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Selenium Species

— Selenide, Se (-l)

— Selenium, Colloidal Se (0)
— Selenite, Se (V)

— Selenate, Se (VI)

— Diverse organic forms
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Selenium Stability Diagram

Eh (volts)




Selenium Occurrence with Phosphate Mining




Selenium in Water and Vegetation Has
Impacted Certain Grazing Livestock




Sources for Selenium
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Selenium Accumulators in SE Idaho

Xylrhiz glabriuscula | Grindelia squarrosa
(Woody Aster) (Curleycup Gumweed)

Medicago sativa (Alfalfa)



Reclamation and Mine Abandonment Issues

o Alfalfa planting on wasterock
o Grazing of livestock
o Exposed pitwater

o Abundant natural selenium
accumulators

o Exposed and oxidizing
carbonaceous shales

o Controlling water runoff
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Options for the Mining Industry

o Complete backfill and burial of exposed bedrock

o - Pitwater control or backiill

o Placement of thick cover over wasterock and
tailings

o Control of surface ywaters

o~Control of vegetative growth

o~ Phytoremediation

o - Selenium treatment or removal

o _ Selenium,stabilization
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Selenium Stabilization Concepts

Adsorption by carbon-rich
bedrock

Association with certain
phosphate bedrock

Competition with sulfate

Iron oxyhydroxides
partially adsorb selenium

Selenite requires reducing
conditions

Concentration in humic
wetlands




Selenium in Pitwater Stabilization Assumptions

o Fluorapatite, the major constituent of pho’siihate ore,
accumulated numerous metals 1nclud1j1g selenium, When
deposited in Idaho. -

| Thereque low selemum phosphate Ofe, should be able to sorb

selen1u1;n 1n solut1on

|
|

o Carbonaceous shales lose selenium to solution when oxidized,
causing selenite to change te-sefenate

= Therefore, addition of organic carbon should attenuate
selenium 1n|I solution through valence reduction

, I
)

o Sulfur competes for selenium sites and i iron oxy'hydrOXIdes
partially attenwate selenium

» Therefore, the additionof pyrite should assmt in stabilizing
selemum In solutlon
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Rationale for Selection of High Sulfur Coal

Phosphate Waters are Low in Sulfate
Selenium and Sulfur Compete in Biota Uptake
High Sulfur Coal is Unacceptable for Combustion

Separation of Pyritic Fraction of Coal (Syncoal)
leaves Zero Waste Product

Syncoal Byproduct is Good Carbon Source

Syncoal Byproduct has other Favorable Qualities
- Hydromorphic

- Light Weight
- Lower Air Combustion Temperature
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Pitwater Stabilization Testing Methodology

o Obtain selenium enriched
pitwater (re: influent)

o Test influent for a full suite of
analytes and parameters

o Prepare a test column using
low selenium phosphate

o Prepare a test column using
high sulfur coal

o Conduct tests over a 3-week
period for selenium plus pH,
Eh and EC

o Test effluent for a full suite of
analytes and parameters




Tablel - Profile II Analytical Results, Influent and Effiueni Solutions,

Media Attenuation Tests, Coal and Phosphate Media (Substrate)
Solution Sampls
Site Solution, Coa] Madia, Phosphate Media,
Analvaiz, g/l Inffuent 168 ke Effloent 168 b, Bifluent
Alkaliniy, Cal'Cx &0 2l TO
CO., CalCDy, =10 o} =0
HCOy, 73 250 B85
Almninim <1045 <245 (L5
Annmany SHLODES 54 L3S 5 = {0025
Arsenic <0L00AD 0050 <2 Oia5
Barium (032 (LOS0 La13
Rety]Bnm <0810 <0010 ={LO00
Bismuth =110 =110 ={1 10
Bomen =018 1.5 017
Cadmium 0Ly <1001 L0010
Caleium Al Lin 250
Uhlorde 1.3 23 5.7
Chromium <050 N E T <1000
Cohal =010 <0 =10
Copper =00 =050 <050
Fluoride W3] 0. R
Callm <010 <050 <00, 1k
Lrom =0, 10 <L <1000
Lrad =L010 =[O0 =0.050"
Lathawin =010 <TI0 §{k <1110
Magnesium T8 63 4L
Manganese 1S 020 Q087
Murcury O0010 -~ 0010 =010
Molybimum 032 GAMG2 013
Micke! dLi1e =00 01z
Nyt a5 ™ <1.0 <10 1.0
Mhmre as N <L (11 L0 =010
pi, stu 6.68 790 703
Phosnhors =150 =150 <50
Polassium 0.7% 3.5 15
Scandimm <I), 14 =iL10 =510
Selenitim 24 =0L0050 0015
Silver “TLHE0 =05 AR ]
Sovdivm 28 18 24
Seromfnum ; 0.23 1.3 2.8
Sullale ' 170 380 L
Thallizm <0010 <(LO0G19 00018
T =i, 10 =010 =10
Titasim <010 =00 <[, 10
Tatal [hssolved Solids 340 Tin [ 4000
W anadium 0051 =05 0.0134
i O & <0 <103 16
Cations, megsT. 482 i 19.7
Anions, megT. 482 e x| 0.5
Ihfferense, %0 =10 2.3 AL

EA = lepoated value calenlsted using the merhod af standard additioes

* = Laweiion Emit glovated D G maltix micrlircnce (mm @& 501 diludon . r
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Column Testing Results

Table 2- Media (Substrate) Attenuation Test Data, Coal Substrate @ Py, 10 Mesh,
Phosphate Substrate @ As Received Size, 6.5 mL/min. Flow

Coal Substrate, Phosphate Substrate,
Comulative Effluent Analyses Effluent Analyses

Sample  Circulation, Se, pH, Eh, EC Se, pH, Eh, EC
Time, hr Liters mgll  su. my____mSlem mg/L 5.1l mV __ mSlcm

0 0 (Influent) 0.24 6.30 20 021 (.24 6.30 220 0.21

8 3.120 0.21 6.10 80 093 0.10 6.90 150 (.68

12 4.680 0.18 6.20 145 0.71 0.11 7.0 170 1.07

24 9.360 020 625 153 0.76 0.098 715 155 1.17

48 18.720 0.18 6.35 160 0.77 0.10 1.25 150 111

12 28.080 0.20 0.40 130 (.82 0.11 7.30 140 1.19

96 37440 0.12 6.70 120 0.77 0.1 735 120 1.20

120 46.800 0.05° 6.75 130 0.80 0.08° 740 130 1.22

144 56.160 <0.005 690 140 0.79 0028 7.5 130 1.29

168 65.520 <0.005 710 155 0.78 0015 755 150 1.6

Note: The 120 hour ¢fflucnt samples for both substrates were compromised and results are considered estimates rather than precise anajytical results.
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Comparison of Phosphate and Coal Column Tests

Selenium Change Through Time
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Additional Data Requirements for Pitwater
Stabilization

o Location and mineralogical phase of the selenium
on host material

o Potential for solubility or desorption of the selenium
species

o Particle'surface area considerations for solute
reaction

o Volume of solute that can be effected per unit
volume of solid

o Potential for agglomeration of the coal and
phosphate
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Applicability to Soil or Tailings Subotratke .

o Testing has commenced to evaluate potential use of
- ithe high-sulfur coal and/or selenium deficient
. phosphate for soil amendments, selenlum enrlched
- solls, or bedrock

0 Goal is to determlne plant uptake on selenium
1mpacted materlal 1nclud1ng mlll talllngs

" Ancﬂlary goal 1§ to evaluate the material for use as
capping matenal er 3011 amendment

v = Another goal 1s to test lnaded medla (]:GJ ect talls) for___
desorptlon under ﬁpld conditlens 5 .,x.-.f-;.;ﬁfi:'f'i: T ;




Procedure for Testing Unimpacted Media

Placement of unimpacted
coal or phosphate (re:
media) above selenium
water zone

Topping of unimpacted
media with topsoil and then
potting soil to encourage
plant growth

Watering below the root
zone to mimic the capping
of wet selenium-rich soils or
tailings

Planting and harvesting of
alfalfa for selenium analysis
through time

Selenium
Pit Water
Added

HEAD REJECT FROM COLUMN TEST A
AquA€Ter




Procedure for Testing Impacted (loaded) Media

o Placement of impacted coal
or phosphate (re: media) on
unimpacted topsoil

o Topping of impacted media
with topsoil and then
potting soil to encourage
plant growth

Distilled

Water
Alfalfa

Added 0, Z'

e o Watering above the root
zone to simulate rainfall,
run-on, and snow melt

o Planting and harvesting of
alfalfa for selenium analysis
No Water through time

Impacted
Phosphate or Coal|

TAILS REJECT FROM COLUMN TEST A
AquA€Ter




Preliminary Growth Results

osphate
(Unimpacted)

=

FPhosphate
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- Results of Selenium Testing on Vegetation
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s~ Planned Tailings Applications
o Sl g

o Placement of unimpacted coal or phosphate (re:
media) atop‘tailings

o Topping of impacted media with topsoil and then
potting soil to encourage plant growth

o Watering above the root zone to simulate rainfall,
run-on, and snow melt

o. Planting and harvesting of alfalfa for selenium
analysis through time




