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How have leaking tank fluids reacted with sediments?

| e Zcolites?
Allophane?
Clay Minerals

Quartz and Feldspar
Dissolve

Aluminosilicates '
Precipitate

Altered flowpaths?

Created colloids?
Radionuclide sorption?
Radionuclide coprecipitation?

Can we predict future
distribution of contaminants?

How would remediation affect
contaminant distribution?

Quartz: SiO,

Feldspar: NaAlSi;Og, CaAl,Si,Og
Allophane: xAl,O3;%ySiO,%NH,0
Smectite: M+q5(Al3)(Siz sAlp5)O010(0OH):
Zeolite: Na,(Al,Siz0,7)%2H,0
Gibbsite: AlI(OH),




Approach

e Focus on reactions involving dominant composition of tank fluids

(not only trace contaminants)
e determine changes in mineral assemblage
e quantify effect on fluid flow properties
e quantify effect on reactive surfaces for sorption

e Develop quantitative mechanistic “model”
e use fundamental data from monomineralic experiments
e test with reactive/transport model on progressively more complex
experimental data
 finalize on unsaturated flow column experiments using tank fluid
simulants and Hanford sediments

e Connect to ongoing investigations
* EMSP
 Hanford VZ/GW Science and Technology
e River Protection



Expected Results

Kinetic data on mineral dissolution and growth relevant to
modeling the interaction of tank fluids with Hanford
sediments

Mechanistic model of these reactions in terms of reactive
surface area for sorption

Incorporation of such data into reactive/transport modeling
of Hanford site

Application to column experiment simulations

Application to estimating future reactions and transport of
radionuclides



Beneath the tanks:

Reactions between bulk chemical composition
of leaking tank fluids and sediment minerals.

Dissolution rates
Precipitation rates
Characterization of precipitates

Inside (& outside?) the tanks:

Aging of simplified sludges.
Fe/Al ratios typical of tanks
Effects of Si and Ni on aging

Incorporation of Re (°°Tc analogue) in solids.



untreated

Yt

Quartz: (Aldrich)
pretreated (magnetic separation/sulfuric acid wash)

Solutions: (NaNO3, AI(NO3)3, NaOH)
No CO, (purged with high purity Ar); collapsible bottles

Experiments: Mass quartz =2 g
Volume solution = 65 ¢
Time series: 8 bottles/expt.

Analyses: Al & Si (UV-Vis); pH (solid-state electrode)
(measured pH up to 0.3 pH units < calculated pH)

Speciation: Pitzer model (no polysilicate species)
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Quartz Dissolution Rates
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Rate (mol Si m2 s?) x 108

Effect of pH and [Al] on Quartz Dissolution Rate
2 m NaNQO,, 89°C
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% of Rate with no Al
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Effect of [NaNO;] and [Al] on Quartz Dissolution Rate
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>SI-OHe° + AlI(OH),- b >Si-OAI(OH); + H,O

Previous Model of Rate-Determining Sites

>Sj-OH° + Nat b >SiO-Na + H*

>Si-OH° b >SiO- + HY
(Dove, 1994)

Effect of Aluminate on
Quartz Dissolution
Mechanism
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structure from Hund (1984) Z. Anorg. Atlg. Chem. 509, 153.

Al, Si
NO;3~
Na*
OH-

s .(*ﬂ “Nitrate” Cancrinite
L « ¥ « (a feldspathoid)
4y «W e Nagy(AlSi.0,,)(NO,),*4H,0

File: B2z, ID: 17C, Ppt

Date: 11/02/00 12:03 Step : 0.020° Cnt Time: 1.200 Sea.
Range: 2.00 - 60.00 (Deg) Cont. Scan Rate : 1.00 Deg/min.

ces |

100 Scaled-up Expt. - 2L vol.
170 2 M NaNOg
50| pH 11.4, 89°C
130_|

110 | |

30_|

|

To_|
50_|
30|
10"

|
TP TR

°2Qz.0 6.0 10.0 14

|
b o W»Mw .

2.0 26.0 30.6 34




I0kv 187




8Na* + 2NO, - + 6AISIO,(OH).2" =

Cancrinite Phase Solubility: speculative!

Nag(Si,AlLO,,)(NO,),%4H,0 + 60H- + 16H,0
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Fe(111)-Al-NO, solutions (initial pH < 1)
Neutralized to pH > 13 with 15 M NaOH at room T

/ Sludge Cation Comparison
Resulting caustic suspensions 6 - @BIPO4
submerged in 90°C water bath £ L — W TBP/U-recovery
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Supernatants decanted and Solids dialyzed to remove
filtered (0.45 mm) excess salts, then freeze-dried
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Al/Fe = 0.25

pH = 13.7 (25°C)

Evolution of Solids with Time

T =90°C Fh = ferrihydrite
4 M NaNO, Gt = goethite, aFeOOH
Hem = hematite, Fe,O,
Gt(110)
Hem(012)
Fh [Re] = 40 ppm
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Al/Fe = 0.25 Evolution of Solids with Time
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Evolution of Solids with Time
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ppb Re in solids
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Effect of Aging on Re-content of Fe-Solids
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Schedule

Year 2:

e Perform batch experiments reacting tank simulates with Hanford
sediments (PNNL)

Increase Al concentration in fundamental kinetics experiments to
determine effect of Al-phase formation on reactivity of quartz (CU)
Continue saturated flow column experiments (PNNL)

Conduct modeling experiments using new kinetic data (PNNL)
Present and publish results

Year 3:

e Continue kinetics experiments (CU)

e Conduct saturated and unsaturated flow column experiments (PNNL)

» Refine models with new data; use for parameter-sensitivity feedback
to experiments (PNNL, CU)

e Present and publish results

I nformation ° Knowledge of secondary precipitates
- in laboratory experiments (EMSL)
Needed - beneath tanks




