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Tri-State Lead-Zinc Mining District

m >3000 km? mined Precious and Base Metal Mines
~1838-1971 / Major Coal Basins,
m Mississippian sulfides 4
— Galena (PbS) e
— Sphalerite (ZnS)

m Extensive
underground
workings |
: Tri-State Lead-Zinc Mining District
m Massive surface - Joplin Field, Missouri
processing - Galena Field, Kansas
operations - Picher Field, Oklahoma



Tar Creek (OK) Superfund Site

Tar Creek
-' .-_ﬁ | 'r HUC 110702060106

m National Priorities List [ 5. . T
(1983) I g
m 137 km2 watershed &gt o aple, THE S L
m Elevated Fe, Zn, Cd, E, *;;f:gg - e
Pb, As in water, soils, 4% &g gdhs . fi &
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The CREW Dataset

m 10 small watersheds from 2004-2018 (some
since 1997)

m /5 surface water, groundwater, mine pool,
artesian discharge, leachate and passive
treatment locations
— Full suite of physical parameters
— Total and dissolved metals
— Major anions

— Volumetric discharge rate via ADV, USGS pygmy
meter, weirs with pressure transducers, bucket and
stopwatch

m Sampled monthly or quarterly for — 15 years



Mass Loading/

Mass Retention
m Median values presented

MLy, (kg/day) =
(L/min) x [Zn] (mg/L
X UNnit conversions

m Retentionys = ML, — ML



Tar Creek (main stem) locations
1. TC-166

—  Upstream of mining influence

2. TC-E20

—  Chat influence
3. TC-C

—  Major chat influence
4. TC-D

—  Major chat influence
—  Substantial artesian upwellings

5. TC-69

— Downstream major impacts

6. TC-R

—  Substantial artesian upwellings
—  Minor chat influence

7. TC-22

—  Downstream of all mining influences
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e Obvious chat leachate influences
 Affinity for FeOOH solids

__1.25 4+ Little in-stream retention

o « Anomalous increase at TC-69
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Artesian Mine Water Discharges
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Artesian Mine Water Discharges

Tar Creek Superfund Site
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Mayer Ranch
m Artesian
discharges

— Abandoned
boreholes

m110 - 250 gpm

m Elevated Fe, Zn,
Pb, Cd, As

m Represent —20%
contaminant
mass load In
watershed




Mayer Ranch Water Quality

pH 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 ug/L

Pb 60 =+ 13 ug/L

As 64 = 2 ug/L

SO, 2239 + 26 mg/L




Mayer Ranch

Passive Treatment System

m USEPA funding 2004-10

m 10 process units
— 8 In parallel trains
— Coupled oxidative-reductive mechanisms
— Solar- and wind-powered re-aeration

m First PTS In entire Tri-State Mining District
m Continuous operation since 11/2008

m Long-term CREW ecological engineering
research site



“ «Six distirict process units (10 total)

Mayer Ran';ch Passive Treatment

{1‘_ System Tar Creek Superfund Site,
SR S S Commerce QK .
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SE Commerce

m Surface
reclaimed

m Artesian
discharges from
collapse feature

m Captured In
subsurface drain

m 100 gpm

m Represent —10
% mass load




SE Commerce |

m Surface
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Southeast Commerce Water Quality

olg! 5.47 +0.05

Alk. 311 = 5 mg/L

Fe 138 + 0.8 mg/L
Zn 11 + 0.04 mg/L
\[ 0.59 = 0.01 mg/L
Cd 37 £ 1.5 ug/L

Pb 62 + 1.8 ug/L

As 40 £ 1 ng/L

SO, 2040 + 63 mg/L




Southeast Commerce

Passive Treatment System

m Oklahoma DEQ funding 2015-present

m 4 process units
— Three units share common water surface
— Directional baffle curtains and z-piling
— Innovative solar-powered air-lift aerators
— Multiple effluent structure VFBR
— Unique activated carbon sulfide-capture system

m Second PTS In Tri-State Mining District
m Continuous operation since 02/2017



Ecological engineering field research site Southeast Commerce Passive

*Designed for 550 m*/d Treatment System, Tar Creek
*Receives elevated Fe, Zn, Pb, Cd, As, SO, Superfund Site, Commerce, OK

*Four total process units

«Shared water surfaces/baffles/z-piling

*Solar-powered aeration/reaeration _
sLimited operation/maintenance ~ Diyerman
«Discharge meets receiving stream criteria | Eaglnosring

Stormwater
Pond
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MRPTS vertical flow bioreactor MRPTS vertical flow bioreactor
under construction, fall 2008 before flooding, fall 2008

-
P

fertical flow.
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SECPTS solar-powered aeration in
final polishing unit




MRPTS Water Quality Changes

In Out
pH 5.95 7.02
Tot. Alk. (mg/L) 393 224
Net Alk. (mg/L) 29 224
Fe (mg/L) 192 0.13
Zn (mg/L) 11 0.25
NI (mg/L) 0.97 0.15
Cd (ug/L) 17 <PQL
Pb (ug/L) 60 <PQL
As (ug/L) 64 <PQ

S0,2 (mg/L) 2239 2057




[HY
B (o)) (0,0] o
o o o o

N
o

Median Total Iron Load (kg/day)

0.045

0.040

ay)

e o ©
o o o
N W W
v o »

Median Pb Load (kg/d
S
o

er Ranch PS - COCs

102+2.60
I
0.19:0.12
In Out
0.04+0.001
I
In Out

Median Zn Load (kg/day)

0.009

0.008

~
%00.006

S 0.005
O J

—
w 0.004

E 0.003
= .
L 0.002

0.001

0.000

N w E=N (Va
- | . . .

=
1l 3

& 0.007
8

4.65+0.12

0.07+0.10
In Out
0.01+0.0002
In Out



[HY
o
o

Median Total Iron Load (kg/day)

102£2.60
I

Maver Ranch PS - COCs

4.65+0.12

99.8% AFe
37,000 kg Felyr
~750 mt Fellife

0.19:0.12

In

0.04+0.001

Out

~100% APDb
15 kg Pb/yr
0.3 mt Pb /life

Out

Median Zn Load (kg/day)

0.009 ~

0.008 A

—_—

>

° .
%00.006 -

S 0.005 -

O
-

&

< 0.003 -

= .
2 0.002 -

=

0.001 A

0.000 -

N w E=N (Va
L 1 a3 1 3 3 3 0 3 3 3 1

=
1l 3

0

@ 0.007 A
S

w 0.004 A

98.6% AZn
1700 kg Zn/yr
~35 mt Zn/life

0.07+0.10

In Out

0.01+0.0002

~100% ACd
3 kg Cd/yr
~0.1 mt Cd/life

In Out



o o
o o
= ]
wu o

0.010

Median As Load (kg/day)

0.005

0.000

o
w0
o

o
s
o

0.30

0.20

Median Ni Load (kg/day)

0.10

0.00

0.025

Mayer Ranch PTS — Other Metals

0.04+0.001

In

0.53+0.01

Out

0.02+0.02

QOut

0.035

0.030

o
o
N
w

0.020

Median Co Load (kg/day)

0.03+0.0006

In Out

0.85+0.02

0.59+0.11

In Out



Median As Load (kg/day)
o o
o o
o o

0.000 -

Median Ni Load (kg/day)

0.025 A

0.010 A

0.005 A

Mayer Ranch PTS — Other Metals

0.04+0.001

~100% AAS
13 kg As/yr
~0.3 mt As/life

In Out
0.53+0.01
95.5% ANI
185 kg Nifyr
~4 mt Ni/life

In QOut

0.035

0.030 A

o
o
N
w

Median Co Load (kg/day)

0.020 A

0.03+0.0006

~100% ACo
11 kg Colyr
~0.2 mt Collife

I

In Out
0.85+0.02 30.8% AMn
96 k959MQ/yr
~2 mt Mn/life

In Out



Mayer Ranch PTS — Base Cations
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SECPTS Water Quality Changes

In Out
pH 6.06 7.02
Tot. Alk. (mg/L) 350 117
Fe (mg/L) 127 0.79
Zn (mg/L) 6.15 0.69
Ni (mg/L) 0.52 0.06
Cd (ug/L) 18 <PQL
Pb (ug/L) 80 26
As (ug/L) 38 <PQL
SO,2(mg/L) 2102 1956
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Southeast Commerce PTS — Other Metals
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PTS Contaminant
Mass Retention

MR  SEC

Fe (kg/yr) 37000 24000
Zn (kg/yr) 1700 1700
Cd (kg/yr) 15 6
Pb (kg/yr) 3 7




Mass Retention

MR  SEC

Zn (kg/yr) 1700 1700
Cd (kg/yr) 15 6
Pb (kg/yr) 3 7

Any Impact to Tar
Creek main stem?

Fe (kg/yr) 37000 24000 p’
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PTS Impacts to TC R Mass Loads
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Conclusions

= MRPTS shows
sustained mass
retention 10 years
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Artesian Mine Water Discharges
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