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Contaminant Removal in Water Treatment Plants
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total yearly Uranium removal in 2012: ~ 50 tonnes
maximum yearly Uranium removal: 200 tonnes (in 2002, Konigstein site) &
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Water Treatment Technology 1: Pretreatment

lon exchange for uranium removal:
-low pH -anion exchange resin

-high U conc. -retention of uranylsulphato-
-Konigstein site complexes
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» | CO, — stripping for TIC removal:
-high pH / high TIC (~100 mg/L)

{ -low U conc.

-destruction of uranylcarbonato-complexes by

lowering TIC (<4 mg/L)

-HCl-addition (pH<4; ~1 kg/m3) prior to

stripping

~ 5 m3air / m3water
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Water Treatment Technology 2: Precipitation

-airation (~ 5 m3/m3) - gas exchange, mixing

-KMnO, (~ 1 g/m?3) - oxidation of As, Fe, Mn

-limewater (~ 0.05..0.9 kg/m3; - precipitation of ironhydroxide sludges
stepwise, pH ~ 9-10) containing U, Ra, heavy metals

-BaCl, (~ 0.1 kg/m?3)
-FeCl; (~ 0.1 kg/m3)
-flocculation aid
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Water Treatment Technology 3: Sludge handling

Sludge separation and dewatering: Sludge stabilization:

- sedimentation tanks - cement / ash addition

- sludge collectors - disposal in special storage sites

- decanter / chamber filter press (total ~ 25,000 m3 / a;

(30 — 50 % dry matter) thereof U less than a thousandth)
o A — R
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Water Treatment Optimization: lon exchange

= Single contaminant (uranium) removal

= Seepage water from TMF:

pH=7.,5 TIC ~10 mg/L
U~ 3 mg/L Ca, Mg ~ 250 mg/L

iy

Nl

il [ ] ]’ i ﬁf '

A =5 %5@ s}
" ‘ | | |

s i~’ .
u“- \ 4

T ¥

Retention of UO,(CO,),%, (UO,),CO,0H;",
UO,(CO3),*

Anion exchange resin
pH-adjustment

Prevention of CO, - degassing
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Water Treatment Technology: lon exchange

Mine Water Treatment Approaches
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anion exchange: uranium
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Water Treatment necessity

Discharge limits mine water

Today Future
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U: 100..500 pg/L 20 pg/L |1-10 mg/L

— duration
; As: 100-300 pg/L <0.1-2 mg/L

Ra: 200-400 mBq/L <0.1-6 Bqg/L
SO,: not regulated 500 mg/LL0.5-4 g/L

Concentration

Discharge limit

Post-Flooding
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Time
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Observed In-Situ immobilization of Uranium: Pohla

U (mg(L)
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25 % of identified
DNA from mine water:
Desulfobacterium sp.

fluorescence microscopy
of mine water foam:

red: extracellular DNA
(destructed cell walls)
green: proteins (cell walls)

organic acids in mine water
(succinic, malic, benzoic,
glyceric acid)
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Activation of In-Situ immobilization: Konigstein site

sedimentary uranium
deposit
: uraninite
pyrite e

acidic in-situ leaching
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-—- fissure zone

U

O mudstone (aquitard)

.

[] sandstone (aquifer)

river
valley

(

/

B granite (basement)

acid mine drainage
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[U] ~ 5..50 mg/L
pH<3, pe~10
Zn, Pb, Cd, As

Activation of secondary ore formation for pollutant immobilization within the flooded mine:

~establishment of a reacitve, reducing zone for sulphide formation
stimulation of authochthonous sulphate reducing bacteria

precipitation of sulphidic minerals and uraninite

sencapsulation of reduced mineral phases by ironoxyhydroxide coatings
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SRB'‘s in former acidic ISL mine Konigstein
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Deltaproteobacteria Konigstein

Desulfitobacterium sp. Viet—1, AF357919

Desulfitobacterium dehalogenans JW/IU-DC1, L28946
clone N35, sandstone

Desulfosporosinus sp. strain STP12, AJ582757

Desulfosporosinus orientis NCIMB 8382 (T), M34417

| — uncultured bacterium clone YWB26, AB294295

___________ Sulfobacillus sp. YTH1, AF031645

clone M14, sandstone
Syntrophobacter wolinii, X70905
uncultured bacterium clone K—4b1, AF524857

Syntrophobacter sulfatireducens, AY651787

clone M7, sandstone
| uncultured Desulfemenile sp. clone SbiDsmon4, AY167430
Desulfomonile tiedjei DCB-1 ATCC 49306, M26633

uncultured bacterium clone FW102, AF523961
clone K30, sandstone
uncultured bacterium clone HSM-55-012, AB238775
Desulfobacca acetoxidans, AF002671

Desulfatibacillus olefinivorans LM2801, DQ826724
Desulfobacterium indolicum DSM3383, AJ237607

clone K27, sandstone
clone L29, sandstone
clone J39, sludge

uncultured bacterium clone zEL75, DQ415864
Desulfobacterium sp. MB—2005, DQ146482
_ Desulfosaling propionicus strain PropA, DQ067422

Hippea maritima, Y18292
clone G14, sludge . .
uncultured bacterium clome MD2894-B39, EU386033 cultivation
uncultured bacterium clone MD2898-B25, EU386066
[ clone F2, sludge aUtOtrophes
clone F4, sludge .
— uncultured bacterium clone ODP1230B11.12, AB177143 .medlum 63 DSMZ
L —— uncultured bacterium clone MD2896-B195, EU385778 ‘H I CO
11 clones: sludge F3, F8, F24, G35, H42, 151, J31 2 2
sandstone: L15, L36, K14, K22 ® i i
uncultured delta proteobacterium clone CC_11, EF562560 guzlphld[T_ f;;-matlon
Desulfovibrio sp. Mlhm, AF193026 ®
Desulfovibrio ferrireducens, AJ582758 -« g aqu.
Desulfovibrio sp. clone B4, AJ133797 «(0.008 wt% Sz'w“‘:l
— Desulfovibrio desulfuricans ATCC 27774, M34113

L__ Archaeoglobus fulgidus VC-16 (T), X05567 0.1

Methanothermus fervidus V 24 S. DSM 2088 (T), M59145
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Batchexperiments SRB stimulation
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Bench scale experiments SRB stimulation

25 kg sandstone

«2.5 kg foam glass uranium and zinc concentrations
(floating Fe®) 12 - .

*4.5 kg iron- — 107 oo o
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‘regularly gas and 0 100 200 300

water monitoring
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Bench scale experiments SRB stimulation

Total solid content.
-3.0 wt% U

-1.5 wt% As
-1.0 wt% Zn
-0.5 wt% Cd
-0.1 wt% Ni
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Bench scale experiments SRB stimulation

Iungen'Administrator.FALCOH Eigene Dateien'Schmidt\TvV2oragneb.sp TW2oragnehb
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Bench scale experiments SRB stimulation

fluorescence microscop
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Summary

= 7 WTP clean up ~ 20 million m3/ a
= Uremoval ~ 50 tonnes / a, simultaneous removal of Ra, As, heavy metals
= Water treatment technology: modified / HDS lime precipitation

= |on exchange at Konigstein site for U recovery (~ 30 tonnes / a) prior to
precipitation

= |lon exchange for single contaminant removal from TMF drainage

= Ongoing work on microbial induced mineral formation for in-situ
immobilization
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