Examples of Modeling:

Groundwater Impact Evaluation
Re-initiation of copper mining in the
historic Robinson District near Ely Nevada
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Wells and springs in the Robinson District
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Model objectives

o Predict impact of mine dewatering and
operations on water quantity and quality
Impacts to springs and creeks near mining
district, particularly Murry Springs, water supply
for Ely, Nevada

Predict infilling rates for pit lakes for pit lake
water quality predictions

Evaluate tailings disposal scenarios in Liberty
Pit
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Groundwater modeling steps

Compile regional and local hydrogeologic data
Develop conceptual flow model

Configure model grid

Estimate input parameters from existing data
Determine reasonable boundary conditions
Estimate areal recharge

Develop and calibrate steady-state model
Calibrate transient model

Make predictions: impacts from dewatering and potential
for contaminant transport to springs, pit lake infilling,
tailings disposal scenarios
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Model domain
and MODFLOW
grid
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Groundwater model: Regional topography
and model domain
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Groundwater Model Layers
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Regional model layers — Boundary conditions

— = 8pecified Head

— = No Flow
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Example of data evaluated: Discharge at
Murry Springs v. average precipitation

Precipitation (3-year lag)

Murry Springs Flow

Murry Springs Flow (gpm)
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Estimate recharge from precipitation data

using method of Maxey and Eakin (1949)
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Geologic Cross section through Mining
District

Cross Section E-E’
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Regional geology

Local geology from
Mine block model
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Lithologic Units
(with symbol used on mine area maps)

Symbol on
Regional Map
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Qs Quaternary alluvium (Qal. Qoal)
Tos Tertiary - Sheep Pass Fm. - conglomerate and limestone (Tsp)
= Tv, Tov, Tertiary - rhyolite (Tr}
Tot ©
— @ Cretaceous intrusives - Monzonite
“l ; - Weary Flats pluton (Km)
I £ - parphyry (Kmp)
E Permian sediments - imestone, siltslones, and sandstone
PaPp | € - Permian Kaibab Fm. (Pk)
5 w - Permian Arclurus Fm (Pa)
1 X
1.5x10% | 8 )
- Rib Hill sandstone (Prh)
1
Permian/Pennsyivanian - Riepe Spring Limestone (Prs)
- Ely Limestone
PP - skarn (Pesk)
- - marble & limestone (Pe)
't:. Mississippian/Devonian sediments - imestone and shale
0 MD - Chainman Shale {Mc)
2 v - Joanna Limestone (Mj)
g Dg/Ds Devonian sediments - limestone and dolomite
?
= SOWOI Ordovician sediments - limestone, dolomita, and sandstone
(=]
0 I
1] i G'j‘é;‘m Cambrian rocks - limestone, shale, delomite, and quartzite
= -
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.= Precambrian rocks - quarzite
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TABLE 6-6. MODEL HYDRAULIC CONDUCTIVITIES

- Model Reference Hydraulic
I r e Lithology Symbol(s) Lithology K Conductivity Ranges Ref.
Number (cm/s) K (cm/s)

UNALTERED
h d I ¥ Limestone Ce,Cr,.Cw 1 4e-03 4e¢-04  to 9e-03 a
y ra u I C Limestone Dg.0L,0pl,0pm,Opu 2 4¢-03 4e-04 10 9e-03 a
Dolomite Ds,Dsi,Oes, S| 3 7e-04 404 to 9e-03 a
R B f Shale Cd,Crmn.Cp,MDp,Mc,0k 4 5607 < 1e07 b
C O n d u Ct I V I t I e S O r Siltstone Pau/Pal/Pall & 2e-05 < 1e-04 c
Limestone Pk, Mj,Pe,Prs 6 7¢03 4004 w0 9e-03 a
- . Sandstone Prh 7 2e.05 306 1o 2¢04 ¢
g e O I O g I C u n ItS Alluvium Qal/Qoal 8 2e-03 7e-06 to 4e+01 e
Quartzite Cpmag,Oe,.PCp 9 2e-06
Conglomerate Tsp 10 7e-05
Volcanics Tra,Tro, Try, Twt 1 1e-06 5e-07 1o 2e-05 1
Intrusive Km 12 2e-06 < 2e-05 [}
Pit Lake Cells H20 13 2e+01
UNDERGROUND WORKINGS
Limestone (all ages + dolomite} 14 7e-03
Shale Cd,Cmn,Cp,MDp,Mc,0k 16 1e-06
Siltstone Pau/Pal/Pall 16 4005
Sandstone Prh 17 4e-05
Quartzite Copmaq,Oe,PCp 25 d4e-06
Volcanics Tra,Tro, Try, Twt 26 3e-06
Intrusive Km 18 4e-06
METAMORPHOSED
Limestone (all ages + dolomite) 19 7e06 4e-06 h
Shale Cd,Cmn,Cp,MDp,Mc,0k 20 2e-07
Siltstone Pau/Pal/Pall 21 2¢-05
Sandstone Prh 22 7e-07
Intrusive Km 24 9e-06
(mine area)
Darmes & Moore 1982, 1988, 1990 (Ely & nesr McGill. 4 x 10*-5 x 107 ceis), MS1 1991, 1992 (A Ehy and A

Ex107-9 %107 emis), Winograd and Thordardson 1975 (Nevads Tast Site: 7x10%-7 x 10? comvsl

HLA 1981 [electrical resistivity study of White Pine County), Plume & Carton 1588

Dames & Moors 1968, 1980 (Arcturus fm.: 10 emis), HSI 1991, 1992 (A Tly and A 6x107-9x 107 emisl
WESTEC 1891 (Giroux Wash: 3% 10%-2 %10 cmis)

Bunch & Hamill 1984 (White Fine County: 7% 10%-7x 10 cm/sl, Damas & Moare 1982, 1988, 1990 [Stepioe Valley, Robinson Canyon:
2% 10107 covsl, Frck 1985 [Steptoe Valey: 10°-40 emfal, LeadaHill 1981 (Steptos Valley: 2-20 emis), Plume & Carion 1988
(Steptoe Valley: 7x10%-5x 107 emis), WESTEC 1991 (Giroux Wash: 7x10%-2x 10" em/s)

WESTEC 1991 (Giroux Wash: 5x10'-2x10* emis)

Dames & Mocre 1988, 1990 (Robinson Distrct monzontte: 2x 10" em/el

Dames & Mocrs 19686, 1980 imetamorphosed Ely: 4 x 10 emya|
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Model calibrated to reproduce current
measured groundwater levels and discharge
from springs

Robinson District Potentiometric Surface
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Particle tracking

MODPATH (Particle tracking)
Indicate no flow paths from
mine facilities (lakes, waste
rock or tailings impoundment)
to Murry Springs

Contaminant transport
modeling not needed to
evaluate potential for water
guality impacts
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Model uncertainty

o Sensitivity analysis was conducted using range
of values for K and recharge

Model was found to be most sensitive to K for a
few regionally extensive and higher K geologic
units

Simulations conducted by varying input
parameters within reasonable (literature values)
ranges did not alter model results sufficiently to
change conclusion that there will be no impact to
springs

e,
STRATUS CONSULTING tes IIC'




Conclusions

Pit lakes projected to create
cones of depression as the
result of evaporative losses,
In perpetuity

Murry Springs outside of

cone of depression/capture
zone — flows not affected by
dewatering or long-term
presence of lakes

Mine not predicted to impact
spring water quality
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Robinson groundwater model evaluation

Evaluation criteria

Conceptual site model clearly presented
Public domain code

Model boundaries, domain, input parameters
clearly described and reasonable

Parameter estimator used

Model calibrated to existing data (steady state
and transient)

Sensitivity analysis conducted
Model well-documented

Model revaluated as dewatering/mining
progressed
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