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Advancing the research and academic mission of Florida International University.

Project Description

This project involves research that supports the resolution of critical science and

engineering needs, leading to a better understanding of long-term behavior of

contaminants in the subsurface. Tasks include:

• Novel analytical methods and microscopy techniques for characterization of various

mineral and microbial samples.

• Studies which predict the behavior and fate of radionuclides that can potentially

contaminate the groundwater system in the Hanford Site 200 Area.

• Laboratory batch and column experiments, which provide relevant data for modeling of

the migration and distribution of natural organic matter injected into subsurface systems

in the SRS F/H Area.

• Surface water modeling of Tims Branch at SRS supported by the application of GIS

technology for storage and geoprocessing of spatial and temporal data.

• Use of state of the practice tools to conduct a sustainable remediation analysis of the

SRS M1 Air Stripper and to provide sustainable remediation support for the DOE EM

student challenge.

• Laboratory experiments investigating the behavior of the actinide elements in high ionic

strength systems relevant to the Waste Isolation Pilot Plant (WIPP).



Advancing the research and academic mission of Florida International University.

Project Description

Task 1: Remediation Research and Technical Support for the Hanford Site

Subtask 1.1 Sequestering uranium at the Hanford 200 Area vadose zone by in situ subsurface pH manipulation using NH3 gas

Subtask 1.2 Investigation of microbial-meta-autunite interactions - effect of bicarbonate and calcium ions

Subtask 1.3 Evaluation of ammonia fate and biological contributions during and after NH3 injection for uranium treatment

Task 2: Remediation Research and Technical Support for Savannah River Site

Subtask 2.1 FIU’s support for groundwater remediation at SRS F/H Area

Subtask 2.2 Monitoring of U(VI) bioreduction after ARCADIS demonstration at the SRS F-Area

Subtask 2.3 Humic acid batch sorption experiments into the SRS soil

Subtask 2.4 The synergetic effect of HA and Si on the removal of U(VI) 

Subtask 2.5 Investigation of the migration and distribution of natural organic matter injected into subsurface systems

Task 3: Surface Water Modeling of Tims Branch

Subtask 3.1 Modeling of surface water and sediment transport in the Tims Branch ecosystem

Subtask 3.2 Application of GIS technologies for hydrological modeling support

Subtask 3.3 Biota, biofilm, water and sediment sampling in Tims Branch

Task 4: Sustainability Plan for the A/M Area Groundwater Remediation System

Subtask 4.1 Sustainable Remediation Analysis of the M1 Air Stripper

Subtask 4.2 Sustainable Remediation Support to DOE EM Student Challenge

Task 5: Remediation Research and Technical Support for WIPP



DOE-FIU Cooperative Agreement
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Accomplishments



Task 1:

Remediation Research and Technical 

Support for the Hanford Site



Advancing the research and academic mission of Florida International University.

Task 1: Background

• A significant portion of rad waste legacy materials resides within the VZ.

• This contamination created plumes that threaten GW quality due to potential

downward migration through the unsaturated VZ.

• Sequestration of radionuclides such as U(VI) in the VZ is more cost effective

than GW remediation.

• The technology under consideration is a manipulation of sediment pH via

ammonia gas injection to create alkaline conditions in the uranium-

contaminated sediment.

• Investigate the potential biological and physical mechanisms associated

with the fate of ammonia after injection into the unsaturated subsurface.

• Tripolyphosphate injections is a method to decrease the concentration of

soluble U(VI) in contaminated plumes at the Hanford Site.

• Bacteria can affect uranium mobility and may dissolve uranyl-phosphate

minerals to obtain phosphorous for their metabolism.



Subtask 1.1: Sequestering Uranium at the 

Hanford 200 Area Vadose Zone by In Situ 

Subsurface pH Manipulation Using NH3 Gas

Solid phase characterization studies

Dr. Yelena Katsenovich

Claudia Cardona (DOE Fellow)

Robert Lapierre (DOE Fellow)



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Objectives

• Evaluate the stability of U-bearing precipitates created after 

NH3 (5% NH3 in 95% N2) pH manipulation in the synthetic 

solutions mimicking conditions found in the VZ at the Hanford 

Site 200 Area.

• Examine the deliquescence behavior of formed uranium-

bearing solid phases via isopiestic measurements.

• Investigate the effect of environmental factors relevant to the 

Hanford vadose zone on the solubility of solid phases. 

• Continue to analyze mineralogical and morphological 

characteristics of precipitates by means of XRD and SEM-EDS. 



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Isopiestic Measurements

• Isopiestic measurements on the deliquescence behavior of 
multicomponent U-bearing samples:

– The isopiestic method is based on equilibration of a number of 
solutions together with reference standards in a common 
chamber until all solutions reach the same water activity.

– Only the solvent is exchanged between samples.

– The masses of non-volatile solutes placed in the crucibles 
remain constant.

– The amounts of water present at any time and the molalities of 
the solutions can be determined gravimetrically at the 
equilibrium.

• The deliquescence behavior of multicomponent precipitates help to 
understand solid–liquid transition when mixture of initially dry salts 
starts deliquescence.



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Isopiestic Chamber

The full assembly of the isopiestic 

chamber with crucibles inside to 

obtain osmotic and activity 

coefficients for aqueous solutions. 

Isopiestic chamber final assembly.



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Results on Solid–Liquid 

Transition 
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Advancing the research and academic mission of Florida International University.

Updated GWB data base to 
include thermodynamic data on U-solid 
phases. 

Subtask 1.1: Results on Speciation 

Modeling

Sample composition includes 2ppm of U(VI), 50mM of Si, 10mMCa, and 0 mM HCO3

Updated GWB database to include thermodynamic data on U-solid phases.



Advancing the research and academic mission of Florida International University.

Uranium Species Mineral saturation indexes

Subtask 1.1: Results on Speciation 

Modeling

Sample composition includes 2ppm of U(VI), 50mM of Si, 10mMCa, and 50mM HCO3. 



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Sequential Extraction 

• Prepared a total of 24 samples (duplicate filtered 

and unfiltered) for the sequential extraction 

experiments. 

50Si + 5Al + 3HCO3 + 0Ca + 2 ppm U

50Si + 5Al + 3HCO3 + 5Ca + 2 ppm U

50Si + 5Al + 3HCO3 + 10Ca + 2 ppm U

50Si + 5Al + 50HCO3 + 0Ca + 2 ppm U

50Si + 5Al + 50HCO3 + 5Ca + 2 ppm U

50Si + 5Al + 50HCO3 + 10Ca + 2 ppm U

Task will follow PNNL extraction procedures outlined in 6 steps (Szecsody et al, 2015). 



Advancing the research and academic mission of Florida International University.

Subtask 1.1: SEM/EDS Analysis

3mMSi+5mMAl+3mMHCO3+5mMCa+500ppm of U(VI)

Element Wt% At%

CK 06.82 13.14

OK 37.00 53.53

NaK 03.90 03.93

AlK 02.39 02.05

SiK 29.65 24.44

ClK 00.47 00.31

UM 18.38 01.79

KK 00.84 00.49

CaK 00.55 00.32

Matrix Correctio

n

ZAF

Element Wt% At%

CK 07.28 13.03

OK 38.87 52.19

NaK 03.96 03.70

AlK 04.11 03.27

SiK 33.70 25.78

ClK 00.32 00.19

UM 10.07 00.91

KK 01.07 00.59

CaK 00.62 00.33

Matrix Correction ZAF

“Hot” spots are high in Si and U. No crystals observed compared to previous non-

filtered samples preparation. Results correlate with speciation modeling.



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Uranium Stability 

Experiments Future Work

• Complete sequential extraction experiments.

• Initiate flow through solubility experiments.

• Finalize deliquescence experiments at 25°C.



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Solid Phases Characterization. 

Experimental Methodology

• Sample preparation methods were modified to minimize 

formation of errant phases.

– Vacuum Filtration

– DI-Water Rinse



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Solid Phases Characterization. 

Experimental Methodology

• Carried out optimization study to maximize uranium 

analyte in precipitate phases.

– Combinations of low, mid, and high concentrations of 

two key variables (Ca2+ & HCO3
-).

[Ca2+] [HCO3
-]

Low 0 5

Mid 5 25

High 10 50



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Solid Phases Characterization. 

Experimental Methodology

• The varying synthetic pore water solutions were treated 

using NH3 remediation method.

– pH elevated to 11-12 range

• Monitored reestablishment of pH ~8 over 2 months



Advancing the research and academic mission of Florida International University.

• The precipitate and 

aqueous phases were 

isolated for analysis by 

vacuum filtration.

• Duplicate samples were 

rinsed with 5mL DIW.

• Solid phases dried in a 

temperature controlled 

incubator over 3 days.

Subtask 1.1: Solid Phases Characterization. 

Experimental Methodology



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Solid Phases Characterization. 

Experimental Methodology

• Filtered supernatant and rinse solutions were diluted 100,000 

times and evaluated for uranium concentration by KPA.

• Small specimens from the dried precipitates are isolated for 

SEM-EDS analysis.

– Backscatter electron capture specifically is used to visually 

distinguish areas of elevated uranium content.

• Samples with discernible uranium-bearing structures are 

selected for further analysis.

– XRD analysis for the determination crystal structure.

– EPMA analysis for the stoichiometric estimation of structural 

formula.



Advancing the research and academic mission of Florida International University.

• The resulting KPA data 
was used to prepare 
response surface 
diagrams.

• The diagrams for the 
samples (Group A) and their 
duplicates (Group B) show 
a consistent trend between 
analyte and variable.

» High bicarbonates 
are associated with 
high levels of 
uranium in solution.

» High calcium 
samples are 
associate with the 
lowest levels of 
uranium in solution.

Subtask 1.1: Solid Phases Characterization. 

Results
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Advancing the research and academic mission of Florida International University.

• Based on the assumption 
that precipitation is the 
only cause of uranium 
removal from solution 
data implies that:
1. The high calcium, low 

bicarbonate samples, showing 
the least uranium retained in 
solution, would have the most 
uranium in the solid phase.

2. The low calcium, high 
bicarbonate samples, having the 
most uranium in solution, should 
have the least in the solid phase.

Subtask 1.1: Solid Phases Characterization. 

Results
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Advancing the research and academic mission of Florida International University.

• SEM & EDS data
– Interesting formations; 

particularly in higher 
HCO3

- samples.

– EDS data and prior 
experiments suggest 
that these are likely 
CaCO3 (top) and NaNO3

(bottom).

• None of the uranyl 
forms observed in the 
past analysis were 
spotted.

Subtask 1.1: Solid Phases Characterization. 

SEM/EDS Results

Element Wt% At%
C Kα 18.43 28.04
N Kα 03.11 04.05
O Kα 46.75 53.41

Na Kα 00.73 00.58
Al Kα 00.08 00.06
Si Kα 00.19 00.13
U Mα 00.70 00.05
Ca Kα 30.01 13.69

Element Wt% At%
C Kα 03.30 04.82
N Kα 16.02 20.08
O Kα 42.34 46.46

Na Kα 36.79 28.10
Al Kα 00.26 00.17
Si Kα 00.35 00.22
U Mα 00.72 00.05
Ca Kα 00.21 00.09



Advancing the research and academic mission of Florida International University.

• The uranium rich sites 

were exclusive to the 

high bicarbonate 

samples.

• SEM-EDS data 

shows hotspots for 

high HCO3
- samples 

with low (top) and 

mid (bottom) level 

calcium content.

• Contradicts the KPA 

data.

Subtask 1.1: Solid Phases Characterization. 

SEM/EDS Results

Element Wt% At%

C Kα 06.96 12.37

N Kα 04.68 07.13

O Kα 39.29 52.44

Na Kα 11.00 10.22

Al Kα 01.59 01.26

Cl Kα 00.91 00.55

Si Kα 19.05 14.48

U Mα 16.40 01.47

Ca Kα 00.12 00.06

Element Wt% At%

C Kα 06.33 11.22

N Kα 03.61 05.48

O Kα 41.41 55.08

Na Kα 06.60 06.11

Al Kα 01.78 01.40

Si Kα 25.58 19.38

U Mα 14.69 01.31

SEM image w/ EDS data for specimen 50-05A, prepared using a 50mM
of HCO3

-, 5mM Ca2+, and 200ppm uranium pore water solution

SEM image w/ EDS data for specimen 50-00A, prepared using a 50mM 
of HCO3

- and 200ppm uranium pore water solution



Advancing the research and academic mission of Florida International University.

Subtask 1.1: Solid Phases Characterization 

Future Work

– Sample preparations for additional analysis of select 
solid samples (EMPA/TEM)

– Digestions of solid samples for compositional analysis 
(KPA/ICP)

Epoxy mold before (L) and after (R) 
sample additions



Subtask 1.2. Investigation of 

Microbial-Meta-Autunite Interactions

Dr. Vasileios Anagnostopoulos

Dr. Yelena Katsenovich

Sandra Herrera (Graduate Student)



Advancing the research and academic mission of Florida International University.

Subtask 1.2: Background

• The injection of sodium tripolyphosphate into 

uranium-bearing saturated porous media results in 

the formation of uranyl phosphate solid phases 

(autunite). 

• Soil bacteria affect uranium mobility significantly in 

an effort to obtain phosphorous.

• The Columbia River exhibits large stage variations, 

causing fluctuations in the water table.

– Water table fluctuations and multiple rise-and-fall 

cycles in the river created an oxic-anoxic interface in 

this region. 



Advancing the research and academic mission of Florida International University.

Subtask 1.2: Objectives

• Investigate autunite biodissolution under anaerobic 

conditions by focusing on bacterial strains Shewanella

oneidensis MR1 sp.

– Research the effect of various concentrations of 

bicarbonate on biorelease of U(VI) from autunite.



Advancing the research and academic mission of Florida International University.

Subtask 1.2: Experimental 

Methodology

• Obtained Shewanella oneidensis MR1 strain from the PNNL

• Preserved culture in 25% glycerol at -80°C prior to use.

• Used sterile hard and liquid Luria-Bertani (LB) media for culturing.

• Performed autunite biodissolution experiments using 20-mL 
sacrificial glass scintillation vials.

– To avoid microbial cross- contamination during sampling events.

• Weighed 18 mg of autunite powder in each vial to provide 4.4 
mmol/L of U(VI) concentration.

• Amended each vial with 10 mL of sterile media solution containing 
0, 3, and 10 mM KHCO3.

– The total number of vials was 99, duplicate vials and abiotic control for 
each HCO3 concentration. 

• Inoculated each vial with the initial cell density of 106 cells/mL, 
control vials were bacteria-free.



Advancing the research and academic mission of Florida International University.

Subtask 1.2: Experimental 

Methodology

Sampling schedule before and after inoculation.

20-mL glass scintillation vial 

prepared with media 

amended with KHCO3 and 

autunite mineral
Sacrificial vials inside the anaerobic glove box



Advancing the research and academic mission of Florida International University.

• BCA (Pierce) protein 
analysis

• Hemocytometer to 
calculate cells density

• Petri dish plating  for calls 
viability

• SEM/EDS analysis

• U(VI) analysis via KPA

• Ca and P analysis via 
ISP-OES

• Visual Minteq and Hydra 
for speciation modeling

Subtask 1.2: Results on U(VI) Biorelease in 

HCO3-free Samples
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In bicarbonate-free samples
– U(VI) released was not statistically 

significant between abiotic and 
biotic samples

– Shewanella does not contribute to 
the release of U(VI) in the aqueous 
phase.



Advancing the research and academic mission of Florida International University.

Subtask 1.2: Results on U(VI) Biorelease
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U(VI) vs. Time for samples amended 

with 3 mM HCO3

U(VI) vs. Time for samples amended 

with 10 mM HCO3

• No U(VI) bioreduction was observed in any of the conditions studied.

• Noted a progressive increase in uranium release as the concentration of 
bicarbonate in the sample increased.



Advancing the research and academic mission of Florida International University.

• A similar trend for biotic and 
abiotic samples for Ca and 
P analysis.
– Not a statistically significant 

difference between abiotic
and biotic samples

• In HCO3
-free samples, cell 

densities showed almost no 

change from the initial 

concentration .

• 3 mM and 10 mM HCO3
-

amended samples 
demonstrated almost 10-14 
fold increase in cells 
density.

Subtask 1.2: ICP Results/ Cell Density 

Changes 

Changes in the direct cell counts for 

samples containing varying 

concentrations of bicarbonate



Advancing the research and academic mission of Florida International University.

• Linear correlation between 
cell density of fresh 
Shewanella suspensions 
and protein content.

• The theoretically calculated 
total cell density is 
overestimated compared to 
the direct visual cell density 
counting.
– Exposure to U(VI) might 

affect the cell physiology 
resulting in changes of 
protein masses. 

Subtask 1.2: Changes in a Protein Content

Protein Content vs. Time
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Advancing the research and academic mission of Florida International University.

Subtask 1.2: SEM Analysis

• Bacteria attachment on the mineral surfaces through specific 
structures

• No extensive biofilm was observed via SEM.



Advancing the research and academic mission of Florida International University.

Subtask 1.2: Speciation Modeling

0 mM  HCO3
- 3 mM HCO3

- 10 mM HCO3
-

Soluble Precipitates Soluble Precipitates Soluble Precipitates
20% 

UO2HPO4

Hydroxylapatite 50% Ca2UO2(CO3)3 Hydroxylapatite 92% UO2(CO3)3
-4 Hydroxylapatite

80% UO2PO4
- Uranyl-

phosphate
44% CaUO2(CO3)3

-

2

Uranyl-

phosphate

6%  CaUO2(CO3)3
-2 Uranyl-

phosphate

autunite ~6% negatively 

charged uranyl 

carbonate 

complexes

autunite autunite

• The saturation of hydroxylapatite and uranyl-phosphate 

phases is predicted in all cases.

• Negatively charged uranyl complexes are less bioavailable

due to electrostatic repulsions between negatively charged 

uranyl complexes and the bacterial cell surface.



Advancing the research and academic mission of Florida International University.

Subtask 1.2: Future Experiments

• Replicate the exact conditions (U, Ca and P 

concentrations along with three different bicarbonate 

concentrations) in mineral -free  experiments.

• Biodissolution of synthetic Na-autunite

• Bacteria consortia for the biodissolution studies 



Advancing the research and academic mission of Florida International University.

Subtask 1.3: Evaluation of Ammonia and 

Uranium fate and biological contributions during 

and after Ammonia injection for Uranium 

treatment

– Subtask 1.3.1: Investigation of NH3 and U partitioning in 
bicarbonate-bearing media. 

– Subtask 1.3.2 Bacterial community transformations before and 
after NH3 additions. (Summer PNNL Internship)

– Subtask 1.3.3: The influence of microbial activity on the 
corresponding electrical geophysical response after ammonia 
injections in the vadose zone (Current Spring PNNL Internship)



Subtask 1.3.1: Investigation of NH3 and 

U partitioning in bicarbonate-bearing 

media. 

Dr. Hilary Emerson

Silvina DiPietro (DOE Fellow)



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1: Background

Ammonia Gas for Remediation

• Additional liquids cannot be added to the vadose zone

• Desire to increase pH to dissolve natural aluminosilicate minerals and 
(co)precipitate uranium

Goal: To understand the fate of U and NH3 gas during and after NH3
injection into the vadose zone

Relevant Reactions:

𝑵𝑯𝟑(𝒂𝒒𝒖) +𝑯𝟐𝑶(𝒍) ↔ 𝑵𝑯𝟒
+
(𝒂𝒒𝒖) + 𝑶𝑯−

(𝒂𝒒𝒖)

Ka=1.82x10-5

𝑵𝑯𝟑(𝒂𝒒𝒖) ↔ 𝑵𝑯𝟑(𝒈)

KH=0.016 atm/mol



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1

Research Objective

Investigate the effects of NH3 gas injection on the fate 
of U and NH3 in the presence of pure minerals and 
Hanford sediments (with a comparison of NaOH vs. 

NH3 injection)  

(New task: September 2015 – present)

Gee et al., 2007



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1: NH3 and U Fate

Experimental Methodology

• Batch experiments: 

1. Natural Conditions: pH ~7.5, ionic strength 

solution (3.2 mM NaCl or synthetic porewater), 

mineral (5 g/L – clays or 100 g/L quartz), 500 

ppb U(IV)

2. Following Injection: Adjusted samples in step #1 

to pH ~11.5 via 2.5 M NaCl + 0.025 M NaOH or 

2.5 M NH4OH



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1: NH3 and U Fate

Results: Apparent Partitioning 

Coefficients

Apparent Kd’s – multiple processes are ongoing including sorption, precipitation, and 
complexation leading to removal of U from the aqueous phase
Note: data is for synthetic porewater



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1: NH3 and U Fate

Results: NaCl vs. Synthetic Porewater

Note: data comparison is for Kaolinite, but additional minerals are under investigation



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1: NH3 and U Fate

Results: U Partition vs. pH



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1: NH3 and U Fate

Results: Kaolinite Dissolution



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1: NH3 and U Fate

Discussion

Uranium Fate
• Demonstrated that NH4OH removes more U from the aqueous 

phase than NaOH [in the presence of kaolinite, illite and 
montmorillonite but not quartz].

• Observed a change in U partitioning and mineral dissolution for 
kaolinite between pH 10.5 and 11 which is likely the point when co-
precipitation of U begins to occur.

Mineral Dissolution
• Initial ionic strength does not affect mineral dissolution but does 

significantly change U partitioning

• NaOH or NH4OH significantly effect mineral dissolution



Advancing the research and academic mission of Florida International University.

Subtask 1.3.1: NH3 and U Fate

Future Work

• Additional batch experiments with Hanford 200 

Area sediments and minerals (calcite and 

muscovite)

• Sequential extractions to investigate the lability 

of U following treatments (ongoing)

• Speciation modeling and statistical analysis of 

batch experiments

• Mineral characterization by XRD, BET, SEM-

EDS (ongoing)



Subtask 1.3.3:The influence of microbial 

activity on the corresponding electrical 

geophysical response after ammonia injections 

in the vadose zone

Alejandro Garcia (DOE Fellow, ARC/FIU)

Under supervision of Dr. Brady Lee (PNNL) and 

Dr. Timothy Johnson (PNNL)

Research performed at PNNL  



Advancing the research and academic mission of Florida International University.

Subtask 1.3.3: Background

• Goal: to understand the SIP (Spectral Induced Polarization) response 

to biofilm formation 

• Current student internship at PNNL in Spring 2016

• Spectral induced polarization is a geophysical technique, which 

measures:

– The impedance between two measuring electrodes due to an injected 

AC current over various frequencies.

– SIP responses depend not only on the real conductivity (a measure of 

charge transport) but also on the imaginary conductivity (a measure of 

charge storage).

– It is believed that biofilm formation can produce a measureable change 

in the imaginary conductivity.



Advancing the research and academic mission of Florida International University.

Subtask 1.3.3: Column Design

• Six Columns will be built from a clear pvc pipe with holes drilled on 

the sides and have large opaque pvc end caps on either end. 

• Each column will have:

– A coiled Ag/AgCl current electrode on either end.

– 4 potential electrodes equidistant on the side in 4 sample ports,

– Each electrode will be composed of a silver wire encased in agar gel 

which is then situated within a pvc nipple.

• Synthetic groundwater injection will occur through bottom inlet with 

effluent exiting through the top.

• The solution will be pumped at a low flow rate (.10 L/d or less) using 

a peristaltic pump.

• Each column will have a layer of Hanford sediment mixed with 

autunite in the center.



Advancing the research and academic mission of Florida International University.

Subtask 1.3.3: Internship Update

• Both the pump and the required electrical equipment necessary for SIP 

measurements have arrived; however, construction of columns is still 

waiting on some pvc components.

• Microbes are being cultured within a solution composed of synthetic 

groundwater, Hanford sediment, yeast extract, glucose, and Ca-autunite. 



Advancing the research and academic mission of Florida International University.

Subtask 1.3.3: Internship Update

• Media solutions were prepared in aerobic conditions 

within a standard lab hood designated for work with 

radioactive materials,

– Cultures were capped and left to sit for ~1-2 weeks before 

transferring, as such conditions within bottles could be 

described as oxygen restricted.

• The microbes being cultured are native to the 

sediment mixed into the solutions.

– Sediment were collected from clean area at Hanford.

– The media solution was filter sterilized prior to use in the 

experiments.

– The synthetic groundwater used wasn’t autoclaved due to 

precipitation from high heat/pressure.



Advancing the research and academic mission of Florida International University.

Subtask 1.3.3: Future work

• Complete with the experimental set up.

• Initiate experimental work at FIU 



Task 2:

Remediation Research 

and Technical Support 

for Savannah River Site



Advancing the research and academic mission of Florida International University.

Task 2: Background

• The Savannah River Site (SRS) was one of the 

most significant sites for the production of 

materials related to the U.S. nuclear program 

during the early 1950s to late 1980s. 

• An estimated 36 metric tons of plutonium were 

produced, and 3.4 billion gallons of hazardous 

waste solution were received in the F and H 

areas. 

• The constituents of concern (COCs) associated

with the F and H Area HWMF groundwater

plume are uranium-238, tritium, iodine-129,

strontium-90, curium-244, americium-241,

technetium-99, cadmium, and aluminum, and

mercury.



Subtask 2.1 FIU’s Support for 

Groundwater Remediation at SRS 

F/H Area

Dr. Vasileios Anagnostopoulos

Alejandro Hernandez DOE Fellow)

Christine Wipfli (DOE Fellow)



Advancing the research and academic mission of Florida International University.

Subtask 2.1: Objectives

1. Explore the application of 

sodium silicate for the 

restoration of the alkalinity of 

the treatment zone. 

2. Investigate the immobilization 

of COCs, concentrating on 

U(VI). 

3. Elucidate the sorption 

properties of U(VI) on SRS 

soil at circumneutral

conditions, through kinetic 

and mechanistic studies.



Advancing the research and academic mission of Florida International University.

Subtask 2.1: Results on Sorption 

Kinetics
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Advancing the research and academic mission of Florida International University.

Subtask 2.1: Results on Sorption 

Kinetics

• Sorption kinetics experiments 

were preformed with mixtures 

of synthetic minerals, to mimic 

the SRS soil composition

• U(VI) removal in the presence 

of quartz and kaolinite was 

found to be only 23%, when 

95% quartz and 5%kaolinite 

mixture was used

• In the presence of quartz, 

kaolinite and goethite (actual 

SRS soil) almost 60% of the 

U(VI) in the aqueous phase 

has been removed 

• SRS soil was sieved to 

obtained different SRS soil 

fractions: d<63 μm, 

63μm<d<180μm, and 

180μm<d<2mm 

• A trend was observed: the 

smaller the average particle 

diameter, the higher the U(VI) 

removal



Advancing the research and academic mission of Florida International University.

SRS Soil Fraction U(VI) % 

Removed

[Fe] 

(mg/g)

[Al] 

(mg/g)
[Si] (mg/g)

d<63μm 99±0.2 89±2 72±4 396±3

63μm<d<180μm 79±8 70±11 71±5 389±4

180μm<d<2mm 59±1 40±4 54±13 416±37

Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy 

or SEM/EDS

Subtask 2.1: SEM/EDS Analysis

Figure 1. SRS Soil 

Fraction: d<63 μm

Figure 2. SRS Soil Fraction:

63μm<d<180μm
Figure 3. SRS Soil Fraction: 

180μm<d<2mm 



Advancing the research and academic mission of Florida International University.

Subtask 2.1: Conclusions

• Quartz and kaolinite concentrations remain at the same 

levels throughout the different fractions;

• The concentration of iron clearly increases with the 

decrease of average particle diameter;

• U(VI) removal increases as the average particle 

diameter decreases;

• Possible reasons contributing to higher U(VI) % removal: 

the higher Fe content and the increase of surface area.

• Goethite is the most reactive mineral phase in the SRS 

soil. 



Advancing the research and academic mission of Florida International University.

Subtask 2.1: Future Work

• Desorption experiments for the finer SRS fractions 

– to compliment with the existing results of desorption on bulk SRS soil 

fraction, as well as synthetic mineral mixtures.

• Experimentally determine the 

surface area of the different SRS 

soil fractions.

• Design experiments to clarify 

whether the higher Fe content or 

the surface area increase plays a 

pivotal role on U(VI) removal. 

• Evaluate the results of BCR 

sequential extraction 

experiments.



Subtask 2.2. Monitoring of U(VI) 

Bioreduction after ARCADIS 

Demonstration at the SRS F-Area

Dr. Yelena Katsenovich

Aref Shehadeh (DOE Fellow)



Advancing the research and academic mission of Florida International University.

Subtask 2.2: Objectives 

• Evaluation of microcosms mimicking the enhanced 
anaerobic reductive precipitation (EARP) remediation 
method previously tested at SRS F/H Area.

• The addition of the molasses to GW produces anaerobic 
conditions conducive to the reductive precipitation of 
uranium, 

– less soluble in +4 oxidation state.

• Determine the range of environmental conditions in 
which the formation of siderite and pyrite solid phases 
would occur.

• This would extend knowledge and improve 
understanding on the applicability of this technology. 



Advancing the research and academic mission of Florida International University.

Subtask 2.2: Speciation Modeling

• pH reduced to ~4 due to 

molasses fermentation;

• Iron concentration 

increased to 7-12 mg/L

• The concentration of the 

initially added sulfate of 

500ppm didn’t change;

– No sulfate reduction. 

Aqueous species



Advancing the research and academic mission of Florida International University.

Subtask 2.2.: Speciation Modeling

Speciation modeling via GWB. The formation of siderite is 

observed at pH ~7. The concentration and weight % of siderite is 

very small.



Advancing the research and academic mission of Florida International University.

Subtask 2.2: Conclusions

• No pyrite solid phases  formation;

• Siderite forms only at neutral conditions;

• At acidic pH, ferrous iron will be easily flushed out from 

the treatment zone

– No formation of reduced iron solid phases.

• Write a scientific paper on results of these experiments;

• This subtask will not be continued next year.



Subtask 2.3: 

The Sorption Properties of Humate

Injected into the Subsurface

Hansell Gonzalez (DOE Fellow)

Dr. Vasileios Anagnostopoulos

Dr. Yelena Katsenovich



Advancing the research and academic mission of Florida International University.

Subtask 2.3:Background

• Huma-K is a soil 

amendment sold by Land 

and Sea Organics.

• Huma-K comes from the 

alkaline extraction of 

Leonardite (a low-rank 

coal). 

• It contains a minimum of 

86% of humic acid



Advancing the research and academic mission of Florida International University.

Subtask 2.3: Objectives

• The principal objective of this study is to determine if the low cost 

unrefined humate solution known as Huma-K can be used to 

facilitate uranium adsorption to control the mobility of uranium in 

acidic groundwater. 

• This objective will be fulfilled by completing the following specific 

aims:

1. Characterization of Savannah River Site sediments and Huma-

K.

2. Sorption behavior of Huma-K on Savannah River Site 

sediments.

3. Removal of Uranium using Huma-K coated sediments.



Advancing the research and academic mission of Florida International University.

Subtask 2.3: SEM/EDS Results

SEM of SRS Sediments coarse fraction (left image) and fine fraction (right image)

EDS results of SRS Sediments coarse fraction (left image) and fine fraction (right image)



Advancing the research and academic mission of Florida International University.

Subtask 2.3: SEM/EDS Results

SEM of Huma-K (left image) and EDS analysis (right image)



Advancing the research and academic mission of Florida International University.

Subtask 2.3: FTIR Analysis

Al-OH

Si-O

Si-O

Al-OH

Si-O

FTIR of SRS Sediments (fine fraction)



Advancing the research and academic mission of Florida International University.

Subtask 2.3: FTIR Analysis

O-H
N-H

C-H

COO-

C-O

C-C

FTIR of Huma-K



Advancing the research and academic mission of Florida International University.

Subtask 2.3: Potentiometric Titration 

Potentiometric Titration of Huma-K Potentiometric Titration of SRS sediments



Advancing the research and academic mission of Florida International University.

Subtask 2.3: Conclusions

• EDS analysis, FTIR, and potentiometric titrations verify presence of 

humic substances in Huma-K.

• EDS and FTIR confirm the presence of kaolinite in the fine fraction 

of SRS sediments. Potentiometric titrations indicate that sediments 

have similar acido-basic properties as quartz mineral.

Future Work

• First manuscript for publication will include the experimental 
work investigating HumaK  as a low-cost remediation method 
for acidic groundwater contaminated with uranium.

• Kinetics experiment for sorption of Uranium on Savannah 
River Site sediments with and without Huma-K.



Subtask 2.4: The Synergetic Effect of HA and 

Si on the Removal of U(VI) 

Dr. Ravi Gudavalli

Alexis Smoot (DOE Fellow)

Christian Pino(DOE Fellow)



Advancing the research and academic mission of Florida International University.

Subtask 2.4: The Synergetic effect of 

HA and Si on the removal of U(VI) 

Background:

• F/H area seepage basins received acidic waste containing 

radionuclides such as uranium.

• Humic acid carries a large number of functional groups, acts as an 

important scavenger in ion exchange and as a metal complexing 

ligand.

Objectives:

• Investigate synergetic interactions between humic acid (HA) and 

colloidal silica that may influence the removal of uranium in the 

presence of SRS sediments

• Evaluate the effect of 30 ppm of HA and compare results with 

previously obtained data on the addition of 10 and 50 ppm of HA



Advancing the research and academic mission of Florida International University.

Subtask 2.4: Methodology of 

Experiments

• Multi-component batch systems with a pH range from 3 to 8 were 

constructed to effectively analyze each of these parameters and their 

synergistic contributions to the removal of U(VI) from the aqueous 

phase.

– Batch 2: Si (3.5 mM) + U(VI) (0.5 ppm) + HA (50 ppm), (no 

sediments)

– Batch 3: U(VI) (0.5 ppm) + HA (50 ppm), (no Si or sediments)

– Batch 5: Sediments + Si (3.5 mM) +U (VI) (0.5 ppm) + HA (50 ppm)

– Batch 6: Sediments + U(VI) (0.5 ppm) + HA (50 ppm),  (no Si)

• Samples were placed on platform shaker for 2 days

– After two days, samples were centrifuged 

– Filtered and unfiltered samples were analyzed via KPA and ICP



Advancing the research and academic mission of Florida International University.

Subtask 2.4: Results

Uranium (VI) Removal Unfiltered between pH 3 and 8Uranium (VI) Removal Filtered between pH 3 and 8

• The percent removal of uranium is directly influenced by the presence and 
interactions of humic acid and sediment. 

• The sediment included in the samples was revealed to increase the 
percent removal of uranium at all pHs relative to non-sediment-bearing 
batches. 

• Uranium removal at pH 3 yielded a 35% increase in the presence of 
sediment; as the pH reaches near neutral, the effectiveness of sediment at 
increasing uranium removal diminishes to 8%. 



Advancing the research and academic mission of Florida International University.

Subtask 2.4: Results

• Prepared batch with a pH range from 3 to 8 for samples containing no HA
– Batch 1: Si (3.5 mM) + U(VI) (0.5 ppm)

– Batch 4: Si (3.5 mM) + U(VI) (0.5 ppm) + sediments

– Batch 7: Sediment + U(VI) (0.5 ppm)

• Batch 1 and Batch 4 showed a decreasing trend in uranium removal, 
addition of sediment increased uranium removal

• Batch 7 had a maximum removal at pH 5 (93.98%) then decreased to 
65.93% at pH 8



Advancing the research and academic mission of Florida International University.

Subtask 2.4: Results

• Initiated synergy experiments with 30 ppm of humic acid

– Completed two sets of experiments with pH 3 and 4 samples

– pH of the samples was measured daily and adjusted if different

– Samples will be analyzed and data will be reported



Advancing the research and academic mission of Florida International University.

Subtask 2.4: Future Work

• Complete experiments, pH 5-8

• Compare data with previous experiments

• Repeat any necessary experiments



Subtask 2.5: Investigation of the migration and 

distribution of natural organic matter injected 

into subsurface systems 

Dr. Ravi Gudavalli

Kiara Pazan(DOE Fellow)

Sarah Bird (DOE Fellow)



Advancing the research and academic mission of Florida International University.

Subtask 2.5: Objectives

• To evaluate the potential use of Huma-K to 

enhance attenuation of uranium in the acidic 

F-Area aquifer.

• To study the migration and distribution of 

Huma-K injected into subsurface systems 

via column experiments. 

• To obtain sorption and desorption 

parameters under different pH levels.

• To study the effect of HA on uranium 

mobility through porous media via flow-

through column experiments.



Advancing the research and academic mission of Florida International University.

Subtask 2.5: Accomplishments

• Overall, more HA was retained in column 2 preconditioned with a pH 5 AGW as 

compared to column 1 that was preconditioned with a pH 3.5 AGW solution. 

• With an increase in pH from 3.5 to 5.0, the overall retention of HA increased by 

180 mg per kg of soil, from 461 mg/kg in column 1 to 642 mg/kg for column 2. 

• The results were different than what was expected due to the unanticipated 

effects of precipitation and dissolution due to mechanical and physicochemical 

factors. 

Simulated Huma-K injection scenario Huma-K retention during column studies



Advancing the research and academic mission of Florida International University.

Subtask 2.5: Accomplishments

• Column 1 was drained and soil was divided into 6 sections and a 
small amount of each section was oven dried at 35°C for 2-days. 

• A representative sample from each section was used to perform 
SEM-EDS analysis.

– Analysis revealed that the concentration of carbon in the sample 
increased as it moved in the direction of flow. 

• One sample was taken from the homogeneous mixture of soil used 
in the column and was used for SEM analysis.

• Column 2 was drained and samples were prepared in similar 
fashion for SEM-EDS analysis.



Advancing the research and academic mission of Florida International University.

Subtask 2.5: Accomplishments

• Soil from representative sections of the columns similar to that used 

in SEM was oven dried and ground to obtain fine particles for TOC 

analysis. 

– Samples were sent to FIU’s Southeast Environmental Research Center 

(SERC) for TOC analysis to get quantitative data of humic acid retained 

in the columns.

– 10 mg of fine soil sample was used to measure TOC in the samples, 

sample concentration was below detection limit.

– Analysis will be repeated with 40 mg of sample to overcome detection 

limit.



Advancing the research and academic mission of Florida International University.

Subtask 2.5: Accomplishments

• Updated the test plan based on discussions with SRS collaborators 
to optimize the experiments.

• Updated simulations to optimize humic acid injections for only 0.5 

PV of humic acid as opposed to 1.0 PV of humic acid previously 

used

– Based on the data obtained and 

discussion with SRS collaborators,

10,000 mg/l and 2 ml/min flow rate

was chosen.



Advancing the research and academic mission of Florida International University.

Subtask 2.5: Future Work

(FIU Performance Year 6)

• Complete column experiments by injecting 0.5 PV of humic acid, 

study the sorption/desorption of humic acid.

• Inject uranium through the column and study the effect of sorbed 

humic acid on uranium mobility.

• Analyze data and prepare draft report on the results.



Task 3:

Surface Water Modeling of 

Tims Branch



Advancing the research and academic mission of Florida International University.

• Tims Branch watershed (TBW) impacted by 60 yrs of discharges from SRS 

process and laboratory facilities. 

Task 3: Background

• Tin introduced into TBW during application of a 

mercury (Hg) remediation technology, which 

involved injection of stannous (tin) chloride into 

Hg-contaminated groundwater.

• Understanding the fate and transport of tin and 

its compounds is of primary importance due to 

potential tin methylation where environmental 

conditions are favorable. Methylated tin is of 

great environmental concern due to its toxicity 

to humans and animals. 

• Although precipitated tin is primarily deposited as sediment, remobilization may 

occur during episodic extreme events, such as storms or heavy rainfall, where 

sediment can be resuspended in the water column and deposited further 

downstream. 



Advancing the research and academic mission of Florida International University.

Task 3: Objectives

Objectives:

Application of GIS & stream/ecosystem modeling tools to examine the 

response of Tims Branch to historical discharges and DOE-EM’s 

remediation actions. This involves:

• Development of an integrated hydrological model of TBW (Subtask 3.1).

• Development of a GIS-based data management system (geodatabase) and the

use of GIS tools for processing and visualization of spatial and temporal data to

support hydrological model development (Subtask 3.2).

• Sample and data collection for development of an eco-hydrological database to

support the modeling efforts. Student support for sample and data collection is

anticipated during student internships in collaboration with SRNL/SREL

(Subtask 3.3).



Subtask 3.1: Modeling of surface water and 

sediment transport in the Tims Branch 

ecosystem

Dr. Noosha Mahmoudi

Dr. Shimelis Setegn

Natalia Duque (DOE Fellow)

Christopher Strand (DOE Fellow)



Advancing the research and academic mission of Florida International University.

• Aim is to develop an integrated 

surface/subsurface flow & contaminant 

transport model of TBW.

• Conceptualizes hydrology and transport 

mechanisms.

• Simulates surface water flow velocity, 

depth, and discharge over time in TBW.

• Estimates spatiotemporal distribution of 

various contaminant concentrations such 

as tin and mercury in TBW.

• Predicts fate and transport of 

contaminants in surface water under 

different environmental and atmospheric 

conditions.

Subtask 3.1: Description



Advancing the research and academic mission of Florida International University.

• Data review and collection of input parameters 

to set up MIKE SHE model.

• Topographic data modification based on a 

revised model domain of TBW.

• Overland Flow module developed:

– Uses historical precipitation, groundwater levels, 

geological data, and river discharges retrieved from 

government databases.

– Modified MIKE SHE configuration parameters for 

simulation of overland flow for revised model domain.

– Map of Manning’s roughness coefficient values 

generated.

– Detention Storage value, and Surface-Subsurface 

Leakage Coefficients assigned (based on literature).

– Separated Flow Areas assigned as domain area. 

– Simulates surface hydrology throughout TBW.

– Simulates spatiotemporal distribution of flow 

discharges, flow duration, and water levels in TBW.

Subtask 3.1: Accomplishments

Previous model 
domain included 
portion of TBW within 
SRS boundary.

Revised model 
domain includes 
entire TBW.



Advancing the research and academic mission of Florida International University.

Subtask 3.1: Accomplishments

Simulation showing

overland flow in a

portion of the Tims

Branch watershed

• Preliminary 

simulation results 

indicate that the 

model is capable 

of predicting flow 

depth and 

velocity within the 

study area during 

extreme climate 

events.



Advancing the research and academic mission of Florida International University.

• Land Use module 

developed:

– Includes both 

uniform and 

timeseries values of 

vegetation 

characteristics such 

as Leaf Area Index 

and Root Depth.

– 15 vegetation 

classes identified.

– Maps of Land Cover 

and Paved Runoff 

Coefficient 

developed.

Subtask 3.1: Accomplishments

Vegetation ID LAI RD 

(mm)

Barren Land 1.31 4000

Cultivated Crops 3.62 1500

Deciduous Forest 5.5 2000

Developed Low Intensity 2.5 2000

Developed Medium Intensity 2.0 2000

Developed Open Space 3.0 2000

Emergent Herbaceous Wetland 6.34 2000

Evergreen Forest 5.5 1800

Hay/pasture 1.71 1500

Mixed Forest 5.5 2400

Open Water 0.0 0.0

Quarries 1.31 4000

Transitional 1.31 4000

Urban/Recreational Grasses 2.0 2000

Woody Wetland 6.34 2000



Advancing the research and academic mission of Florida International University.

• Evapotranspiration (ET) module 

developed:

– Two methods employed: Richards Equation 

and Two-Layer Evapotranspiration/ 

Unsaturated Zone (ET/UZ). 

a) Uniform values of reference ET, Leaf 

Area Index, and Root Depth

b) Station-based timeseries which requires 

timeseries of reference ET, and station-

based rainfall.

– Timeseries of rainfall acquired from SRS 

database.

Subtask 3.1: Accomplishments

Parameter Value Units

Detention Storage 2.5 mm

Surface-Subsurface Leakage Coefficient 0.0001 1/sec

Reference Evapotranspiration 2.22 mm/day

Leaf Area Index 1.3 – 6.3 m2/ m2

Root Depth 0.0 – 4000 mm

ET Module Input Parameters 

Values based on numerical stability criteria and 

experimental measurements reported in the literature. 

– Station-based timeseries of rainfall data from various stations within South Carolina used to 

generate rainfall grids in MIKE SHE. Data was pre-processed prior to input into MIKE SHE.

– Station-based timeseries of reference ET acquired from stations within Aiken County near 

SRS. Data was pre-processed in accordance with MIKE SHE requirements.



Advancing the research and academic mission of Florida International University.

• Began preliminary development of a 1-D 

stream/river hydrology model using MIKE 11.

• Network and cross-sections initially developed 

manually using GIS tools.

Subtask 3.1: Accomplishments

Cross sections of streams and tributaries in 
Tims Branch watershed (100 m) directly 

exported from ArcGIS into MIKE 11

Cross sections (100 m) along A/M area 
outfall tributary near Outfall A-014 before 

and after control structures (rip rap & weir)

A/M 
Area

Rip Rap Weir



Advancing the research and academic mission of Florida International University.

• MIKE HYDRO finally used to create the cross-sections automatically.

Subtask 3.1: Accomplishments

Preliminary MIKE 11 simulation results



Advancing the research and academic mission of Florida International University.

• A comparative model is being developed using 

the Soil and Water Assessment Tool (SWAT).

• SWAT is a river basin scale model developed to 

predict the impact of land management 

practices on water, sediment and agricultural 

chemical yields.

• SWAT is a public domain model actively 

supported by the USDA at the Grassland, Soil 

and Water Research Laboratory in Temple, 

Texas.

• SWAT is physically based, computationally 

efficient and capable of simulating very large 

basins.

• SWAT can be used to study long-term impacts. 

Subtask 3.1: Accomplishments

Hydrology Modeling using SWAT



Advancing the research and academic mission of Florida International University.

Subtask 3.1: Accomplishments

• Similar to MIKE SHE/11, the SWAT model also 

has a user interface that accepts GIS input files 

including:

– Digital elevation model (DEM)

• To delineate basin and sub-basin  boundaries

• To calculate sub-basin average slopes and delineate the 

stream network 

– Land cover and soil shapefiles

• For input of land use, soil and slope parameters 

• To create and define Hydrological response units (HRU’s).
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Subtask 3.1: Accomplishments

Implementation of SWAT model for Tims Branch watershed



Subtask 3.2: Application of GIS 

technologies for hydrological 

modeling support

Angelique Lawrence

Natalia Duque (DOE Fellow)

Awmna Rana (DOE Fellow)
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Subtask 3.2: Accomplishments

• Hydrological model 

development is heavily 

supported by the use of GIS 

technology.

– Geodatabases for storage and 

management of data.

– ArcGIS geoprocessing tools for 

preparation of spatiotemporal 

model data.

– Geospatial analysis of 

environmental data.

– Maps and graphs for 

visualization of input data and 

model results.
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Subtask 3.2: Accomplishments

• A geodatabase was developed to store 

and manage the data used for 

hydrological model development.

• ArcGIS Diagrammer was used to 

document the contents of the 

geodatabase in a simple report format.
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Subtask 3.2: Accomplishments

• Utilized ArcGIS tools to preprocess 

data derived from SRS/SRNL and 

other federal agency online 

databases such as USGS, & 

USDA (NRCS/NLCD).

• Downloaded data projected to 

relevant coordinate system and 

clipped to model domain.

• ArcGIS ModelBuilder used to 

automate repetitive tasks and 

document geoprocessing workflow. 

Process flow models developed 

are reusable tools that can be 

implemented for other DOE sites.



Subtask 3.3: Biota, biofilm, water and 

sediment sampling in Tims Branch
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Subtask 3.3: Accomplishments

• This task includes additional sample collection of biota, biofilm, water and 

sediment in Tims Branch for analysis of total mercury and tin in tissue, biofilm 

and sediment; and possible speciation analysis on sediment for mercury, tin 

and other elements (e.g., uranium).

• This will serve to monitor and document any impacts of the innovative 

stannous chloride air stripping technology and provide additional data to assist 

with hydrological model calibration and validation. 

• The sampling will be initiated by FIU students during their summer 2016 

internship at SRNL/SREL and continued if necessary throughout the year by 

FIU students and/or ARC researchers.

• Collaboration has already been initiated with SRNL and SREL to support this 

effort. 
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Task 3: Future Work

(FIU Performance Year 6)

• Complete input of MIKE SHE model configuration parameters 

for simulation of unsaturated flow.

• Complete input of MIKE SHE model configuration parameters 

for simulation of flow in the saturated zone.

• Sample and data collection and analysis from Tims Branch.

• Progress Report for Subtask 3.1: Modeling of surface water 

and sediment transport in the Tims Branch ecosystem.

• Progress Report for Subtask 3.2: Application of GIS 

technologies for hydrological modeling support.



Task 4:

Sustainability Plan for the A/M Area 

Groundwater Remediation System

Dr. David Roelant

Natalia Duque (DOE Fellow)

Yoel Rotterman (DOE Fellow)
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This task supports US DOE EM-13 in developing plans for improving active remediation
systems to improve performance while lowering resources (money, GHSs, energy) used. The
initial effort identified specific improvements to the SRS A/M Area groundwater remediation
system with expectation that it would apply to many “pump and treat” systems across DOE.
Under “Sustainable Remediation” sustainability metrics are identified and included into
environmental management decisions.

Task 4: Description

Benefits:

• Provides state of the practice tools (developed for DOD sites) for analysis of 

sustainable and green remediation alternatives, which are needed to address 

long-term sustainability in terms of reduced environmental and energy 

footprints of remedial actions and operating systems.

• Greatly lowers costs and improves effectiveness of remediation strategies 

applicable to soil, groundwater, radioactive waste, and facility D&D.

• Helps identify alternatives for remediation, monitoring, waste handling, and 

D&D design that save money and support sustainable, compliant decision-

making.

• Identifies sustainability factors for the investigation, construction, operation, 

and long-term monitoring phases to estimate footprint of alternatives.

• Provides a decision matrix for remedy selection, design, or implementation 

and allows for remedy optimization.

Fig. 1: M-1 Air 
Stripper System 
at SRS A/M Area
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Collection of per Well Data

• Major effort in 2014 was identification of missing data per well on TCE & PCE 

recovery.

• Site had detailed info on water going to stripper from all wells combined.

• Site had a detailed database with 90% of the per well data.

• Site supplied dozens of reports from which FIU located most of the missing per 

well data to allow for per well analyses.

Task 4: Results 2014

Results per Well

• Monthly removal rate and cumulative mass removed for TCE and PCE in the 12 
recovery wells were analyzed for 1987-2012. 

• 7 of 12 recovery wells have transitioned to more PCE than TCE removed. This is 
an expected result since TCE was initially used and then replaced by PCE.

• Rate of recovery in some wells affected by Dynamic Underground Stripping (DUS) 
process.

• 7 wells exhibit exponential decay in contaminant removal, 5 exhibit steady 
concentrations, and 2 exhibit linear decreases.
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DUS still affecting remediation today

• Dynamic Underground Stripping (DUS) process injected steam into the ground and 

enhanced recovery of VOCs that is ongoing today.

• Steam injection occurred August 2005 – 2009.

• Steam was applied to the deep vadose zone first, then to the aquifer zone, and 

then to the mid-vadose zone.

• Soil vapor extraction is ongoing, residual temperatures in the deep low 

permeability zones still exceeding 65.6°C (150°F).

• To date >204 metric tons (450,000 lb) of VOCs removed.

Task 4: Results 2014
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Source:
SRNL

Task 4: Predicted recovery of TCE & 

PCE over time
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Task 4: Results 2014
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• Completed five Sustainable Remediation Papers:
– Green and Sustainable Remediation Practices, Tools and their Application at DOE Office of 

Environmental Management Sites.

– Baseline Summary Report for Sustainable Remediation Options for M1 Air Stripper at DOE SRS.

– Sustainability Analysis for the M1 Air Stripper and Pumps of the M Area Groundwater Remediation 

System at DOE SRS

– Green and Sustainable Remediation Options for the M Area Groundwater Remediation System at SRS.

– A Preliminary Green and Sustainable Remediation Analysis of the M1 Air Stripper at DOE’s Savannah 

River Site, Waste Management, Mar. 2016.

• Sustainability analyses resulted in these 4 primary recommendations:
– Utilization of a solar photovoltaic system for powering the A/M Area groundwater remediation system.

– Further analysis to determine an optimal speed for the blower motor that is sufficient to run the 

countercurrent stripper and removes the volatile organic contaminants to below the 1 ppb required. 

– Groundwater modeling analysis to optimize the pumping rate for each recovery well and for the entire 

system that provides hydrologic containment and maximizes the concentration of contaminants pumped 

to the stripper with lower total groundwater and air flow rates.

– Replacement of groundwater pumps when they fail with lower power pumps that match the required 

pump rate of the recovery well (e.g., additional lower powered 1-5 HP pumps).

Task 4: Accomplishments
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• Final report was delivered to DOE EM and SRNL on 

Dec. 15, 2015 completing this task.

• No additional effort is planned on this task

Task 4: Future Work



Task 5: Remediation Research and Technical 

Support for WIPP

Hilary P Emerson (FIU-ARC)
Timothy Dittrich (LANL)

Michael Richmann (LANL)

Don Reed (LANL Team Leader) Russ Patterson (DOE-CBFO)

Research performed at the Carlsbad Environmental Monitoring and Research 
Center (CEMRC) operated by New Mexico State University
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• LANL postdoc (Tim 
Dittrich) and ARC 
postdoc (Hilary 
Emerson) 

• Fall 2015

Initiate 
Collaboration

• 8 weeks as a 
visiting scientist

• Learn to conduct 
mini columns

• Feb – Apr 2016

Deploy FIU-
ARC postdoc

• Parallel 
experiments with 
more basic science 
focus at FIU

• 2016-2017

Conduct parallel 
experiments

•Continue WIPP-
related research as 
part of the DOE-EM 
cooperative 
agreement

•2017 and beyond!

Long-term 
partnership

Task 5: Collaboration Goals

Objective: To further our understanding of the sorption of trivalent 

actinides and lanthanides in WIPP-relevant minerals
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Task 5: WIPP Release Scenario

• Human Intrusion is most 

likely per cuttings, 

cavings or spallings

* leads to direct and/or long-

term brine release

• Horizontal brine release 

through Rustler formation 

(most transmissive)

* Most permeable layer-

Culebra dolomite 

[CaMg(CO3)2]
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Task 5

Objective: To update experimental 

sorption data for Trivalent An/Ln

• Oxidation states – III > IV >> VI >> V

• Release – Pu ~ Am >> U > Th >> Np ~ Cm
 

Oxidation State Distribution of Key Actinides  

in WIPP Performance Assessment 

Actinide  
Oxidation State Speciation Data used in 

Model Predictions III IV V VI 

Uranium  
 

50% 
 

50% 
Thorium for U(IV), 1 mM 

fixed value for U(VI) 

Plutonium  50% 50% 
  

Am/Nd for Pu(III) and 

thorium for Pu(IV) 

Americium  100% 
   

Americium/neodymium 
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Task 5

Lack of Experimental Sorption Data for 

Trivalent An/Ln for Dolomite

• Previous work: LogKd’s for dolomite reported from 3.4 – 6

– Brady et al. 1999: limited residence time reactor measured Kd’s, 
exceeded Nd solubility for pH 6 – 8, limited pH range for Am(III) 
(pH 3 – 6), limited conditions (0.05 and 0.5 M NaCl)

– Perkins et al. 1999: intact-core experiments, no breakthrough 
recorded after many months of injection, possible precipitation of 
Am(III)

– Brush and Storz 1996: batch sorption experiments in brines, no 
pH reported for Am(III) Kd’s, limited Nd(III) Kd’s for atmospheric 
CO2 in 0.05 M NaCl
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Task 5

Neodymium Speciation
in the Presence of Atmospheric CO2

Note: solubility is low (~50 ppb with atmospheric CO2 and ~20 ppb without) 
Two major species: NdCO3

+ and Nd(CO3)2
-
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Task 5

Materials and Methods

• Focus is simplified brines, i.e. 
NaCl

• Batch sorption (Equilibrium 
and kinetics)
– Initially 20 ppb Nd

– 5, 25 and 100 g/L dolomite

– 0.01 - 1.0 M IS (3 mM NaHCO3
+ NaCl)

– Target pH 8.6

• Continuous injection mini 
columns
– 1 cm column (~1 gram 

dolomite, porosity 0.32)

– 0.01, 0.1 and 1.0 M IS (3 mM 
NaHCO3 + NaCl)

– 20 ppb Nd

– Target pH 8.6
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Task 5

Preliminary Batch Experiments
20 ppb Nd(III) – 0.097 M NaCl + 0.003 M NaHCO3

Note: Appears to follow first order kinetics up to 200 minutes, then kinetics slow
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Task 5

Column Breakthrough
Expected Results

(Barros 2013)
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Task 5

Preliminary Column Breakthrough
0.01 M NaCl – 100 ppb Nd(III)

0.01 M NaCl + 100 ppb Nd 0.01 M NaCl 0.007 M NaCl + 

0.003 M NaHCO3

Column retention time ~18 minutes
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Task 5

Preliminary Column Breakthrough
0.097 M NaCl + 0.003 M NaHCO3 – 20 ppb Nd(III)

𝑅 = 1 +
ρ𝐵
θ
𝐾𝑑 Pore volumes > 1280 → Kd > 140 mL/g
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Task 5

Preliminary Conclusions and Future 

Work

• Preliminary Results
– Sorption is very strong in batch systems (consistent with 

previous work), Kd’s > 103

– >700 pore volumes of Nd continuously injected at 20 ppb without 
reaching saturation of mini columns (1 cm length, 1 gram 
dolomite)

• Future Work
– Write an internship report

– Experiments will be continued in parallel with LANL

– Continue 0.01M – 1M [NaCl + 3 mM NaHCO3] column and batch 
experiments with 20 ppb Nd [1.2x10-7 M] 

– Model results via PHREEQC 

– Am(III) for comparison to our trivalent analog, Nd(III)

– Relevant ligands? EDTA, DFOB, oxalic acid?
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Accomplishments

• Learned mini column 

experimental protocols

• Conducted batch sorption 

and column saturation 

experiments in the 

presence of 20 ppb 

Nd(III) at 0.01, 0.1 and 

1.0 M ionic strength (3 

mM NaHCO3 + NaCl) at 

pH ~8.6

Next Step

• Parallel experiments to 

be conducted at LANL 

Carlsbad and FIU-ARC

• Further exploration of 

trivalent actinide and 

lanthanide (Nd, Am, Pu) 

sorption to WIPP relevant 

minerals in the presence 

of ligands, variable redox 

conditions

Task 5

FIU – LANL Collaboration
Status Update
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Project 2 Future Work

(FIU Performance Year 7)

• Task 1:

– Complete dissolution and sequential extraction experiments. 

– Biodissolution of sodium autunite; effect of bacteria consortia on the dissolution.

– Effect of variable uranium and bicarbonate concentrations on the U(VI) partitioning on Hanford soil minerals; soprtion

kinetics.

– Column experiments on the influence of microbial activity on the corresponding electrical geophysical response after 

ammonia injections in the vadose zone.

• Task 2:

– Elucidate U(VI) – soil interactions and the effect of different soil fractions.

– Kinetic experiments for sorption of U(VI) with and without HumaK.

– Synergetic interactions of humic acid and colloidal silica on uranium removal under varying pH and uranium  

concentrations. 

– Study the migration and distribution of other commercially available HA and obtain sorption and desorption parameters 

under different pH levels; Develop coupling between flow and transport of the contaminant in the subsurface.

• Task 3:

– Model calibration and validation.

– Couple MIKE SHE and MIKE 11.

• Task 4:

– This task has been completed. Sustainable remediation support will be provided to the DOE EM student challenge under 

Project 4.

• Task 5:

– Continue WIPP-related research as part of the DOE-EM cooperative agreement.
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Project 2: Masters & PhDs

• Claudia Cardona: PhD Environmental Engineering
– Expected graduation date: Summer 2016

• Natalia Duque: MS Water Resources Engineering

– Expected graduation date: Fall 2016

• Silvina Di Pietro: PhD Chemistry

– Expected graduation date: Fall 2019

• Hansell Gonzalez: PhD Chemistry

– Expected graduation date: Fall 2017

• Sandra Herrera: MS Environmental Engineering

– Expected graduation date: Spring 2016

• Robert Lapierre: MS Chemistry

– Expected graduation date: Summer 2016
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Project 2: Internships

(Summer 2015)

• Claudia Cordona
– Location: PNNL, Richland, WA

– Summer Site Mentor: Dr. Jim Szecsody, PNNL

– “Geochemistry Related to NH3 Gas Used for Uranium Remediation in the Vadose Zone”

• Natalia Duque
– Location: SRNL, Aiken, SC

– Summer Site Mentor: Dr. Ralph Nichols, SRNL

– “Analysis of Solar Generated Power in the Southeastern United States”

• Kiara Pazan
– Location: SRNL, Aiken, SC

– Summer Site Mentors: Dr. Miles Denham & Margaret Millings, SRNL

– “Processing of Diffusion Samplers to Test Remediation of Uranium by Humate”

• Aref Shehadeh
– Location: SRNL, Aiken, SC

– Summer Site Mentor: Dr. Miles Denham, SRNL

– “Optimizing Remediation of I-129 using AgCl Colloidal-Sized Particles in SRS F-Area Sediments”

• Yoel Rotterman
– Location: SRNL, Aiken, SC

– Summer Site Mentor: Albes Gaona DOE-HQ EM-13

– “Climate Change Vulnerability Assessment and Adaptation Plan for DOE Sites”
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Project 2: Conferences & 

Presentations

Proceedings of the Waste Management Symposia 2016, Phoenix, AZ, March 2016

• Professional Posters/Papers

– R. Gudavalli, C. Pino, Y. Katsenovich, M. Denham, “Synergetic Interactions between Uranium, 

Humic Acid, Silica Colloids and SRS Sediments at Variable pH”.

– R. Gudavalli, K. Pazan, M. Denham, B. Looney, “Migration and Distribution of Natural Organic 

Matter Injected into Subsurface Systems at F/H Area at Savannah River Site”.

– M. Mahmoudi, A. Lawrence, S. Setegn, N. Duque, B. Looney, “Development of an Integrated 

Hydrological Model for Simulation of Surface Runoff and Stream Flow in Tims Branch Watershed”.

– A. Lawrence, M. Mahmoudi, S. Setegn, N. Duque, A. Rana, B. Looney, “Using GIS for Processing, 

Analysis and Visualization of Hydrological Model Data”.

• Professional Papers/Presentations

– S. Herrera-Landaez, V. Anagnostopoulos, Y. Katsenovich, B. Lee, M. Lee, “The Effect of 

Bicarbonate on Autunite Dissolution in the Presence of Shewanella oneidensis under Oxygen 

Restricted Conditions”.

– R. Lapierre, Y. Katsenovich, L. Lagos, “Characterization of U(VI)-Bearing Precipitates Produced by 

Ammonia Gas Injection Technology into Unsaturated Sediments”.
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Project 2: Conferences & 

Presentations

Proceedings of the Waste Management Symposia 2016, Phoenix, AZ, March 2016

• Student Posters

– A. Hernandez, “Kinetic and Mechanistic Studies of U(VI) Bearing Groundwater Treated with Sodium Silicate at the 

Savannah River Site”.

– A. Rana, “Application of Geospatial Tools to Support Development of a Hydrological Model of the Tims Branch Watershed 

in Aiken, SC”.

– C. Strand, “Topographic Analysis to Support the Hydrology Model of the Tims Branch Watershed, Aiken, SC”.

– C. Wipfli, “A Study of Sodium Silicate Treatment for the U(VI) - Impacted Acidic Groundwater at Savannah River Site's F/H 

area”.  

– H. Gonzalez, “Study of an Unrefined Humate Solution as a Possible Remediation for Groundwater Contamination at SRS”.

– N. Duque, M. Mahmoudi, “Development of a Flow Model to Simulate Discharge in Tims Branch, Savannah River Site”.

– R. Lapierre, “The Characterization of Uranium Phases Produced by the NH3 Injection Remediation Method under Hanford 

200 Area Conditions”.

– S. Di Pietro, “Ammonia Gas Injection for Remediation of Uranium Contamination”.

– Y. Rotterman, “Green & Sustainable Remediation Analysis of a Packed Tower Air Stripper Used to Remediate 

Groundwater Contaminated with CVOCs”.

• Silvina Di Pietro- (PhD Chemistry) DOE Fellow student, was awarded with the Roy G. Post Foundation 
Scholarship.

• Ravi Gudavalli won best poster award for Track 7: Environmental Remediation.

• 9 DOE Fellows presented posters based on the research conducted under this project for the WM 
student poster competition.
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Project 2: Conferences & 

Presentations
• Proceedings of the 2015 American Geophysical Union (AGU) Fall Meeting, San Francisco, CA, December 2015

– M. Mahmoudi, S. Setegn, A. Lawrence, N. Duque,” Integrated Modeling System for Analysis of Watershed Water 

Balance: A Case Study in the Tims Branch Watershed, Aiken, South Carolina.”

– A. Lawrence, M. Mahmoudi, S. Setegn, N. Duque, “GIS as an Integration Tool for Hydrologic Modeling: Spatial Data 

Management, Analysis and Visualization”.

• ACS conference, August 2016 

‒ H. Emerson, S. DiPietro, Y. Katsenovich, “Investigation of NH3(g) treatment for the immobilization of uranium in the 

presence of pure minerals”. (Submitted).

‒ V. Anagnostopoulos, A. Hernandez, C. Wipfli, Y. Katsenovich, M. Denham, “Sodium silicate treatment to attenuate 

uranium mobility in the acidic groundwater plumes”. (Submitted).

• Life Sciences South Florida STEM Undergraduate Research Symposium April 2nd 2016

‒ A. Hernandez, V. Anagnostopoulos, Y. Katsenovich, “Kinetic and Mechanism Studies of U(VI) Bearing Groundwater 

Treated with Sodium Silicate at the Savannah River Site”.

‒ A. Smoot, R. Gudavalli, Y. Katsenovich, “Study of Synergetic Interactions between Uranium, Humic Acid, Silica Colloids 

and SRS Sediments at Variable pH”.

‒ S. Bird, R. Gudavalli, “Migration and Distribution of Natural Organic Matter Injected into Subsurface Systems at F/H Area 

at Savannah River Site”.

‒ Alex Hernandez won the first place in the poster competition.

• Christine Wipfli (DOE Fellow) won the International Atomic Energy Agency (IAEA) internship; left last week to start 

her one year internship in Vienna, Austria.
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Project 2: Publications

• Yelena Katsenovich, Claudia Cardona, Robert Lapierre, Jim 

Szecsody, Leonel Lagos, 2016. The Effect of Si and Al 

Concentrations on the Removal of U(VI) in the Alkaline 

Conditions Created by NH3 Gas (Submitted to Applied 

Geochemistry Journal). 
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Winner “BEST POSTER”
Track 7: Environmental Remediation 
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QUESTIONS


