Water Quality Analysis Using AquaChem

Relationship between:
Water Chemistry -
and Geology

Water / Rock Interactions
Important in Mine Drainage

Oxidation
FeS,q + 3.75 0, + 3.5 H,0 =
Pyrite Air Water
Fe(OH), + 2 SO, + 4 H* + heat
Dissolution “Yellowboy” Sulfate Acid

CaCO, + H* = Ca?* + HCO,’

Calcite Acid Calcium Bicarbonate

Precipitation
ARt + 3 HzO = AI(OH)3(S) + 3 H*

Aluminum  Water Gibbsite Acid
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Water Quality Analysis Using AquaChem

Cation Exchange

Ca+* H* Na* K+

Na*
Ca*™ H* Na*
K+ Na*

ca* H+  Na'
Na*

H+*

K+ H*
Ca*t H* Na*
Na*
Ca** H*
Before After

Relative Ease of Replacement
Ca++ > Mg++ > K+ > Na+
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Water Quality Analysis Using AquaChem

Types of Streams

« Losing Stream
« Arid Regions
* Headwaters

* Underlying Deep

Mines

< Gaining Stream
*« Humid Regions

« Groundwater
Discharge Areas
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Water Quality Analysis Using AquaChem

Many Sources Contribute to Stream Monitoring Point

*Overland Flow (rainwater)
Unmined Area *Upstream Component
*Groundwater from Unmined Areas
*Deep Groundwater
/ *Mine Water (surface & deep) Unmined Area

Overland

Deep Mine
Discharge

X Surface
x X Mine X

< Monitoring

/ Groundwater Flow Lines

Not to Scale
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Water Quality Analysis Using AquaChem

How Water Chemistry Can Change Along a Stream
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. ine discharges 180,000 gallons/day into small pond.

The pond is 40 feet wide.
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Water Quality Analysis Using AquaChem

Water

Rock Chemistry & Water Chemistry
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Different Chemical Signatures of Water
Within Same Watershed

Unmined Area 1. Rainwater (dilute)
2. Shallow Flow through Regolith (dilute)
3. Ca-HCO, type water
4, Na-HCO, type water Unmined Area
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Water Quality Analysis Using AquaChem

Seasonal Variation
+ High flow spring; Low flow summer
<+ Low concentration spring; High concentration summer
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Water Quality Analysis Using AquaChem

10,000 ppm .
) ’ PP £ High-acid, .
% Extreme- E Acid, - N tral
- - metal xtreme-metal ear-neutral,
c 1,000 ppm 3 Blac.k- Dike 2 Extreme-metal
('_U o kp Reynolds
— o L ong .FG
0O = 100 ppm yak
z+ dahoBo\jo Raw Kok Near-neutral,
QO Py enn ] IdahoA @ High-metal
(- O - Acid, @ 1 rm. g
= &4 10ppmi High-metal Ba i
= O E  High-acid, @a L
— + High-metal © Gar o
=] B [m] Par1
© o 1 ppm Bon Gam4
o) 3 PMB ONS [JChap3_ gy
2 N C SMCB Par up ame O
100 ppb | O oM g O
- PPD & High acid, Acid, Chapz2 [ Fur
cC E Low-metal Low-metal Near-neutral au
@ : L Low-metal @ Swa
10ppb Lot o b e e
= 1 2 3 4 5 6 7 8 9
o pH
8 @ Acid-sulfate epithermal B Porphyry Molybdenum [l High-sulfide carbonate-
(D @ Adularia-sericite epithermal [] Igneous polymetallic "'°9ted|
< Central City-type @ Gold-teliuride ;g:;':: fide carbonate-
polymetallic veins

T LT ——

e Stream Waters T e
»  Steam waters have multiple sources.
»  Some ions more conservative than others
»  Different looking samples may have had
same source

e Ground Waters

»  Groundwater chemistry is related to rock
chemistry.

»  Groundwater chemistry related to location
within flow system (in East)

»  GW chemistry related to aquifer (in West)

»  Water quality often shows seasonal
variations.

TIPS Training Programs



