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Beaver pohd wetlands
The Nature Conservancy’s Boehler Seeps and Sandhills Preserve
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Natural Infrastructure
East Fork Water Reuse Project and

John BunkerSandsiWetiandsiCenter, Combine; X







Tar Creek Watershed, Ottawa County, OK — A landscape in need of natural iniirastructure!
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~1838-1971 ‘ |

m Mississippian sulﬂde
— Galena (PbS)
— Sphalerite (ZnS)

m Extensive

underground
workings

m Massive surface
processing
operations

Tri-State Lead-Zinc Mmmg District
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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.



Mining-Related Water Quality Concerns

Homestake Gold Mlne

Sulfide minerals + O, + H,0 + bacteria e

Acidity + Metals + Sulfate

Bltumlnous coal mlne
Nova Scotla

® 1 Mineral, H,CO5™, proton acidity

m | Trace Metals: Fe, Zn, Pb, Cd, As, Ni,
Mn, Al, Cu, Co, and others

m 1 5S0,%, Cl, HCO;
m | Ca, Mg, Na, K, and others

7 ,Mina antiguedad =
Bolivia
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Ottawa County
= Household mcome 60% US medlan
= Poverty rate 1.7 x US median brgr |

=37%, underrepresented groups L G e &
esfs ‘ 'i‘,% | ,ﬂ#“ ?«,?'pfv:f ‘ &




Oklahoma: Native America
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Oklahoma: Native America

LEGEND

@ City of Miami
Mined Areas
e County Lines

S— State Lines

| | Lakes

—— Rivers and Streams
Cherokee
Eastern Shawnee
Miami
Modoc
Ottawa

Peoria

Quapaw

Seneca-Cayuga
Wyandotte




Irreversible Damage?

1979: Initial metal-contaminated artesian
discharges begin flowing

1983: Final listing on Superfund National
Priorities List

1984: Operable Unit 1 Surface and Ground
Water Record of Decision (USEPA OU1 ROD)

m Re-designation of beneficial use
classification:

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

m Fund-balancing waiver notes costs
prohibitively high to address surface water
contamination




CREW

Center for Restoration of
v Ecosystems and Watersheds

The University of Oklahoma

m CREW research efforts (1997-)

— Mine pool, surface water,
groundwater

— Artesian discharges, streams,
runoff, leachate

— Soils, sediments, terrestrial and

aquatic biota

m Major focus

— Passive treatment of artesian
discharges

— Unnamed Tributary watershed

Major Artesian Dlscharges
Locations in the P|cher Fleld

/Unnamed
Tributary

A To Neosho River ‘\5__

Legend 0 <

Beave[ Cre

\
|
]

8 Kilometers

e

Il ~erial Extent of Picher Field

Rivers and Streams
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Mine Water Treatment Options

Active Passive
Chemical additions m Natural biogeochemical, microbiological,
Substantial external energies and ecological processes
Laborious and expensive m Hydrologic- and solar-energy driven
Significant capital expenses = Limited capital expense

Greater operation and maintenance Lower operation and maintenance







Passive Treatment g/-

Conceptual Designs
m Based on > decade of 7 T
research studies S 2 |

m Targeted contaminant| &
removal '
— Oxidation reactions
— Reduction reactions
— Sorption
— Precipitation

m Sequential process units
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® Mayer Ranch
« USEPA CWA

104(b)(3) funding

e Online 11/2008
« 10 process units
* Flow = 420 Ipm
* Area = 2.25 ha

Water quality changes

Nt

o

In Out
pH 5.97 /.06
Fe (mg/L) 160 0.33
Zn (mg/L) 6.91 0.14
Pb (mg/L) 0.093 <PQL
Cd (mg/L) 0.015 <PQL

Mass retention
Annual (kg) 16-Years (kg)

Fe
Zn
Pb
Cd

36500 584000
1550 24800
20 320

3.3 53




« OSEE/DEQ fundlng '

* Online 02/2017
* 4 process units
* Flow = 600 Ipm

* Area =

1 ha

-Southaa.st-Com merce Passive Treatment Syste'm_i;,cftgﬂﬁ*é‘%,,
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Water quality changes

In

Mass retention
Out

pH

Fe (mg/L)
Zn (mg/L)
Pb (mg/L)
Cd (mg/L)

5.94
140
6.54
0.279
0.195

Annual (kg)  8-Years (kg)
Fe 34700 277600
Zn 1575 12600
Pb 64 512
Cd 5 40

6.83
0.79
0.07
<PQL
<PQL




Oxidative
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m Oxidize,
hydrolyze,
precipitate Fe

m Sorb As, Pb,
and Cd

m Utilize off-grid
aeration
m Potential

resource
recovery




180 -
] = Total Fe

160 4 =L r 7 Dissolved Fe

SECPTS Fe retention
120-; mé ‘ 2017'2022

-;'Emu n'w_; (n=38)
Foil ” | [ >20 gm2din OP
] : | 160 1 H Total Fe
% w o) ‘ ______________ e m; L commer
2 | P Was  Oufiow :
n | L ‘,_1_| RN | | 120
Inflow oP WL VFBR AP HFLB  Outflow - 100 -
E 80 1
MRPTS Fe retention £ L
2008-2022 o
(n=62) " m; e | I|
>20gm~2d?inOP 5 I A

Inflow oP WL VFBR Outflow




" MRPTS Oxidation Pond during managed drawdown

b 7/




fct"

Amorphous ferrlhydrlte > AN
typlcal of surface sample -

5 .."e
e 7 %
Signal A = InLens EHT = 15.00 kV Mag= 2000KX | Date "25 Ocl 2016
WD = 7.3 mm StageatT= 00° Time :11:26:27

Goethite ‘crys’.céilization H

typical in deeper iron
OXIde samples

3“‘: Signal A = InLens EHT=1500kv  Mag= 2000KX diin Date :25 Oct 2016
WD=75mm StageatT= 00° — " Time :13:22:12




MRPTS vertical flow bioreactor, = MRPTS vertical flow bioreactor,
under construction, fall 2008 before flooding, fall 2008

Reductive
Processes

m Promote
bacterial
sulfate
reduction

m Using
mushroom
compost

m Retention of
/n, Pb, Cd, Ni
as sulfides




8.00 -
B Total Zn

SECPTS Zn retention
2017-2022
(n=38)

7.00 - Dissolved Zn
6.00 -

5.00 A

Spent mushroom compost/
wood shavings substrate

Zn (mg/L)

3.00 A

2.00 A

7

1.00 -

Inflow orP WL VFBR AP HFLB Outflow

0.00 -

MRPTS Zn retention
2008-2022
(nN=62)
Spent mushroom compost/ | R

wood chips/ sand substrate



VFBR Substrate Sequential Extractions

—

Cd Co Fe Mn Ni Pb
B Exchangeable ®Carbonate @SO0xide BOrganic/Sulfide ®Residual




MRPTS Vertical Flow Bioreactor

w\‘/\‘/e‘ll-developed /NS oIIoidaI aggregates
on humic materials in VFBR substrates

FeS aggregatlon and framb0|dal pyrlte in g
VFBR substrates P
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N A‘f:(*! SECPTS effluent 7 mmmmm= Unnamed Tributary

Southeast Commerce

| Passive Treatment System

|

k]

(SECPTS)

Mayer Ranch
Passive Treatment System
(MRPTS)

Om

/'

C—

TC1

uT2

Tar Creek
150 m

‘l

200 m

MRPTS effluent
enters UT

T

N

Stream Sampling Sites

U

U

T4
T3

- "Headwaters”, downstream SEC
- Downstream SEC

- Downstream SEC and MR

- Downstream SEC and MR

- Downstream UT




225 7
01, o ® UT2Fe B UT1Fe O UT2Zn O UT12n
; 'Y
175 . ' ..
150 1 ® . .
- Mayer Ranch PTS installed Southeast Commerce PTS installed
z 1 ¢ .
£125 - 2017-2024
R Meet acute and chronic in-stream
g1 hardness-adjusted aquatic life criteria
& )s ] for Cd, Pb, Zn and Fe (n=28)
50 1
25 -
0 = -y,

- 50

:45

N N W w o
(=] wn o 9] (=]

Total Zn (mg/L)
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wn
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Unnamed Tributary fish data
Average CPUE UT-1 location

Species 2005-2007 2008 2009-2021

Western Mosquitofish 72.52 43.54
Green Sunfish 2.64 6.14
Bluegill Sunfish 0.29 7.49
Blackstripe Topminnow 0.14 - 21.22
Slough Darter 0.19 (@) 0.35
Black Bullhead Catfish 0.05 ~

River Carpsucker 0.04 g

Golden Shiner 0.10 &

Bluntnose Darter (7)) 0.04
Brook Silversides S 0.09
Warmouth Sunfish 8 0.43
Orangespotted Sunfish 0.83
Longear Sunfish <|2 3.22
Redear Sunfish Q. 1.20
Largemouth Bass g 0.56
White Crappie § 0.04
Black Crappie 0.04
Hybrid Sunfish 0.26

Species Richness 8 15




Unnamed Tributary fish data
Average CPUE UT4 location

Species 2014-2016 2017 2017-2022
Western Mosquitofish 18.71 27.31
Bluegill Sunfish 0.57 100.92
Green Sunfish 0.29 - 13.38
Largemouth Bass 0.14 O 2.69
Longear Sunfish - 6.23
Redear Sunfish g 3.15
Golden Shiner -~ 3.00
Blackstripe Topminnow 2] 2.31
Black Crappie g 1.77
Warmouth Sunfish & 1.38
Golden Redhorse 1.08
Black Bullhead Catfish « 0.92
Carmine Shiner Q. 0.31
Gizzard Shad (&) 0.23
Central Stoneroller W 0.08
Common Carp 7p) 0.08
Brook Silversides 0.08
Orange Throat Darter 0.08
Orangespotted Sunfish 0.08
Spotted Sucker 0.08

Species Richness 4 20
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SECPTS effluent mmmmms Unnamed Tributary
enters UT Tar Creek
Om 150m 200m p
4 UT4 :

Southeast Commerce
Passive Treatment System
(SECPTS)

uT3

MRPTS effluent
enters UT

Mayer Ranch uT2

] Passive Treatment System
(MRPTS)

UTl

TC1

Total [Fe] (mg/L)

200

150

100

50

12 -

10

A. UT4 Total [Fe
n=50 n=21

2009-2016 2019-2021

Time Period
C. UT4 Species Richness

n=6 n=12

=

2009-2016 2017-2021
Time Period

Total [Zn] (mg/L)

HI

12

10

2.0

15

1.0

0.5

0.0

-0.5

B. UT4 Total [Zn
n=50 n=21

e

—

2009-2016 2019-2021

Time Period
D. UT4 Shannon Diversity Index

n=6 n=12

>

2009-2016 2017-2021

Time Period




UT3

AJ/ SECPTS effluent |d

enters UT

I:l“.j"
) F’

Southeast Commerce
Passive Treatment System
(SECPTS)

Mayer Ranch
Passive Treatment System
(MRPTS)

mmmmms Unnamed Tributary
Tar Creek

150 m 200 m L

Total [Fe] (mg/L)

A. UT3 Total [Fe]
100 n=32 n=40 n=18
50
[ |
0 i L ———
2005-2007 2009-2016 2017-2021
Time Period
C. UT3 Species Richness
14 n=18 n=12 n=11
12 R
10
s -
E -
a+ L1
[ | ]
2 L —
o l ] l
2005-2007 2009-2016 2017-2021

Time Period

Total [Zn] (mg/L)

B. UT3 Total [Zn]

30+ n=32 n=40 n=18

25

20+

15+

10 - T

s C
o A - ==
2005-2007 2009-2016 2017-2021
Time Period
D. UT3 Shannon Diversity Index

1.8 n=18 n=12 EE

16}

141

1.2

1.0

0.8 1

061

041

0.0 i |
2005-2007 2009-2016 2017-2021

Time Period



UT2

4—|/ SECPTS effluent ;‘/ mmmm= Unnamed Tributary

—————1 \ enters UT Tar Creek
L

150 m 200 m L
3
Southeast Commerce
Passive Treatment System
(SECPTS)

MRPTS effluent
enters UT

Mayer Ranch

Passive Treatment System
(MRPTS)

Fish sampling not
practical after 2016

Total [Fe] (mg/L)

200

150

100

50

A. UT2 Total [Fe]
n=36 n=18

0 ! - ———
2005-2007 2009-2016 2017-2021
Time Period
C. UT2 Species Richness
7+ n=14 n=9
'E - [ A
5 |—.
4 |— ——
3 -
2 - ——
1 % N
(1} | ]
2005-2007 2009-2016

Time Period

Total [Zn] (mg/L)

HI

30

25

20

15

10

14

1.2

1.0

0.8

0.6

0.4

0.2

0.0

B. UT2 Total [Zn]
n=32 n=36 n=18

= =

T =

2005-2007 2009-2016 2017-2021

Time Period
D. UT2 Shannon Diversity Index
n=14 n=9

2005-2007 2009-2016
Time Period



UT1

4—|/ SECPTS effluent ;‘/ mmmm= Unnamed Tributary
Tar Creek

—————-l \ enters UT
L
Southeast Commerce

Passive Treatment System
(SECPTS)

/

150 m

¥

7 PLT [
/ ‘-*f\*.\ti'
Y

200 m ﬁ

MRPTS effluent
enters UT

C—
Mayer Ranch

Passive Treatment System

(MRPTS)

Total [Fe] (mg/L)

Lo = T " " R — T ¥ o B - R | o W
I

120

100

=]
=1

[=2]
o

S

J
=1

o

A. UT1 Total [Fe]
n=36 n=18

- = —

2005-2007 2009-2016 2017-2021

Time Period

C. UT1 Species Richness
n=18 = n=11

N/
/ L\

2005-2007 2009-2016 2017-2021
Time Period

Total [Zn] (mg/L)

HI

30

25

20

15

10

1.8
1.6
14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

B. UT1 Total [Zn]
n=3_2 n=36 n=138

$¥%

2005-2007 2009-2016 2017-2021

Time Period

D. UT1 Shannon Diversity Index
n=18 n=12 n=11

<

2005-2007 2009-2016 2017-2021

Time Period



Species Richness

Species Richness

A. Cow Creek

Aug-10 May-13
Date (Month-Year)

B. Coal Creek

Aug-10 May-13
Date (Month-Year)

—@— Species Richness
---fll--- Shannon Diversity Index

Shannon Diversity Index

Shannon Diversity Index

v
%]
@
c
=
o
= 4
1%
2
w
@
=1
wy

Nov-07

Aug-10

C. Tar Creek

May-13
Date (Month-Year)

Jan-16

Shannon Diversity Index
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i e R
MRPTS implemented 2008
Beaver (Castor canadensis) recolonization first noted 2013
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CREW

Center for Restoration of
Ecosystems and Watersheds

0 The University of Oklahoma

® Unnamed Tributary
« Two passive treatment systems
 MRPTS: 16 years (November 2024)
« SECPTS: 8 years (February 2025)

® Beaver Creek
 Culturally important

« Lesser concentrations; seasonal flows
» Conceptual designs completed

® Douthat
 Lesser concentrations
« Seasonal — but much larger — flows
= Conceptual designs completed

Major Artesian Dlscharges
Locations in th“e P|cher Fleld .

W R Beave[ Cre
/Unnamed
Tributary
To Neosho( \

.A River '\a_ {
Legend 9 €

RS

8 Kilometers

Il ~erial Extent of Picher Field

Rivers and Streams



Novel environmental monitoring techniques




sl.JAS-mounted multi-spectral sensors
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Resource Recovery

m Systems designed for metal
accumulation as oxides or sulfides

m Process unit design lifetimes 20-
25 years

m Potential beneficial reuse of
accumulated solids?




Langmuir Phosphorus Sorption Isotherms

_ Mine drainage residuals: 35,000 mg/Kg
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Conclusions

m Properly designed and sized passive treatment systems
are demonstrated natural infrastructure solutions that
improve mine water quality

m Improved water quality has direct influences on ecological
metrics in stream and riparian areas

m Widespread applicability requires revisiting and revising
administrative and regulatory constraints



2000 USEPA Five-Year Review Statement

m ...the massive costs associated with any engineering
remedy for surface water contamination in the Tar Creek
Basin are still prohibitively high, and expenditures to
meet those costs would drain the (Super)Fund. In short,
there /s no reason to revisit the fund-balancing waiver
that was made in the 1984 OU1 ROD”




2015 USEPA Five-Year Review Statement

m ... /reating mine water discharge via passive treatment
appears to be economically feasible... the fund balancing
applicable or relevant and appropriate reqguirements
walver... may no_longer be valid and should be
reevaluated...”

2020 USEPA Five-Year Review Statement

m £PA and its remedial action partners are consiaering
opportunities to accelerate cleanup. Such opportunities
may include , for example, considering the expansion of
passive treatment wetlands to treat mine discharge
water.”




Working together, nothing is irreversible.

NETWORK FOR
ENGINEERING
WITH NATURE

https://n-ewn.org/




CREW

Center for Restoration of

Ecosystems and Watersheds
The University of Oklahoma

Thank you!
nairn@ou.edu 405-325-3354

crew.ou.edu .n @CREW

hl- d'u'h:i Fi"i

oucrew.bsky @the.crew.ou

£ OUCREW crew@ou.edu
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