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Step 1.2 - "Scouting" Leach Tests 

For the scouting leach tests, one 1 5.2-cm (6-in.)-diameter by 15 .2-cm (6 in.)-length column will 
be filled with source material for each of the five target levels (five columns). Simulated 
Hanford Site rainwater (based on historical test results of actual local rainwater) or deionized 
water will be used to conduct the leach tests (deionized water will produce more conservative 
results than simulated rainwater) with a residence time of at least 168 hours for each pore 
volume. It is anticipated that at least 10 pore volumes of simulated rainwater will be passed 
through each of the five loaded columns. The leachate solution will be collected from each 
column at regular intervals and analyzed for the parameters identified in Table B-2. It is 

. estimated that as many as 24 leachate samples may be collected and analyzed from each column. 

Table B-2. Scouting Test Leachate Characterization Summary. 

Test Method Quality Control 

pH .. EPA-9045 One duplicate and 1 control sample for every 20 leac�ate 
samples. 

Electrical conductivity Electrode One blank, 1 duplicate, and 1 control sample for every 20 
leachate samples. 

Uranium (mass) ICP/MS One blank, 1 duplicate, and 1 control sample for every 20 
leachate samples. 

ICP/MS = inductively coupled plasma/mass spectrometry 

Based on the variability of results from the tests identified in Table B-2, composite samples of 
the leachate within each column will be prepared (i.e., leachate samples from multiple target 
levels will not be composited) to support geochemical solubility and speciation calculations. 
Each of the composite leachate samples will be tested for the parameters identified in Table B-3. 
The turnaround time for the scouting leach tests is anticipated to be approximately 2 1  weeks. 

Table B-3. Composite Leachate Characterization Summary. 

Test Method Quality Control 

Anions Ion chromatography 
One blank, 1 duplicate, and 1 control sample for every 20 leachate 
samples. 

Cations ICP - One blank, 1 duplicate, and 1 control sample for every 20 leachate 
samples. 

Alkalinity Titration 
One blank, 1 duplicate, and 1 control sample for every 20 leachate 
samples. 
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Stage 2 of the controlled laboratory tests includes continued duration leach tests and the initial 
adsorption tests, as presented in the following steps. 

Step 2.1 - Batch Leach Tests 
• 

Based on the results from the scouting leach tests (showing that a small portion of the uranium 
readily leached in the first few pore volumes and then the leaching approached a slow continual 
release of the remainder), batch leach tests will be performed to better define an equilibrium (or 
at least steady-state) desorption � for the recalcitrant majority of uranium in the sediments. At a 
minimum, batch leach tests will be performed for 150 days or until June 2002, with periodic 
sampling of leachate to learn when steady-state uranium concentrations are reached. The_ five 
contaminated sediments that have already been leached in the flow-through column test will be 
used in the batch leach tests. The flow through column tests will be stopped and approximately 
450 g of wet sediment from the influent end of the columns will be well mixed and split into the 
following three batches: 

• 100 g oven-dry sediment per liter of rainwater 

• 100 g oven-dry sediment per liter of vadose zone pore water (saline solution equivalent to 
fluids from the flow through portion of the leach tests) 

• 100 g oven-dry sediment per liter of groundwater 

Moisture content of the wet sediment will be determined and a small portion will be oven dried 
for determination of the total uranium content using x-ray fluorescence. During the test, 
containers will be gently rocked or contents will be occasionally stirred/sparged with air. 
Samples will be collected at the end of 2, 4, 7, 1 1 , 15, and 21 weeks) by removing 15 mL of 
leachate and replacing it with 15 mL of fresh solution. Electrical conductivity, pH, and uranium 
will be measured for each sample collected. Anions and alkalinity will be measured for samples 
collected at the end of weeks 4, 1 1 ,  and 21 only. The desorption � will be calculated as a 
function of time for each sediment and each solution type. 

Step 2.2 - Perform Batch Adsorption Tests 

Because results from the flow through leach tests exhibited a wide range of uranium 
concentrations, batch adsorption isotherm tests will be conducted to help guide the interpretation 
of the proposed column tests. Two sorption isotherms will be developed using solutions 
representative of the groundwater vadose porewater chemistry (with saline composition similar 
to the first leachates from the 2001 leach tests) to determine whether the adsorption follows a 
linear isotherm and, thus, yields a constant sorption � value. These two end member solutions 
will consist of mixtures of calcium, magnesium, sodium, sulfate, and bicarbonate. The more 
saline solution will have 20 meq/L of total cations and anions, and the dilute solution will have 2 
meq/L of total cations and anions. Both solutions will be set at pH equal to 7.5 (the average pH 
of all the leachates from the 2001 tests and a value representative of the 300 Area groundwater in 
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the vicinity of the uranium plume). Aliquots of each solution will be spiked with five different 
concentrations of uranium(VI) ranging from 30 ppb to 70 ppm (representative of the drinking 
water standard to the most concentrated leachates from the 2001 tests). 

Duplicate }?atch adsorption tests will be run using background sediments that will have been 
rinsed twice with the two uncontaminated solutions to remove natural uranium that is readily 
dissolvable and to adjust the pH to approximately 7.5. The solid to solution ratio for all isotherm 
tests will be fixed at a ratio to be determined from preliminary tests (a likely ratio will be 5 g of 
sediment to 50 mL of solution). The contact time for the batch test will be 72 hours to allow 
adequate time for equilibration. The tests will be run for total of 168 days and pH and uranium 
content rechecked. 

To determine the variation in uranium � versus the two most sensitive parameters (pH and 
carbonate concentration), two additional suites of batch adsorption tests will be performed. For 
the pH tests, the two solutions from the batch isotherm tests will again be used. Two of the 
uranium concentrations will be selected, and three batches of each of the solutions will be pH 
adjusted to 6.5, 7 .5, and 8.5.. The effects of bicarbonate concentration on uranium � will be 
determined using batch tests where two solutions of sodium-bicarbonate-sulfate with fixed ionic 
strengths of l and 20 meq/L will be prepared at three different levels of bicarbonate. For the 2 
meq/L solution, the bicarbonate suite will be set at 0.5, l ,  or 2 meq/L. For the 20 meq/L 

. solution, the bicarbonate concentration will be fixed at 2, 8, or 16 meq/L. The pH will be fixed 
at 7 .5 for all solutions. The same solid-to-solution ratio, prewashing steps, and contact times will 
be used as for all the batch tests. For all of the batch adsorption tests, the initial and final 
uranium concentrations, pH, and alkalinity will be determined such that the uranium adsorption 
� can be determined and the sensitivity to uranium, pH, and bicarbonate concentration can be 
quantified. 

Step 2.3 - Perform Flow-Through Column Adsorption-Desorption Tests 

After variability of the uranium � to the uranium concentration, pH, and bicarbonate is 
determined (Step 2.2), flow-through tests to develop breakthrough curves for uranium adsorption 
onto the background sediment will be conducted. Columns with dimensions of approximately 
4. 1 cm diameter (inner) by 24.4 cm long filled with background sediment will be used. It is 
anticipated that two different uranium-bearing solutions will be used to run flow-through column 
tests. Each column will be "pre-flushed" over a 7-day period with a "clean" solution that has the 
same chemical composition, but without uranium, as the two different uranium-bearing 
solutions. The purpose of a pre-flushing step is to achieve equilibrium for the background 
sediments and to leach the readily removable natural uranium from the background sediment. 

It is estimated that each column test will run for 180 days with 7 days of pre-flushing, 42 days of 
injection of uranium-traced solutions at a flow rate of 0.07 pore volume per day, and 1 3 1  days of 
rinsing with the same solution without uranium tracer. Flushing with the clean solution will 
determine the desorption rate for the uranium and evaluate reversibility. An adsorption � and a 
desorption Ket will be determined to for potential use in transport models that can accommodate 
sorption hysteresis. An average of five adsorption fluid samples will be collected for each pore 
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volume when there is uranium breakthrough action, and one sample will be collected for each 
pore volume when there is no breakthrough (or slowly increasing breakthrough). Up to 50 
adsorption fluid samples from each column will be analyzed in accordance with analyses 
specified in Table B-4. 

Table B-4. Adsorption/Desorption Fluid Characterization Summary. 

Test Method Quality Control 

pH EPA-9045 One duplicate and 1 control sample for every 20 leachate samples. 

Electrical conductivity Electrode 
One blank, 1 duplicate, and 1 control sample for every 20 leachate 
samples. 

Uranium (mass) ICP/MS 
One blank, 1 duplicate, and 1 control sample for every 20 leachate 
samples. 

In addition to the characterization analyses from Table B-4, selected adsorption fluid samples 
will be analyzed for the common cations and anions in accordance with Table B-3. 

The objectives of the column tests are to verify the adsorption � for uranium for two specific 
conditions and to address desorption tendencies of uranium for recently adsorbed uranium. The 
desorption results will likely be conservative values (lower than desorption values) for uranium 
that has been sequestered by sediments for several tens of years. If significant hysteresis is 
observed between the adsorption � and the desorption � it would be appropriate to run 
RESidual RADioactivity (RESRAD) dose modeling or other models with two types of � values 
for the originally clean (or deeper sediments) or at least argue that adsorption � values 
overestimate migration of the uranium to the water table. 
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