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Study Objectives
 Passive treatment system design advanced 

considerably in recent decades
 Based on contaminant mass loads and 

empirically-derived mass removal rates
 Performance evaluations often depend on 

water quality concentration changes alone
 Assume no changes in water throughput 

rates, ignoring portions of hydrologic budget
 Disregard any mechanisms affecting water 

chemical composition other than those 
designed to address constituents of concern
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Hydrologic Budgets



Hydrologic Budget
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PTS Hydrologic Budgets
 Precipitation directly onto system surface
 Evapotranspiration directly from system 

surface
 Surface inflow = artesian mine water flow

– No surface runoff
– No channelized stream flow
– No overbank flooding from streams

 Surface outflow from system
 Little to no groundwater influence



Conservative Ions



Conservative Ions
 Constituents present but not acted upon 

biogeochemically
 Concentration changes only due to dilution 

or evaporation
 Must be present in adequate concentration 

for meaningful analyses
 Used to estimate likely effects of 

precipitation and evapotranspiration due 
to temperature extremes 



Conservative Ions
 Possible conservative ions in mining-

influenced natural water systems
Cations Anions

Li+ SO4
2-

K+ Br-

Na+ Cl-
Ca2+ F-

Mg2+ NO3
-

Si4+ NO2
-

Others? Others?



PTS Applications



Tri-State Lead-Zinc Mining District
 >3000 km2 mined 

~1838-1971
 Mississippian sulfides

– Galena (PbS)
– Sphalerite (ZnS)

 Extensive 
underground 
workings

 Massive surface 
processing 
operations

Major Coal Basins
Precious and Base Metal Mines

Tri-State Lead-Zinc Mining District
- Joplin Field, Missouri
- Galena Field, Kansas 
- Picher Field, Oklahoma



Tar Creek
HUC 110702060106

Tar Creek (OK) Superfund Site
 National Priorities List 

(1983)
 137 km2 watershed
 Elevated Fe, Zn, Cd, 

Pb, As in water, soils,  
wastes, and biota

 Ten Native American 
Tribes

 Mining “mega-site”



Artesian Mine Water Discharges

Douthat
-Metals ↑
-Flows seasonal

Beaver
-Metals ↓↓
-Flows seasonal

Commerce
-Metals ↑↑
-Flows perennial

Tar Creek Superfund Site



Ecological engineering field research site
•Designed for 1400 m3/d
•Receives elevated Fe, Zn, Pb, Cd, As, SO4
•Six distinct process units (10 total)
•Parallel treatment trains
•No fossil fuel use
•Limited operation/maintenance
•Discharge meets receiving stream criteria

C6: Polishing 
pond/wetland

C4N/4S: Re-
aeration ponds

C3N/3S: Vertical 
flow bioreactors

C2N/2S: Surface 
flow wetlands

C1: Oxidation pond

SA

SD

SB

Mayer Ranch Passive Treatment 
System, Tar Creek Superfund Site, 
Commerce, OK

System start up 11/08

C5N/5S: 
Horizontal flow 
limestone beds
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MRPTS Hydrologic Budgets

 Presented as changes in volume or depth
 Sin discrete data obtained monthly
 Sout continuous monitoring
 P obtained from Oklahoma Mesonet
 ET calculated using Thornthwaite Equation



Kclay = 10-8 cm/s



Annual MRPTS Hydrologic Budget

dV
dt

P = 13,900 m3/yr

ET = 8,800 m3/yr 
Si =
Mean = 223,500 m3/yr
Median = 224,600 m3/yr

± 6,940 m3/yr

So =
Mean = 263,700 m3/yr

Median = 199,600 m3/yr
± 67,000 m3/yr

= +30,100 m3/yr



July 2011















July 2011 MRPTS Hydrologic Budget

dV
dt

P = 196 m3/mo

ET = 2,060 m3/mo 

Si =16,800 m3/mo So = 6370 m3/mo
= -8,566 m3/mo



May 2015















May 2015 MRPTS Hydrologic Budget

dV
dt

P = 4040 m3/mo

ET = 960 m3/mo 

Si =18,700 m3/mo So = 22,000 m3/mo
= -220 m3/mo



Hydrologic Budgets
 Continuous monitoring needed to evaluate 

variability
 Calculation of continuous surface volumetric 

inflows and outflows
 Evaluation of surface water elevation 

variability
 May help in understanding of passive 

treatment system performance



Continuous SWE Monitoring



Ecological engineering field research site
•Designed for 1400 m3/d
•Receives elevated Fe, Zn, Pb, Cd, As, SO4
•Six distinct process units (10 total)
•Parallel treatment trains
•No fossil fuel use
•Limited operation/maintenance
•Discharge meets receiving stream criteria

C6: Polishing 
pond/wetland

C4N/4S: Re-
aeration ponds

C3N/3S: Vertical 
flow bioreactors

C2N/2S: Surface 
flow wetlands

C1: Oxidation pond

SA

SD

SB

Mayer Ranch Passive Treatment 
System, Tar Creek Superfund Site, 
Commerce, OK

System start up 11/08

C5N/5S: 
Horizontal flow 
limestone beds



Mayer Ranch PTS - COCs

99.8% ∆Fe
37,000 kg Fe/yr
~750 mt Fe/life

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

~100% ∆Pb
15 kg Pb/yr

~0.3 mt Pb /life

~100% ∆Cd
3 kg Cd/yr

~0.1 mt Cd/life



Mayer Ranch PTS – Other Metals

~100% ∆As
13 kg As/yr

~0.3 mt As/life

~100% ∆Co
11 kg Co/yr

~0.2 mt Co/life

95.5% ∆Ni
185 kg Ni/yr
~4 mt Ni/life

30.8% ∆Mn
96 kg Mn/yr
~2 mt Mn/life



Mayer Ranch PTS – Base Cations
3% ∆Ca 6% ∆Mg

4% ∆Na 5% ∆K







July 2011 (0.63” precipitation)

11% Evaporative 
Concentration

0.91 mg/L



July 2015 (5.71” precipitation)

11% Evaporative 
Concentration 24% Dilution

0.13 mg/L



Conclusions



Conclusions
With continuous monitoring, realistic 

hydrologic budgets may be developed to 
help understand passive treatment system 
biogeochemical function

 Conservative ions may provide a tool to 
further evaluate biogeochemical function, 
and help evaluate the role of evaporative 
concentration and dilution in passive 
treatment systems
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