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e concept: uranium immobilization using NH; gas

e ammonia gas:
- gas transport and partitioning
- sediment mineralogy changes

e uranium mobility change in field-contaminated sediments
- few co-contaminants
- acidic co-contaminants
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Step 1 Step 2 Step 3
inject NH; and increase pH dissolve minerals precipitate and bind U
Almost all NH4
partitions to water

95% air
5% NH

e some aqueous, adsorbed, and carbonate-U minerals are precipitated as U-silicates (Na-boltwoodite)
 some U precipitates are coated by aluminosilicate precipitates (cancrinite, sodalite, brucite, goethite)
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during NH; injection
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oorei. NH5 Gas Injection into Heterogeneous Sediment

< _ - 122 cm —

silt 8% WC

sand 1% WC

sand 2% WC i

5000 pore>vol.

silt 4% WC

—_ >
« higher pH, electrical conductivity, *NHs reaction front:
more fluid, lower surface tensfjgn  higher temperature

| desiccation diffusion, slower advection into
low-K, high WC zones

slower advection in low-K and/or higher water content layers
significantly more pore volumes needed at higher water content




Field Scale Simulation: 5%NH3 Injectlon at 1400 thers/I\/Ilnute

R acer (N o T 38-0) —
3 days 3 days

2023

Tracer (N2)
18 days

001005 01 015 02 085 03 035 04 045 05 055 06 065 0.7 075 08 085 0.9 095 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0008 0001 00011 0.0012 00013 0.0014 0.0015 00016 D.0M7 00018 0.0019 0.002 0.0021 0.0022
Carrier Gas Concentration (moles/L NH3 Gas Concentration (moles/L)




=)

o

=)
S 5
P auljoe)] E
T | Spusquioy &
z )eseq e
v £ z
= anueIb <
c © auI[o0JoIW E
(O 4= S
i O 5
SR ELEN S @
eTo) 2 EEEEEEDE S thledle <
O M S
S 0 © < N =
m (7/1oww) 1232m 210d Ui uoned mu
]
(o)) =
= 2
© =mm ]
= :
£
S 2MA02SNW o
=
c . sHuljoe) =
a v c
© spuajqu.ioy ©
© A
o Q 2
T & Jeseq E
> S auueIb 5
=
Lk auljo04o1W £
+ ajuojjLIowUow £
Q o
..M_. . U =

—_— O © ©

= NIL=ZOZ ¢ 2MIO0IYO m
EEEEEEE amolq ©
o 5 o e g o 3
m (0] © < N °

Global
Summit

(7/loww) J23em @10d uj uoned

2023

&
2o




4 sovd  Uranium Mineralogy and Mobilization Change
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U in different waste sites
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 EXAFS after NH; treatment shows no change in local molecular
structure around U. Changes in U release rate may be from

coating by other precipitates.
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o ¢ed - Mechanisms: Uranium Mobilization Change

Uranium precipitates:

¢ U more mobile at pH 11.5 (less U(ads), dissolve some ppts)
e Na-boltwoodite [Na(UO,)(Si0;0H)-1.5H,0] should precipitate
as the pH neutralizes (Ca, Mg-CO, water, no co-contam.)

Coating by non-U precipitates:
e clay dissolution releasing Si, K, Na
¢ incongruent dissolution; Al precipitates rapidly
(Di Pietro et al, 2020)
e chrysotile, diaspore, cancrinite, hematite precipitate
coating U precipitates (decreasing mobility),
but not coating U(aq) or U(ads)

U Mineral Saturation (log Q/K)
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4 weeks of NH; treatment 3 years of NH; treatment
(acidic site) (pH 8 sediment)
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e most NH;-treated sediments leach more U than untreated sediments (11 pairs of leach columns)
e U mass leached in NH;/untreated sediments: 1.7 & 1.2 (range 0.70 to 4.8)
¢ U peak concentration leached in NH,;/untreated sediments: 5.8 &+ 8.3 (range 0.57 to 25)
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Hypotheses: fewer U precipitates formed; coating less effective, U-organic complexes kept U mobile

If sediments pH < 7.5 after NH; treatment, U will remain aqueous
e pH of NH; treated sediments = 11.6 to 9.5 (1000 h)

e acidic leaching did not remove Si (5-20 mg/L Si) oy
¢ Na-boltwoodite should still precipitate |
¢ LIFS showed no change in U precipitates

Coating less effective (less U present as a precipitate):
¢ 16/19 sediments had low inorganic carbon (< 0.03%)

¢ |lack of aqueous carbonate results in more

mobile U upon NH; treatment

Organic complexants:

¢ 240 to 500 ug/g TOC, GC-MS/MS showed some organics
¢ inventory: U-8 not in top 35 sites with organic waste

(Simpson et al., 2006)

Apparent Ky, mL/g
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U apparent partitioning (K,) in artificial groundwater or NaCl
water with NH; treatment (Emerson et al, 2018)
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e NH; gas partitions into pore water creating alkaline conditions that
promotes clay dissolution and upon pH neutralization, silicate precipitation

e decreased uranium mobility results from precipitation of U silicates and
non-U precipitates coating U precipitates

e some co-contaminants (NO;, SO,, Cl, Na, alkaline pH, one acidic pH site)
have little influence on U precipitation/coating

e one acidic site (U-8) showed 70% increased U mobility with NH; treatment,
geochemistry poorly understood but low carbonate contributes to
increased U mobility in alkaline conditions
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