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Background - AMD

Prevalent in the western U.S.

s Heavy metal mining

Gold, silver, copper, lead, zinc, uranium,
molyldenum,, etc.

Prevalent in the eastern U.S.
s Coal mining

o, RESEARCH & DEVELOPMENT
@ Building a scientific foundation for sound environmental decisions



Background - AMD

Prevalent in the western U.S.

s Heavy metal mining

Gold, silver, copper, lead, zinc, uranium,
molyldenum,, etc.

Prevalent in the eastern U.S.
s Coal mining

Note: Affected streams may or may
not be acidic
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Background - AMD

Acid-mine drainage (AMID)

= Mining| process
Exposes pyrite to the atmoesphere

Grinding processes
s [Larger surface areas for exposure
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Background - AMD




Background - AMD

Rapid formation in water column




Background - AMD

Acid-Dissolution

Rocks » Metals
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Background - Metals Transport

Water Column

M Precipitation / Sorption

Diss ‘
Dissolution / De-sorption

Exchange Scouring

‘M” = metal; "Diss’ = dissolved; ‘Part” = particulate



Background - Metals Transport

 —
Water Column Flow

Precipitation /orptlon
DISS M

Part.
Dissolution De-sorptlon

Exchange Scouring

‘M” = metal; "Diss’ = dissolved; ‘Part” = particulate



Background - Metals Transport

Serption
5 Surface complexation
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Background - Metals Transport

Serption

5 Surface complexation
Analogous, toragueous complexation

M** +H,O0——>MOH"+H"*
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Background - Metals Transport

Serption

5 Surface complexation
Analogous, toragueous complexation

M2+ M2+

Surface s OH N
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Background - Metals Transport

Serption

5 Surface complexation
Analogous, toragueous complexation

M2+ N M2+ A N
OH ot o O-M* e+
Sutrface /OH N2+ Surface /O—M+

H+

T RESEARCH & DEVELOFMENT.
@ Building a scientific foundation for sound environmental decisions



Background - Metals Transport

Two main types of sorption

s Outer-sphere
Wealk ionic interaction

Affected! by changes, in ionic
strength (1)
= Higher | =—> more metal in solution
s Lower I =——> more metal sorbed
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Background - Metals Transport

Two main types of sorption

s Outer-sphere
Wealk ionic interaction

Affected by changes in pH

= Higher pH = more metal sorbed
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Background - Metals Transport

Two main types of sorption

s Inner-sphere

Strong chemical bond
= Higher pH ——— more metal sorbed

s Not (Strongly) atfected by changes in
lonic strength
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Background - Metals Transport

a
£
-
2
o
-t
-2
(1§ )
—td
|
o
2
°

o, RESEARCH & DEVELOPMENT
@ Building a scientific foundation for sound environmental decisions




Background - Metals Transport

Ifhree common Inerganic
surfaces in AMD-impacted
stream systems

s [ron oxyhydroxide (IHEO)
s Alumintim oxyhydroxide (ALO)
s Manganese oxyhydroxide (HMO)
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Background - Metals Transport

Iron oxyhydroxide (HEO)
s Rapid fiormation in water column
at piEl > ~4

OXxidation off ferrous iron precedes
precipitation
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Background - Metals Transport

Aluminum: oxyhydroxide (ALO)

s Rapid fiormation in water column
at piH > ~'5
No oxidation necessary.
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Background - Metals Transport

Manganese oxyhydroxide (HMO)
s Requires oxidation

s Requires a surface fior formation

s Formation at' pH > ~ 9
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Background - Metals Transport

Manganese oxyhydroxide (HMO)

s Formation may: be: fiacilitated: by
periphyton
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Background - Metals Transport

Manganese oxyhydroxide (HMO)

s Formation may: be: fiacilitated: by
periphyton
Algal photosynthesis

6HCO, +6H,0—2>C.H,,0, +60H +60,

Mn?* 40, —fo=eh_ MnO, (s) B
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Background - NECC

Clear Creek Watershed (= 400 sg. mi)
s Rocky Mountains - west of Denver, CO
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Background - NECC

Clear Creek Watershed (= 400 sg. mi)
s Colorado Mineral Belt (CMB)

Extensive mining for gold, silver, copper,
lead and zinc in the late 11800"s
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Background - NECC

Clear Creek Watershed (= 400 sg. mi)

s ~ 1,300 abandoned mines (USGS 1997
estimate)
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Background - NECC

Clear Creek Watershed (= 400 sg. mi)

s Superfund site

s Listed on Nationall Prierities List (NPL)
in 1983
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Background - NECC

Clear Creek Watershed (= 400 sg. mi)

s Improvement in water guality in the
main stem of Clear Creek from 2 water
treatment plants in 1997
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Background - NFCC

NCC-SW-32 Black Hawk /
Central City

NCC-SWL30

NCC-SW-28
NCC-SW-26 G,
NCC-SW.19 >ITE
’18
COLORADO
NCECSW6 - sw15¢
"~ _—NCC-SW-15 -
S
NCCSW-17 ot o 52 2 L
NCC-SW-14 ’ NCC-SW-12 Q
NCC-SW-13 S NORTH
NCC-5WH10 = —_—
N} 2

3
Sodle in Miles
MNCC-SW.9
OF AINCC-5WL5

NCC-5W-4

NCC-5W-6

CREEK

NCC = North Clear Creek
SW = Surface Water

#is CO Dept. of Health Site Number GOLDEN (10 MILES) e
S Tasme




Background - NECC

North Fork Clear Creek
s Dominant processes are:
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tBackground - NFCCM%

\%@ 2+
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L@ OL

North Forlk Clear Creek

= Dominant processes are;

Rapid oxidation and precipitation of iron
as ferric oxyhydroxides (HEO)
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M2+

M2+

Building a scientific foundation for sound environmental decisions
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b eaBackground NFCC.,.

HFO OMF . ips

North Fork Clear Creek
s Dominant processes are:

Sorption and/or coprecipitation of metals
with HEO

e RESEARCH & DEVELOFMENT.
@ Building a scientific foundation for sound environmental decisions



b eaBackground NFCC,, ™

HFO

DQC g Cu

OoM* H*

North Fork Clear Creek
s Dominant processes are:

POGE(y

Complexation off copper with DOC
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"North Fork Clear Creek

Background - NFCC= *

M2+

e DOC - Cu

HFO/HMO OMF . it

OGS

= Dominant processes are;

m To a lesser extent

Hydrous manganese oxyhydroxide (HMO)
precipitation onto roclk surfaces with
sorption and/or coprecipitation of metals

RESEARCH & DEVELOFMENT.
Building a scientific foundation for sound environmental decisions




Presentation Outline

Background

s Acid Mine Drainage (AMID)

sl Metals Trransport

s North Forl Clear Creek (NECC)

Bed Sediment Metals Research
= Aerobic Study
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Bed Sediment Research

NFCC Record of

Decision (ROD) \ Gregory meime\CeNtral City Area

s Gregory Incline [t SEEETE
and Gregory National Tunnel Adit g ™ =

Gulchr = water
t re at m e n t p I a n t Sediment Sampling

=« National Tunne! S
diversion to
dewnstream
dnaeronilc
treatment

Golden (16 km)————
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Bed Sediment Research

How willfthe existing sediments
respond torthe absence of mining-
INPULS?
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Bed Sediment Research

Expected changes

s Decreased ionic strength

Important for outer-sphere sorption
(increased sorption)

Ihcreased colloidal stability (lessy/slower
aggregation)

RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions



Bed Sediment Research

Expected changes

s Increased dissolved organic carbon

Important for dissolved metal
complexation (increased! dissolved metal)
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Bed Sediment Research

Expected changes

s Increased pH

Important for inner- and' outer-sphere
sorption (increased sorption)
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Bed Sediment Research

Other parameters off importance

s Sediment size - smaller particle sizes
have a larger specific surface area for
SerPLIon
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Bed Sediment Research

Other parameters off importance

s Kinetics
Equilibrium?
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Bed Sediment Research

Black Hawk /
Central City Area

Gregory Incline

Gregory Gulch

National Tunnel Adit
egiTE

COLORADO

Sediment Sampling
Region

l

NORTH
]

0 Scale in Kilometers Golden ('| 6 km) H

RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions



Bed Sediment Research
Eactorial design (2x2x2x2x110)
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Bed Sediment Research

Eactorial design (2x2x2x2x110)

s Particle sjze
s 63-um < x < 2-mm and < 63-ym

RESEARCH & DEVELOPMENT.
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Bed Sediment Research

Eactorial design (2x2x2x2x110)

s lonic strength

40 and 80% less than ambient
x = 2 and 0.7 miVi
Na, Ca, CO;, SO, salts
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Bed Sediment Research
Eactorial design (2x2x2x2x110)

lpH
6 and 8

s, ambient typically ranges from: 5.5-8.5
NaOH or HNOs
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Bed Sediment Research

Eactorial design (2x2x2x2x110)

x DOC

| anadl 3' mg/l higher than ambient
= =3 and 5 mg/l C
Citrate
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Bed Sediment Research
Eactorial design (2x2x2x2x110)

n

= [Ime
0,1,10, 30, and 60 min; 2, 5, 10, 24, and 48
olf

Individiual units sacrificed over time
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Bed Sediment Research
Eactorial design (2x2x2x2x110)

s Alkalinity
Ambient 15 mg/las CaCOs
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Bed Sediment Research

8 different solutions prepared
160 individual experimental tnits
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Bed Sediment Research

~ 5 g wet < 65-um
~ 8 g dry 63-um < X < 2-mm
40 ml solution
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Bed Sediment Research

Measured parameters at t = X
o pH

= Dissolved (< 0.45-pym) Cd, Cu, Fe, Mn,
/N

Inductively coupled plasma - atomilc
emission spectroscopy. (ICP-AES)
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Bed Sediment Research

General MANOVA results (2x2x2x2x10)

s Data showed large differences between
particle size fractions versus within each
Siize firaction
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Bed Sediment Research

General MANOVA results (2x2x2x2x10)

s Data showed large differences between
particle size fractions versus within each
Siize firaction

Individual MANOVAS done to assess effiects of
chemistry: within: size fractions

o, RESEARCH & DEVELOPMENT
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Bed Sediment Research

Question:

= Is the amount released as a function of
Size simply die to there being more
present for release?
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Bed Sediment Research

Test:

s Compare amount off metal released
VEersus amount “bioavailable:

0.6 M HCIl digestion for 2-hours*

*Luoma et al. (1995). Marine Pollution Bulletin. 31(1-3):44-54; Hornberger et al.
(1999). Marine Chemistry. 64:39-55; Giddings et al. (2001). USGS Water
Resources Investigations Report 01-421 3.

T RESEARCH & DEVELOFMENT.
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Bed Sediment Research

ARSWer:

s Fraction released follows same trend
fior Cd, Cu, and Mn

s Fraction released is opposite to trend
fior Fe and Zn

Fraction released = amount released / amount “bioavailable’

RESEARCH & DEVELOFPMENT
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Bed Sediment Research

ARSWer:

s < 1% Cd, Cu, Fe, Zn; 4-7% Mn

Fraction released = amount released / amount “bioavailable’

e RESEARCH & DEVELOFMENT.
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Bed Sediment Research

ARSWer:

s Release due to size is not Simply due
to there being more metal for release

Fraction released = amount released / amount “bioavailable’
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Bed Sediment Research

Summary:

m [Ime
Increased metal released with time
Cul increased to 10 hours, then decreased
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Bed Sediment Research

Summary:

m Size

63-Um < X < 2-mm
s More Cu released; less Cd, Ee, Mn, and Zn
Greater fraction for Cu, Fe, and Zn
< 63-um
= More Cd, Fe, Mn, and Zn released; less Cu
Greater fraction for Cd and Mn

RESEARCH & DEVELOFPMENT
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Bed Sediment Research

Summary:

x DOC

More Cul released with higher DOC from
both sizes of sediment

More Mn released with higher DOC from
larger sized sediment; more with lower
DOC from smaller sized sediment

More Zn released with higher DOC from
larger sized sediment only.

o, RESEARCH & DEVELOPMENT
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Bed Sediment Research

Summary:

s loniic Strength (1)
More Cd, Mn, and Zn released with higher |

s Not statistically significant fior Cd from larger
sized sediment

RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions



Bed Sediment Research

Summary:
N pH
More Cd and Zn released at lower pH

More Mhi released at higher pH for larger
sediment size

More Mni released at lower pH for smaller
sediment size
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Bed Sediment Research

Indications anhd implications...

s CU bound by inner-sphere mechanism
(no dependence on ienjic strength)

s Cd, Mn, and Zn bound' by outer-sphere

mechanism (strong dependence on ionic strength,
and pH)

RESEARCH & DEVELOFPMENT
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Bed Sediment Research

Indications anhd implications...

s Sediments willf release metals
Perhaps less than current for Cd, Mn, and
Zn (with lower 1)

Perhaps more than current fior Cu and for
Zn associated with larger sediment
particles (withi higher DOC)

RESEARCH & DEVELOFPMENT
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Bed Sediment Research

Indications anhd implications...

s Sediments will release metals
2 mm — 63 pm
s 83% of total sediment (mass)*
<63 um
s | 7% of total sediment (mass)*

TThe majority of this materiall comes from
precipitation of AMD-inputs

“April 2007...sampling in April 2008 had 7% small sized particles

o, RESEARCH & DEVELOPMENT
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Bed Sediment Research

Indications anhd implications...

s Acute national water quality criteria
(WQC) for each metallwere exceeded at
mMESt time poeInts

But these would be diluted by strean water
fllow,

o, RESEARCH & DEVELOPMENT
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Bed Sediment Research

Indications anhd implications...

s Acute national water quality criteria
(WQC) for each metaliwere exceeded at
mMESt time poeInts

But these would be diluted by strean water
fllow,

The smaller-sized particles (precipitated
metal oxyhydroxides) won't be formed to
the same extent
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Bed Sediment Research

Indications anhd implications...

s Acute national water quality criteria
(WQC) for each metallwere exceeded at
mMESt time poeInts

But these would be diluted by strean water
fllow,

The smaller-sized particles (precipitated

metal oxyhydroxides) won't be formed to
the same extent

Hardness-based.. would not be the same

RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions
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