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Tri-State Lead-Zinc Mining District

m >3000 km? mined : B ' **«
~1838-1971 8 s Y

m Mississippian
sulfides
— Galena (PbS)

— Sphalerite (ZnS)
m —26% of U.S.
production in OK
m Significant
environmental
legacy
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FIGURE 1. - Principal Part of Tri-State Zinc-Lead District, Showing Mined Areas.
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Tar Creek (OK) ‘rfnd Site

Water§hed
: 702060106 ;

= National Priorities List | -.:
(since 1983) . __

m 105 km2, included 6 24
communities B

m Elevated Fe, Zn, Cd,
Pb, As In water, chat,
soills and biota

® Ten Native American
Tribes
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Tar Creek CERCLA Operable Units

m OU 1 — Surface and
Groundwater

B OU 2 — Residential Solls

m OU 3 — Industrial
Properties

m OU 4 — Non-Residential
Source Materials

m OU 5 — Stream
Sediments




Tar Creek CERCLA Operable Units

m OU 1 — Surface and
Groundwater

m OU 2 — Residential
Solils
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Tar Creek CERCLA Operable Units

m OU 1 — Surface and
Groundwater

m OU 2 — Residential Soils ==

m OU 3 — Industrial
Properties - Tl

m OU 4 — Non-Residential = "o, = Sees !
Source Materials 7% = ‘ Ahew

m OU 5 — Stream
Sediments




Tar Creek CERCLA Operable Units

m OU 1 — Surface and
Groundwater |

S Uikl

m OU 3 — Industrial g
Properties

m OU 4 — Non-
Residential Source
Materials

m OU 5 — Stream
Sediments




Tar Creek CERCLA Operable Units

m OU 1 — Surface and
Groundwater

B OU 2 — Residential Solls

m OU 3 — Industrial
Properties

m OU 4 — Non-Residential
Source Materials

B OU 5 — Stream
Sediments




Tar Creek CERCLA Operable Units

m OU 1 — Surface and
Groundwater

B OU 2 — Residential Solls

m OU 3 — Industrial
Properties

m OU 4 — Non-Residential
Source Materials

B OU 5 — Stream
Sediments




Tar Creek Surface and
Ground Water Decision

m Initial artesian discharges (1979)
m USEPA concluded that (1984):

“Impacts to (surface waters) are adue
to irreversible man-made
damages resulting from past mining
operations at the site”

m Fund-balancing waiver used

— Costs prohibitively high to address surface
water contamination



= Comprehensive
watershed
monitoring

m 2004-2016

m Focus on point of |
discharge passive
treatment

Unnamed Tributary & = &
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Tar Creek
Watershed

m 53 mi?

m Multiple seasonal
and perennial
artesian
discharges

= Significant surface |~
disturbance and
leachate/runoff

m Discharge to
Neosho River




Lytle Creek
Watershed

m 12 mi?

m Minimal
seasonal
artesian flows

m Significant
surface
disturbance

m [C sub-basin




Elm Creek | o Tarcrea L

Watershed ¢ W Lytle Creek ¢
- EIm Creek BTy

B 23 mi2 # by _«;,;
= No known I Al
artesian flows |, | €& ;_-:,T,,'-r
= Minimal surface = L. /
disturbance A g i

m Discharge to S0 g '.Lf
Neosho River ~~~J &



Beaver Creek | Tcreekd
Watershed \_ .| Jiytle Creek I

L

m Multiple seasonal © = _f i / Asifa Beaver Creek

and perennial | | &3l [ Y
artesian flows b A

m Moderate surface A | gl Cormece 4 @)
disturbance WL R EER e

m Discharge to
Spring River




Unnamed [ s Creek | oy
Watershed ! ) e ra

m 1.5 mi?

m Multiple
artesian flows

m Minimal surface
disturbance

m TC sub-basin

' Unnamed Tributary == = &

.-II. ; I-_':a? '



Watershed Pollution Sources

Artesian Leachate/
Discharges Runoff
Tar Creek (TC) High High
Lytle Creek (LC) Low High
ElIm Creek (EC) Low Moderate
Beaver Creek (BC) High Moderate
Unnamed Tributary High Low

(UT)




Tar Creek Watershed
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Peak Median Loadings

TDS | As | Cd Fe Pb Zn
Creek |- kg/day----------------------
TC (HH) | 16560 |{0.08| 0.11 | 116 | 0.73 73
LC (LH) 3508 | --- | 0.01 | 2.18 | 0.06 | 2.98
EC (LM) 470 --- 1 0.07 | 1.04 | 0.09 | 8.85
BC (HM) 1341 | --- | 0.01 | 1.23 | 0.06 | 1.28
UT (HL) 2867 |0.06| 0.02 | 53.4 | 0.06 | 9.77




Peak Median Loadings

Creek |- kg/day----------------------
TC (HH) | 16560 |0.08| 0.11 | 116 | 0.73 73
LC (LH) 3508 | --- | 0.01 | 218 | 0.06 | 2.98
EC (LM) 470 --- [ 0.07 | 1.04 | 0.09 | 8.85
BC (HM) 1341 | --- | 0.01 | 1.23 | 0.06 | 1.28
UT (HL) 2867 |0.06| 0.02 | 53.4 | 0.06 | 9.77




Peak Median Loadings

Creek |- kg/day----------------------
TC (HH) | 16560 |0.08| 0.11 | 116 | 0.73 73
LC (LH) 3508 | --- | 0.01 | 218 | 0.06 | 2.98
EC (LM) 470 --- [ 0.07 | 1.04 | 0.09 | 8.85
BC (HM) 1341 | --- | 0.01 | 1.23 | 0.06 | 1.28
UT (HL) 2867 |0.06| 0.02 | 53.4 | 0.06 | 9.77
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Watershed-Based Restoration
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m Artesian discharge
treatment

m Elimination of
source materials

m Residual
leachate/runoff *
treatment | i i

st



Unnamed
Tributary
Watershed

m 1.5 mi?

m Multiple
artesian flows

m Minimal surface
disturbance

m TC sub-basin

' _-:Uhriamed Tributary &
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Mayer Ranch Study Site

m Artesian discharges|§ &
from abandoned
boreholes

m 100 — 250 gpm

m Represent — 10-
20% contaminant
mass load In
watershed




Mayer Ranch Water Quality

olg 5.95 + 0.06

Alk. (net) 393 =18 (29) mg/L
Fe 192 = 3 mg/L

Zn 11 + 0.07 mg/L

Ni 0.97 = 0.02 mg/L
Cd 17 = 4 ng/L

Pb 60 + 13 ug/L

As 64 = 2 ug/L

SO, 2239 + 26 mg/L




| m g/
L o : £ O
- M : mnla
N, W OO
| choul.ﬂ.%__

‘ CH2ZMHILL

2 i

-l'l'_

—p—

e

E%E

Oxidat-io_n pond

Engineering Design




Mayer Ranch Passive Treatmefit._ System
Tar Creek Superfund Slte
Commerce OK

i Sl ey System start up 11/08
B e i D AR Aer|al photo 04/13
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200

180§

160 ]

Total Fe (mg/L)

60§
409

20§

80§

Dominant mechanisms:
Oxidation and sorption

Cell 1
Fe oxidation, hydrolysis and settling

Fe:107 kg/d = 4 kg/d
Design Fe Removal Rate: 20 g m-=>d-?
7.5-year Mean : 20.4 +5.4 g m=d-!

Cells 1 and 2N/S
Trace metal sorption to FeOOH(s)

Pb: 70 £ 1.96 > 27 £ 0.82 ug/L
Cd: 17 £0.97 - 1.20 £ 0.51 pg/L
As: 62 £ 1.81 ug/L =2 <PQL
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Total Zn (mg/L)
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9.00 -
8.00 -
7.00 -

6.00 -

Total Zn (mg/L)
3

2.00 ~
1.00 -

0.00 -

Dominant mechanism:
N Bacterial sulfate reduction

Cells 3N/S
SO,?reduced, organic matter oxidized

Sulfide produced:
S2+ M*2 2 MS(s)

Design BSR rate:
300 mmol S m3d-1

/.5-year BSR rate range.:
200-650 mmol S m=3d-*

Source C1
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Total Zn (mg/L)
S

Secondary mechanism:
& Carbonate formation

f Cell 5N/S
] ZnCO4 formation

Water Unstable

v

Source Cl C2N C2S C3N C3S \C4N C4s C5N C5S




Overall Water Quality Changes
In Out
pH 5.90 7.03
Total Alkalinity (mg/L) 393 183
Fe (ug/L) 178,000 335
Zn (ng/L) 8,183 106
Pb (ug/L) 70 <PQL
Cd (ug/L) 17 <PQL
Mn (ug/L) 1483 1015
Ni (ug/L) 906 39
As (ug/L) 62 <PQL
Co (ng/L) 54 <PQL
Cr (ug/L) 2.53 <PQL
Cu (ug/L) 3.36 3.10
SO,? (mg/L) 2270 2160
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MRPTS Water Quality Changes
In Out
/ pH 5.90 7.03
Total Alkalinity (mg/L) 393 183
Fe (ug/L) 178,000 335
Zn (ug/L) 8,183 106
Pb (ug/L) 70 <PQL
KCd (ug/L) 17 <PQL
Mn (ug/L) 1483 1015
Ni (ug/L) 906 39
As (ug/L) 62 <PQL
Co (ug/L) 54 <PQL
Cr (ug/L) 2.53 <PQL
Cu (ug/L) 3.36 3.10
S0,2 (mg/L) 2270 2160




Overall Water Quality Changes
In Out
pH 5.90 7.03
Total Alkalinity (mg/L) 393 183
Fe (ug/L) 178,000 335
Zn (ng/L) 8,183 106
Pb (ug/L) 70 <PQL
Cd (ug/L) 17 <PQL
f Mn (ug/L) 1483 1015
Ni (ug/L) 906 39
As (ug/L) 62 <PQL
Co (ug/L) 54 <PQL
Cr (ug/L) 2.53 <PQL
Cu (ug/L) 3.36 3.10
: 2270 2160
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Recelving Stream Fish Community

Selected Unnamed Tributary fish data (W.J. Matthews, OU Biology)

Catch per unit effort (CPUE)

Scientific name Common name 2005-07 2009-12
Gambusia affinis Western mosquitofish 39.24 187.60
Lepomis cyanellus Green sunfish 0.81 16.80
Lepomis macrochirus Bluegqill 1.00 3.00
Lepomis megalotis Longear sunfish 0.02 6.80
Notemigonus crysoleucas Golden shiner 0.17 0.60
Lepomis gulosus Warmouth 0.07 0.20
Etheostoma gracile Slough darter 0 0.80
Ameiurus melas Black bullhead 0 0.40
Funadulus notatus Blackstriped topminnow 0 0.40
Micropterus salmoides Largemouth bass 0 0.20
Species richness 6 10




On-Site Mass Retention

Mass retained

(kg/year)
Fe 57000
Zn 3300
Ni 300
Cd 5
Pb 17
As 18

: —h 11‘3_’_]:!‘?!"];""!l.iilllI_iliillﬁfl_n-.“‘_i_....‘







ECOSYSTEMS

LIDUCATION
CENTER

~ PARTNERS IN CONSERVATION AND RESTORATION

GidDA

Grand River Dam Authority C




Concentration (ing/’kg)

5 10

—_
r//—”“/_‘_ Cadmium
¥ gl

GLOC Sediments

m Surficial sediments show
elevated metals

m Dredging management
for dock placement

s

Depth (in)

100 150

Depth (in)

Depth (in)




Unnamed Tributary SEEEaEs g &
Watershed o :—r-' S e |
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SE Commerce

® “Red Hole” and
“Green Hole”
collapses

m Surface
reclaimed —
2401018

m Water dischargesf
untreated into
Unnamed
Tributary




SE Commerce §

m Flow: 100 gpm
— Fe: 138 mg/L
— Zn: 6 mg/L
— Pb: 81 ug/L

Cd: 20 pg/L

—



SE Commerce Conceptual Design

Initial oxidation pond with
off-the-grid aeration

Final polishing Re-aerati
pond/wetland/ pond w/off

pond grid aerat




SE Commerce Status

m Request for Design/Build Proposals issued
August 4, 2015

m Proposals received September 15, 2015
m Design/build awarded December 1, 2015

m Construction summer 2016



Beaver Creek

m Culturally significant
to the Quapaw Tribe

m Multiple discharges

m Interconnected and
variable flows

BC MD8

ol 6.62
Fe (mg/L) 9.28
Zn (mg/L) 1.60
Pb (ug/L) 15
Cd (ng/L) 1







Chat Pile Leachate and_f“Runoff

m Substantial metal source
m Seasonal and episodic loads

m Cope et al. 2008 (USGS SIR
2007-5115)

Leachate load Mine outflow
(COIEY) load (kg/day)

Fe 0.207 70.31
Zn 11.88 18.05
Pb 0.006 0.006

Cd 0.047 0.019
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Conclusions

m Oklahoma has one of the most challenging
hazardous waste remediation opportunities
In the world

m Passive treatment represents effective and
sustainable mechanism for watershed
restoration

m Technology transferable to other mine water
discharges

m Reconsideration of previous administrative
decisions warranted
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