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P.O. Box 538704 
Cincinnati, OH 45253-8.704 

( 5  1 3)  648-3000 

June 26, 2002 
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Fern al d Environment a I Man age m e n t Project 
Letter No. C:ARWWP:2002-0012 

Mr. Johnny Reising 
Department of Energy 
Fernald Environmental Management Project 
P. 0. Box 538705 
Cincinnati, Ohio 45253-8705 . .  

Dear Mr. Reising: 

CONTRACT DE-AC24-010H20115 ,  RESPONSES TO US EPA AND OHIO EPA COMMENTS 
ON THE PROJECT SPECIFIC PLAN FOR THE ANALYSIS OF HOW URANIUM IS SORBED 
AND PARTITIONED ON GREAT MIAMI AQUIFER MATRIX SEDIMENTS 

Reference: 1)  Letter f rom Mr. James A. Saric, USEPA to Mr. Johnny W. Reising, 
US DOE, "Uranium Sorption and Partioning of  GMA PSP," dated 
May 14, 2002. 

2) Letter from Mr. Thomas A. Schneider, Ohio EPA to  Mr. Johnny Reising, 
US DOE, "Comments on PSP for Uranium Partioning of  GMA Sediments," 
dated May 22, 2002.  

Enclosed please find responses t o  the referenced comments for your review and 
forwarding on to  EPA and Ohio EPA. A revised PSP is no t  included since the comment 
responses will be included in the PSP file and noted actions resulting in changes to  the 
protocols identified in the PSP will be implemented as appropriate. Should you have 
questions regarding this transmittal please contact me at  648 -5814  or Bill Hertel at 648- 
3894. 

Dahd  J. Mettschneider, Project Manager 
Aquifer Restoration I W ast e w ater Project 

DJB:BH:ldt 
Enclosure 
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C: Rich Abitz, Fluor Fernald, Inc., MS60 
Robert J. Bell, DOE Contracting Officer, MS45 
Ken Broberg, Fluor Fernald, Inc., MS52-5 
J.D. Chiou, Fluor Fernald, Inc., MS64 
Glenn Griffiths, DOE-FEMP, MS45 
Bill Hertel, Fluor Fernald, Inc., MS52-5 
Rob Janke, DOE-FEMP, MS45 
Adam Rector, Fluor Fernald, Inc. Prime Contract, MS5 
Ron White, Fluor Fernald, Inc., MS52-5 
File Record Subject 
Project Number 53000 
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4 4 5 3  
RESPONSES TO U.S. EPA TECHNICAL REVIEW COMMENTS ON THE 

PROJECT SPECIFIC PLAN FOR THE ANALYSIS OF HOW URANIUM IS SORBED AND 
PARTITIONED ON GREAT MIAMI AQUIFER MATRIX SEDIMENTS 

--/ 

GER'EIUL COMMENT 

1. Commenting Organization: U.S. EPA Commentor: Saric 
Section#: Not Xpplicable (NA) Pg.#: NA Line#: NA Code: G 
General Comment# 1 
Comment: The project specific plan (PSP) does not adequately explain why the proposed study is 

required or how the study results will be used to meet the study's primary objective, which 
is improving the accuracy of cleanup predictions. For example, Section 1 .O of the PSP 
states that "operational experience with the remedy suggests that the equilibrium 
assumption may not be valid and that sorption and desorption reaction rates for uranium in 
the aquifer may not be equal. A disequilibrium [nonequilibrium] approach may be 
required in order to improve the accuracy of cleanup predictions." However, the PSP does 
not demonstrate that the operational data for the Greater Miami Aquifer (GMA) matrix 
sediments at the Femald Environmental Management Project (FEMP) in fact suggest that 
the equilibrium assumption is not valid and that sorption and desorption rates for uranium 
in the aquifer are not equal. The PSP should include adequate information to show (1) that 
the actual cleanup results are significantly different from the predictions made based on the 
assumption that equilibrium conditions exist in the aquifer and (2) that the observed 

' 

I differences are due to the absence of equilibrium conditions in the aquifer. 

Response: 

The PSP proposes that a "semi-qualitative" and "semi-selective" chemical extraction study 
be performed to generate the data required to meet the study's primary objective-that is, 
improving the model currently used to predict cleanups. However, the PSP provides no 
details regarding how the study results will be used to improve the current cleanup model. 
To allow the U.S. Environmental Protection Agency (U.S. EPA) to properly evaluate the 
proposed approach, the PSP should provide a step-by-step description of how the results 
obtained from each of the eight steps associated with the extraction study will be used to 
determine chemisorption and desorption coefficients and how these coefficients will be 
used to improve the current cleanup model. In addition, the PSP should explain why the 
study is identified as "semi-qualitative" and how semi-qualitative study results will be used 
to meet the study's primary objective, as quantitative results will be required for accurate 
determination of the chemisorption and desorption coefficients that are to be used to 
improve the accuracy of cleanup predictions. 
This comment requests that the following items be clarified in or added to the PSP. 

1) Why the proposed study is required. 
2) Provide more information showing that the actual cleanup results are significantly 

different from predictions and that these differences (modeled versus actual) are due to 
the absence of equilibrium conditions in the aquifer. 

3) Provide a step-by-step description of how the results obtained from each of the eight 
steps associated with the extraction study will be used to determine chemisorption and 
desorption coefficients and how these coefficients will be used to improve :he current 
cleanup model. 

4) Explain why the study is identified as semi-qualitative and how semi-qualitative results 
will be used to meet the study's primary objective. 
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These four items are addressed as follows: 1 4 4 5 3  
1) Why the proposed study is required: As stated in the first sentence of the comment, the 

proposed study is required to improve the accuracy of cleanup predictions. As 
explained below, the b e s  case groundwater cleanup time predictions made in 1997 are 
not being borne out. It is anticipated that results of this study will provide information 
to better understand the model limitations and a better understanding of the 
aquiferhranium geochemistry. 

Provide more information showing that the actual cleanup results are significantly 
different from predictions and that these differences (modeled versus actual) are due to 
the absence of equilibrium condirions in the aquifer: As noted in the text of the PSP, 
the actual versus modeled cleanup results may be due to the absence of equilibrium 
conditions. Some other ieasons nhy the actual versus modeled cleanup results differ 
are: The actual source t e r n  in the aquifer may be larger than modeled; groundwater 
injection rates being less than what was modeled; and water table variation with 
contaminant being poten:ially fised above the water table during parts of the year or 
during periods of loxver regional water levels. Regarding the equilibrium question, the 
Baseline Remedial Strate9 Report (BRSR) (DOE 1997) predicted remediation of the 
aquifer would be complex by 2006 under a piecewise continuous equilibrium 
assumption (e.g., a Kd value of 1.78 L k g  during the early years and a Kd value of 
17.8 L/kg during the ou? years). These BRSR model scenarios predicted total uranium 
concentrations in the off site ponion of the plume (South Plume) would be below 
20 pg/L by 2003. These jcenanos also predicted the South Field portion of the plume 
would require 10 additional wellj in the Southern Waste Units (SWU) area to complete 
the aquifer remediation 3y 2006. Operational experience with the remediation system 
since publication of the 3RSR has shown that the off site portion of the plume (South 
Plume) is being remedisxd at a slower rate than predicted, with total uranium 
concentrations remainin; above 100 pg/L in the aquifer in 2002. Under the SWU area, 
total uranium concentraxns in the aquifer have decreased from over 2000 p a  to 
under 500 pg/L indicatix,o that remediation in this area is proceeding at a faster rate 
than predicted and that 10 additional extraction wells will not be required in this area. 
A detailed discussion of :he modeling approach and the justification is contained in 
Appendix A of the BRSX. 

3) Provide a step-by-step kcription of how the results obtained from.each of the eight 
steps associated with the csuaction study will be used to determine chemisorption and 
desorption coefficients Lid how these coefficients will be used to improve the current 
cleanup model: The stezj in the selective extraction procedure will provide the 
following information: 

Steps 1 & 2 - exchangeable uranium. Step 1, the wash with Mg(N03)*, measures 
. the exchangeable cationic species. Mg concentrations of 0.1 M to 1 .O M are 

commonly used--the lon-er concentrations simulate more natural conditions 
(Yong et al., ,1993). Sckultz et al. (1998) suggest a concentration of 0.4 M to 
maximize the effect of ti..? exchange, and Table 1 (attached) will be changed to reflect 
this recommendation. S:ep 2, the exchangeable anionic species wash with Na2(S04), 
was added to evaluate xmbile, anionic forms of uranium. Although the NO< will be 
present at a concentration of 0.8 >l in Step 1, it is such a weakly complexing anion that 
a second rinse with SO:'- \$.as deemed necessary. Uranium associated with the 
extraction fluids used in these steps is assumed to be highly mobile, and results will 
provide'an estimate of t'ce uranium fraction that is available for desorption. 

. . 

. ' 

Ster, 3 - digestion of carbonate grains. This step provides information on the mass 
fraction of uranium that i j  partitioned into carbonate minerals. Yanase et al. (1991) 
showed that a significar.: friaction of the total uranium (20-30 percent) in soil from 
Koongara, Australia wz caibonate-bound. Sodium acetate solution is commonly used 
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to extract the carbonate fraction. Approximately 10 percent of this mass may 
contribute to the chemisorption load present in the sediment. The remaining uranium 
mass is considered background. 

Steps 4 & 5 - digestion of amorDhous oxides and organic material. Most of the 
chemisorbed uranium will be released during the digestion of the noted materials. 
Step 4 extracts poorly crystalline and amorphous iron oxides. Several different 
solutions have been used for this step, but Tamm’s reagent (0.175 M ammonium 
oxalate-O.1 M oxalic acid) is the standard (Chao and Zhou, 1983). Step 5 extracts 
organically bound uranium. Acidified H202 solu?ion is commonly recommended 
(Tessier et al., 1979, Rauret et al., 1989, Schultz et al., 1998). Uranium (IV) associated 
with these materials could be released by changes in the redox conditions in the 
sediments. Steps 3,6 & 7 will also contribute some uranium to the chemisorption 
load. 

Step 6 - dipestion of crvstalline Fe oxides and osvhvdroxides.‘Step 6 uses 
dithionite to dissolve well-crystallized ferric iron oxides and oxyhydroxides. This step 
provides information on the mass fraction of uranium that is partitioned into crystalline 
iron oxide and oxyhydroxide minerals. Approximately 10 percent of this mass may 
contribute to the chemisorption load present in the sediment. The remaining uranium 
mass is considered background. 

Step 7 - digestion of clays and U-oxide rims. Step 7, the strong acid leach, breaks 
down clays, phosphates, and some other oxide and silicate phases. This fraction is 
mostly uranium released from clays (Yanase, 1991) and is not generally considered 
part of the labile uranium, but any U oxides that survived the oxalate and dithionate 
washes will be removed in this step. Some fraction of the released uranium would be 
considered part of the chemisorption load. 

Step 8 - divestion of residual Dhases. Step 8 is whole rock digestion of the 
remaining refractory phases. The uranium released during this extraction is part of the 
background load (zircon, monazite, etc.), and will not participate in transport. 

Currently a constant, linear equilibrium isotherm assumption is made when running the 
VAM3D transport model, with a single value for Kd of 1.78 Lkg. The VAM3D 
transport model has capabilities for modeling non-linear (Freundlich) equilibrium 
isotherms, variable Kd values, or non-equilibrium kinetics. The study results will be 
used with the VAM3D transport code to improve transport model predictions of 
remedy performance. For example, results from Steps 1 and 2 and the groundwater 
uranium concentration will be used to estimate desorption coefficients, and the 
calculated values may be used to assign variable Kd values to different zones of the 
aquifer. Alternatively, the results may indicate a more complex approach is warranted, 
where a range of kinetic reaction rates for chemisorption will be used with the data 
fusion model to estimate the transport parameters. The chemisorption rates will be 
estimated using the appropriate uranium mass fractions from Steps 4 through 7 and 35 
years as the time period over which the physically adsorbed uranium became 
chemically bonded to the sediment. An initial range for the reaction rates can be 
obtained using the results from the sequential extraction tests and this range can be the 
starting point for initial runs of the data fusion model, with successive iterations 
converging on possible solutions. 

4) Explain why the study is identified as semi-qualitative and how semi-qualitative results 
will be used to meet the study’s primary objective: The phrase semi-qualitative is 
incorrect. Analytical results provided by this study will be quantitative. That is, 
laboratory QNQC controls will be implemented with respect to test duplicates, 
analytical duplicates, matrix spikes, and laboratory control standards. Conclusions 
drawn from the use of the quantitative data will be considered reasonable estimates of 
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---- the dynamic geochemical processes active within the aquifer. A robust estimation of 
the range in chemisorption and desorption coefficients is the desired objective, because 
it is not possible to measure the results against a h o w n  true value to evaluate the 
accuracy of the results. The chemisorption rate will be normalized to the appropriate 
time period in the transport model to estimate the mass fiaction of physically absorbed 
uranium that is permanently bound and is not available for desorption. 

Action: As stated in response. 

- 

TABLE 1 

I dissolving Mn. I I 
Wash 15 minutes with 60 ml DI water, centrifuge and 

2gto-50ml 1 8 M HNO3 Clays, U oxides 

SELECTIVE EXTRACTION REAGENTS AND DETAILS 

0.2gin 1OmI I HF plus HNO, 

Wash 15 minutes with 20 ml DI water, centrifuge and add to sulfate extract 
2g to 40 ml 1 M NaOAC adjusted to 

pH=5 with acetic acid 
Carbonate Minerals Agitate for four hours at room temp. 

Shouldn't release Fe, Al, or Mn. If it does, 
then dissolution of amorphous oxides may 

have occurred. 

Agitate in the dark for four hours at room 
Wash 15 minutes with 20 ml DI water, centrifuge and add to acetate extract 

2 g to 200 ml 0.1 M oxalic acid + 0.175 Amorphous Fe, AI, Mn, 
M amm. Oxalate Si oxides temp. 

Wash 15 minutes with 30 ml DI water, centrifuge and add to oxalate extract. 
2g to 40 ml Organics Heat to 85°C for two hours, add 25 ml more 

hours. Add 40 ml of 1 M ammonium 
acetatehitric acid to pH = 2, shake for 

30 minutes, and extract. 

Stir for 30 minutes at 85°C; 

I hlix 15 ml of 0.02 M nitric 
acid and 25 ml of 30% H202 

later add ammonium 
acetatelnitric acid 

I of 30% H202 and heat to 85 C for three 

Wash 15 minutes with 30 ml DI water, centrifuge and add to peroxide extract 
2 g to 200 ml I hliv 0.3 M trisodium citrate, I Crystalline ferric iron 1 

Residuals 

I repeat extraction 
(total 2 times combine leachate) 

I 

1:l HNO,, 15 ml 1 
HF. I 

I 

0.2 M NaHCO,, 1 g/g 
sample sodium dithionite; 

pH -8.3 to keep from 

oxides, oxyhydroxides 

(quartz, zircon, etc) 
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dd to dithionite extract 
Add 50 ml of 8 M HN03, mix the slurry, 
and cover with a watch glass. Heat the 
sample to 95°C and reflux for 10 to 
15 minutes without boiling. Allow the 
sample to cool, add 5 ml of concentrated 
HNO, , replace the cover, and reflux for 
30 minutes. If brown fumes are generated, 
indicating oxidation of the sample by HNO, , 
repeat this step (addition of 5 ml of conc. 
HNO, ) until no brown fumes are given off 
by the sample indicating the complete 
reaction. Allow the solution to evaporate to 
approximately 25 ml without boiling or heat 
at 95°C f 5°C without boiling for two hours. 
Remove the acid extract after solids settle. 

ic acid extract 
Oven dry to get wt. Crush, digest in 15 ml. 
conc. HF plus 10 ml 1:l HN03. Allow to go 
to near dryness, redissolve in 1 M HCI for 
an a1 ysi s . 
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I .  

SPECIFIC COMMENTS 

2. Commenting Organization: U.S. EPA Commentor: Saric 
Section#: 1 .O Pg.#: 1 Line#: 18 through 23 Code: 
Original Specific Comment# 1 
Comment: The text initially mentions that the enhanced cleanup model would provide for four 

reaction rate parameters: the (1) chemisorption coefficient, (2) desorption coefficient, 
(3) precipitation coefficient, and (4) dissolution coefficient. However, the text later states 
that "in the GMA, uranium concentrations are not high enough to result in significant 
precipitatioddissolution reaction rates." For this reason, according to the PSP, only 
chemisorption and desorption are of interest for the proposed study. Because the purpose 
of the study is to improve the accuracy of cleanup predictions, the PSP should provide 
calculations to show that ignoring the precipitation and dissolution rates will not impact the 
accuracy of cleanup predictions. In addition, the PSP should explain why the enhanced 
model n-ould ignore physical adsorption (adsorption occurring as a result of van der Waals 
forces). 
Results from geochemical modeling of the site groundwater indicate that uranium (VI) 
minerals will not be saturated in Great Miami Aquifer groundwater under present redox 
conditions if the uranium concentration is below approximately 10 mg/L (refer to the 
Remedial Investigation Report for Operable Unit 5, Attachments I and I1 of Appendix F.3 
[DOE 19951). The highest uranium concentration observed in Great Miami 
Aquifer groundwater is 2.1 mg/L at Monitoring Well 2945 (1993 data). Therefore, there is 
a low probability that uranium (VI) minerals are present in the aquifer and precipitation 
and dissolution processes need not be considered in future model scenarios. An-exception 
to this could occur if reducing regions (with respect to the U (IV)/(VI) couple) are defined 
in the uranium plume. However, redox conditions in the uranium plume are well above the 
stabiliq field for uranium (IV) phases, and future model scenarios will emphasize 
adsorption, chemisorption and desorption processes. Physical adsorption will not be 
ignored, and this value is expected to remain at 1.78 Lkg. 

Response: 

Action: No action required. 

3. Commenting Organization: U.S. EPA Commentor: Saric 
Section#: 3.5 Pg.#: 6 Line#: NA Code: 
Original Specific Comment# 2 
Comment: The test lacks explanations and details that U.S. EPA needs to properly evaluate the 

proposed approach to meet the study objective. Specific deficiencies associated with the 
proposed approach are summarized below. 

0 The text initially states that soil samples will be ground to less than 200 mesh size (less 
than 74 microns) and that the ground samples will be analyzed using X-ray 
diffraction (XRD). The text later states that subsamples will then be treated using a 
sequential leaching procedure. The text should clarify whether the term "subsamples" 
refers to the ground samples or to samples "as obtained" from the field. If ground 
samples are to be used for the leaching test, the PSP should explain how the results 
obtained for the ground samples will be representative of actual field activities. 

0 The text describes the eight-step, sequential extraction procedure as "semi-selective," 
indicating that each extraction step is only partially selective to target species and thus 
may not remove only the target species specific to that step. The text should discuss 
the impacts of using a semi-selective extraction procedure on meeting the study's 
objective. 

0 ' The PSP should either (1) provide a reference for the proposed multi-step extraction 
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., 4 4 5 3  
-/ procedure or (2) explain why the proposed procedure is necessary and why the 

extraction parameter conditions are adequate to accomplish the objective of each 
extraction step. 

Response: Subsample splits refer to splits of the original sample, not the ground fraction used for 
XRD analysis. 

All sequential extraction procedures are semi-selective in the sense that soil is 'a 
heterogeneous media and no reagent can be 100 percent efficient in targeting the element 
of interest because natural variability exists in mineral particle size, abundance and 
composition. Fifty percent of the samples will be run as test duplicates, and this will 
provide a good measure of the variability in the system. This variability will be considered 
when computing the geochemical parameters, and the obtained range of values will be used 
in the VAM3D model to assess the sensitivity of the simulations to changes in the 
geochemical parameters. 

The requested references are provided in Comment Response f: 10. 
Act ion: As stated in response. . .  

4. Commenting Organization: U.S. EPA Commentor: Saric 
Section#: 3.7 Pg.#: 8 Line#: NA Code: 
Original Specific Comment# 3 
Comment: Phase 2 of the study schedule include characterization of sediment samples primarily to 

determine the distribution of uranium in the samples. For example, a hgh-resolution 
transmission electron microscopy technique will be used to determine the cranium fractions 
associated with carbonate minerals or iron oxides. However, Step 3 of the extraction 
procedure, which targets the uranium fraction bound to carbonate minerals. is to be 
conducted during Phase 1. Because each extraction step is intended to target different 
uranium fractions, the extraction procedure should be implemented after sediment 
characterization studies have been completed. Depending on the outcome of the 
characterization studies, the extraction procedure may have to be adjusted. For example, 
(1) omission or modification of one or more of the proposed extraction steps may be 
required, or (2) a new extraction step may need to be added to the proposed extraction 
procedure. 
Phase 2 of the study cannot be conducted unless there is sufficient uranium mass to warrant 
the microscopic investigation. Samples that do not yield appreciable uranium \\.odd be 
difficult to study with microscopic techniques, as a very large number of w i n s  would have 
to be examined before one might observe any measurable amount of uranium. Therefore, 
the sequential extractions are performed prior to microscopic examination to determine 
those samples suitable for detailed microscopy studies. 
No action required. 

' 

Response: 

Action: 
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RESPONSES TO OEPA REVIEW COMMENTS ON THE PROJECT SPECIFIC PLAN 
FOR THE ANALYSIS OF HOW URANIUM IS SORBED AND PARTITIONED ON 

GREAT MIAMI AQUIFER MATRIX SEDIMENTS 

5 .  Commenting Organization: Ohio EPA Commentor: GeoTrans, Inc. 
Section#: 1 .O Pg.#: 1 Line#: 26 Code: C 
Original Comment# 1 
Comment: The last paragraph states that Kd is related to the kinetic terms a, and aD. This statement 

assumes that a linear sorption model is the appropriate model for relating soil and water 
concentrations. The PSP will help provide information on whether this is a valid 
assumption, but the validity of a linear sorption model should not be assumed before the 
study is completed. Previous reports have discussed differences in Kd under sorption and 
desorption conditions, suggesting that linear sorption concepts are not valid. We believe 
that data from the study will help in understanding the controls on uranium transport, but it 
is premature to conclude that a kinetic sorptioddesorption approach will work. Further, 
this study does not provide any information on the kinetics of the reactions. 
The U.S. Department of Energy (DOE) agrees that it is premature to conclude that a 
kinetic/desorption approach will work. The study will provide information on where 
uranium is located on sediment grains. This knowledge should improve our understanding 
on the kinetics of the reactions. 

Response: 

Action: No action required. 

6. Commenting Organization: Ohio EPA Commentor: GeoTrans, Inc. - -  
Section#: 3 
Original Comment# 2 

Pg.#: 4 Line#: 15 Code: C . .. 

Comment: 

Response: 

-4ction: 

The use of archived samples for this study may produce results that are not consistent with 
newly collected samples. If the uranium is associated with iron oxyhydroxides, then aging 
and crystallization of the oxyhydroxides may impact the results. We have not performed 
any literature review to determine whether drying of samples affects the crystallinity of the 
oxyhydroxides, assuming that the archived samples have been allowed to dry. On the other 
hand, if the samples are still moist, what is the effect of possible microbial growth? These 
questions should be evaluated with respect to use of the archived samples. 
Given the logistics associated with sample collection, it was necessary to archive some of 
the samples for short periods of time. It is more cost effective to run all of the analyses in 
batch than it is to piecemeal the work. Step 5 of the leaching process (Table 1 of the PSP) 
targets organics. We are not expecting a high amount of organics. If significant bacterial 
growth occurs, then results from Step 5 will reflect it by being biased high. This possibility 
will be considered as results are interpreted. 
As stated in response. 

7. Commenting Organization: Ohio EPA Commentor: GeoTrans, Inc. 
Section#: 3 Pg.#: 4 Line#: 18 Code: C 
Original Comment# 3 
Comment: The four locations are associated with uranium plumes. If background concentrations are 

high enough to provide measurable concentrations in the extracts, collection of samples 
from background areas should be considered. 
DOE agrees with the comment. Background areas were considered. It was decided to 
focus on areas in the uranium plume to maximize the probability of measuring uranium on 
the sediments. Background areas can be considered at a later date should it be deemed 
necessary. 

Response: 

Action: No action required. 
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-A 8. Commenting Organization: Ohio EPA Commentor: GeoTrans, Inc. 

Section#: 3.3 Pg.#: 5 Line#: 13 Code: C 
Original Comment# 4 
Comment: 

Response: 
Action: 

Rinsing of the sieves, followed by drying with air, would further reduce the likelihood of 
cross contamination. 
DOE agrees with the comment. 
Sieves will be both rinsed then air dried to reduce the likelihood of cross containination. 

, 

9. Commenting Organization: Ohio EPA Commentor: GeoTrans, Inc. 
Pg.#: 6 Line#: 4 Code: C Section#: 3.5 

Original Comment# 5 
Comment: Alternate methods for performing the sequential extractions are provided by Schultz znd 

others (1 998a, 1998b). We have not reviewed these reports, but they may provide more 
selective extraction, given their more recent development. 
DOE agrees with the comment. The use of a 0.4 M Mg(NO3)2 will be used in Step 1: per 
the recommendation of Schultz et al. (1 998). The basis for the use of other reagents is 
documented in the reference list provided in Comment Response #lo. 

Response: 

Action: As stated in response. 

10. Commenting Organization: Ohio EPA Commentor: GeoTrans, Inc. 
Section#: 3.5 Pg.#: 6 Line#: 4 Code: C 
Original Comment# 6 
Comment: 
Response: 

References to the extraction techniques should be provided. 
DOE agrees with the comment. The references are as follows: 

Chao, T.T. and L. Zhou, 1983. Extraction Techniques for selective dissolution of 
amorphous iron oxides from soils and sediments, Soil Sci. SOC. Am. J., 47,225232. 

Schultz, M.K., K.G.W. Inn, Z.C. Liri, W.C. Bumett, G. Smith, S.R. Biegalski, and 
J. Filliben, 1998. Identification of radionuclide partitioning in soils and sediments: 
determination of optimum conditions for the exchangeable fraction of the NIST srandard 
sequential extraction procedure, Appl. Radiat. Isot. 49 (9-1 l), 1289-1293. 

Schultz, M.K., W.C. Bumett, and K.G.W. Lin, 1998. Evaluation of a sequential extraction 
method for determining actinide fractionation in soils and sediments, J. Envir. Radiozct., 
40 (2), 155-174. 

Tessier, A. P.G.C. Campbell, and M. Bisson, 1979. Seqential extraction procedure for the 
speciation of particulate trace metals, Anal. Chem., 5 1 (7), 844-85 1. 

Yanase, N., T. Nightingale, T. Payne, and P. Duerden, 1991. Uranium distribution in 
mineral phases of rock by sequential extraction, Radiochim. Acta, 52/53, 387-393. 

Yong, R.M., R. Galvez-Cloutier, and Y. Phadungchewit, 1993. Selective sequential 
extraction analysis of heavy metal retention in soil, Can. Geotech. J., 30, 834-847. 
The requested references are provided in the response. Action: 

1 1. Commenting Organization: Ohio EPA Commentor: GeoTrans, Inc. 
Section#: 3.5 Pg.#: 6 Line#: 13 Code: C 
Original Comment# 7 
Comment: The effects of changes in pH during steps 1 and 2 should be considered. The ZPC's of 

possible sorbents are close to 7, so that inadvertent pH excursions may cause desorption. 
How will the pH be controlled? Would a prior step in which the pH were increased to 
above the ZPC of iron oxyhydroxide be useful? Given that nitric acid was used 2s pa? of 
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13. 

’: the uranium processing, would MgC12 (Schultz and others, 1999) be a better choice for 
step l?  
Steps 1 and 2 evaluate the exchangeable cations and anions at neutral pH. As the 
sediments reside in carbonate groundwater at near neutral pH, the use of a neutral 
pH solution is appropriate to evaluate the desorption of ions from the sediment. The 
reviewer is correct to point out that the ZPCs for important Mn and Fe oxyhydroxide 
minerals are in the pH range of 7.5 to 8, and pH excursions within and above this range 
would be expected to desorb anionic forms of uranium (e.g., U02(C03)22‘). However, 
pH excursions of 0.5 pH units or more are unlikely because the carbonate sediment will 
also tend to buffer the solution near neutral pH. Moreover, given the high concentration of 
Mg(NO3)2 and Na2S04 in the neutral solutions used for Steps 1 and 2, the ZPC of the 
mineral is of little significance because the available cation and anion exchange sites on thc 
mineral should be nearly 100 percent populated by the Mg, NO3, Na or SO4 ions. The use 
of nitrate is not considered to be a problem, as the only observed nitrate concentrations that 
exceeded the groundwater final remediation level of 11 mg/L were observed below the 
waste pits in 2001, and sediment samples are not being collected from this area. 

Response: 

Action: No action required. 

Commenting Organization: Ohio EPA 
Section#: 3.5 Pg.#: 6 Line#: 18 Code: C 
Original Comment# 8 
Comment: 

Commentor: GeoTrans, Inc. 

Step 3 proposes to use acetic acid (Table 1 says NaOAc with acetic acid) to dissolve the 
carbonate minerals. According to Schultz and others (1999, p. 184), Tessier and others 
(1 979) found that “the dissolution of amorphous and easily dissolved (poorly crystalline) 
metal oxides/oxyhydroxides may also occur during this reaction (specifically adsorbed 
metals may also be extracted during this reaction step).” Schultz and others recommend 
using NH4Ac rather than NaAc. 
Adsorbed metals will be extracted during Steps 1 and 2, so exchangeable metals released 
during Step 3 are considered to be negligible. However, the dissolution of amorphous and 
poorly crystalline oxyhydroxide minerals is of concern, and the use of ammonium acetate 
can be substituted for sodium acetate if dissolution of these phases is minimized by the use 
of ammonium. 

Response : 

Action: As stated in response. 

Commenting Organization: Ohio EPA 
Section#: 3.5 Pg.#: 6 Line#: 26 Code: C 
Original Comment# 9 
Comment: 

Response: 

Commentor: GeoTrans, Inc. 

Step 5 -- Schultz and others (1999) found that several additions of H202 were necessary to 
complete the extraction of the organic material. 
There is little organic material present in the aquifer sediments, and it is expected that a 
single extraction will be sufficient to remove the organic fraction. However, some of the 
samples will be subjected to multiple extractions with H202 to evaluate the efficiency of th? 
single extraction. 
Ten percent of the samples will be subjected to multiple H202 extractions to evaluate the 
efficiency of the single extractions. If the samples subjected to multiple extractions 
indicate that single extractions are not sufficient, then additional extractions will be 
performed as needed. 

Action: 
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