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“Common Parameters”

pH (acidic/basic)

cola 2 5cola 2.5
Berkeley Pit 2.5
orange juice 3.5
beer 4.5
soap 10.0
Yankee doodle 
tailings 12‐13

bleach 12.5bleach 12.5

Eh (redox) changes through

oxidizing conditions:  lakes, streams

reducing conditions: ground water, wetlands

g g
time or space

g g ,



Eh / pH in actionh / pH in action



Eh / pH in actionh / pH in action



Hardness as CaCO3:  ([Ca]+[Mg])*50      

0 – 60 soft
61 – 120 moderate
121 – 180 hard

SC (specific conductance, ~ TDS)

pristine waters (JM)  < 15
G ll ti Ri G t 107 t 326

SAR:  tendency of a water to replace 
[adsorbed] Ca and Mg with Na

Gallatin River near Gateway        107 to 326
Madison Limestone (MT) 300 to 900
Berkeley Pit 8,000
sea water 50,000
saline seep (MT) 30,000

micromhos/cm

Reported concentrations (a function of technology and toxicology):

parts per million ‐ ppm (major cations and anions, some metals)
parts per billion ‐ ppb (trace metals, organics)
parts per trillion ‐ ppt (pharmaceuticals, PersCareProd, organics)



O2 CO2Geochemical Evolution of Ground Water
H2O

PPWater table PCO2PO2

O A CO A

Pore space or lake?

O2 Aq CO2 Aq

Sulfides Secondary

Mixing
and/or

Re‐equilibrationSulfides

Alteration minerals
Sili k Carbonates

Secondary
minerals

Silica rock Carbonates

“new”H2O



1.  Salt  Dissolution

2. FeS2 Oxidation

3. 

2. FeS2 Oxidation

3. Cation  Exchange

4.  Sulfate  Reduction
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Changes in water quality along ground‐water flow paths proceed in a predictable fashion, dominated by ions of calcium‐bicarbonate 
near recharge areas and dominated by ions of sodium‐bicarbonate in deep aquifers.  Total dissolved solids concentrations increase 
along the flow path until reducing conditions are encountered in deep coal beds (Van Voast and Reiten, 1988).



gasg
(N2O)

f tili ti
eutrophication

NITROGEN CYCLE

fertilizers, septic(surface water)

i Ammonium
(NH4

+)denitrification
consumption

fnitrification

Nitrate
(NO3

‐)
Nitrite
(NO2

‐)nitrification

Also phosphorous, sulfur, iron…



ORGANIC CHEMISTRY

Classification: by their molecular structural arrangement and by what otherClassification:  by their molecular structural arrangement and by what other 
atoms are present with carbon 

Hydrocarbons :  oils, petroleum or syntheticy , p y

Aliphatic compounds: alkanes, alkenes, and alkynes

Polymers:  individual molecules of which are capable of forming a 
chain or a network.

Biomolecules:  proteins, DNA, pharmaceuticals 



ORGANIC CHEMISTRY

Generalities:Generalities:

Organic compounds tend to be non‐reactive / persistent

High toxicity requires very low or non‐detectable concentrations 

Physical properties (high adsorption rates, hydrophilic/hydrophobic, high 
potential for volatilization) requires a large “toolbox” for remediationpotential for volatilization) requires a large  toolbox  for remediation 
strategies.



Data Synthesis

t “t ”– water “type”



Data Synthesis

i– comparison
where in the cycle..?



Data Synthesis

Modeling

Single phase (inorganic)
particle trace (adsorption)
reaction path (kinetics)

Two-phase flow and transport (organic)
“oil” or LNAPL
dissolved

D iData requirements:
based on ground water flow model

(aquifer parameters, water levels,…)
nature of source, “inventory of reaction”nature of source, inventory of reaction
detailed concentration (time and space)

Output:
detailed concentration through time and spacedetailed concentration through time and space
outside the data



1992 to 2005
>15,000 ug/L

In 1992

2005

1992



Modeling
Geochemical equilibrium (inorganic and limited organic)Geochemical equilibrium (inorganic and limited organic)

mineral – water interaction
mixing of two waters
dissolution/precipitation under range of conditions (Eh/pH)

Data requirements:
based on equilibrium reactionsq
mineralogy, background chemistry
detailed concentration (time and space)

Output:
detailed concentration
dissolution and/or precipitation of solids
reaction, mixing, re-equilibration…



Anselmo shaft Steward shaft Kelley shaft

sphalerite
shallow workings

(sphalerite dominated
mineralization)

sphalerite
shallow workings

(sphalerite dominated
mineralization)

y

FINAL

background

solution saved
and re-equilibrated

solution saved
and re-equilibrated

water deep workings
(chalcopyrite dominated

mineralization)
chalcopyrite chalcopyrite

intermediate workings
(chalcopyrite dominated

mineralization)
solution saved

and re-equilibrated

solution saved
and re-equilibrated

deep workings deep workings
pyrite

deep workings
(pyrite dominated
mineralization)

pyrite
deep workings

(pyrite dominated
mineralization)





background chemistry –g y
…know your geology…



Sources of water-quality data…



Summary

Water chemistry is dynamic and cyclic

Data synthesis tools cover a wide range of applicationsData synthesis tools cover a wide range of applications

Generally two types of modeling
t ttransport
equilibrium

Modeling can support a great deal of evaluation,
but requires considerable data both temporal and spatial




