'E TETRATECH

Challenges and Benefits of
Using Mine Pool Water for
Hydraulic Fracturing

Tom Gray, PE
Heather Trexler, PG

July 24, 2012



OUILINE

« Avallability;ermine water:

= VIine water characteristics

= Benefits of using mine water;

= Challenges of usingmine water
« Evaluation and permitting

« Mine poeol management

« Example projects

= Conclusions

'I'.bl TETRATECH




PENNSYLLVANIATS CURRENIFAMDISSUES

= 2,400 miles ofiabandoened mine
drainage (AMD) pellutedistreans

" PADEPR has limited funding foef;
treatment afidischarges and
cleaning|streams

" EQur;main classes ofidischarges:
- Active aperator, treated discharge
- Closed mine, treated discharge
- @rphaned discharge (Pre-1977), no

treatment

- Legacy / Farfeited, discharge
treated by DEP
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AVAICABILIHN/ OFE MINEWATIER

" HydrauliG fracturing requires,large
volumes efiwater.

» \Water sources are limited

- Surface water,

- Greound water.
o \Water:. delivery challenges

- Trrucking

- Piping
= [Large quantities ofjwater are available =7 3
from abandoned mines Rk

= Mine pools are present throughout the, >
Marcellus Shale Play
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MARCELLUS SHALE MAR —WELLS ONLY
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MINEWATER' CHARACGITERISITICS

" AcidIC oy neutral
"ron 1 ppm ter 100 ppm
“Aluminum, manganese

= Sulrates 50/ppm to \
1,000/ ppm:
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BENEEITS OF USING MINEWATER

" Geedwill/ Envirenmental venelit=redu
leadings and pellutants teWaterSiieds

" Reduce ‘clean” waterwithdraw

"(General close proximity;and abunRdant suppIy eIimine
water

" [=@r. active mines — existing mirastructure and clear,
ownersnhip

" |_ess read damage
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CHALLENGES OF USING MINEWATER

=\\Water Quality,
- lreatmentmay berequired
- Quality varnes

* Abandoned discharges — unclear,
ownership offwater and lrability

" Impact ofi withdraw: frem mine peo! %3‘*
- Destahilization of:mine
- Elow: may be required for,a stream

" [nterbasin transfers
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EVALUATION ANDIPERMITAING

= PADERWhite paper: Utilization GiiMimelnfinenceWal
Develepmentior:Natural Gas EXiraction

- Envirenmentaliimpactirom minewaternand henelitioWwalersies
- Current mine:water: flew;andivelume attnesie

- Proposed velume to be used

- Characterization ofithe mine water,

- Proposed site develepment, Including sterage facilities

- Spill'Prevention Plan

- Evaluation ofimine poeol
 History ofimining
» Mine pool recharge rate
 Patential of impacts due to subsidence
 Potential of impacts to water. supplies

= \Water Management Plan, E&S Plan, NPDES?
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MINE POOL MANAGEMENT|

= [Lewer: o maintaimn peolevelsieelimiia
unmanagedidischarge

" (Complex ISSUes

s Histoery of mining, multple discharges
“rreatment
*Quality varies with change in peelielevation
" ©Operating & maintenance

“INot an exact science — need for experience
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EXPLORATIONANDPRODUECTHON EIRMS

*Need waterr— smillgallen/irac ‘

*Need geedwilll—envirenmental enelil
=\\ant lew water; Cost/IeSs read damage
" Envirenmental compliance managed By PADER
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EXAVPLE PROJECIT — DELAWARE RIVER'BASIN

" Project:Drivers DRBE surfacewalenuse
- DRBE — Severe lmits entGW/SWiwithdrawal

- Supports use ofitreated mine waterimperedirenm
Susguehanna River

- PADEP & [Lackawanna River: Groups suppertimine

water;use

= Tietra lech:

- Developed concept to use mine peol water

- Installed weirs & monitered flows and quality§

- Developed conceptual treatment/
transport plan/caest estimate
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EXAVPLE PROJECI — GLADDEN MINE

"GladdenMine Peol
" South Fayette Tlewnship; PA

" Project participants:
- South'Eayette Conservation DIstrict
- PA DER
- Range Resources
- Jetra Tech
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EXAVMPLE PROIECIT — GLADDENIVINE

= Mine histery
- [iree mine poeaols
= Discharge te) Chattiers:
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EXAVMPLE PROJECI — GILADDENHVIINE

2005 report
Naturer@onsernvan

—SWitheuireatmentias
Gladden MineldisCharge;
- MillersiRunterChRartiers Creek
. couldinet berestored:

Yeo L =DISeharnge characteristics:

o

- Elow ~700/gpm
- pH 6.0

- lron 100/ppm

- Sulfate 760 ppm
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EXAVMPLE PROIECIT — GLADDENIVINE

"[DEPgoal:
- Clean the stream
o Acid neutralization

o [ron removal

» Sustainable treatment

"Range Resources goals;
- Water supply for-well development.ofiadequate quantity/quality
- Reasonable cost =
- Goodwill
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EXAVMPLE PROIECIT — GLADDENIVINE

" Concept
- Hydrated/lime (of:similarmatefial) treatmentsys
- Lewer, mine poo|
- Add/second/treatment stage for;use'well use
- Pump treated water-te impoundments atwells
- Discharge excess water-to stream
- 38 party operator

- Cost share
s Capital
» Operating and Maintenance
s Tirust Fund

= At end of drilling; plant and trust:-fund donated to DEPR
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CONCLUSIONS

" |SSUES
- LLralariity

- Cost sharing

- Envirenmentall compliance
- Drilling schedule

- Cost ofigas

- Incentives

- EPA acceptance o
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CONCLUSIONS

= Self control Vs, regu
= Don't: miss ether epperiumnit
- CSO .
- Alkaline Ash
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THOMAS GRAY, PE HEATHER' TREXLER, PG
(412) 921-8794 (412) 920-8602
tom.gray@tetratech.com heather.trexler@tetratech.com
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