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Resear ch Hypotheses

® Indigenous microorganisms with the capability to
reduce uranium and technetium are present in the
shallow aquifer at FRC Area 1

® Rates of uranium and technetium reduction are
limited by the availability of suitable electron
donors

® Injecting exogenous electron donor to stimulate
denitrification, and iron reduction will Increase
rates of uranium and technetium reduction
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Welsin Area 1l Test Plot
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Groundwater Geochemistry:
Wellsin Area 1l Test Plot

Nitrate  Sulfate Chloride Uranium Technetium

Wel-ID pH (mglL) (mgl)  (mglL) (mg/L) (pCi/L)
FWO015 | 3.37 | 8305 215 760 7.7 18500
FW016 | 3.92 | 1016 18.4 276 0.61

FW019 | 65 | 215 61 105 0.17

FW020 | 462 | 76 102 20 0.02

FW021 | 325 | 8463 41 281 1.38 30974
FW027 | 5.39 | 10401 3 281 0.029 26347
FW028 | 4.4 | 10367 5 145 0.55 12125
FW029 | 394 | 3870 219 170 1.68 12590
FW030 | 3.51 | 9007 3 247 1.53 21470
FWO031 | 5.68 | 3890 7 71 0.011 2053
FWO032 | 522 | 1460 1 87 0.008 1606
FW033 | 585 | 886 63 47 0.07 2237
FW034 | 679 | 48 72 22 0.12 66

Temperature: 12-23°C; Dissolved oxygen: 1-5 mg/L




L aboratory I ncubations

®|n moderate pH sediments (pH 6.8), the addition
of acetate, ethanol, or glucose stimulated complete
reduction of NO5 within 10 days, with transient
NO, accumulation and U reduction

®Inlow pH sediments (pH 3.5), no donor utilization
or denitrification activity was observed, even
when sediments wer e neutralized with CaCO,



Field Manipulation Experiments

Push-Pull Activity Tests

. Treatment wells: Inject site
Activity TestS | groundwater with added

l tracer, bicarbonate, and
selected electron donor

Biostimulation! C€ontrol wells: Inject site

groundwater with added
l tracer and bicarbonate only

Activity Tests Biostimulation

Treatment wellsonly: Inject DI
water with added tracer,
bicarbonate, and donor



Geochemistry Data: Well FW021

pH 3.25 Manganese | 173 | mg/L
Uranium 2 mg/L | Potassium 34 | mg/L
Technetium | 30974 |pCi/L Barium 23 | mg/L
Sulfate 17 | mg/L
Nitrate 8463 | mg/L Nickel 10 | mg/L
Calcium 1594 | mg/L | Strontium 4 mg/L
Sodium 524 | mg/L Cobalt 1 mg/L
Magnesium | 284 | mg/L Zinc 1 mg/L
Chlorine 271 | mg/L Gallium 1 mg/L
Aluminum 206 | mg/L




Field Manipulation Experiments:
Phase | —moderate pH

Treatment Control
(+ acetate) Sour ce well pH 6.5
pH 6.5 pH 3.3
FW021 FWO027
FW019 FWO015 o 7 O FW028
o o
Treatment O (o
(+ glucose)| O FW029 FW016
oH 5.8 |FW033 FW030
o © o FVV°O31
FW034 W2 FWO032
Treatment Treatment
(+ ethanol) (+ glucose)
pH 6.8 pH 5.2
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Push-Pull
Activity Tests

Step 1.
Collect ~200 L
groundwater from
FWO021




Test

Solution Preparation

Step 2.
Add tracer and

bicarbonate (all
wells) and selected
electron donor
(treatment wells
only)
Observation:

precipitate
formation




Step 3.

Mix wit
N,:CO, gas
(80 %:20%)

Gas
bubbles




Step 4.
Sample composition

of test solution
before- and after -
mixing

Filtering
B samples
o e
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Precipitate Formation

Raising pH of acidic
groundwater generates
large quantities of solids,
which could clog pore
space

EX. ~ 100-200 pore
volumes

One alternative would be
to raise pH In porous
treatment zone (reactive
barrier) upgradient of
electron donor addition

Test 24

(mg/L)

Ca 1314

Al 188

Mn 162
Mg 19
Ba 18
NI 5
SO,~ 3
K 2
Sr 2
Co 1
U 1
Zn 1

Total 1718




Step S.
Test Solution I njection (“Push”)

The




Step 6. Periodic Sampling

® Samples of injected test solution/groundwater
mixture collected from injection well and
analyzed for:

— norganic anions, donor and products (1C)
—Uranium (KPA) Technetium (L SC)
—Elemental composition (I1CP)

—Total iron pH



Field Manipulation Experiments

Donor Rate Nitrate| Rate Nitrite MaxC.| Tc Rate U Rate
Well Test Donor utiliz ? (mM/hr) rem.? mM/hr prod.? (mM) rem.? (pCi/L/hr) rem.? (uM/hr)
FW031 18,24 control - - NO - NO - NO - NO -
FWO027 20, 26 control - - NO - NO - NO - NO -
FW019 13 control - NO - NO - NO - NO -
FWO019 15 acetate | YES | 0.14 YES 0.13 YES 76 NO NO -
21 acetate | YES @ 0.40 YES 0.36 YES 8 YES 151 NO -
39 acetate | YES YES 0.50 YES 2 YES 16 NO -
FW034 16 ethanol | YES 0.11 YES 0.64 YES 4 NO - NO -
22 ethanol | YES @ 0.25 YES 0.39 YES 12 YES 200 YES
40 ethanol | YES YES 3.16 YES 4 YES 68 YES
FWO033 17 glucose | YES @ 0.08 YES 0.76 YES 61 YES 17 NO -
23 glucose | YES | 0.16 YES 0.59 YES 31 YES 62 NO -
41 glucose | YES YES 3.16 YES 23 YES 228 YES
FW032 19 glucose | YES | 0.02 NO - NO - NO - NO -
25 glucose | YES 0.11 YES 0.44 YES 9 YES 244 YES
42 glucose | YES YES 0.51 YES 4 YES 800 YES




Results: Control Wells (no added donor)
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Results: FW034 - 13 ethanol addition
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Results: FW034 - 13 ethanol addition
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Results; FW034 — 24 ethanol addition

C/Co
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Ferrous|ron Production
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C/Co

Results; FW034 — 24 ethanol addition
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Nitrate (mM)

Results; FW034 — 24 ethanol addition
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soluble LY [himoales! g sediment]

Soluble L[V [nmolesd g sediment)
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Biostimulation

Toincrease microbial activity a series of sequential
electron donor additions was conducted

FWO019 Acetate x 3
~\W034 Ethanol x 3
~WO033 Glucose x 3
~\W032 Glucose x 3




Results; FW034 — 7th ethanol addition
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Nitrate (mM)

Results; FW034 — 7th ethanol addition
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Field Manipulation Experiments

Donor Rate Nitrate| Rate Nitrite MaxC.| Tc Rate U Rate
Well Test Donor utiliz ? (mM/hr) rem.? mM/hr prod.? (mM) rem.? (pCi/L/hr) rem.? (uM/hr)
FW031 18,24 control - - NO - NO - NO - NO -
FWO027 20, 26 control - - NO - NO - NO - NO -
FW019 13 control - NO - NO - NO - NO -
FWO019 15 acetate | YES | 0.14 YES 0.13 YES 76 NO NO -
21 acetate | YES @ 0.40 YES 0.36 YES 8 YES 151 NO -
39 acetate | YES YES 0.50 YES 2 YES 16 NO -
FW034 16 ethanol | YES 0.11 YES 0.64 YES 4 NO - NO -
22 ethanol | YES @ 0.25 YES 0.39 YES 12 YES 200 YES
40 ethanol | YES YES 3.16 YES 4 YES 68 YES
FWO033 17 glucose | YES @ 0.08 YES 0.76 YES 61 YES 17 NO -
23 glucose | YES | 0.16 YES 0.59 YES 31 YES 62 NO -
41 glucose | YES YES 3.16 YES 23 YES 228 YES
FW032 19 glucose | YES | 0.02 NO - NO - NO - NO -
25 glucose | YES 0.11 YES 0.44 YES 9 YES 244 YES
42 glucose | YES YES 0.51 YES 4 YES 800 YES




Summary: Phase | —Moderate pH

® |njected acetate, glucose, or ethanol was rapidly
utilized in all cases.

® Sequential donor additionsresulted in:

NCIr eased
NCIr eased
NCIr easec
NCIr easec

NCIr easec

rates of donor utilization

rates of denitrification

production of ferrousiron

rates of technetium immobilization
rates of uranium immobilization

® Denitrification intermediates may have resulted
In remobilization of previously immobilized
uranium but not technetium (?)



