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Tri-State Lead-Zinc Mining District
A >3000 km# mined ~1838-1971

A Mississippian sulfides gy
I Galena (PbS) , @ &g
i Sphalerite (ZnS) bR

A Extensive underground workings
A Massive surface processing

operations
A Picher Field, OK from 18911971 Tri-State Lead-Zinc Mining District
I 3x10° tons Pb and 9x10° tons Zn - Joplin Field, Missouri
concentrates - Galena Field, Kansas
i 26% of U.S. production - Picher Field, Oklahoma
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FIGURE 1. - Principal Part of Tri-State Zinc-Lead District, Showing Mined Areas.
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FIGURE 1.

- Principal Part of Tri-State Zinc-Lead District, Showing Mined Areas.
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Tar Creek Superfund Site
A National Priorities List (1983)

A Elevated Fe, Zn, Cd, Pb, As in water,
chat, soils and biota

AMi ni n g -siinmeegoa
A Ten Native American Tribes

OU CREW comprehensive
watershed monitoring

A 1997 - present

A Streams, point (artesian discharges),
nonpoint (waste pile runoff / leachate)
sources
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Tar Creek Operable Unit 1
Surface and Ground Water Decision

A Initial artesian discharges (1979)
A USEPA concluded that (1984):.

ni mpacts o (surface wat
[rreversible man -made damages resulting
from past mi ni ng operat.i

A Fund-balancing waiver used
I Costs prohibitively high to address surface water contamination

A Unabated flows for nearly 40 years









Bacterial sulfate reduction In
Vertical Flow Bioreactors (VFBRS




Bacterial sulfate reduction In
Vertical Flow Bioreactors (VFBRs




Bacterial sulfate reduction In
Vertical Flow Bioreactors (VFBRs

SO, + 2CH,0 AHcog-

,S +Zn?* + 2HCOy A ZnS(s) + 2H,0 +2CO,

Design for ~20 year lifetime
Potential excess sulfide production




Excess Sulfide Concerns

A Corrosive, poisonous and flammable @ANEEE

POISONOUS GAS
HYDROGEN @
SULFIDE

A Aqueous sulfide
I Potential nuisance constituent

I Toxic to aquatic life > 0.002 mg/L
(USEPA 1986)

A Gaseous sulfide
I Nuisance odor problems
I Substantial human health effects




Excess Sulfide Concerns

Gaseous H ,S Symptoms/Effects

(PPMV)
0.00011-0.00033 Typical background concentrations

0.01-1.5 Odor threshold POISONOUS GAS
2-5 Nausea, headache, loss of sleep HYDROGEN
20 Fatigue, loss of appetite, headache, irritability, SULFIDE
poor memory, dizziness

50-100 Conjunctivitis, respiratory tract irritation, digestive
upset, loss of appetite

100-150 Olfactory fatigue and paralysis (loss of sense of
smell)

200-300 Pulmonary edema from prolonged exposure

500-700 Staggering, collapse in 5 minutes, damage to eyes
in 30 minutes

700-1000 Rapid unconsciousness, "knockdown" or
iImmediate collapse within 1 to 2 breaths,
breathing stops, death within minutes

1000-2000  Nearly instant death
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Gaseous H ,S Symptoms/Effects

(PPMV)
0.00011-0.00033 Typical background concentrations

0.01-1.5 Odor threshold POISONOUS GAS
2-5 Nausea, headache, loss of sleep HYDROGEN @

20 Fatigue, loss of appetite, headache, irritability, SULFIDE
poor memory, dizziness

50-100 Conjunctivitis, respiratory tract irritation, digestive
upset, loss of appetite

100-150 Olfactory fatigue and paralysis (loss of sense of

smell OSHA PELs
200-300 Pulmonary edema from prolonged exposure 8-hour: 10 ppmv

500-700 Staggering, collapse in 5 minutes, damage to eyes Ceiling: 20 ppmMyv
in 30 minutes o

700-1000 Rapid unconsciousness, "knockdown" or L _
iImmediate collapse within 1 to 2 breaths, = NIOSH IDLH: 100 ppmv
breathing stops, death within minutes o

1000-2000  Nearly instant death
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Excess Sulfide Productioni Mayer Ranch PTS
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Southeast Commerce

AnhRed Hol eo and
collapse features

A Water discharges into
Unnamed Tributary to Tar
Creek

A Collapses filled and surface
reclaimed 2006
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Southeast Commerce

ANRed Hol eo and
collapse features

A Water discharges into
Unnamed Tributary to Tar
Creek

A Collapses filled and surface
reclaimed 2006

A Mine water collected in French
Drain and directed to UT




Southeast Commerce
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Ecological engineering field research site

Southeast Commerce Passive /Designed for 550 m/d
MReceives elevated Fe, Zn, Pb, Cd, As, SO
Treatm ent SyStem A-our total process units ’
_ FShared water surfaces/baffles/z-piling
A Oklahoma DEQ fundlng ASolar-powered aeration/reaeration
2015-present Alimited operation/maintenance
Mischarge meets receiving stream criteria
A 4 process units Stormuater
- Directional baffle Pond

curtains and z-piling
- Innovative solar-
powered air-lift
aerators C1: Oxidation pond

- Unique GAC S# C3: Vertical
capture system flow

bioreactor
A Second PTS in Tri-
State Mining District C2: Surface flow

wetland

N in

C4: Final

Up i
pin polishing unit

A Continuous operation Sin
SINce 02/2017 System start up 02/17



