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Although I’'m sure that some of you have these rules memorized from previous
CLU-IN events, let’s run through them quickly for our new participants.

Please mute your phone lines during the seminar to minimize disruption and
background noise. If you do not have a mute button, press *6 to mute #6 to unmute
your lines at anytime. Also, please do NOT put this call on hold as this may bring
delightful, but unwanted background music over the lines and interupt the seminar.

You should note that throughout the seminar, we will ask for your feedback. You do
not need to wait for Q&A breaks to ask questions or provide comments. To submit
comments/questions and report technical problems, please use the ? Icon at the top
of your screen. You can move forward/backward in the slides by using the single
arrow buttons (left moves back 1 slide, right moves advances 1 slide). The double
arrowed buttons will take you to 15t and last slides respectively. You may also
advance to any slide using the numbered links that appear on the left side of your
screen. The button with a house icon will take you back to main seminar page
which displays our agenda, speaker information, links to the slides and additional
resources. Lastly, the button with a computer disc can be used to download and
save today’s presentation materials.

With that, please move to slide 3.



* CLU-IN Webinar Series on Mining Sites: Intended to provide
current information on the environmental issues associated
with mining sites & technologies available for treatment

+ Today’s webinar: Mining-Influenced Water
— ARD Remediation with Slag — Dr. Courtney Young
— AMDTreat 5.0 — Brent Means

— MIW Treatment Technology Case Study — Michele
Mahoney

— PCBs at Mining Sites — Dan Bench
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Today’s seminar is the second in the webinar series launched by Technology
Innovation and Field Services Division in June 2012 as part of its new CLU-IN
Mining Sites Focus Area. The webinars are intended to serve as a source of
relevant and current information on the environmental issues associated with active,
closed, and abandoned mining sites, as well as the technologies available for
treatment.

Our webinar today will focus on the treatment of mining-influenced water. We will
begin with a presentation by Dr. Courtney Young, who will highlight some of his
work on acid rock drainage remediation at the Berkeley Pitlake site in Butte,
Montana. Next, we will hear from Brent Means about AMDTreat, a tool developed
by the U.S. Office of Surface Mining, the Pennsylvania Department of
Environmental Protection, and the West Virginia Department of Environmental
Protection to estimate cost of abatement for water pollution caused by acid mine
drainage. After that, | (Michele Mahoney) will discuss a mining-influenced water
treatment technology case study at EPA, where we are working to identify and
evaluate mining-influenced water treatment technologies being employed at both
active and abandoned mining sites. Dan Bench will wrap up our webinar today with
a presentation on the issue of PCBs at mining sites, discussing PCB environmental
hazards, identification, hidden sources to look for, potential liabilities, and what to do
when PCBs are found.

With that, let’'s move to the next slide and begin our webinar.



“ARD REMEDIATION WITH SLAG: AN APPLICATION
TO BERKELEY PITLAKE WATER”

Courtney A. Young

Dept Head and Lewis S. Prater Professor
Metallurgical & Materials Engineering
Montana Tech
Butte, MT 59701
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Dick Berg, State Geologist, MBMG
Montana Tech, Butte MT

Larry Twidwell, Professor Emeritus, M&ME
Montana Tech, Butte MT

Krag Filius, Project Engineer
MSE Technology, Butte MT

Eric Streich, Process Engineer
Ash Grove Cement, Montana City MT

September 19, 2012 Mining: Water: Envil Issues, iati , and Tools for Estimating Remediation Cost Slide 5 of 126




* Berkeley Pitlake

®* Previous Research

* Silicate Slags

* Objectives

®* Procedures

®* Results & Discussions
®* Conclusions

®* Acknowledgements
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1880 - Butte was an early copper-mining town:

- Referred to as “The Richest Hill on Earth”

- One of the world’s largest sulfide ore deposits
1920 - ACC controlled most mines
1955 - ACC began phasing out underground mining
1977 - ARCO purchased all operations
1982 - Operations halted and pumps turned off
1983 - Water first appeared in the pit

- Listed as a Superfund site

- Part of the largest mining Superfund site
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Berkeley Pitlake Water:
- is acidic near pH 2.5
- contains metals at high
concentrations (99% Water):

SO, (7500 ppm)
Fe (1000 ppm)
Zn (650 ppm)

1984
@ Al (300 ppm)

Concentrations

change with %’ln ggg ppm;
position, depth u ppm
and time Cd (2.5 ppm)

As (0.5 ppm)

Berkeley Pitlake Water:

- encompasses ~700 acres

- is ~1,000 feet deep

- contains ~40 billion gallons

- fills at 2.6 million gallons per day .4
- will reach “critical level” in 2023
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1995 - HSBW also diverted to pond (3M GPD)
- MR starts operating Continental Pit to the east
- ARCO and MR named responsible parties
2000 - MR halts operations including diversion
2003 - HSBW Treatment Plant is commissioned
- two-stage lime precipitation process
- diversion of treated water begins
- sludges are disposed into the BPL
2004 - MR reopens and begins full operations
2005 - MR pumps BPL water to Cu-cementation
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ARCO / Montana Resources
Horseshoe Bend Water Treatment Facility
Process Flow Diagram
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Lime
System
Polymer
: . System
\ H H
: (e !
5 ) i 7
Vl l#
Alk. Tank Alk. Tank
1st Stage 2nd Stage
l Clarifier Clarifier
i ]|
Alfe— | —¥ AL e | e
1st Stage . 2nd Stage . Effiuent Pump
PH Adjust ! PH Adjust H Station
H
H
}
!
i Effluent
H _,I_Lagm_'_@ Discharge to
i Silver Bow Creek
|
i

Influent Pump Sludge Blow-Down
Station to Berkeley Pit Slide 17 of 126

September 19, 2012




September 19, 2012

v Berkeley Pitlake

* Previous Research

* Silicate Slags

* Objectives

®* Procedures

®* Results & Discussions
®* Conclusions

* Acknowledgements

Water: Envil Issues, , and Tools for Estimating Remediation Cost

Slide 18 of 126

18



> Participate in a “series” of 5 studies
to summarize available information

» Generate new information to
formulate conceptual environmental
models for the Berkeley Pitlake from
all of its features

> Provide data for the development of

advanced treatment technologies
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Fe As Mn Cu Cd Zn Al
Initial BPL Water 1019.8] 59 | 2142|1512 | 23 566.3 | 243.5
Stage 1A - H,0,/UV 843 |<0.11]198.5]| 1463 | 1.9 529.7 | 222.7
Stage 1B - KMnO, 0.23 |<011| 45 | 138.8 | 1.84 | 495.6 | 213.2
Stage 2 - Na,S 0.27 | <0.11| 4.9 0.09 1.7 482.6 | 203.2
Stage 3 - Na,S 0.22 |<011| 42 |<0.05]|<0.02| 494 | 186.2
Stage 4 - NaOH <0.04 | <0.11] 3.72 |<0.05]| <0.02| 18.2 0.24

Drinking Standard 0.3 0.05 | 0.05 1.3 0.005 5 0.2

Stage 1A: H,0, =20H’; Fe?* + OH’ = Fe3* + OH;
Stage 1B: 3Mn2?* + 2MnO, + 2H,0 = 5MnO, + 4H*

Stage 2: Cu?* + S% =CuS
Stage 3: Cd?* + S% = CdS; Zn?* + S =2ZnS
Stage 4: AI** + 30H = Al(OH),

Fe3* + 30H = Fe(OH),

Slide 20 of 126
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Berkeley Pitlake|
Water
(OV/H,0/NaOH)

[Fe/Mn/As Precipitation]

[_Cu Precipitation ]
Zn/Cd Pmcig. itation
[ Al Precipitation |
[ SCF Remediation |

[ Na, K, Mg, Ca Solution |

To Softening and Discharge |

* Selective metal recovery is possible
* A 7-stage process has been envisioned
and shown to work (in batch mode)
* Fe, As, Cu and Cd met DWS
* Al almost met DWS
* Mn and Zn did not meet DWS
* KMnO, addition needs to be precise
* Zn may have precipitated amorphously
+ SO, removal was not done but options are
Freeze Crystallization
Reverse Osmosis
Gypsum Precipitation
SRB Bioreduction
Chemoreduction
Photoreduction
Reductive Precipitation Siide 22 of 126
» Softening to remove Na, K, Mg and Ca
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> Profiles indicated chemoclines/thermoclines
existed and were successfully reproduced in lab

» They have been explained by, but can not be
totally attributed to
% HSBW being less dense than BPLW so,

when it enters the pitlake, it floats on
top rather than mixes in, and

% Biological activity which should
increase DO as well as pH

> Experiments showed that the interaction of
sunlight (UV radiation) and air with BPL water

- = gu
plays a significant role
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Siphon/Filter Off
Deep/Pore Water

Analyze the Water | *
& Solid Contents |*
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» Muscovite [KAI,;Si;O,,(OH),] controls Al** concentration
» Quartz (SiO,) controls Si** concentration

» Schwertmannite [Fe;O4(OH),SO,] precipitate controls
the Fe3* concentration

» Jarosite [KFe;(SO,),(OH),] precipitate controls K*
concentration

> Cu?*, Fe?*, Zn?* and Cd?* concentrations could not be
associated with a mineral or precipitate are therefore
considered to be unsaturated

> However, Cu?*, Fe?*, Zn2* and Cd?* concentrations were
found to increase with depth giving the appearance that

supergene deposition is occurring
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Mineralogy is essentially the same except fine native rock
(granite) and gypsum precipitate are more abundant:

iwith Jarosjte

-
Native: 5o “_“h
Granite (38%) . i

Quartz (33%)
Muscovite (4%)

Precipitate: L4
K-jarosite (22%) =
Gypsum (3%) l v

el e T A0

=
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Chemical controls should be about the same as at depth

0 ¥ ¥ ¥ T ¥ T
A - Kaolinite
B - Muscovite
1r C - KFeldspar 9
D - Ortoclase
E - Albite
2F F - Anorthite o
G - Annite
8 A BCD E FG
if_) 3F Amorphous SiO2 o
o
aF Deep Water ~pH 3.3 o
5 . -
6 o 2 2 2
0 1 2 3 4 5 6 7
pH
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Silicate (and oxide) slags should do the same thing!
0 v v v . . v
H - Fayalite
1r | - Psuedowollastonite
J - Ackermanite
K - Rankinite
2 . -
8 H L J_ K
a 3F Amorphous SiO2 L
o
4 . -
5 o -
6 - s - - .
6 7 8 9 10 11 12 13
pH
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Source of Silicate (and lime)

Act as pH-Buffers (replace lime)

Available in Montana (inactive)
Anaconda (ARCO) - Fayalite, Fe,SiO,
East Helena (ASARCO) - Olivine-type, CaFeSiO,
Rocker (Rhone) - Pseudowallastonite, CaSiO,

Slag Ca (%) Fe (%) Si (%)
Rhone 30.3 04 19.0
ASARCO 14.0 27.6 12.7
2.6 30.9 15.8

September 19, 2012

Anaconda

Water: Envi

Issues,

, and Tools for Estimating Remediation Cost
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CaO-FeO-SiO2

Ca0-Si0, &
1544°

Si0, 1713°

ing Water: Ei

Issues,

, and Tools for Estimating Remediation Cost
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Other Global Sources
Columbus (Stillwater)
Salt Lake City (Kennecott)
Trail, BC (Teck Cominco)

Dual Ecosystem Enhancement
Remove Slag Piles
Remediate Berkeley Pitlake
In-Situ or Ex-Situ

Provide Entertainment
Golf Courses
Parks & Walkways
Sports Complexes

Attract Businesses

Slide 35 of 126
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Conceptual Flowsheet Designs

Dry Grinding
D
Slag——>| Ball Mill |—~| Cyclone |—>| Pneumatic Spray | BPL
D

|
Slag—— Ball Mill | | Cyclone | +—| Mixer & Pump | BPL
BPL Water—’
Wet Grinding
D

Slag—3—+| Ball Mill |+ Hydrocyclone |  BPL

BPL Water — Slide 37 of 126
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Characterize Montana Slags
Bond Work Index
SEM/EDX/MLA Analysis
Remediation Potential

Model Effects
Parameters

Slag Type (Fe/Si Ratio)

Particle Size (100-400 Mesh)

Slag Amount (200-800 g/L)
Experimental Design (StatEase)

September 19, 2012
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Target Size F30 11 Avg Bond
Date Slag Mesh (mm) {mm} {mm) Ghp Work
Index
129/05 ACC 48 (0,295 2R25 (.25 195 2052
2705 ACC 00 (0147 26003 0117 194 2044
2120003 ACC 2000 (0,074 2,603 0058 0.53 2486
| 2905 ASARCO 48 (0,295 2652 (0.230 .76 16.26
2N2/05 [ ASARCO | 100(0.147 2555 0113 1.24 15.93
LA 03 ASARCO | 200 (.074) 2,603 0.053 .30 24,68
22605 RP 48 (01,295 1414 0.25] 279 14.18
304003 RP 100 {0,147 1.414 0121 1.53 1548
34/03 KP 200 {0,074 1414 (0.063 0.76 20,66
September 19, 2012 g Water: Issues, and Tools for Estimati ion Cost Slide 41 of 126
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Size = 53 um; Amount = 100 g/L
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Size =53 um; Time =12 hrs

|+~ ARCO = ASARCO —a— Rhodia
9
= — —— —— Ak
7 R
1]  ———— - =
» L]

- Fj =
=] r,
pal - =

pH 4 » I

r e l——————— ¥ — *
9 L e
- [l
a =1 10 1540 200 250 3 350 400
Concentration (grams/liter)
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Amount =100 g/L; Time =12 hrs

4

a '
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pH : e —
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Top Particle Size (um)
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September 19, 2012

Run Slag Type Particle Size Slag Amount
(Fe/Si Ratio) (um) (g/L)
1 0 = Rhodia -37 =400 mesh 500
2 2=ARCO -37 500
3 0 -147 = 100 mesh 500
4 2 -147 500
5 0 -74 = 200 mesh 200
6 2 -74 200
7 0 -74 800
8 2 -74 800
9 1=ASARCO -37 200
10 1 -147 200
11 1 -37 800
12 1 -147 800
13 1 -74 500
14 1 -74 500
15 1 -74 500

Slide 47 of 126
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pH Al As Cd Cu Fe Mn Clojiy Zn
Test BPL Concentrations (mg/L)
Run 25 | 289 | o015 | 21 | 168 | 793 | 276 | 2723 | 621
Final Responses (mg/L)
1 9.08 0.043 0.0025 0.002 0.19 0.29 4.42 829 0.24
2 5 6.32 0.09 2.1 2.26 95 276 1980 621
3 7.77 0.20 0.001 0.034 0.063 0.069 57.8 1075 2.02
4 5.19 11.6 0.09 1.69 34.2 772 276 2210 621
5 7.68 0.20 0.0008 0.055 0.136 0.096 83.7 619 3.84
6 4.55 37.8 0.15 2.1 168 793 268 2450 621
7 8.42 0.041 0.001 0.002 0.179 0.014 5.13 879 0.11
8 5.52 0.37 0.039 1.13 0.566 271 276 1720 531
9 5.62 1.39 0.0049 1.03 0.39 6.99 266 1680 601
10 4.74 26.1 0.021 1.57 18.05 595 265 2045 621
1 6.89 0.20 0.0014 0.059 0.095 0.069 181 1270 241
12 6.16 0.444 0.0023 0.38 0.141 237 248 1395 212
13 6.02 0.62 0.0023 0.44 0.174 4.77 250 1410 278
14 6.08 0.53 0.0023 0.42 0.139 3.76 248 1410 254
15 6.08 0.51 0.0022 0.45 0.277 3.67 252 1450 257
Drinking Water Standards (mg/L) Slide 48 of 124
6.5-8.5 | 0.05 | 0.01 | 0.005 | 1.3 | 0.3 | 0.05 250 | 5
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A = Fe/Si Ratio (0-2); B = Size (um); C = Amount (g/L)

pH = 8.31 — 3.49A — 0.0012B + 0.0018C + 0.006AB + 0.7A2

Log [H] = -8.31 + 3.49A + 0.0012B — 0.0018C — 0.006AB — 0.7A2
Log [Al] = 2.05 + 1.44A + 0.0063B — 0.0011C — 0.0011AC

[As]®5 = 0.39 + 0.48A + 0.0015C — 0.006AC + 3.35A2

[Cd]%5 = 16.77 + 20.36A — 0.027*C

Log [Cu] =2.29 + 0.17A + 0.0074B — 0.0019C + 0.0083AB —
0.0023AC - 0.00002BC + 0.59A2+ 0.0000038C?

Log [Fe] = 2.1 + 1.95A + 0.0099B — 0.0025C
[Mn] = 738886 + 26555A + 252B — 127C + 63.5AC — 86310A2
[Zn]®S = 315.4 + 420A — 0.49C

September 19, 2012 Mi
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Size = 37 pm
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Design-Expert® Software
pH
10.05
4.57
X1 = A: Fe/Si Ratio
X2 = C: Amount, g/L

Actual Factor
B: Size, um = 37

A: Fe/Si Ratio

September 19, 2012 Mining: Water:

and Tools for

Issues,

Cost
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v' Slags can be an effective for remediating ARD

v Their use could or will:
replace lime (pseudowollastonite slag?
diminish lime consumption (fayalite/olivine)
lead to remediation of two ecosystems

v Depending on the slag type and particle size:
effluent pH from 5-9 can result
effluent concentrations can meet DWS

v" Al and Cu concentration profiles are similar to Fe

v’ Likewise, Al and Cu redissolution at high pH
is minimal similar to Fe
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This research was previously funded by the MWTP via an
Interagency Agreement (IAG) between the U.S. EPA and the
U.S. DoE, IAG No. DW89935117-01-0.

Thanks are also extended to the Department of Metallurgical
& Materials Engineering at Montana Tech for bearing the
costs for some analyses and the MBMG for helping collect
samples: James Madison and Ted Duaime.
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worked on these projects over the years. MS students
included Ray Ziolkowski, Tom McMillan, Yu Chuan Tai, Eric
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Jennifer Gambill and Brian Ross.
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Mining-Influenced Water: Environmental Issues, Remediation 53 3
Research, and Tools for Estimating Remediation Cost g 5
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Overview of AMDTreat 5.0:

Mine Drainage Treatment
Cost-Estimating Software

Brent Means
U.S. Office of Surface Mining

Research, and Tools for Estimating Remediation Cost:
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AMDTreat 5.0

» www.amdtreat.osmre.qgov

Why Estimate Treatment Costs?

» Treatment costs are needed to calculate bond

amount in case of bankruptcy for active
mines and to estimate the cost of treating
abandoned mine drainage.

» AMDTreat estimates annual treatment costs

for both passive and active treatment

}:J"l‘la‘.an Environinan

al Issues, Remediation Research, and Tools for Estimating Remediation Cost
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Passive Treatment A S Annual Costs AS Reskn How 30000 gpm
(e anrere |0 X 0 ([ s J[J@[x # TpclFon™ 15000 gom
C—=rn Y [S— o S —
ol on .|
Comecries @Y 0 | [ o (WX ® =
. Ferrous Iron 46.00 L
Coooress @ * o (o ] o| OB .
Coremeszes J @YX 50 |[_omeex B o M 2500wt
(i [ JWX| 9 |[Commomes 8 ® I ey
[omoees WX % |Cswmen ] HX . L
o | ®
_DQ x Other Gost (Annual Cost) o | e Y
Passive $0 | Land Access (Annual Cost) L) O "y
Est. TICasC . mg,
Active Treatment Total Annual Cost: $0
omes WX o [ AnrwetCon per 1000 N (e
[ rvdemdume [ Jl)(x e Gal of H20 Treated $0.000 [ 39260 | mgll
Coesegem [(Wx = AS
C o B o | OEKX i 111100 | mah
Commowmcn (X @ Clode 1200 mat
Coem JBX o |@e= ciam 15500 mo
Active Subtotak s0 Magnesum 110.00 | mgL
‘Company
ancllaryCost A S e 12,00 | moh
[ e JE[x %0 || Sieaniame Water Temperature 20,00 |
[ e JJEKX @ ;
Spedific Conductivity uSjan
Covies | @x o [
f22/2012
Lo Ex o[l ek i 2
E— Dissolved Oxygen 0.01 mgh
Cosmmex (@x  ® o1 ma
0
i <0

Other Cost {Capital Cost)

)

Red indicates information used in aical calculations
parameters.
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Passive Treatment Capital Cost Example:

» Vertical Flow Pond (aka: SAPS, VFP, RAPS, etc)

B
3
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Passive Treatment Capital Cost Example:
Vertical Flow Pond

' Downward Flow

o
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&l Vertical Flow Ponds $1,555,667.45 (s = =]

Current VFP 1 of 1 WFP Name -
T (=] SIZING METHODS  Select One
1, Tons of Limestone Needed 8,820.93 WFP Based on Addity Neutralization
2. Tons of Limestone Needed 4,221.58 VFP Based on Retention Time 6. Retention Time 16.00  hours
3. Tons of Limestone Needed | 34,120.64 | (O/VFP Based on Akalinity Generation Rate' 7. Akalnity Generation Rate 25.0 | gjm2/day
4, Tons of Limestone Needed  13,042.58 () VFP Based on Tons Limestone Entered 8. Limestone Needed 13,042 tons
5. Tons of Limestone Needed |~ 1,684.95 () VFP Based on Dimensions 9.lengthatTop [~ 559 g | £t 10. Width atTop [~ 400,09 | ft
- of Freeboard of Freeboard
11 % Void Space of LS. Bed| 43,00 % | | 29- Clearing and Grubbing? VFP Sizing Summaries
12 Systemife 20.00 years 30a. Land Multipler 150 rato  |% Le":: ok “:"’e:a’: 127,56 ;:
13. Limestone Purity | 85.00 |% iy acre, 2 atTw:e:;: - ! S %
14, Umestone Effidency  60.00 | % 31. Clear and Grub Uit Cost | 1300.00  $/acre 50; Freshoard Vokume. 2,648 yd3
51. Water Surface Area 260,312 | fe2
15, Density of Loose Limestone 94,30 [bs/ft3 32. Nbr. of Valves 0 |mbr AT 3
Dpoiliy Sciecn Makex) 16. Limestone Unit Cost 2200 /ton 2oy gl e? Etad
g Parameters - o 33. Unit Cost of Valves || 3500.00 |$ea. 53. Organic Matter Volume 9,245 yd3
17. LS Placement Unit Cost 0.00 |$fyd3 o AMDTreat P SRR 2
—— @ reat Piping Costs h Limestone Surface Area 247,504
Influent Water Parameters Runof Slope. Rise of Sope | 34 Tt L ength o?ggmnt R Ty b
that affect the current VFP 18, Slope of Pond Sides | 2.0 & 1 JInfuent Pipe 2 f (i ——
ot | 342,60 | mah e sainan o[ 35.Pipe InstallRate | 11.00 | ftfhr 56. Excavation Volume | 55,0117 |yd3
fee S s e Bty 20 36.LaborRate  35.00 | $/hr 57. Clear and Grub Area 0.0 acres
Alkainy 0.00 | mgh g eestncng areL Do 0 (ft 58. Liner Area 0.0 ft2
21, Organic Matter Depth 0 [ 37, Segment Len, of Trunk Pipe 20 ftfpipe seg. i e E'm > )
o il . Theoretical Retention Time .. rs
o Co e A 22, Organic Matter Unit Cost 20,00 ¢/yd3 Snrkbrecet) 1500 |4 VFP Cost Summaries
Eneer Net Acdiny 23. Organic Matter Spreading 450 $iyd3 33. Trunk Coupler Cost 6.60 | $/coupler
manualy ot mumé?;t -30 RY 40. Spur Cost 700 fft 60. Organic Matter Cost 184,904 :
. Limestone Dep! a 61, Limestone Cost 750,654
t Acidity p . .
o neny | 39260 |matt 25. Excavaton UnitCost | 5.50 $/yd3 Samnecetl 00 i 62. Limestone and Organic |4, ¢35 s
- 42, "T" Connector Cost 90,00 | $/T coupler Matter Placement Cost
Design Fow 300,00 'gpm '@ No Liner 43. Segment Len. of Spur Pipe 20 | ftfpipe seq. 63, Excavation Cost 302,564 |§
o) i . : . L 0
Tygical Fow | 150.00 |gom ey I‘.::ner Gl e nofk 65. Ci 6:d :‘; z”t 0 :
26. Clay Liner Unit Cost - . Clear ar 0s}
Tealien | 75.00 et i i = ki) 8. Valve Cast ols
27. Thickness of Clay Liner e b e & et .
e S 75.94:
Abmam| 2500 [maft _ Synthetic Liner #s.Ppezl | 0.00/ft[ 00/ 000 s S7 PocCosti| 2002+
R — 2.00 malt B e e o 5:50 892 | 46 ppeza | 0.00 ft| 0.0 in 000§ (s Totalcost | 1555.667 /5 |
47. Pipe #3 0.00 ft | 0.0  in 0.00 § ’ Report l l Help l P
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Costs Water Quality
Passive Treatment A § Annual Costs AS Design Flow 300.00 | gem
s con s JAWE 515567 | s JABE 5% | rmiotre= | 0 e
oo [ lx  9|C_me  (Wx  ® o
ol "on .
Crveme 0% 9 | _sowee |l . ~
e (Y (e FP S ——"
Comss X 0| oo WX e | 3500wk
o X  ® |(oumome JOBY @ g | 200
Commes OBX o |Comwmes UBXx o
X ®
- : DB Other Cost (Annual Cost) 0 Albcalinity as CaC0O3 0.00 mgh
Passive Subtotal: $1,555,667 Land Access (Annual Cost) €0 0
- [ Est. TICasC 3L.50 ' mgl
Active Treatment 5 s Total Annual Cost: 5,466,
D@ X © Annual Cost per 1000 b | Erter AcidRy man.sly
[ Hyemesiime )W (x ) Gal of H20 Treated s0.069) [ —
Acidity as Cac03 342,60 | mglL
Crmmesaioe ) x ® A s
Cmen JBY ® e sy Il -
ememen X w Ghose 2
Com B« [ chim| 15w
Active Subtotalk $0 Magnesum 110.00 | mgh
Company
Ancillary Cost AS Sodium 13.00 | mgh
Ponds [0)(x]  £12,087 || site Name Water Temperature 20,00 | €
Reis || )% @ : o
Spedific Conductivity uskam
Y SR
08/22/2012
C oo WX @ [12 o pr
Dissolved Oxygen 0.01 | mgh
[[Egmemsces [ J@x o R il i
Ancillary Subtotal: $12,087 pc Rl g L5
X T e
Other Cost (Capital Cost) 10,000 i r_ 5 o
; indicates information PHREEQ:
Total Capital Cost: $1,577,754 it e
? usad o estimate chemical reagent and sludge amounts.
l Report ] l Help ]
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Active Treatment Example: Hydrated
Lime

iation Cost
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3 Hydrated Lime $127610 [a]® =
Hydrated Lime Name
Current Hydrated Lime 1 of 1 1, Annual Hydrated Lime 216,734.5 | bbsjyr 23. Mixing Tank (Assumes a Two Cell
Mixing Tank; 7] 2. 7000 s
1 [¥] 2 Amueltydratedtine 108.3 | tonsfyr = Tank) . (e camebecl iy
Mixing Tank Cost 05 ["] 44. Clearing and Grubbing?
3. Daily Hydrated Lime 593.7  Lbs/day
2. Polnds per Hour of 271506 i Cost Est based on Volume of Mixing 1 45. Clear and Grub Area
Hydrated Lime - o 46. Clear and Grub Costs |~ 13
Copy Current 24, Tank Volume 0 gal
5. Purity of Hydrated Lime %6 | % O Cost Est. based on Desired Retention Hydrated Lime Sizing Summaries
6. Mixing Efficency of
Hydrated Lime 80 | % 25. Mixing Tank Volume 1,500.1 gal 47. Tank Length 58 ft
| 7.Titration? 26. Design Flow 300,00 gpm 48, Tank Width 58 ft
| w(;z::mg ol 8. Titration Amount 27. Retention Time 5.0 min 49, Tank Depth 8 ft
f——————————— 9. Mechanical Aeration System 30,000 '§ Specifications of Concrete Tank 50. E"“"‘”"“"')ﬂ’;‘:‘;";‘;; 148 | yd3
Influent Water Parameters 51. Volume of Concréte for
that Affect Hydrated Lime | Sonor™®® Quantity Price  Refil Frequency 28, Tank Wall Thickness 100 | ft Mixing Tank 85 fi3
ot | 342,60 | mat |1 [] 20Ton 1| 2 67 days| 29, Tank Bottom Thickness 1.00 | ft Hydrated Lime Cost Summaries
Acdty 11, [] 35Ton 117 days 30. Tank Freeboard 100 | f 52, Silo(s) Cost 32,000 | §
Alkaliniy 0-00 | mgn
12. [V] 50Ton 1 168 days|  31. Construction Labor Cost 6000 | g 53, Clarifier Cost 40,000 ' §
O ey . Csoton | 1 202 |days| 32. Concrete Unit Cost 100.0 | ¢fyd3 54. Mixing Tank Cost ols
Enter Net Acd 2
e 14. Clarifier 33, Excavation Unit Cost 550 | gfyd3 = cm”&m#::% 5,000 s
Cost of Clarifier ¢ #® 81l
Net ASSey [ 305 60 g 0.00 e e e R 2 56. Excavation Cost (Mixing Tank)
(Hos Acay)  CostEst based on Clarifier Diameter i e R 1 57: Concrete Cost iingrank) 8,528 &
Design Flow | 300,00 Jopm JEorie m 135. Unit Cost of Motorized Mixer 1000 & R s ke
36. Number of Side Gates 5 aty feetntos
Typical Flow 150.00 gpm 16. Cost Muliplier 4000.0 ’ 59. Sweep and Blower Cost 08
750
Toallon | 75,00 |mal Cost Est based on Flow 27 Yt Costol Shle ot : 0. Sice Gate Cost 5750 |$
33, Cost of Electric Panel 2000 | §
— 17. Design Flow 300.00 | gpm 61, Electric Control Panel Cost 2,000 | §
Aluminu 25.00 |mgit £ i ¥ - 39. Control Building R oo I
. Estimated Diameter . . Buiding Cost X
Manganese 2.00 |malt g -
19, Cost Muiplier Cost of Control BidaL, e 63, Polymer Feed System 7,000 &
QO Cost Est. Based on Building Area 64 Cloor 2l Gou Cost ols
20. Vibrator Air Sweep 0's
40, Buiding Length 15| ft
21. Pneumatic Air Swee 65. Total Cost 127,609
22. Blower Blocks
et ofs 42, Building Uit Cost 10.0 | $ift2 Help
Mining-Influencs gl Issues, jati . and Tools for Cost Slide 70 of 126
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Active Treatment Example: Hydrated
Lime Annual Chemical Cost

Costs

Passive Treatment A S
(e peure )i %
e [
[ arecemevimes ]| ] x
([ pmmeremnes | il
Comtermmens X
(s o | il
=
om0

Passive Subtotal:
Active Treatment 5 §
[ omess L)X
T |
Cosseomom JMIX
————
(oo e | )] x
T

Active Subtotal:

Andilary Subtotal:
Other Cost (Capital Cost)

Total Capital Cost:

L8888 888y

o
°

$0
$127,609
$0
s0
s0
s0

$127,609

$24,174

524,174

10,000

$161,783

Annual Costs

m@u@
s

|
mmg x

|
Other Cost (Annual Cost)
Land Access (Annual Cost)

$5,466
$45,500

sefss 88

Total Annual Cost: $50,966
‘/' Annual Cost per 1000 “J
\_Gal of H20 Treated $0.646

A S

[ eme= )

Project
Company.
Site Name
Run Date

08/22/2012
Comments

Water Quality
Design Flow 300.00  gem
Typical Flow™> 150.00 | gpm
Total Iron 75.00 | mgh
[Jest.  FerrousIron 46.00 | mgjL.
Aumioum 25.00 | mgh
Manganese 2.00 | mgh
H 310 s
" akalinity as CacO3 0.00 mgh
= TICasC 31.50 | mg/L
O Caeuste it Lty
Aciaty mamsty
Adidity as CaCO3 342.60 | mgjlL
Sulfate 1111.00 | mgA
Chioride 1200 mgh
Caaum 133.00 mgh
Magresium 110.00 | mgh
Sodium 13.00 mgh
Water Temperature 20.00 | C
Spedfic Conductivity uSfan
Total Dissolved Solids. mgh
Dissolved Oxygen 0.01 mgh
Typical Add Loading 1125 | tonsfyr
Red indicates informaton used in aitical caklations
mmmmmnzsq
*= Typical Flow should represent the flow (e.g. median)
used to estimate chemical reagent and shudge amounts
Report Help
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Three Methods to estimate

i@ Chemical Cost $21,673.00
FLOgECD > Chenmical Cost Name
ME @ A. Hydrated Lime ? e
Current Chemical Cost 1 of 1 [ | 1.Titration? | |PHREEQ | | PHREEQ with aeration

mption

O E. Anhydrous Ammonia ?
21. Titration? PHREEQ

(o] @ [=]

e
RERQ
PHREEQ with aeration

11 M i o, i g~ = -t i it o] F S RIS vl SR — = = Ibs of ammonia /
2. Hydrated Ligpffotion Amount Ibs of hydrated 22. AmmoniaTitration Amount | 000000 | 47
lime / gal of H20
. Hydrated Lime Purity  96.00 | % FE TR
fa Efficiency of Hydrated Lime 80 |5 S LR ST
5. Hydrated Lime Unit Cost  0.1000 | $/b Non-Bulk Delivery
: 25. Ammonia Non-Bulk Unit Cost $fb
O B. Pebble Quick Lime ? RERQ Bulk Delivery
6. Titration? | |PHREEQ | | PHREEQ with aeration 26. Ammonia Bulk Unit Cost 0.1 /b
: G Ibs of Pebble Lime / T
7. Pebble Lime Titration Amount -0 ol of H20 O F. Soda Ash ? 2
Influent Water Parameters 8. Pebble Lime Purity % 27. Titration? PHREEQ | | PHREEQ with aeration
that Affect Chemical Cost
emical 9. Mixing Effidency of Pebble Lime. 0.00 | % 28. Soda Ash Titration Amount 00 ”/"‘;a‘ﬁfz‘ga ash
Calulsted | 3
e 260 et Delivered in Bags 29, Soda Ash Purity %
Abcalniey 0.00 | mgt 10. Pebble Lime Bag Unit Cost s 30. Mixing Efficency of Soda Ash 50 | %
Bulk Delivery P %
31, Soda AshUnitCost | 0.1400  §
11, Pebbe Lime Buk Uit Cost sl ool s h
© G. Known Chemical Cost ?
q et
O C. Caustic Soda? PRER 32. Known Annual Chemicial Cost $
Net Acdy. 342,60 |mght. 12 Titration? || PHREEQ PHREEQ with aeration Annual Amount of
(Hot Acidey) e ?a‘ dEot Chemical Cost Sub-Totals Chemicals Consumed
¥ Sl
Desgn Fow | 300.00 |gpm 7 i
14, Caustic Purity z[,}.:z:;zh?h:n 33. Total Hydrated Lime Cost 21,673 '§ 216,734 |bs
Typeal Fow | 150,00 |gpm § 0 0
15. Mixing Effidency of Caustic % SRR A ¢ =
Tozal Iron 3
ozl Iros 75.00 |malt Non-Bulk Delivery 35, Total Caustic Soda Cost 0s 0| gals
Aluminum 25,00 |mght 16. Caustic Non-Bulk Uinit Cost $fgal 36. Total Anhydrous Ammonia Cost 08 0 s
Bulk Delivery 37. Total Soda Ash Cost 0/s 0 Ibs
Manganese 2.00 |malt J o
17. Caustic Bulk Unit Cost 060 $fgal
o o - 38. Total Known Chenical Cost 0s
39. Total Flocculent Cost 0s 0 gals
Help [ ]18. Flocculents?
40. Selected Chemical; HYDRATED LIME
- 18, Flocculent Consumption galfhour
Report Annual Chemical Cost 21,673 ¢
20. Flocculent Urit Cost /gl 2
ide

of 126
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Integration of USGS PHREEQ
module

PHREEQ is a geochemical modeling software
developed and supported by the USGS;

Dr. Chuck Cravotta and Dave Parkhurst of the USGS
developed a PHREEQ module to simulate mine
drainage treatment;

OSM and USGS developed a team to integrate the
PHREEQ module into AMDTreat 5.0.

The PHREEQ module estimates chemical
consumption, effluent quality, and sludge volume. It
also calculates mineral saturation indices and can be
used to evaluate the effect of CO2 neutralization on
treatment costs.

‘-j")‘/a‘.»;n Enyirons
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PHREEQ

oH oH CausticTir__Caustichlol __ Total Fe Fe2 Al n Na ca Mg S04 Akalnty
3100 | 3400 | 0000000 | 0.000000 | 75114 46.000 25,041 2003 13020 | 133202 | 110.135 | 111265 | -tor.set
2000 | 2000 | 0000sss | ooo010e2 | se728 5999 25041 2,002 12.020 7e7e8 | 110433 | ti12ees | -1ea7
4500 | _sso0 | oootst | ooo2ter | seros 45999 5020 2.003 13020 | 220859 | 10133 | 1085714 | -0595
5000 | so00 | oootse: | ooozsat | ss74s 45999 0351 2,002 13020 | 234642 | 10132 | fosoerr | seee
5500 | 5500 | 00017se | 0002911 | 46229 45998 0.022 2003 13019 | 249865 | 10431 | 1112622 | 18609
5000 | 6000 | 000195 | oooatez | esore 45598 0.002 2,003 12018 | 26073 | 110431 | 112622 | esee2
5500 | 6s00 | oooztes | oooassz | es028 45598 0.001 2.003 12019 | 27558 | 110431 | 1112622 | eeste
7000 | 7000 | 0002272 | 000z | ssom 25558 0.002 2,002 13019 | 2er1s | 1oz | tiizeze | 111250
7500 | __7.s00 | 000265 | 0003ss0 | 46,008 5598 0.006 2,003 13019 | 293084 | 10431 | 1112621 | 128174
Seect-> 8000 | 8000 | 0002522 | 0.004082 | 48.005 25598 0.012 2.002 12018 | 206815 | 110430 | 1112618 | 138527
Sesct> | 8500 | 8500 | 0002638 | 0004271 | 2727 37119 0.055 2,003 13019 | 206 | 10120 | 1112612 | 128678
seect> | 5000 | 000 | 0002822 | 0004568 | 19551 19.540 0.176 2,003 13018 | 3te2s3 | 110429 | 1112602 | 137.545
@seect> | 9500 | 9500 | 0003344 | ooosets | ea7s 6158 0558 2,003 13019 | 3s0173 | 110428 | 1112597 | 200344
Seect> | 10000 | 10000 | 000381 | o000ssse | 1.023 0.963 1765 2,002 13018 | 371976 | ft0s@er | t112ses | 2e7.13¢
Seect> 10500 | 10500 | 0.007234 | ootrin | 0247 0.172 427 2.003 12022 | 492342 | 108ss | sesaes | 2s3sas
sesct> | 11000 | 11000 | 0007769 | oot2s77 | o622 0.082 0.082 0.221 12022 | s12.08¢ 1129 990.09¢_| 269,607
« Q< »
[ accept | [ Repot | [ ExporttoExcel
Allunits expressed in mgiL; Akalinity expressed as mgiL as CaCO3; PPT represents the conceniration of preciptate in g/L
pH ™5 PPT Sigerite FeOH2a  FeOH3a  Schwert7S  Boehmite AOH3a _Rhodochroste  1nOH2a__Pyrochroit
3100 | 1418661 0,000 <787 ~11.280 724 0.417 2985 1418 5180 5887 424 | 1384
2000 | 1501.228 0.029 2578 9687 0.000 11.080 1283 2474 3478 5076 12451 | 12,081
2500 | 1s08114 0.1%8 2088 2691 0.000 9.342 0418 0.000 2611 2088 1458 | 11088
Sewsi> £000 | 1513.092 0.165 2.001 7% 0.000 7.594 0166 0.000 2361 3402 10457 | 10087
Seest>  £800 | 1557.074 0.128 1053 5700 0.000 5851 0.000 0332 2195 2153 9.464 9.083
Seest> 6000 | 1582894 0.128 078 5708 0.000 4.094 0.000 1335 2195 1279 -8.472 -8.071
Sekct>  BE0D | 1620828 0128 0.855 4721 0.000 2338 0.000 2341 2488 EE 7454 7088
Sessi> 7000 | 1649674 0.128 1.180 3731 0.000 0.578 0.000 3345 2198 0.077 5438 5.098
Seect> | 7800 | 1684802 0.128 1714 2742 0.000 1475 0.000 4346 2195 0.558 5523 5122
5000 | 1673.944 0.128 219 1764 0.000 2525 0.000 5347 EXES 1.042 4582 4181
5500 | 1674538 0.145 2500 0,907 0.000 672 0.000 5348 2188 1267 3704 3.304
Seest-> 5000 | 1668.278 0.179 2.500 -0.283 0.000 5.420 0.000 7343 EXES 1.559 2888 2.488
Ol sekor> [ 9500 | 1728881 0203 2218 0.000 0.000 =173 0.000 8345 2.195 1.682 2200 1798
seect> | 10.000 | 1771.565 021z 1.428 0.000 0.000 -s.821 0.000 5344 2485 1.715 1377 0578
Seect> | 10.500 | 1685316 0661 0.487 0.000 0.000 722 0692 EERES) 2288 177 0434 ~0.033
Seect> | 11,000 | 1692038 0699 0531 0.000 0.000 13478 2331 -20.700 4526 0732 -0.401 0.000
A
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i@l Chemical Cost $27,811.00

- log Pco

25 [~
Current Chemical Cost 1 of 1
1

Copy Current

Delete

Influent Water Parameters
that Affect Chemical Cost

Caloulaed 342.60 | mall
Acdity
Ay 0.00 | mgh

Calaulzve Net Acdity
(Ao Alkslininy)

Net Acdy
(Hot Acdiy) 342,60 |malL

Design Flow 300.00 |gpm:
Typical Fow 150.00 |gem:
Tozal Iron 75.00 /mgiL
Aluminum 25.00 |mgit
mglt

Manganese 2.00

| S —

Chemical Cost Name
@ A. Hydrated Lime ?
[ 1.Titration?

2. Hydrated Lime Titration Amount

3. Hycrated Lime Purity

Lt 9.00
RERQ

|| PHREEQ with aeration

. Ibs of hydrated
lime / gal of H20

4. Mixing Efficiency of Hydrated Lime 80 |op
5. Hydrated Lime Unit Cost 0.1000 ' $fib
O B. Pebble Quick Lime ? SR

6. Titration? PHREEQ

7. Pebble Lime Titration Amount.
8. Pebble Lime Purity

9. Mixing Efficiency of Pebble Lime

3) Delivered in Bags
10. Pebble Lime Bag Unit Cost
Bulk Delivery
11. Pebble Lime Bulk Unit Cost

O C. Caustic Soda?
12 Titration? PHREEQ
13, Gaustic Titration Amount.
14, Caustic Purity
15. Mixing Efficiency of Caustic

Non-Bulk Delivery
16. Caustic Non-Bulk Unit Cost
Bulk Delivery
17. Caustic Bulk Unit Cost

PHREEQ with aeration

["]18. Flocculents?

13. Flocculent Consumption

20. Floceulent Unit Cost

O E. Anhydrous Ammonia ?
21. Titration? PHREEQ

22. AmmoniaTitration Amount

23, Ammenia Purity

24. Mixing Efficiency of Ammonia

Hon-Bulk Delivery
25. Ammonia Non-Bulk Unit Cost

Bulk Delivery
26, Ammania Bulk Unit Cost

=
RE=Q
PHREEQ with aeration

90.00 | %

00o0nn | Ibs of Pebble Lime /
)000! =
U Galof Hzo O F. Soda Ash ? SREQ
% 27. Titration? PHREEQ | |PHREEQ with aeration
1 - |bs of soda ash
% 28. Soda Ash Titration Amount ° JqalH20
29. Soda Ash Purity %
SR 30. Mixing Efficency of Soda Ash
0.0550 | ¢fb 31. Soda Ash Unit Cost O
=t O G. Known Chemical Cost ?
RERQ 32. Known Annual Chemicial Cost 0| $
PHREEQ with aeration Annual Amount of
?al ﬁ%sk Chemical Cost Sub-Totals Chemicals Consumed
‘ =
purity of 20% 33. Total Hydrated Lime Cost 27,811 |8 278,108 |Ibs
\:usnc SO 34, Total Pebble Lime Cost. 0|¢ 0 lbs
35, Total Caustic Soda Cost 0s 0 gals
$/gal 36. Total Anhydrous Ammonia Cost 0s 0 lbs
37. Total Soda Ash Cost 0s 0 s
|
Slea 38, Total Knonn Cherical Cost 0%
39, Total Flocculent Cost 08 0 gals
B 40, Selected Chemical; HYDRATED LIME
0.00  galfhour 3
Annual Chemical Cost 27,811 §
500 $fgal
al Issues, , and Tools for Cost Slide 75 of 126
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Costs

Costs

Passive Treatment A S

e | %
(e en ) ] %
v |1 %
(Coemeves )@ x|
[Cooersmess J ] x
[Oxtmenreoes 1) x
[orenes ] x
[ sore I x

Passive Subtotak

[ omee 0
[ e J10](x)
oo | x
|
[ommemmes | x
T

Active Subtotak

Angillary Cost AS
[ et 28
[ e JJ@Ix
-
[ ooe UM
=
Andilary Subtotal:

Other Cost (Capital Cost)

Total Capital Cost:

Annual Costs AS
o 18

0 $5,466
o _we  JuEx s
0 | o] x ®
o | [ e JCJE(X @
0 |[_cenaic  JWBIX]  sren
o | (osmomon JOEx »
o | Comereme 0 X ®
50| Other Cost (Amnual Cost) 0
$0 | Land Access (Annual Cost) @
Total Annual Cost: s78,777
© “”Annual(ostper:l\)lm A
$127,602 | | Galof H20 Treated 50.998)
@ AS
o | JUEX
0
20 |[ Project
$127,609
Company
24,174 || site name
0
<0 || Run Date
08/22/2012
0
Comments
0
- -
24,174
£10,000
$161,783

|

EXIT ] #

Capital and Annual Hydrated Lime
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> Annual Costs: $5,466

Which Treatment System is cheaper to
operate over a 15 year period?

» Passive Vertical Flow Pond » Hydrated Lime Plant
o Capital Costs: $1,555,667

o Capital Costs: $161,783
> Annual Costs: $84,439

[5;” AMDTreat 5.0 + PHREEQ

File Defaults Metri-Treat Background Colors Window Help

ReCapitalization Cost
Costs n p - Water
Financial Forecasting
Passive Treatme A cidity Calculator
Vertical Flow Pond . 5,466
Flow Calculation Tools 4
Ancic Limestone Dra X $45,500
= Sulfate Reduction Calculator
Ansesobic Weiands, @
— Langelier Saturation Index Calculator [ JEst.
@ Mass Balance Calculator sa7,811
:W Lmesione Che AbiOtic Homogeneous Fe2+ Oxidation @
Prm— Biotic Homogeneous Fe2+ Oxidation ©
BIO Reacior QOxidation Tool o
passivesubt  PERT Statistical Tool 0
Active Treatmer ~ Chemical Cost Conversions 78777 o=
St Sola pH Averaging Tool — (9} s
Ay Hycrazd Lme ][] o " GalotH20 Treated so.wsj e
\\ Pebble Quick time ||| (X @ AS .
N v—w!=!g Other Costs (41001 (x] Slide 77 of 126
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ﬂ Financial Forecasting

(Treatment System 1  vertical Flow wietiand

Treatment System 2 Hycroted lime ]

1. Inflstion Rate 3.100 | %

2. NetRateofReturn  6.000 | %

3. Term of Analysis 25.0  years
4. Annual Cost 5,466 ¢
5. Start-up Capital Cost 1,555,667 | ¢
[ |6. Obtain Records from italization Taol for Costs

7. Recapitalization Inflation Rate  0.000 %

8. Recapitalization Net Rate of Return  0.000 %

19. Infiation Rate 3.100 | %
20. NetRate of Return |  6.000 | %
21. Term of Analysis [ 150 years
22, Annual Cost 84,439 | §

23. Start-up Capital Cost 161,783 |§

[]24. Obtain Records from Recapitalization Tool for Costs

25. Recapitalization Inflation Rate = 0.000 %

26. Recapitalization NetRate of Return =~ 0.000 %

9. Recapitalization Term of Analysis 0.0 years i 27. Recapitalization Term of Analysis 0.0 years
10. Total Capital Cost from Recapitalization Tool 0s 28. Total Capital Cost from Recapitalization Tool 0's
11. PV Grand Total from ReCap Tool 0|s 29. PV Grand Total from ReCap Tool ols
12. PV Grand Total plus Start-Up Captial Cost 1,555,667 | § 30. PV Grand Total plus Start-Up Captial Cost 161,783 | §
13. PV of Future Annual Costs 97,196 | § 31. PV of Future Annual Costs 1,021,812 | §
[_]14.Include One Year of Annual Cost ["]32. Include One Year of Annual Cost
15. Additional Year of Treatment Cost. 0§ 33. Additional Year of Treatment Cast 0 s
16. Investment Volatiity Factor 0,00 % 34 Investment Volatiity Factor 0.00 | %

17. Grand Total Net Present Cost 1,652,863 § 35. Grand Total Net Present Cost 1,183,595 §

$ata 150.00 gpm $ata 150.00 gpm

18. Average PV Cost Per 1000 Gal of H20 Treated 0.838 i flows eate 36. Average PV Cost Per 1000 Gal of H20 Treated 1.000 | Typical Fiow Rate

37. Capital Cost Difference 1,393,384 §

38. PV Cost Difference 469,267 |$

ResettoDefaultValues| | Report | [ Hep | [ close
, and Tools for Estimati iation Cost Slide 78 of 126
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il Recapitalization Worksheet E‘ =] @
Current ReCapitalization 1 of 1 Recapitizalition Name | Hydrated Lime
1. Calculation Period 50 | yrs 2, Inflation Rate 310 % RECAPITALIZATION WORKSHEET
1 |Hydrated Lime E £ 3. NetRate of Return 6.0(;‘ % : i 4 4 <
) Cost per #of Total Life #of Total
Add J Item Description Ttem Items Cost Cycle Periods PV
Delete 1. Hydrated Lime Screw Feeder 25,000 1 25,000 17 2 25,335
WMTJ 2. | Peration mixer 10,000 1 10,000 7 7 34,676
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5. 0 0 0 0 0 0
&, 0 0 0 0 0 0
7. 0 0 0 0 0 0
3 0 0 0 0 0 0
9. 0 0 0 0 0 0
10, 0 0 0 0 0 0
11 0 0 0 C 0 0
12 0 0 0 0 0 0
13, 0 0 0 0 0 0
14 0 0 0 0 0 0
15, 0 0 0 0 0 0
15, 0 0 0 0 0 0
17 0 0 0 0 0 0
18. 0 0 0 0 0 0
19. 0 0 0 0 0 0
20. 0 0 0 0 0 0
To delete an item, make the cost per item zero (0). Total Capital Cost 35,000 & (W R 60,011)

[Raset to Default Values ] [ Pay Out Schedule ] l Repart ] [ Close ] l Help ]

N
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Company Name Printed on 09/11/2012
Project 1
Site Name
Life of Trust Fund 50| yrs AMD TREAT
Inftion Rate S g RECAPITIZALITION COST i
Retum Rate 6.00] % AMDTREAT
Yeaxr| TrustFund Trust Fund Payout Year Trust Fund Trust Fund Payout

row! Growth Schedule Growth rowtl Schedule

Fund Before Payout| Fund After Payout Fund Before Payout | Fund After Payout

60.011 60,011 | Initial Fund Amount
1 63611 63611 0 51 0 0 0
2 67428 67428 0 52 0 0 0
3 71474 71474 0 53 0 0 0
4 75762 75762 0 54 0 0 0
5 80.308 80.308 0 55 0 0 0
5 85127 85.127 0 56 0 0 0
7 90234 77.852 12.382 57 0 0 0
[ 82523 82523 0 58 0 0 0
9 87474 87474 0 59 0 0 0
10 92723 92723 0 50 0 0 0
1 98286 98.286 0 61 0 0 0
12 104,183 104,183 0 62 0 0 0
13 110434 110434 0 63 0 0 0
14 117,060 101.728 15332 64 0 0 0
15 107.831 107,831 0 65 0 0 0
16 114,301 114301 0 66 0 0 0
17 121,159 79.151 42,008 67 0 0 0
18 83.900 83.900 0 68 0 0 0
19 6.934 5934 0 69 0 0 0
20 94270 94270 0 70 0 0 0
21 99.926 50,940 18,985 7 0 0 0
22 85797 85797 0 72 0 0 0
23 90945 90945 0 73 0 0 0
24 96401 96401 0 74 0 0 0
25 102,185 102,185 0 75 0 0 0
26 108.316 108316 0 76 0 0 0
27 114816 114816 0 77 0 0 0
28 121704 96,195 23509 78 0 0 0
29 104.087 104,087 0 79 0 0 0
30 110,332 110,332 0 80 0 0 0
31 116,952 116.952 0 81 0 0 0
32 123 969 123969 0 82 0 0 0
22 LTI 0 Ty 0 I I
A
NN Issues, , and Tools for Estimati iation Cost
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# Financial Forecasting i‘ 1] \A
(Treatment System 1  verticalFlow wetiand Treatment System 2 rydratedine )
i InflatonRate 3100 % 19. Inflation Rate ~ 3.100 %
2. NetRateofRetun  6.000 % 20. NetRate ofReturn 6,000 %
3. Term of Analysis 25.0 years 21. Term of Analysis 15.0 years
4, pnnual Cost 5,46 g 22. Annual Cost 84,439 §
5. Start-up Capital Cost 1,555,667 | § 23, Start-up Capital Cost 161,783 §
|| 6. Obtain Records from R italization Tool for R Costs 724, Obtain Records from R Tool for

7. Recapitalization Inflation Rate 0.000 %

8, Recapitalization Net Rate of Return 0,000 %

9. Recapitalization Term of Analysis 0.0 years
10. Total Capital Cost from Recapitalization Tool 0|$
11. PV Grand Total from ReCap Tool 08
12. PV Grand Total plus Start-Up Captial Cost 1,555,667 | $
13. PV of Future Annual Costs 97,195 $
["114.Include One Year of Annual Cost A
L 15, Additional Year of Treatment Cost 0 s

16. Investment Volatility Factor 0.00 %

17. Grand Total Net Present Cost 1,652,863 §

1 | Hydrated Lime
25, Recapitalization Inflation Rate | 3.100 %

26, Recapitalization Met Rate of Return 6,000 | %

27. Recapitalization Term of Analysis 50.0 ' years

28. Total Capital Cost from Recapitalization Tool

29. PV Grand Total from ReCap Tool 60,011
30. PV Grand Total plus Start-Up Captial Cost 221,794
31. PV of Future Annual Costs 2,251,982

35,000 | §

$

["]32.Include One Year of Annual Cost
33. Additional Year of Treatment Cost [}

34. Investment Volatiity Factor ~ 0.00 %
35. Grand Total Net Present Cost 2,473,776

$

Sata 150.00 gpm $ata 150.00 gpn
18. Average PV CostPer 1000 Gal of H20 Treated 0.838 Typical Flow Rate 36. Average PV CostPer 1000 Gal of H20 Treated 0.627 1, te
37. Capital Cost Difference 1,333,873 |§
38. PV Cost Difference 820,912 §
Reset to Default Values ] [ Report I [ Help ] l Close
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Thank You

» Brent Means
bmeans@osmre.gov
717-782-4036

» OSM offers AMDTreat training every year in

PGH and at various conferences

M|n|ng4rfﬂb Waice: =nviront

alal Issues, Remediation Research, and Tools for Estimating Remediation Cost
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mber 19, 2012

Mine Influenced Water

Michele Mahoney

EPA Office of Superfund Remediation &
Technology Innovation

mahoney.michele@epa.gov

Mining-Influenced Water: Environmental Issues, Remediation Research, and Tools for Estimating Remediation Cost

Treatment Technology Study

Slide 83 of 126
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Goals

» |dentify and evaluate MIW treatment
technologies

» Develop written materials to support selection

of appropriate and cost-effective treatment
technologies

» Further inform decision makers about the
diverse technologies available for MIW

mber 19, 2012 Mining-Influenced Water: Environmental Issues, Remediation Research, and Tools for Estimating Remediation Cost
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Key Information

» Types of technologies

= Contaminants treated
System operations
Engineering constraints
Initial and long-term costs
Treatment effectiveness
Example sites

Additional research needs

mber 19, 2012 Mining-Influenced Water: Environmental Issues, Remediation Research, and Tools for Estimating Remediation Cost
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Anticipated Outcomes

» Supplement and complement existing
materials

» |dentify promising technologies and best
practices

= Share information

» Implement pilot projects

Mining-Influenced Water: Environmental Issues, Remediation Research, and Tools for Estimating Remediation Cost Slide 87 of 126
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PCBs abandoned in mines can cause water
pollution problems for which there may be
no reasonable solution.

This can be prevented!




Dan W. Bench, Min. Eng.
USEPA Region 8 PCB Coordinator




Learn what you
need to know
about PCBs
before it’s too
late!

Ignorance and inaction can result in significant
damage to the environment and unlimited
personal/corporate liability.

Don’t let this be you upon discovery of PCBs in your mine.
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PCB is an acronym for
polychlorinated biphenyl

Cl Cl ClI Cl

PCBs are man made chemicals

PCBs due to their stability, insulating properties, and fire resistance, found many
industrial uses.

The PCB molecule can occur as one of 209 different congeners.

Different congeners contain different combinations of chlorine atoms on the PCB
molecule.

Monsanto Corporation marketed mixtures of PCB congeners as Aroclors until 1977.

Aroclors mixed about 50/50 with trichlorobenze were marketed as trade name
dielectrics for transformers.

Examples: Pyranol made by General Electric

Inerteen made by Westinghouse

Clorextol made by Allis-Chalmers

91



* First manufactured in the early 1930’s

* Manufacture prohibited in 1978

* PCB regulations authorize major electrical equipment
uses for the useful life of the equipment.

PCB-containing equipment is still
in service.

Manufacture was voluntarily discontinued by Monsanto in 1977.

PCB-containing equipment is still in service. Acommon misunderstanding of the
regulations is that PCBs are no longer in electrical equipment because
manufacture was prohibited in 1978. However, the regulations authorized
continued use as dielectrics in electrical equipment for the useful life of the
equipment.

Examples: Dielectrics in  transformers

capacitors

fluorescent light ballasts
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Mineral oil transformers can be contaminated with PCBs. Leaking transformers on
the middle left. Very large transformers like those on the right have been observed
in iron ore mills near Lander, Wyoming.

93



PCB capacitors contain pure Aroclor. Note the PCB mark on the capacitor left from
a surface facility at a coal mine in Utah
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Mine power center with large PCB capacitors awaiting disposal at a Utah coal mine
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/

Fluorescent light ballasts manufactured prior to 1978 contain PCBs
A thimble sized capacitor embedded in the potting compound contains pure Aroclor

A large percentage of ballasts have regulated levels of PCB in the potting
compound
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In lead jacket cable

’

y
and Tools for Esti Cost Slide 97 of 126
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Any cable with liquid or damp insulation inside is likely to contain PCBs.
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Bridal Veil
Falls

P Telluride,

Colorado

A place you feel safe from PCBs and wouldn’t expect to find them just above
Telluride, Colorado. But around the corner a few hundred yards to the left...

98



1600 Feet \\

AFTER DARADO MONNG CO. DRANING
DATED 4-2-T4

IDARADO MINE T.m

i 3MC

Slide 99 of 126

is the Idarado Mine. Inspection revealed 23 85-gallon PCB transformers
underground.

This is a typical mine.
8 miles by 3,000 feet.

An operation this size has lots of power requirements and is likely to have PCB
equipment
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PCBs have been abandoned
underground

The Eagle Mine

Vail, Colorado

The Eagle Mine, a major Zn producer during WWII up until about 1968, contained
abandoned PCB transformers and large PCB capacitors underground and on the
surface.

This was a CERCLA removal.

Underground:
. three 76 gallon Pyranol transformers at the 2010 substation.
. three 65 gallon Pyranol transformers at the 1623 substation.
. 17 large PCB capacitors (each containing > 3 pounds of pure Aroclor)
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Two of three 76 gallon Pyranol transformers underground at the 2010 substation.
There were three drained 65 gallon Pyranol transformers at the 1623 substation
behind the fire seals that could not be removed. The mine was on fire at the time of
the removal. About six gallons of Pyranol remained in each of these 65 gallon
transformers.
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A

mﬁl Mining-Influenced Water: =8 irorimnt

Eight hundred feet below the 20 level the mine is flooded down to the 28 level.

What electrical equipment may have been abandoned there is unknown.

This transformer has been removed from the 2010 substation and is on the way to
the 2010 incline. The mine is flooded now up the the level of the truck.
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76 gallon Pyranol transformers removed from the 2010 substation now in storage in
the surface warehouse.
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Why are PCBs a problem?

—
* PCBs are one of the most stable organic chemicals
known: PCBs are resistant to biodegradation

» PCBs are soluble both in fat and water
» PCBs are estrogenic compounds
PCBs harm people, animals, bird

PCBs circulate globally and continue to
accumulate in the environment
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Consider one consequence of a release
of PCBs into water

Phytoplankton

» Absorb PCBs from water by a factor of
10,000 to 1,000,000

* Supply 50% of the world oxygen

* Basis of the ocean food chain
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o Pl are released fram multiple sowces into Puges Sound

- 1B
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© | LR o for PCBs entering

TOOPARKTON

st @ 21.d biomagnifying in
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the pelagic food web

Source: Seattle Post-Intellipencer
“The Zone™
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The aquatic food
chain...

PCBs are absorbed from ocean water into phytoplankton
copepods feed on phytoplankton

Small fish feed on copepods

The food chain leads to killer whales

Killer whales carry the most PCB contamination of any mammal
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“Why don’t fishermen read fish
advisories?

I've been eating PCB-containing tiny
fish and plankton for all of my life.
Now I'm not sure if | am male or
female and I’'m quite loaded!

Tag - it’s your turn to have the PCBs.”

The major source of
human PCB exposure
is from eating
contaminated fish.

The Killer Whale and man have something in common: they are both predators at
the top of the food chain.

The fish isn’t sure if it is male or female because PCBs are estrogenic compounds
(hormone mimics).

Estrogenic compounds cause

. sexual changes in fish.

. Persistent memory and learning problems and children and adults
. genital defects in children, polar bears, alligators

. deformed sperm in men

. reduced sperm counts in men

*Affected Organ Systems: Dermal (Skin), Developmental (effects during

periods when organs are developing) , Endocrine (Glands and Hormones),

Hepatic (Liver), Immunological (Immune System), Neurological (Nervous

System) 108



PCBs have become a worldwide
problem

FDA has been compelled to issue
tolerances for PCBs in: fish, meat, milk,
eggs, soap, and food packaging

¥ warnine |

4 b -
; " {1 ) e
) et . &
L 2 "
L L I‘
=
. X3
A
i,

£ | FiISH CONTAMINATED
¥ Do NOT EAT

Baapseary

FDA tolerances for: milk 1.5 ppm PCB
dairy 1.5 ppm PCB
fish 3.0 ppm PCB
poultry 3.0 ppm PCB
eggs 0.3 ppm PCB
paper food packaging 10.0 ppm PCB

soap 3.0 ppm PCB



US laws governing PCBs

Both regulations have cradle-to-grave
liability

Toxic Substances Control Act (TSCA)

Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA)

(Superfund)

September 19, 2012 Mining-Influenced Water: Issues, R i Research, and Tools for Estimating Remediation Cost Slide 110 of 126

TSCA and CERCLA (Superfund) are the two big drivers

Both are strict liability statutes.

Liability is determined by present day site conditions.

Owners and operators can be liable regardless of how and when the conditions came about.

Both regulations have cradle-to-grave liability.

TSCA

Controls use authorizations, marking, storage, disposal, recordkeeping, cleanup and prohibits dilution to
evade disposal regulations.

CERCLA
Goals are to assure cleanup and to attach the cost of cleanup to parties other than the taxpayer
Liabilities as defined by CERCLA:

. Present owners and operators may be liable for actions that occurred prior to the
legislation.

. Corporations and individual employees may be liable.

. PCBs at any concentration may result in liability, if they cause problems.

. The potential liability has no bounds.

Laws similar to TSCA and CERCLA may be enacted in other countries in the future.
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International Convention Governing
PCBs

Stockholm Convention and
persistent organic pollutants (POPs)

The twelve POPs are:
PCBs, dioxins, polychlorinated dibenzo-furan s(PCDFs)
DDT, endrin, heptachlor, mirex, toxaphene ,aldrin

chlordane, dieldrin , and hexachlorobenzene

178 nations are parties to this convention.

PCBs, dioxins, and PCDFs concern the mining industry.

The list of POPs continues to increase.



How to identify PCB-containing
eguipmeqt

O "Bw“‘u i - ‘l\\\\\‘-(‘ ARG/ L\ <

- > (

Transformers and capacitors manufactured in the US before
July 1979

Manufacturer name plate carrying a PCB trade name
-OR-

Laboratory analysis

Equipment containing mineral oil may have been contaminated with PCBs and will
need laboratory analysis to identify PCBs.

The PCB regulations require transformers and capacitors manufactured before
1979 to be presumed to contain high concentration PCBs

Examples of nameplates with PCB trade names follow:

112



Example name plate. Chlorextol is a PCB trade name
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Example name plate. Pyranol is a PCB trade name
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_INERTEEN CAPACITO
3 ] oureootscavice [76C 924A07T]

wc [BIUTBTAZ]

Example name plate. Inerteen is a PCB trade name
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NON-PCB
THE DIELECTRIC FLUID CONTAINED

LIS w3 T8 4

This nameplate does not mean No PCBs.
By definition, a non-PCB transformer can contain up to 50 ppm PCBs.

Even though a company is in compliance with TSCA this does not protect against
CERCLA liability
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e Approved incineration
requires 99.9999% PCB
destruction

e Landfilled PCBs remain

indefinitely as potential
liability

* Equipment
decontamination is
required for scrap

Incineration is believed by EPA to be the most effective method of PCB destruction.
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n’t Lose
Control

Don’t open burn
PCBs

Don’t use unauthorized transporters
and disposers

Don’t use unauthorized dumps

Products of open burning can be even more hazardous than the
original PCBs.

Open burning can

change PCBs into dioxins and dibenzofurans

vaporize PCBs along with dioxins and dibenzofurans
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Hidden Sources of PCBs

v'Transformer bushings
v'Voltage regulators

v"Any asphalt-like material used as an
insulator or dielectric

v"Small motor starting capacitors
v'Paints, lubricants, and caulks
v'Pot heads (example, next slide)




Hidden Sources of PCBs - Potheads




!__

The Bottom Line

* Electrical equipment containing PCBs
is used on the surface and
underground

* Release of PCBs into the environment
can be prevented

 Save money, protect the environment
and avoid $$ liability




hﬂ

Thank You for Your Attention

Dan W. Bench, PCB Coordinator, EPA Region 8
303.312.6027

bench.dan@epa.gov

Please see epa.gov/pcb and

epa.gov/region8/toxics/pcb
for further information




Next Webinar

* Next webinar is scheduled for January 9, 2013,
1:00-3:00 PM EST

* Theme: Mining-Influenced Water, continued with
case studies and presentations on specific
remediation technologies

We want your feedback!

Are these topics interesting to you?
Do you want to hear about them on the next webinar? Any other suggestions?
Leav r commen n this webinar’s fi k form.

September 19, 2012 Mining-Influenced Water: Environmental Issues, Remediation Research, and Tools for Estimating Remediation Cost Slide 123 of 126
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New Workshop Series

« Stay tuned! EPA is launching a new Water
Quality and Mining Workshop Series
o Late 2012 to early 2013
o WIill focus on issues at mine sites related to:
= Geochemistry
» Hydrology

= Water quality modeling and effluent mixing
zones

September 19, 2012 Mining-Influenced Water: Environmen! tal Issues, Remediation Research, and Tools for Estimating Remediation Cost Slide 124 of 126

Later this year, EPA is launching a new workshop series that focuses on water
quality and mining. The series, which will begin in late 2012 and will run through
early 2013, focus on issues at mine sites related to geochemistry, hydrology, and
modeling for water quality modeling at mixing zones. More information will be
available through the CLU-IN Mining Sites Focus Area later this fall.
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Resources & Feedback

» To view a complete list of resources for this
seminar, please visit the Additional Resources

* Please complete the Feedback Form to help
ensure events like this are offered in the future

SEPA E it ptecson sgocy ion Program

upport Project Engineering Forum
Opening the Door to Field Use Session C (Green
|Remediation Tools and Examples)

Need confirmation of your
participation today?

Fill out the feedback form and

check box for confirmation email.
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Thank you again for your attention and comments. | want to remind each of you that
we are looking for your specific responses to many of the issues discussed today in

our feedback form following this session.

Also, there are several resources and related documents included in the links to

more resources on this page.

If you have any additional questions or comments, please feel free to contact myself

or fill out a comment form on CLUIN.

Thank you and have a great afternoon.
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New Ways to stay

connected!

* Follow CLU-IN on Facebook,
LinkedIn, or Twitter

[i https://www.facebook.com/EPACIleanUpTech

https://twitter.com/#!/EPACIleanUpTech

http://www.linkedin.com/groups/Clean-Up-

Information-Network-CLUIN-4405740
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