constructi on dewatering design. In o rder to do thi s, the groundwater model must provide 
a reasonable approxi mation to conditions at the S ite . The groundwater model was 
constructed utilizing industry standard software and ava ilable data. During the 
construction or the computer model , cons iderat ion was given to the model extent, 
materi al layers. streams and drains. recharge, and evapotranspiration. To eva luate the 
time li'ame of the construction dewatering and the effect of changi ng seasons. the steady 
state mode l was utili zed to build a transient model. in which three years o f seasona l 
e ffects were evaluated. 

2. 1 SOFTWARE 

Two software packages were utili zed to simulate groundwater conditions at the Site. The 
core software that simulates gTO undwater tl ow is MODFLOW'" 2000. Thi s so ftware is a 
three-dimensional finit e-di ffe rence gro undwater flow model developed by the United 
States Geologica l Survey (USGS ). Thi s core software is manipulated by the graph ica l 
user inte rrace (GU I) Groundwater Model ing System (GMS '). Both MODFLOW'"2000 
and GMS® are industry standard software. 

2.2 AVA ILABLE DATA 

Available data for the construction or the gro und water model include the 2008 Site 
pumping test (Table E- I), gro und water elevations I'i'om the Bureau of Reclamation 
(BOR) provided in the Re.lponse AClion Repo/'ljiJrthe McLaren Tailings Sile. Cooke 
Cily. /v/onlana (BOR, 1994), monthl y climate summary li'om the Western Regional 
C limate Center (WRCC). and boreho le logs and stream flow measurements fi 'om the 
Mo ntana Bureau of Mines and Geology (M BMG) report MEMC-23 Fino! Report. Acid 
Mine Drainage Control - Feasibility Siudy. Cooke CiIY. Montana (MEMC-23 McLaren 
Feasibilily Study) (MBMG, 1975). Regional hydrogeo logy is described by the Montana 
Bureau of Mines and Geo logy (MBMG. 1999) and stratil,'1'aphic sections describing 
subsurface geo logy are provided by the Bureau of Reclamation (BOR. 1990). 
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2.3 MODEL DOMAI N 

To adequately simulate the S ite and the representati ve hydrogeologic conditions. the 
boundary of the model. or model domain. was extended a sign ificant distance in all 
directions away from the Site (F igure E-I ). The downgradient and upgrad ient boundaries 
of the model are located approx imately 0.35 miles and 0.65 miles, respecti vely. from the 
Site. The north and south model boundaries are located up on the va ll ey wa ll s. 
approx imately 0.4 miles and 0.2 miles, respective ly. from the Site. Given the technica l 
scope and resources avail ab le for the project , the model boundaries did not incorporate 
the entire Soda Bune Creek hyd rologic basin. With the boundary locations described 
above. the size o r the model is approximate ly 1.2 miles in length (a long the ax is of Soda 
Bulle Creek) by 0.8 miles in wid th (perpendi cular to Soda Butte Creek) (Figure E-I ). 

2.4 GRID 

To esti mate ground water I"1 ow. MODFLOW 2000® utili zes a grid that consists or three­
dimensiona l rectangular cell s. Each ce ll represent s a tin ite portion of the aquifer, and 
groundwater fl ow within each ce ll is estimated based on the ce ll dimensions and the 
hydraulic properties that have been assigned to it. Multiple layers of ce ll s with different 
di mens ions and hydraul ic properties can be asse mbled together to represen t multiple 
layers of material (i.e .. tailings overlying a lluvium. whi ch in turn is overl ying bedrock) 
(F igu re E-2). 

Because the grid is made up o r rectan gular cell s. the model is generally more accurate if 
one ax is of the grid is ori ented in the same directi on as the general direction of 
groundwater flow. With the McLaren Tai lings Abandoned Mi ne Si te groundwater 
model, one axis of the model grid was oriented along the ax is of the va lley bottom 
(Figure E-2). 

The model accuracy is a lso generall y improved by utilizing smaller ce ll sizes; however. 
too many cel ls in the model prevents the model fro m nnming in a time-efficient manner. 
In order to improve the model accuracy and reduce model run times. the model grid was 
··refined··. where small er cell s were util ized in the area of interest (McLaren Tai lings 
Abandoned Mine Site) and larger grid cell s were uti li zed fo r the remainder of the model 
(F igure E-2) . 

MATERIAL LA YERS 

Within the model doma in. three primary hydrogeo logic materi als were identified, which 
include tail ings. alluvi um/co lluvium (alluvium). and bedrock. These three materials were 
simulated with in the gro und water model as three layers. with tailings as Layer I , 
alluvium as Layer 2. and bedrock as Laye r 3 (Figure E-2 and Figure E-3). While the 
thickness and extent of the tailings (Layer I) has been well defined thro ugh the numerous 
site investigat ions, the thickness of the a lluvium and the location of the alluvi um/bedrock 
contact is subject to greater uncertainty. Nevertheless, as the object ive of the 
construction dewatering system is to dewater the tailings and the upper two feet orlhe 
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alluvi um, the thickness of the alluvium and location of the contact between the alluvium 
and bedrock does not appear to be as critical. 

To estimate the thickness of the alluvium and the location of the bedrock underneath the 
Site (Figure E-3). a combina tion of borehole logs and groundwater surface maps were 
utili zed. These records li kely indicate the original location of the Soda Butte Creek 
channel before it was moved to the current location to the north of the Site. The borehole 
logs ti·OITI the pumping we ll utilized during the 200S aquifer test (PW-OI), wells 24a and 
24b (MBMG, 1975), and boreholes OHS9-3 through DH-S9-7, DI-I-S9-1 0, DH-S9- 11 
located along the southern border of the tailings (MBMG, 1990) provide the thicknesses 
of the alluvium (from 10.5 feet to 50 teet) and depth to bedrock. In addi tion to these 
borehole logs. groundwater surface maps were utili zed to locate a high conducti vity zone 
underneath the tailings. For the purposes of this construction dewatering design, this 
high conducti vity zone is ass umed to be the ori ginal location of Soda Butte Creek 
(MBMG. 1975) and as such, the original channel would have characteri st ics of a greater 
hydraulic conductivity and greater alluvial thickness. Within the model , this original 
channel was simulated in Layer 2 as a thicker portion of Layer 2 with a hydraulic 
conductivity of 120 feet per day (ft/day) (Figure E-4). 

In a similar manner. the est imated bottom oCaliuvium was utili zed as the top oCthe 
bedrock. The location or the top of bedrock beneath much or the Site is not we ll 
documented; therefore the top of bedrock was est imated using avai lable borehole records. 
Bedrock outcroppings are present at the southwest corner of the Site. and along the va lley 
sidewalls above the Site. Us ing these genera l locations. the top of bedrock was estimated 
and utili zed as the top of Layer 3. For uniformity. the thickness of Layer 3 was assumed 
to be 400 fee t. 

2.6 FLUX ACROSS BOUNDARIES 

While the north. west, and east boundaries must all account for groundwater tlux ac ross 
each boundary, the south model boundary was located along a topographic divide. By 
placing the model boundary at this location, groundwater fl ow fi·om the south is a direct 
function of the quantity of recharge and the drainage area. Unlike the north. west, and 
east boundaries. the south boundary is not an artificial tlux boundary. 

While the north boundary is an ass igned flux boundary and includes Miller Creek, the 
flux was minimized by purposefull y locating the boundary along a bedrock plateau. Only 
tlux through Miller Creek has been simulated. 

Genera l flux va lues along the west and east boundaries have been estimated through 
Oat·cy" s law, as shown in Equat ion I. 

Q = K*i*A 

Where: 
Q = Volume of flux in cubic feet per day (f't3/day) ; 
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K = Hydrauli c conducti vity in I-tlday; 
i = Hyd raulic gradient in feet per foot (unitl ess); and 
A= Cross sectional area of the aqui fe r (fil

). 

Usi ng Darcis law. flu x into the groundwater model through the north and east 
boundaries. and flu x out of the gro und water model through the west boundary. have been 
est imated and are shown in Tab le E-2. To apply the boundary tluxes shown in Table E-2 . 
a seri es of we ll s were placed at the west. north , and east boundaries, and utili zed to add or 
remove the appropriate quantity o f flu x ac ross each boundary (F igure E-5) . 

2.7 STREAM 

Soda Butte Creek, the on ly continua ll y flowing SlU·tace water body at the Site. 
hi storicall y varies in flow from less than 0.2 cubic feet per second (crs) during base flow 
conditions to over 100 cfs during high fl ow conditions (MBMG, 1975). These same 
hi sto ri ca l records of hi gh flo w conditi ons near the S ite illustrate regions o f the creek 
where significant ga ins and losses occur (M BMG, 1975). The most dramat ic loss in 
streamfl ow from these hi stori cal records occurs as the creek approached the Site 11·om the 
northeast, where the slope of the creek fl a ttens out and the width increases significantl y. 
Based on measurements collected June 2 1, 1975. the creek lost approx imately 6 c fs. or 
nearl y 20 percent o f its to tal fl ow. During the same investigation. a significant gain in 
fl ow occurs once the creek tl ows around the northern boundary of the Site and starts to 
turn back to the south. At thi s point. where the creek wraps aro und the northwest corner 
of the Site. the hi storical in vest igation noted a gain of nearl y 5 c rs, o r a 15 percent gain. 
With these significant ga ins and losses in such a short area, it is obv ious that significant 
exchanges of water occur between Soda Butte Creek and the underl ying groundwater 
aqu i fer. 

Because Soda Butte C reek is a continuall y Ilowing surface I·vater body, it was modeled 
with the MODFLOW® stream package (F igure E-6). The stream package creates stream 
channels wi th a spec i fic width. sinuosi ty, slope, conductance, stream bed thickness. stage 
e levati on, and Manning' s roughn ess coerticient (n). 

Stream conductance (cs) is determined by Equation 2: 

Where: 

C s = L * \V * K,,*b 

Cs = Stream conductance; 
L = St ream reach length (ft) ; 
w = Stream wid th ( ft); 
b= Thickness of streambed (ft); and 
K" = Vertica l hydraulic conducti vity ( ft/day) 

(2) 

Because Soda Butte Creek has been surveyed, the actual shape of the creek was utili zed 
in the model (the creek sinuos ity was se t to 1.0). 
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The stream package calculates fl ow withi n the channel based on the Manning' s equation 
and gains or losses to the aq ui fer based on the conductance va lue. The stream package 
was used over the MOD FLOW ri ve r package due to the additional ability to specify 
sinuosi ty and roughness within the channel. A stream width of 10 to 20 leet was 
assigned to Soda Butte Creek within the model. 

To determine the n-va lue of Soda Butte Creek, the visual ro ughness of the creek channel 
was compared to the ill ustrations provided in Roughness Characteristics a/Natural 
Channel (Barnes, 1987). Based on this comparison. a roughness coeffic ien t of 0.05 was 
selected and utilized for the majority of Soda Butte Creek. with the exception of the flat. 
slow sectionjust to the northeast of the Si te. For this section, a roughness coefficient or 
0.03 was utili zed. 

To simulate seasonal flow variations in Soda Butte Creek and Miller Creek. monthly 
streamllow measurements from MBi\l/C-23 McLaren Feasibility Study (MBMG. 1975) 
were utili zed. Between these recorded streamflow measurements and observations of the 
location of groundwater in nearby test pits in 2008, it appears that during baseflo w 
conditions Soda Butte Creek is large ly disconnected li'OI11 the groundwater aqu i Ih. 
During high fl ow conditions, however. the connectivity of Soda Butte Creek appears to 
shift drastically and the creek appears to lose a large quantity of water at the northeastern 
portion of the Site (MBMG, 1975). The location where this large quantity o f water is lost 
I-;'om Soda Butte Creek is the same location where the creek channel was first diverted to 
the north of the Site. Because these locations coincide. it is believed that during high 
Ilow conditions. a large quantity of streamflow is lost to the original Soda Butte Creek 
channel and nows underneath the Site. To simulate significant streamtlow loss during 
high flo w conditions. the conducti vity of the bottom of the stream channel was vari ed 
transientl y so that the conductance of the stream bottom was low during base flow months 
and high during peak runolT months. 

Because Soda But1e Creek loses a signiticant amo un t of water to groundwater during 
high tlow season, Soda Butte Creek and its connection to groundwater playa signifi cant 
ro le in the const ruction dewatering eftort. 

2.8 DRA IN S 

Intermittent or ephemeral drainages are simulated in MODFLOW 2000® through the 
util ization of "drains". The surface water features in the Site that are intermittent or 
ephemeral include Miller Creek, the seeps along the toe of the tailings dam face. the man­
made drain along the southern boundary of the Site. and the secondary channel located to 
the west of the Site and south of Soda Butte Creek (Figure E-7). All of these surface 
water features were simu lated with the MODFLOW® drain package. A drain is very 
effecti ve at intercepting groundwater that has ri sen to the surface during high flow and 
removing the water l1'om the model. In this manner, the drain package is ab le to simulate 
th is rapid removal of excess groundwater during high Ilow and remain relatively inactive 
during base fl ow conditions. 
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The drain package create s channels that have a spec ifi ed shape, slope, and conductance 
thro ugh the bottom o f" the drain . Once water enters a drain from the model. the water is 
removed enti re ly from the model and does not contribute to downgrad ient surface water 
fl ows. The conductance value 0 ['" a drain (CD) is calcu lated as : 

Where: 

Cn = L * w * K," 

Co = Drai n conductance: 
L = Drain reach length ( rt): 
w = Cell width (ll ); and 
K," = Vertical hydrauli c conducti vity (ft/day) . 

(3) 

The width of the dra in is defaulted to the width of the model ce ll that the drain passes 
through. 

2.9 REC HA RG E AN D EVAPOTRANS PIRATION 

Recharge refers to how and when preci pitati on relU rns to gro und water. while 
evapotranspiration re fers to the remo va l of wate r from gro und water by the combined 
processes of evaporati on and usage by vegetati on (transpira ti on). 

To simulate recharge to the Site gro und water model , precipit at ion data were utili zed from 
the Western Reg iona l C limate Center (WRCC) Station 241 995 . Precipitati on data have 
been co llected in Cooke City [i·om November 1. 1967 to December 31 . 2007 and the 
··Peri od of Record Monthly Cl imate Summary" was util ized. Because a large port ion of 
the precipitation that fidl s on the Site is in the form o f snow. and typical ly does not begin 
to melt until March. precip itat ion fi·OJll November through February was not immediatel y 
applied to the model. Instead. preci pitation quantit ies from the co lder months were 
accumulated and then appli ed unifo rmly from March through ./une. 

Wh il e recharge was direc tl y simulated. evapotranspiration was simulated by only 
applying a fraction of the recharge. It was assumed that in the extreme climate o f Cooke 
City, evaporation plays very littl e rol e in the removal of water fro m groundwater. Based 
on thi s reasoning, the entire quantity of recharge was appl ied to the groundwater model. 

2. 10 TRANSIE NT S IM ULATION 

The transient ground water model adds the component of time to the steady state 
groundwater model. The purpose of building a transient Site gro und water model is 
primarily to estimate the time required for the Constructi on Dewatering Design to remove 
groundwater li·om the tai lings and the underl ying a lluvium. A secondary objective of the 
transient simulation is to determine how the model responds to seasona l changes in the 
Cooke City area . 
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The total length of time simulated within the transient model was three years. Thi s 
duration was se lected because it is the estimated length of time that wi ll be required to 
excavate the Site . 

3.0 MODEL CALIBRATION 

Because the construction dewatering system wi ll be designed utili zing the McLaren 
groundwater model , ensuring that the model is approx imating true gro und water 
conditions is required. For thi s reason. severa l ca li brati on methods were implemented. 
which include the fo llowing: 

Steady State Model Calibration. including 
o Groundwater head ca librati on (Figure E-8); 
o Hydraulic grad ien t ca libratio n (Figu re E-9): 
o Pumping test ca libration (Figure E-IO); and 
Transient ca librati on with seasona l response (F igure E-II ): 

Each of the {-o ur calibrat ion methods are di scussed in th is sect ion. 

3.1 STEADY STATE MODEL CA LIBRATI ON 

The steady state model ca libration helps to confirm that the grou nd water model is a 
reasonable representation of gro undwater conditions at the Site. 

3. 1. 1 Ground water Elevation Calibration 

The first po rtion of the steady state model cal ibrat ion is the compari son of ground water 
elevation measurements (o bserved heads) to what the groundwater model computes 
(computed heads). The observed heads utili zed to ca librate the McLaren Ta ilings 
Abandoned Mine Site gro undwater model include measurements li'om we ll s, 
piezometers, and seeps that are located in and around the Site. 
Each gro undwater install ation has been represented as an observation point within the 
gro und water model (F igure E-8). The series o f these observation points utili zed a to tal of 
22 well s and seeps measured during the 2008 McLaren Tailing Abandoned Mine Site 
pumping test, 42 test pit s with genera l groundwater elevations. For purposes of thi s 
calibration sect ion. the 22 field measurements from well s and seeps and 42 gro undwater 
elevations from the test pits were uti lized in the compari son o f computed versus observed 
head values prov ided in Figure E-8. 

At the end of each steady-state model run, the computed heads are compared to the 
observed , and the c umulative difference between all observed heads and computed heads 
are summari zed with three types of stati stics: mean error, mean abso lute error, and root 
mean squared error. The ditterence of the three error summaries is summarized below: 

Mean crror (ME) is defined in Equation 4 as: 
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Where: 

1 " 
.!vIE = - 2)h, - h,, ), 

11 1=1 

n is the number o f observati ons: 
he is the computed va lue; and 
ho is the observed va lue. 

Mean abso lute error (MAE) is defi ned as : 

1 " 
MA E = - " Iii -h I ~ ( III 

11 1=1 

Root mean squared (RMS) error is de lined as: 

I II ") 

RMS = - 2: (h, - 11,, ) ; 
11 1= 1 

(4) 

Mean error of the steady-state McLaren Ta iling Abandoned Mine S ite ground water 
model was - 1.14 feet. mean average error was 5.48 feet. and root mean sq uared error was 
6.34 feet ove r 64 obse rvati on po ints (Figure E-S). Within Figure E-S. the error at each 
obse rvati on point is pl otted as a tiny bar graph comparing computed versus observed 
head va lues. 

3. 1.2 Hyd ra uli c Grad ient Calibrat ion 

In additi on to the gro undwater e levati on calibrati on, the gro und water mode l was 
calibrated to match the observed groundwater contours from September 30. 2008. This 
cal ibration is very similar to the gro undwater elevati on calibrati on. wi th the exception 
that instead of matching the water tab le at a fini te amount of points. an effort is made to 
match the entire water ta ble. 

The results of the hydrau li c gradi ent calibrati on are shown in Figu re E-9. In Figure E-9 
the observed ground water contours (so lid blue lines) are compared to the computed 
groundwater contours (dashed blue lines). As can be observed li·om Figure E-9, the 
groundwater contours in the central portion of the S ite are far apart , indicating either 
re latively thi cker alluvium or a hi gher hydraulic conducti vity. In additi on. the 
gro und water contours in the vicinity of the Site tailings dam are very close together. 
indicating either a lower hydraulic conducti vity or a reduction in the thickness of the 
a lluvium. 

During the ca libration of the hydrauli c gradi ent. several modifications were made. To 
match the gro undwater tab le in the center of the Site. a very hi gh alluvia l hydraulic 
conducti vity 01'2 ,400 ['t/day was ass igned in thi s region (increasedll·om 120 ft/day) . This 
high hyd rauli c conductivity was necessary to match the observed groundwater contours, 
but does not match the contours exact ly. lt should be noted that the highest conducti vity 
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noted duri ng the pumping test was 120 ft/day. therefo re it is li ke ly that the sha llow 
gro und water gradi ent is caused by deepe r a lluvium at thi s locati on. 

To match the steeper groundwater contours a t the Site tai li ngs dam. the alluvial hydrauli c 
conducti vity in thi s region was dropped to 0.5 ftlday (n'om an ini tial 120 ft/day), which 
sign ificantl y improved the match of hyd rau lic gradient in thi s area. 

3. 1.3 Pumping Test Ca librat ion 

The tina l ca libration utili z ing the steady state vers ion oC the model is the ca libration of 
the pumping test. As summari zed in Section 3.4.4 of the main report. a 24-hour pumping 
test was conducted on Oc tober 1, 2008. Because th is pumping test demonstrates how the 
aq uifer responds to dewatering on a small scale, it is app ropria te to reproduce thi s same 
pumping test within the groundwate r model. 

In Table E-3. the observed drawdown measurements over 24 hours at 12 different 
observati on we ll s and piezometers are compared to the computed drawdown in the steady 
state mode l. Thi s compari son shows relatively good agreement in the model at the 
pumping well , and fa ir agreement in the observat ion poi nts . The ground water model 
overestimated the drawdown at two locat ions (PW -0 I and PZ-O I S). but underestimated 
the drawdown at the rest o f the points by approximate ly one-third to one-hal f (Tab le E-
3). 

The pumping test calibration demonstra tes that the groundwater model responds similarly 
to the measured response to the pumping test; however, it underestimates the drawdown 
response. Based on thi s compari son, it can be shown that the groundwater model is 
conservative in its response to dewatering, meaning that the model will like ly 
overestimate the time that it wi ll take to success full y dewater the Site. 

3.2 TRANS IENT CA LIBRA nON WITH SEASONAL RESPONSE 

As mentioned previously. the transient groundwater model adds the component of time to 
the steady sta te ground water mode l. The total length of ti me simulated within the 
transient model is three years, as shown on Figure E-II. In thi s fi gure, the dashed line 
represents a repeating pattern of groundwater fluctuation in monitoring we ll W-3 in the 
year 1990. Monitoring we ll W-3 has been completed in the a lluvium. and the 
groundwater Iluctuati on observed at thi s we ll during one year ( 15 feet) demonstrates the 
characteristi ca ll y large seasonal f"lu ct uation in groundwater observed at the Si te. 

In compari son, the computed gro undwater elevati on at monito ring we ll W-3 is shown as 
a so lid line with small circles representing each 30 days of simulation. Severa l 
observati ons can be made fro m com paring the observed groundwater fluctuation to the 
computed gro undwater f"lu c tuation. Fi rst, the computed gro und water f"luctuation 
increases and decreases eve ry season by approximatel y four feet. This is significantl y 
less than the 15 feet observed at the act ual we ll. T he model generates a smoothed 
depiction of the rapid transient changes in water elevati ons. A second observation from 
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the compari son of obse rved and compu ted heads is the evide nt lag time between the 
observed and computed data. As can be seen on Figure E-I I. the heads computed by the 
model start ri sing sooner than the heads observed in W-3. In add ition, the rate of increase 
and decrease shown by the groundwater model is sign iticantl y slower. In comparing the 
lag time between the observed and computed data , it appears that the wate r in the 
gro und water model is ri sing sooner than in the observed Site aquifer, but the rate of ri se 
and decline is much slower. 

Based on the Transient calibration with seasonal response, it can be seen that the 
groundwater model does respond to seasonal changes in gro und water !low. The response 
shown by the model emulates approximately 30 percent o f the observed !luctuation, and 
the !luctuation occurs at a slowe r rate. Because the computed fluctuati on of groundwater 
is lower and the seasona l response time is slower. it appears like ly that storage may be a 
factor. Additional storage in the bedrock aq uifer and in the al luv ium wi ll mute the 
seasonal response, reducing the seasonal gro und water iluctuat ion and ex tending the 
response time of the Iluctuati on. Because the model appears to acco unt for more storage. 
the model may be more conservati ve in the quantity of water avai lable in the groundwater 
system that wi ll be removed during construction dewatering. 

4.0 GROUNDWATER BUDGET 

The ground water budget refe rs to the total quantity of water entering and leaving the 
model (through !lux boundaries. precipitation. streams, and drains). One featu re of a 
full y functi ona l groundwater model is that the quant ity of water entering the model 
should agree very closely with the quantity of ware I' leaving the mode l. Volumes o f 
gro und water entering and leav ing the model via flu x boundari es. precipita ti on. etc. are 
summarized in Table E-4. and the bottom line in thi s table demonstrates a very c lose 
agreement between the to tal vo lume entering and leav ing the model. with less than -0.05 
percent (%) difference. In to ta l, over three years of model run time, approx imately 2 11 
million cubic feet (cl), or approx imately 1.000 ga ll ons per minute (gpm) of water enters 
and leaves the groundwater model. 

4.1 TY PICA L GRO UN DWA TER OUANTITI ES UN DERNEATH MCLAREN 
TA ILIN GS ABAN DONED MrNE SITE 

In preparation of eva luating diffe rent construction dewatering scenarios, the rate of 
gro undwater entering the alluvium beneath the Site was determined. Th is rate is 
important because it de fines the quanti ty o f water typically flowing underneath the Site, 
and provides a genera l estimate o f the tota l quantity of water that will need to be 
ro uti nely removed from the alluvium underneath the construction site in order to maintain 
an e ffectively dewatered construction site . 

To fu rther gui de the constructi on dewatering effo rts, groundwater !lowing underneath the 
Site was divided into s ix separate zones, as shown in Figure E- 12. By c reating these six 
zo nes, each zone could be approached individually and evaluated based on the 
applicabili ty for the utili zation of di fferent types o f constructi on dewatering techniques. 
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The nux across each zone is provided in Table E-5. By comparing Figure E- 12 and 
Tab le E-5, regions with sign ili cant ly more now can be identifi ed and designed 
accord ingly. 

5.0 CONSIDERATIONS FOR CONSTRUCTION DEWATERING SYSTEM 

During the development of the construction dewateri ng system. several considerations 
were made, including the foll owing: 

Seasonal grou ndwater nuctuations: 
Inadequate materia ls stability; 
Effecti veness ofa cutoff wa ll (sheet pi ling); 
Eftic iency of dewatering well s; 
Num ber and locati on of dewate ri ng we ll s: 
Removal of groundwate r storage ; 

• Winter operati ons: 
Quanti ty o r water requiring treatment: 

• Quanti ty of wate r req uiring sediment removal: and 
Sequence of tai lings excavation. 

In pal'licular. duri ng the groundwater mode l setup and eval uat ion o r the dewateri ng 
system. it was obse rved that two o f these conditions within the Site increase the difficul ty 
of the const ruction dewatering effort. These condi ti ons are the seasonal grou ndwater 
nuctuati ons and inadeq uate material s stability. In the design of the construct ion 
dewaterin g system. seasonal groundwate r Iluctuat ions were accounted fo r through year­
round pumping and by including additiona l pumping capac ity in the system. Inadequate 
materials stability have been accom modated through minimizing open excavations to the 
tailings removal itse lf. and utili zing "closed" dewatering techniques such as dewatering 
we ll s and cut o ff wall s. Add itiona l detail s on these condi tions have been provided below. 

5. 1 SEASONA L G RO UN DWATER FLUCTUATIO N 

Changing seasons at the Si te provide significant changes in groundwater tlow and 
elevati on. and are a large consideration in the construction dewatering design. Due to the 
large quantiti es of snowfa ll received in the winter, the rapid melting of snow in the 
spring, and the location of the Site in the upper part of the Soda Butte Creek drainage, 
gro undwater Il uctuati on at the S ite typicall y vary from 12 to 15 feet. To accommodate 
th is extra vo lume, the construction dewatering des ign has been set up to accommodate 
fluctuat ing grou nd water volumes. 

The primary method o f accommodat ing seasonal gro undwater i'luctuat ion is through the 
yea r-round pumping or groundwater. Historica ll y groundwater elevat ions ha ve started to 
ri se at the begi nni ng of April and begin to steadil y decline in August and September. 
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5.2 fNA DEO UATE MATERIALS STA BILITY 

As ment ioned previously. the stabil ity of the saturated tail ings are poor. and thereFore, the 
utili zation of dewatering trenches has been rul ed out. In add ition to the poor stabili ty of 
the tailings, the materi al located to the southwest of the Site has very poor saturated 
stabil ity, and there fo re thi s location is also a poor candidate for a dewate ring trench. 

Another area where materi als stability is of primary concern is in the area downgradient 
of the tailings dam. Material s in thi s area are high ly saturated li'om seeps along the toe of 
the ta ilings dam. and also excavati on in thi s area is not recommended until the majority 
of the Site is dewatered and a signilicant porti on o f the materi a l removed fi'omthe area 
behind the ta ilings dam. Because thi s area wi ll likely be drier as a result of the 
construction dewatering effort , it is recommended that th is area be dewatered and 
excavated after the tailings behind the tailings dam have been removed. 

5.3 EFFECT IVENESS OF A DEWATERfNG TRENCH 

Two locati ons ex ist at the S ite where the materi al stability appea rs to be appropriate and a 
dewatering trench wo uld be high ly effective. The Ilrst locati on is at the northeast portion 
o f the Site where the creek nattens out signi Ilcantl y. and the second location is 
downstream of the tailings dam. where the insta ll at ion of dewaterin g we ll s does not 
appear to be feas ible. 

The lirstloca ti on eva luated fo r a dewatering trenc h. at the northeastern portion of the 
Si te, appeared to be idea l because of it s locationjust downgradi ent of where signilicant 
quantities of water are lost by Soda Butte Creek during high now condit ions (MGMB. 
1975). These losses are tho ught to occur because the origi nal Soda Butte Creek charUlel 
hi storicall y ex isted at thi s locat ion, and it is likely that high flow from the current Soda 
Bul1e Creek inflltrates to the o ri ginal channel and subsequentl y fl ows directly underneath 
the Site. CUlling off this additional now wo uld s ignili cantl y red uce the quantity o r 
ground water that wo uld have to be pumped rrom within the tailings. 

Through the evaluation of the dewatering trench, it was determined that thi s wou ld be a 
ve ry effective locati on. The alluvium present at thi s location is very conductive and the 
trench could likely be constructed to be deep enough to intercept most of the losses fi'om 
Soda Butte Creek during high How conditions. 

The drawback to constructing a dewatering trench in thi s locati on is that it wi ll occupy a 
signil·l cant amo unt o f space in a construction area that is alread y space-constri cted. In 
add ition, the hazard of hav ing a deep trench that wi ll be parti a ll y fill ed with groundwater 
is significant , both from the pcrspect ive ofa construction site and one of the mai n haul 
roads pass ing nearby to the dewaterin g trench. T he close prox imity to Cooke City, where 
residents may advertentl y or inadvertentl y enter the trench (wherein significantly 
di ffere nt groundwater depths will be encountered. along with potential ice conditions) is 
al so very hazard ous. 
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Based on the space req uirements o f the construct ion site and the re lat ive hazard posed by 
constructing a dewatering trench at thi s location, it was instead decided to eva luate 
alternate dewatering methods. including a cutoff wa ll and dewateri ng we ll s. 

The second locat ion eva luated for a dewatering trench is at the toe of the tailings dam. 
Th is location was cons idered for a dewatering trench because it is very we t during almost 
all ti mes of the year. the ability to construct dewateri ng well s in thi s locati on is poor. and 
al most all of the gro und water !lowing underneath the Site also fl ows through thi s 
locat ion. 

During the eva luation of dewatering thi s location. it appears to be benel'icialto leave the 
excavation of these tailings toward the end o f that work, Dewatering the Site should have 
some effect on drying thi s area out for at least a porti on of the year. In addi ti on. it was 
recommended that the water li'om the treatment and settling ponds not be di scha rged 
upstream of thi s locati on. so as not to pump the same water twice. Based on thi s 
eva luation, it is recommended that once the southern porti on of the S it e is dewatered and 
subsequentl y removed. dewatering will be initi ated through the construction of a 
dewatering trench by deepening the main seep drainage located at the toe of the Site 
tailings dam. Deepening the main seep drainage into a dewatering trench and excavating 
a sump at the east terminus of the trench (at the same location where the ma in seep 
currently day li ghts from the tai lings da m). the groundwater gradient in thi s area wo uld 
effec tively be reversed, and the losses Ii·om Soda Butte Creek to the dewatering trench 
wo uld be mi nimized. In this manne r, gro und water can be e ffect ive ly captured in this area 
and c ircu lated through the trea tment and sett ling ponds before be ing discharged to Soda 
Butte Creek. Because the dewa tering trench will be located in an ex isting seep, fl ows 
entering the dewatering trench from Soda Butte Creek during high now conditions may 
need to be rest ricted. To limit these contributions of sur face water fi'om Soda Butte 
Creek. it is recommended that the trench be appropriately protected li'om acc umulating 
add itiona l surface water (-lows through the installation o f a protecti ve dike, plug. or o ther 
appropriate measure. 

5.4 EFFECTIV ENESS OF A CUTOFF WALL (S HEET PILING) 

Because of inadequate material stability lor dewatering trenches. the nex t best opti on is 
the installation ora cutoff wall (sheet piling) with assoc iated dewatering we ll s located 
upgradient o rthe cutoff wall. In eva luating the Site. two locati ons were eva luated for 
locating a cutoff wa ll . and one location was selected. 

5.4. 1 No rtheast Port ion of Mc Laren Ta il ing Aba ndoned Mine S ite 

The first locati on eva luated for a cutoff wa ll is at the northeast portion of the S ite, a t the 
same location evaluated for a dewatering trench. This first location was prev iously 
eva luated (BOR, 1990) to r alluvia l sediment depth and content. In thi s invest igat ion, 
three boreholes (DH89-1 , DI-I 89- 1. and DH89-3) were drilled to the alluvi um/bedrock 
contact. A ll o l' the boreholes encountered somewhat different materi als, and the depth to 
bed rock along this a li gnment was determined to range ii-om 36.2 feet to greater than 50 
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feel. The material s intercepted by these three boreho les ranged fro m tailings to "s ilt with 
sand" to boulders approx imate ly 2.6 feet in diamete r. 

Based on the eva luation, it was decided that the construction of a cutoff wa ll at thi s first 
location wo uld not be cost e ffecti ve and the relati ve effecti ve ness wo uld be questionable. 
The location wo uld not be cost effecti ve because of the excessive and unknown depth to 
bedrock (>50 feet) and also the large cobbles and boulders present would increase the 
difti culty o f installation. The general effectiveness of the cutofTstructu re wo uld likely be 
signifi cantly red uced by the uneven bedrock surface and the large cobb les and boulders 
presen t in the alluvium. The uneven bedrock surface wou ld not a llow the cutoff wa ll to 
fully contact the bedrock and wo uld leave large gaps underneath the cuto tT wa li for 
ground water to flow through. The large boulders wo uld al so limit the depth to which the 
cuto ff wall could be installed , and could even cause an inadvertent breach in the seams of 
the cutoff wall. For these reasons, a cutoff wa ll was removed fro m consideration at thi s 
loca ti on and the primary method of groundwater removal was left to dewatering we ll s. 

5.4.2 Southwest Porti on of McLaren Taili ng Abandoned Mine Site 

The second location eva luated fo r a cut o fr wa ll is at the southwest porti on of the Site. just 
to the south of the treatment and settling ponds. Even though the gro und water model 
indicated that thi s area could be effect ive ly dewatered wi th well s alone, ro ur addi ti onal 
considerat ions required that this locati on be eva luated as a candidate fo r a c utofT 
structure. These considerations include the lo llowing: 

I . Signifi cant quanti ties of water coming from thi s hill side: 
2. Re latively shallow a lluvia l depth at thi s locati on that wo ul d likely limit the 

effecti veness of dewatering well s alone; 
3. Necess it y to excavate tailings at thi s locat ion before the trea tment and settling ponds 

were constructed: 
4. Structural requ irement that the area underneath the treatment and settl ing ponds be 

dry betore the ponds were constructed: and 
5. Uncerta inty as to if the water is emanati ng from di sc rete locati ons. and where there 

locations might be. 

In additi on to the above conditions, thi s location has some adva ntages that make it more 
ideal tor a cutoff wa ll than the first locati on. These location advantages include the 
fo llowing: 

1. Relati ve ly shallow depth to bedrock; 
2. Signi fi cantly easier dri ving conditions (smaller sediment sizes) than in the northeast 

porti on orthe Site : and 
3. Ab ility to key the cuto ff wall into the nearby rock outcrop to the west. 

Based on these ground water conditi ons and locat ion advantages. it was recommended 
that a cutoff wa ll be install ed at thi s location in conjunction with a se ri es of up gradient 
dewatering well s. The length of the proposed cutofT wall is 910 feet and is based upon 
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the apparent length of li·equentl y saturated hill side. as we ll as incorpo rating locations of 
any apparent slumps that may have been caused by seeps and/or excess ive spring runoff. 

5.5 EFFIC IENCY OF DEWATERIN G WELLS 

The dewatering we ll s at the Site have been separated into two diffe rent types. including 
30 to 60 gpm well s and 100 to 200 gpm we ll s. Every aspect of these two diffe rent types 
of we ll s has been based on the types and depth of alluvium these we ll s wi ll be completed 
in and the assoc iated producti vity. 

5.6 NU MBER AND LOCATION OF DEWATERI NG WELLS 

Four larger 100 to 200 gpm well s w i II be located a long a cent ra l east-west axi s of the 
S ite . Because these we ll s wi ll be completed in the ori gina l Soda Butte Creek a lluvium. 
the productiv ity of the a lluvium is anti cipated to be relati ve ly hi gh and the thickness of 
the alluvium is anticipated to be 40 to 50 feet. Because the all uvium is so conducti ve. 
these fo ur well s will have the most effect on gro und water levels withi n the Site. One of 
the larger we ll s will ope rate year-round and three o f the larger well s will onl y be operated 
from earl y Apri l to the end of December. The e fnuent fi·om these we ll s will be treated 
appropriately. 

Approx imately 15 smaller we ll s (30 to 60 gpm) are located around the perimete r of the 
S ite. and are anti cipated to be poorer producers. The mai n reason for the red uced 
productivi ty is that they are located in a lluvium that is relative ly less conducti ve and a lso 
not as thi ck as the a lluvium near the center of the Site. There are signifi cantl y more 
sma ller we ll s because each we ll is not as productive as the larger we ll s and the effec t of 
each we ll is not as wide-reaching as the larger we ll s. These 15 we ll s will be effecti ve as 
a unit in keeping gro undwater from entering the Site. Because a ll oCthe 30 to 60 gpm 
well s wi ll be completed on the upgradient boundary o f the S ite. they are not ant icipated 
to pump contaminated ground water and will be operational year- ro und. 

5.7 REMOVAL OF STORAGE 

Typica ll y, construct ion dewatering consists of two stages of groundwater remova l. The 
first stage is characteri zed by an initial hi gher fl ow rate whi ch dea ls with removing the 
initi al storage vo lume (storage /l ow rate), and the second stage is characteri zed by a 
second. lower !low rate wh ich represents the quant ity o f groundwater flowing through the 
aq uife r it se ll· (construction fl ow rate) . To accommodate the initial storage fl ow rate, the 
Si te construction dewatering design has been sized to pump approximately 900 to 1,000 
gpm. This additional flow capacity is a lso necessary fo r the higher flow rate that is 
ant icipated du ring runoff condit ions ti·om April until Jul y. 

Because the storage vo lume will have to be removed befo re e ftecti ve ta ilings dewatering 
can occur, it is recommended that tor optimal dewatering o f the McLaren Tai lings, the 
storage volume be removed onl y once at the beginning of the project. Fo llowing the 
initial removal of the storage vol ume. it is recommended that groundwater pumping 
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continue through the w inter. and increase to accom modate spring runoff conditions. In 
thi s manner, the storage volume is not a ll owed to build up again during the winter and 
effec ti ve dewatering of the tailings will occur year-round . 

5.8 FEAS IBILITY O F WI NTER OP ERATIONS 

Winter at Cooke C ity is characterized by temperatures below freezing and large 
quantiti es of snowfa ll. Because the constructi on dewatering system will need to be 
operati ona l at the beg inning o f Apri I to remove signi l"i cant amounts of seasonall y ri sing 
ground water and the settli ng ponds wou ld need to be clear of snow and ice during thi s 
portion o f the year to start o perat ion, it was dec ided that the system (groundwa ter 
dewatering system and settling pond ) wo uld be operated year-round . 

To operate in the winter. the assumption was made that onl y the gro undwater fro m the 
perimeter of the Site wo uld be pumped through the sediment detention ponds. The entire 
constructi on dewatering system has been des igned with the effort of intercepting as much 
ground water as possible be fore it nows beneath the S ite. The gro und water pumped 
during the winter could be di scharged through bo th sediment detention ponds and 
allowed to gravi ty tl ow to Soda Butte Creek. 

Once ground water beg ins rising in ea rl y April. additi ona l we ll s within the center o f the 
Site will be acti vated and the water effecti vel y treated in the a lready nowing sediment 
detention ponds. T he anti cipated timet, 'ame during each construction year that these 
additional we ll s woul d be operated and the e fl"luent water trea ted would be i,'om earl y 
April until the end of December. 

Because the constructi on dewatering system wil l be ope rati ona l year round. a ll of the 
water pumped by the dewatering we ll s will need to remain below the frost line until it 
reaches the dewatering control building and subsequentl y d ischarged to the trea tment and 
settl ing pond. Each dewatering well will need to be set up with a pitless adapter located 
below the n'ost line and pipes that cross underneath haul roads will need to be protec ted 
from li'ost by plac ing sec ti ons o f blue boa rd insul a ti onjust above the di scharge pipeline 
and the haul road. 

An addi tional bene l"it o f year-round operati ons is rea li zed in that the alluvium underneath 
the Site will be dewatered all the time and water in the tail ing will have an ex tended 
amount of time (approximately 2.5 years) in which to drain. 
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6.0 EVALUATION OF CONSTRUCTION DEWATERING DESIGN 
UTILIZING THE G I~OUNDWATER MODEL 

The groundwater model was utili zed to evaluate and opti mize the Construction 
Dewate ring Design. To assist in the evaluati on. the list of considerations deve loped in 
Section 5.0 and a set of 14 criteri a were deve loped to assess the e tlici ency. cost 
etTecti veness. and feas ibility o f each design (Table E-6). 

The Constructi on Dewatering Design was eva luated and optimized by configuring the 
components o r the design wi thin the gro undwater model. includ ing the location, depth, 
and pumping rate of each groundwater dewatering we ll , and the locat ion, efficiency. and 
length of the c uto ff wall . The components were then eval uated with a three-year 
simu lati on to determ ine the abili ty of the design to effecti vely dewater the ta ili ngs. 

The following text provides the eva luat ion or the 60% Construction Dewatering Design. 
Components of thi s eva luati on include the fo llowing: a set of 14 criteria to assess the 
effic iency. cost-effec ti veness. and feas ibil ity; a sum mary or four it erations conducted to 
eva luate and optimize the Construction Dewatering Design; the recommended 
Construc tion Dewatering Des ign; and a proposed sequence of ta ili ngs excavati on. 

6. 1 CRIT ER IA FO R EFFIC IENCY. COST EFFECTIVENESS. AN D FEAS IBILITY 

To gui de the eva luation and optimi zation of the Construction Dewatering Des ign. a set of 
14 cr iteria were developed to rate the relat ive e fticiency, cost effect iveness. and 
reasib il ity oCthe des ign. as fo llows: 

I. What is the quantity of groundwater pumped duri ng winter and summer operat ions? 
2. Does ground water need to be treated during wi nter operati ons? 
3. How much groundwater needs to be treated during summer ope rations? 
4. Does the des ign violate any of the considerations 1'0 1' the Construction Dewatering 

System (Secti on 5.0)? 
5. What is the possibility ofa portion of the tailings not being el'!ec ti ve ly dewatered? 
6. How much reserve capac ity is ava il able for gro undwater treatment and sed iment 

settling? 
7. Does the design contain expectati ons for conditions that have not been confirmed by 

s ite investi gations? 
8. What is the potential for the system freezing duri ng winter operati ons and what are 

the conseq uen ces~ 
9. How eas il y can the system be adapted to the growi ng size of the tailings excavation 

and the shrink ing size of the groundwater dewatering system? 
10. Can portions of the system be shu t down withou t shutt ing down the entire dewateri ng 

system? 
II. Does the system account for loca lized dewatering deeper pockets of saturated 

ta ilings? 
12. How well does the system accoun t fo r heterogeneous conditions. including local ized 

seeps and upwell ing grou nd water? 
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13. Can a cost-e ffective substitution be made for any of the physical components? 
14. Does the system re ly too heavil y on any one component that ifit fa il s. will shut do wn 

the entire dewatering system? 

6.2 EVALUATI ON AN D OPTIMI ZATIO N OF TH E CONSTRUCTION 
DEWATERIN G DESI GN 

Because the primary goa l o f the Constructi on Dewatering Design is to dewater the 
ground water tailings. changes to the Construction Dewatering Des ign first considered 
site-specific conditions and then modi fy ing a porti on of the design to more effectively 
meet the 14 criteria fo r e ftlci ency, cost-e ffecti veness. and feasibility. 

The Construction Dewaterin g Design utili zes a series of dewaterin g we ll s, one cutoff 
wa ll. and a dewatering trench and sump added at the toe o f the ta ilings dam. 

6.2.1 Design Simul ati ons 

To evaluate and optimize the Constructi on Dewatering Design, a seri es of four simulated 
designs have been utili zed. Each o f the simulated designs utili ze common design 
e lements. inc luding larger dewatering we ll s near the center o f the Sit e. smaller well s 
aro und the edges. a cuto ff wall located a long the south western boundary. and a 
dewatering trench and sump for dewaterin g below the tailings dam. A complete 
summary of each des ign simulati on has been provided in Table E-6 and a summary of the 
primary diffe rences between each simulated design is provided in the to llowing text. 

In addition to the total quantity of water produced fi'om the Constructi on Dewatering 
Design, the e ffect o f varying pumping rates during the summer and winter were 
eva luated. As determined 1"0111 the design simulati ons, it was determined that yea r-round 
pumping was most e ffective at lowering the ground water el evation in the tailings . 

6.2.1 . 1 Des ign Simulation I 

Des ign Simulation I focused on one large set of four dewaterin g we ll s located in the 
middle of the Site and one small set of five dewatering we lls paired with a cuto fT wall 
located along the southeastern edge of the Site. The total winter and summer pumping 
rate o f Design S imulation I is 550 gpm, with 400 gpm from within the tailings. 
Advantages of this design are simplici ty (small number of we ll s) and a low pumping rate. 
Limitations o f Design Simulation I are the requirements to r treatment during the 
wintertime, incomplete de watering o f the tailings, and poor ability to adapt to 
undocumented point water and dewater loca li zed tailings pockets. For these reasons. the 
design was further optimized in Design Simulati on 2. 
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6.2. 1.2 Desi!ln Simulati on ? 

Des ign Simulati on 2 modifies Des ign Simulation I with two of the fo ur larger we ll s 
taken oftl ine in the winter and a cluster of five small er well s added in the northeast 
quadrant of the ta ilings. The to ta l summer pumping rate of Design Simulation 2 is 700 
gpm. with 400 gpm from within the tailings. This ra te is reduced in the wintertime to 500 
gpm with 200 gpm fro m within the tailings. Advalllages of thi s des ign are lower winter 
treatmelll rate, dec reased the re li ance on the set of four large dewaterin g we ll s located in 
the middle, and better ability to adapt to undocumented point water sources and dewater 
loca li zed ta ilings pockets. Because thi s design still requires treatmclll fo r 200 gpm of 
groundwater in the wintertime. the design was further optimized in Design Simu lation 3. 

6.2.1.3 Desi!ln S imulation 3 

Design Simulati on 3 modifi ed Design S imulati on 2 with three o f the fo ur larger we ll s 
taken offline in the winter with one in operation and a cluster o f li ve small er we ll s added 
in the north central quadrant of the tailings. The to ta l summer pumping rate o f Design 
Simulati on 3 is 850 gpm, with 400 gpm fi 'om within the tailings, and reduced to 400 gpm 
in the winter with 100 gpm requiring treatment. Advantages of thi s des ign are lower 
winter treatment rate. decreased the reliance on the set of four large dewatering ,.ve ll s 
loca ted in the middle. and better ability to adapt to undocumented point water sources 
and dewater loca li zed tailings pockets. Because thi s des ign still requires treatment for 
100 gpm of gro und wate r in the wi ntertime, the des ign was further optimized in Des ign 
Simulation 4 . 

6.2.1.4 Des ign S imulation 4 

Design Simul ati on 4 modified Design Simulation 3 with all larger central we ll s taken 
o ffline in the winter, one o f the sma ll er we ll s in the northeast quadrant converted to a 
larger capaci ty we ll ( 150 gpm). and one larger sized well (60 gpm) added in the east 
quadrant o f the Site. The total summer pumping rate of Design Simula ti on 4 has been 
increased to 93 0 gpm. while the vo lume from within the tailings is approx imately 300 
gpm. Pumping volumes in the wintertime have been increased by 50 gpm to 450 gpm 
with no water requiring treatment. Advantages of thi s des ign are no winter treatment 
requirement , a significant decrease in the re li ance on the set of the large dewatering wells 
located in the middle (o ne large centra l we ll was removed fro m the design), and 
improved abi lity to adapt to undocumented point water sources and loca li zed tailings 
pockets. Thi s design fulfill s the requirement o f eliminating treatment of water in the 
wintertime. howeve r has added many additi onal dewatering we ll s and an additional 
quanti ty of clean groundwater must be pumped. Design Simulati on 4 appears to be a 
reasonable balance between no wintertime treatment and increased number of pumping 
well s. 
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6.2.2 Concl usions of the Des ign Simulati ons 

In the evaluati on of the Constructi on Dewatering Design. it was noted that a much greater 
effi ciency is reali zed when the system operates yea r-round. This int rod uces di ffic ulty 
into the des ign because treatment of ground water during the wi ntertime is a signifi cant 
expense and also a signiti cant feas ibility issue. In order to meet the primary objective 
and prov ide the most eft1c ient dewateri ng system. a secondary objecti ve fo r the system is 
to operate duri ng the wintertime and also require no groundwater treatment. The results 
of the fo ur design simulati ons demonstrate that operating the dewaterin g system during 
the winter without treating the water req ui re increased pumping rates !"i'om the perimeter 
o f the Site. By increas ing the quantity of water pumped from the perimeter of the S ite. 
Design Simulati on 4 was able to reduce the total treated ground water in the winter to 
zero, thus meeting the secondary objecti ve. 

Because onl y Des ign S imulati on 4 met the secondary objecti ve. the recommended 
Construct ion Dewateri ng Design is Design Simulati on 4. Bes ides meet ing the secondary 
objcc ti ve . advantages of this des ign incl ude a high degree of adaptabili ty in dewatering 
loca li zed pockets of tailings and accommodate po int water sources. Disadvantages of 
Des ign Simulati on 4 are the increased number of pumping we ll s. The additiona l cost to 
install and maintain the add itiona l pumping well s will li kely o ffset the cost effectiveness 
of not treating ground water in the wintertime. 

7.0 RECOMMENDED CONSTRUCTION DEWAT ERING DESIGN 

The recommended Constructi on Dewaterin g Design, based on Design Simulation 4 in the 
prev ious secti on. is shown on Figure E-1 3.The layo ut of the Constructi on Dewatcring 
Design consists of a tota l o f 19 we ll s, one cutoff wall , and one dewatering trench and 
sump. To take advantage of site-spec ific conditions, a seri es o f large r we ll s have been 
des igned to pump fi·om 60 to 200 gpm and a seri es o f sma ll er we ll s have been designed 
to pump approx imately 30 gpm. T he ant icipated flow rate for each o f the 19 we ll s has 
been prov ided on Figure E-1 3. 

7. 1 SUGGESTE D SEQUENCE OF PHASED DEWATERrNG AN D TA ILI NGS 
EXCAVATI O 

Based on the result s o f the groundwater model. the Const ructi on Dewatering Des ign for 
the Site wo uld be most effecti ve with a three-phase approach to di vide the dewatering 
effo rt into de ti ned stages of sequenti al tailings dewatering and remova l. Thi s sequence 
all ows for lengthy dewaterin g 0 r some of the more di ffi cult areas, and diverts the focus of 
the initi al tai lings excavat ion effort to removing unsatu rated tai lings or tai lings that are 
read il y dewatered. 

In Phase I. the majority of the tailing are dewatered and tailings located within the 
southern ha lf of the Site wo uld be excavated. Tailings located downgradient of the Site 
tailings dam toe would not be removed or even dewatered during Phase I. Once the 
materi al behi nd the Si te tai lings dam has been suitably dewatered and a signifi cant 
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portion removed. Phase 2 would initiate dewatering and enable the removal of the 
southern porti on of tai lings located downstream of the Site tailings dam. It appears to be 
advantageous to delay Phase 2 because the area below the S ite dam is typically very 
saturated and diflicult to work in. By allowing Phase 1 dewatering to operate, thi s area 
may become dri er and subsequentl y more workab le . 

After the completion of Phase 2. Soda Butte Creek woul d be re located to its new 
location . With the creek moved downgradient of these tailings, the losses from the 
ex isting Soda Butte Creek channe l will not contribute water to the rema ining tailings 
located along the northern boundary of the Site (j ust to the south of the existing Soda 
Butte Creek). By waiting unti l Soda Butte Creek is re located. these tail ings shou ld be 
eas ier to dewater and the excavati on e fli ciency of these tailings should im prove. 

The proposed sequence of tai lings excavation is outline on Sheet 12 of the Construction 
Drawings in Appendi x G of thi s McLaren Ta ilings Abandoned Mine Site Reclamation 
Design Report. 

Excavat ion as outlined will provide the full y saturated tailings the maximum amount of 
time ava ilable to dewater and the ta ilings along the northern portion of the Site will be 
excavated a lk r Soda Butte Creek has been moved to its restored location. 

8.0 REFERENCES 

Barnes. 1987. Roughness Characteristics of Nat ural Channe ls. 

BOR, 1994 . Response Act ion Report for the McLaren Tailings Site. Cooke C ity, 
Mo ntana. 

BOR. 1990. Subsurface Ex plorati on for the McLaren Tailing S ite. Cooke City. Montana. 

MBMG, 1975 . MBMG-23 Final Report, Acid Mine Drainage Contro l - Feas ibi lity 
Study. Cooke C ity. Montana. 

MBMG . 1999. Hydrogeology of the upper Soda Butte Creek Basin. Montana Bureau of 
Mines and Geology: Report of Investi gati on 7. 1999. 

McLaren Ta ili ngs Abandoned Mine Site 
Final Reclamation Design Report 
Append ix E 

Page2 1of2 1 



Figlll'c E-1: Model Extent 



...... 
..... , ", 

..... , 
•••• ~r . " ...... " 

'. . ..... -
" , ... -........ 

. " . 

Figure E-2 : Map View, Model C r id and Material Layers 
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FigUloc E-4: Laye r 2 Hyd,oaulie Conductivity 
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Fi!!UlOC E-5: Location of Flux Bounda,oics 
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Figure E-6: Soda Butte Creek 
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Figure E-ll: T t'a nsicn t Calibt-ation of Seasonal Response 
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TABLE E-I' McLaren Tai lin gs Abandoned Mine Site Aquife r Parameters 

Fit Quality 

(Poor, A vcragc, 

Location Co mpletion Parameters for the Alluvia l Aquifer Paramet ers fol' the Tailings Aquifer Ex cellen t) 

T S T S 

(ft '/day) b (ft) K ( ft /day) (unitless) ( ft '/day) b (ft ) K (frida y) (unitless) 

PW·O I * Both 350 10.5 33 0.00068 0.46 16 0.029 N/A poor 

PZ-O I 0 Allu vial 35 1 10.5 33 0.000068 0.32 16 0.020 NIA excellent 
PZ-02D Allu vial 1177 10.5 II I 0.00064 0.04 16 0.0023 N/A good 
PZ-03 Alluvial 1303 10.5 124 0.0039 0.016 16 0.00101 NIA good 
PZ-04D All uvial 351 10.5 33 2.8E·06 0.04 16 0.0025 N/A good 
PZ-05 D Alluvial 910 10.5 87 0.000182 16 N/A good 
PZ-06 Alluvial 789 10.5 75 0.0061 16 N/A oDed 
PZ·07 All uvial 301 10.5 29 9.5E-06 16 N/A good 
AVERAGE Alluvial 740 66 0.00 146 0.174 0.0065 NIA 

PZ-O IS Ta ilings 631 10.5 60 N/A 0.072 16 0.0045 0. 120 good 
PZ-02S Tailings 10 12 10.5 96 N/A 0.072 16 0.0045 0.0 128 exce llc!lI 
PZ-04S Tai lings 839 10.5 80 0 16 0.046 exce llclll 
PZ-05S Tai lings 862 10.5 82 N/A 0.072 16 0.0045 1 0.0092 good 
AVERAGE Tai lings 836 80 0.07 0.0045 0.047 

OVERALL 
AVERAGE 775 74 0.00146 0.090 0.0056 0.047 

*: Due to the puor lit quality of the pumping wel l (PW-OI), aqu ifer parameters from th is loca tion \\'I.:I"C not utilized in the overa ll average. 



TABLE E-2' McLaren T a ilin"s Aband oned Mine S it e Flux BOllndaries b 

Number of 

Location K Width Depth area i Q Wells 

(ft/day) ( ft) ( ft) (ft ') ( ft J/day) (gplII ) 

East BOlllldary (Flu x In) 

Layer 2 0.5 180 10 1,800 0.27 240 1.2 15 

33 230 10 2,300 0.029 2,219 12 7 

120 65 15 975 0.029 3,42 1 18 2 

Layer 3 0.5 200 400 80,000 0.267 10,667 55 15 

20 200 400 80,000 0.029 46,784 243 15 

North Boundary (Flux In) 

Layer 2 5.0 90.0 20.0 1800 .0 0.1 1,304 7 7 

Total In 64,635 336 

West Bonndary (Flu x Out) 

Layer 2 33 200 20 4.000 0.07 1 2,794 15 3 

33 170 30 5, 100 0.021 3,562 19 4 

240 235 48 11, 163 0.02 1 56,698 295 6 

Layer 3 0.5 200 400 80,000 0.27 10,667 55 21 

20.0 200 400 80,000 0.029 46,784 243 3 

Total Out 120,504 626 



TABLE E-3: Pumping Test Calibration 
Head Drawdown Difference 

Loca lion Observed Computed Fect 

PW-OI 6.4 6.86 (0 .46) 
PZ-O I 5 0.25 0.59 (0.34) 
PZ-OI D 2.9 0.66 2.24 
PZ-025 0.4 1 0.26 0. 15 
PZ-02D 0.8 0.22 0.58 
PZ-03 0 .4 0. 16 0.24 
PZ-045 0.47 0.86 (0.39) 
PZ-04D 2.4 0.96 1.44 
I'Z-055 0.34 0.2 1 0. 13 
PZ-05D 0.96 0.23 0.73 
PZ-06 0.32 0. 15 0. 17 

PZ-07 1.98 0 .9 1 1.07 



TABLE E-4' McLaren Tailings Aba ndoned Mine Site G roundwater Model Budget 

Flux 

ft J/3 years ftJI I year ft J/day gpm 
IN 

Sloraoe 5, 141 , 127 1,7 13.709 4,760 25 
Constant Head - - - -
Wells 18,378,758 6, 126,253 17,017 88 
Drains - - - -

Rcclwrge 187 ,207,760 62 ,402 ,587 173 ,34 1 900 
Stream Leakage 7,458 2,486 7 0 
Total In 2 10,735 , 103 70,245 ,034 195 ,125 1,0 14 

OUT 
Stol"<I o e 1,57 1,252 523 ,75 1 1,455 8 
Constant Head - - - -
Wells 44,248,444 14,749,48 1 40,97 1 2 13 
Drains 7,196,629 2,398,876 6,664 35 
Recharge - - - -
Stream Leakage 157.8 14,480 52,604 ,827 146, 125 759 
Tota l O ut 210,830,805 70,276,935 195 ,214 1.0 14 
In-Out (95.702) (3 1,901) (89) (0.46) 

Percent 
Discrepancy -0.05 1% 



TAB LE 1':-5' Zo ne Budget 

Flu x* 

( ft3/d ay) (gplll ) 

Zo ne Constructio n Phase 

I I 3 1,957 
2 I 11 , 166 

3 I 29,070 
4 I 15,979 

5 I 29,840 

6 2 15,594 

Tota l Phase I 11 8,0 11 

Tota l 133,604 

* . The vo lumes provided here are estimates directly from the model and 

therefore show a leve l of accuracy that is not realistic to expect 
during construct ion dewatering. 

166 

58 
151 

83 

155 
81 

6 13 
694 



T\I! LE E-6 S iI11U]al"l] Desi:: lIs 

NUllIher ur Pumpin g R:. tl' (ta) TUI :I I Flull It :He \\linln 

Cnmpunen t Wells Lnellilln ( ~1'11I ) (Criled a 1(-1 1) Trc:ttmellf ·.' 

IIJ .. sil!n Summer Winter Sum mer Winter (C-2) 

I L:lrgo: Wells 4 Cenlral 100 100 
Intcllno:d t:l le Well s 

Small Well s Soulhwesl 30 30 
CuloiTWnli SOIuhllcsl 550 550 Yes 

2 L:lrge Wcll s Cemral 100 100 
Cculml 100 

Jnlen nedimc Well s 

SI11311 Wells SouthweSI 3. 30 
Non heaSI 30 30 

CUlo rfW:11I Southwest 700 '00 Yes 

-' Lnrge W~lIs Celllnll ' 00 100 
Cenlral ' 00 

Intcnnedl:!te Wells 

Small Wells 5 Southwest 30 30 
North 30 30 
Nonl lCasl 30 30 

Cutoff Wall Sou. II\\"esl S50 5;0 y" 

-I Largc Wdls Non he3S1 150 ISO 

Central 100 

111Ien",:dia tc Well s East 60 60 

Small Wdls SouthweSI 30 30 
Nonh 30 30 

4 Nonhenst 30 30 

CutotT \\';11 1 Soulhwest 9JO 630 Yes 

e r il .. !"i :.: 

What l~ Ihe q\lan tity of groumlwater pumped dUling winler and ~u",mer operations? 

Does gJOlltllh'Jtcr nced to be Ireated u\lrin~ 'Iimer operations? 

11011' much gJOUnUI'31er needs 10 b(' treated d(lliug summer opcrauons? 

Docs ille design \;Olnle any of\he eomideralionl for effe<: li"e groundwater dewatering design (Section 12 J -tP 

Wh:n ' 5 lit .. po»tblltt j' of a portion of tlt e tailings not being cffectively dewateled? 

1-10\\ much IeseNe capacity is available for gruundwalcl Ue31mel1t and sediment settl ing? 

Oms the deSign contain c)lpcctalions for condilions thaI hal"c nOI been confirmed by site uwesngltions? 

WhaT is Ihe pOlentinl for Ihe system frecli ng dtlrinS 'Iinler opera tions and what arc Ihe consequences? 

Total Treatl'li 

Fl llll lbtc Violated :my 

(C-J ) Consider:tliuns ': 

Su mmer " "imcr (C--I ) 

,100 400 Yes- Wimcr 0 JS 

-100 200 Yes- Wimer 0)5 

400 '00 Yes- Wi mer 0 IS 

01 50 0 No 

I low easi l)' can the 5y51"111 be atlapted to Ihe grO\\ lng Si7.C of the ta;lings excavation and Ihe shrinking si~e of lhe gloltUd\\a lCI dcw31cnng system? 

10 Can P0rllOUS of 111 .. system be Shul down wi thoul shull;"!! downlhe cillitc dewaleri ng SySlcm? 

II 1)0(,5 the sptcm ~CeOll(ll for localiz<.'d dew~l erin!! deeper pockels of s;lrora.cd tailings') 

12 H"w well dpcs Ihe sys tem account fOI heterogeneous condihons. including local il..cd seeps and up"clling ~rOlll1d,,-at er'l 

[] Can a cusl·effccII \ .. substin,.ion bc made for 311y of .hc physical components" 
14 Dot-s rite S).lent Iely.o heavi ly on anyone component rhD' if.t fai ls. \\i ll shul dO'ln tlte cnfilc dcwatering S)'Slen. ~ 

!'urtion ufTnilin gs ""t 

Elf~c t i"ely l>~" :lIen'Ii :' 

(C-5) 

Y .. s- 110nh 

Yes- 11011h-ccmral 

No 

No 

It c ~ e l"' e C:lI , aril ~ I'nl"liul1S o r At,i li ty lu l>t" :ltcr 
{T re" tl11 cl lt IS ~li i l11 en t UnrealiSlk ],olential fur SY~ lenl Sys tCttl he Shut Lot'a li 'ted T:li li,, :!s " Cc" I1II11 ,,!!a ll' ],,,inl ( (lSI Erretti"e S~'S ICI11 ltd )" Uti One C Ul11 lHlIlenl 

I'nnd s) E'lecta(" li" ns': frc.l'l. iu::'.' Ada l1;tlJility Do\\n': Pocke ts'.' " ':lle r SOUl'ces :' Suhstitutiuus'.' Inll Ih' a \' ily~ 

«("-6) (C-7) (C-S) (C-'l) (C- III) (C- ]I ) (C- 12) (C- IJ ) IC- I-I ) 

Soulll llesl - exccllcl1l Yes - Win1~'r OilS "ery 
F:llr (along central All o ther locations - costly. look ;11 reduc ing Yes- cem!";!1 "di s nrc ].. cy 10 m:lJorlt)" 

·100,950 Yes- "l1lter O)S 1..01\ II ells) Yes (cenlral II ells) Poor ~, Ire:lu:d \\Inll:r water 10 0 of dClI'atCI'II1' 

SOnt h\\e5t - e'<cellclt t 

Good (:llong Yes (cen lra l \Ic lls NOlth~aSI ' good Ycs - Winter Ops very Yes- cmtrall'cll s arc less II111'OI1:1n1. 

eemrnl and and northcast A ll oth~r 10ca1lons - easIly. look at reduemg but slIll I"Ital to 111:l.Jomy of 
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