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KAISER. HILL 
C O M P A N Y  

May5, 1998 

, 

98M-02376 

Mr. LeRoy Moore 
Rocky Mountain Peace and Justice Center 
P.O. Box 1156 
Boulder, CO 80306 

RE: Proposal from Dr. Iggy Litaor to Complete Study Entitled “The Hydrogeochemistry of 
Plutonium in Soils of Rocky Flats, Colorado: A Case Study in Advanced Monitoring 
Program”, CSD-005-98 

Dear LeRoy: 

I am in receipt of your letter dated April 6, 1998 in which you requested that Kaiser-Hill review a 
proposal from Dr. Iggy Litaor to complete a study titled “The Hydrogeochemistry of Plutonium 
in Soils of Rocky Flats, Colorado: A Case Study in Advanced Monitoring Program”. Kaiser- 
I-IilI has given this proposal a thorough evaluation, and our estimate for funding Dr. Litaor’s 
proposal (including site support) is about $40,000. As indicated in my letter to you dated April 
13, 1998, Kaiser-Hill sent the proposal to the members of the Actinide Migration Studies Group 
for their evaluation. They have indicated to us that based upon the information provided, there is 
no clear benefit of the additional work to Rocky Flats Environmental Technology Site (Site) 
remediation. Also, they question how the additional two months at the Site would strengthen the 
conclusions made in the journal article. 

This aside, Kaiser-Hill feels that since Dr. Iggy Litaor was a Kaiser-Hill Team contractor in 
FY96 and was paid to complete the work referenced above (which Kaiser-Hill believed was 
finished until we heard otherwise) that some additional effort and funds should be expended to 
allow Dr. Litaor to complete his work. However, Kaiser-Hill believes that Dr. Litaor does not 
need to return to the Site to complete the work referenced above since the task involves working 
with existing data. Our proposal is as follows: 
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CLASSIFICATION: 
UCNI I I 

SECRET Kaiser-Hill will purchase the requested computer sofhvare (Visual MODFLOW, SPSS, 
Surfer, Grafer, and Microsoft Office) and send it to Dr. Litaor; and 

Based upon a detailed, specific inventory from Dr. Litaor of the RFEDS data and GIS 
mapping needed, Kaiser-Hill will send the data and maps on CD-ROM to Dr. Litaor (though 
besides ground water data for the 903 Pad area, Kaiser-Hill is uncertain as to what relevant 
data we may have that Dr. Litaor does not already have). 

AUTHORIZED CLASSDFIER 
SIGNATURE 

Exempt from Class 
Per CEX-266-95 

IN REPLY TO RF CC NO 

ACTION ITEM STATUS The cost for the purchasing the computer software and for the site support necessary to compile 
the RFEDS and GIS information is estimated at $10,000-$15,000 (depending on the amount of 
information requested). All activities (and associated data) funded by the Department of Energy 
(DOE) are the property of the DOE, and thus Kaiser-Hill requests the following: (1) all data 
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associated with the hyrogeochemistry data (Le., dissolved oxygen, rainfall simulation data, and 
other insitu measurements) that Dr. Litaor may have in his possession; (2) any datahalculations 
associated with the completion of Dr. Litaor’s work; and (3) the software purchased for Dr. 
Litaor be returned to the Site upon completion of the work. 

It is Kaiser-Hill’s understanding that the cost of computer software and WEDS and GIS 
information will complete Dr. Litaor’s work, and thus no additional future funding for this work 
will be provided. The results of Dr. Litaor’s work will be given to the Actinide Migration 
Studies Group for integration into the Actinide Migration Conceptual Model. 

If this proposal is acceptable to Dr. Litaor, please have him forward his detailed, specific 
inventory of WEDS data and GIS mapping requests. Please feel free to contact John Corsi at 
966-6526 if you have any questions or require additional information. 

Sincerely, * 
Christine S. Dayton 
Regulatory Strategy 
Kaiser-Hill, LLC. 

cc: 
Steve Gunderson, CDPHE 
Russell McCallister, DOE-WFO 
Tim Rehder, EPA 
Rocky Flats Citizen’s Advisory Board 
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Title Ihe Hydrogmchcrnistry of P!utonium in Soils of Rock)) Flais, Colorado ,A C.zse Study in  
Advanced Monitoring Program 

Authors: Litaor, Litus, Barth, Zika, Mofitt,  Daniels and Illangasekare 

REVIEW 
The article did not present a sound case for the conclusions made. It is clear that the mobility of 
plutonium is a key issue for contaminated sites such as Rocky Flats. However, the aurhors did 
not document the technical aspects of the work well before going OK to a policy discussion on 
project funding, 

The work presented in ES9708 18T-26-a-0 is a sound extension of previous site work: with the 
new material primarily centering around the hydrologic model and the plutonium flux 
calculations, As such, I would very much like to see a spatial calibration of the MODFLOW 
model, often shown using a residual map that subtracts the calibrated model heads from the 
measured heads. a p s  of hydraulic conductivity and boundary conditions are appropriate. As 
described on pages 8 and 9, there is much more heterogeneity in the system than in the model. 
These data are fimdamental to model verification. Typically, a transient simulation of a pumping 
or slug test is also often performed as model verification. Figures 1 & 2 need improvement. At a 
minimum, there should be a schematic illustration of the conceptual mcdel being tested. 

I’m not convinced that a model having a groundwater flux that is profoundly different fiom the 
observed flux is a calibrated model. The story isn’t told in being conservative, but accurate. I 
also have a problem with altering boundary conditions on-the-fly, 50 to speak, 8s was described in 
the 1“ full paragraph on Page 11. This paragraph defines boundary conditions for ai “entire 
slope” conceptual model, a logical extension of the calibrated model, but with no dccumentation. 
Other questions: what’s the uncertainty in Q? What is the impact of a 30% change in the head 
differelice between tbe shallow and deep piezometers over the 65-day simulation period? 

Regarding plutonium characteristics, the authors point to anaerobic conditions favoriag the 
mobility of plutonium. I agree in principle, but I am not convinced by the work. A lot of 
emphasis is given to anaercbic conditions. Two data pcints, representing a 1.S r n f l  decrease in 
DO nnd a 0.6 pH units drop in pH does not provide a clear picture of anaerobic site conditions. 
The reader is not given eH measurements to work wirh. Three mechanisms for increased 
mobility are postulated, where do the author’s stand? Both Tables 2 and 3 need work to better 
tell the story, more geochemical data would be great. Table 2 is confusing, better column 
headings and units are needed, and the caption launches into new ground with a statement 
concerning the correlation of soil water Pu activity to soil Pu activity. Table 3 is poorly 
orgn.dzed. A better matrix of presentation is needed. 

Finally, the environmental implications section should have some reference to risk. Without 
context, the Pu flux numbers don’t have the needed bammeter to unders’md the impacts. 

RECOMMENDATION 

I suggest that this submission be quickly turned into two separate articles. Article one should be a 
focused technical paper to a journal such as Groundwater. A second article focusing on the 
paw<! Pu monitoring can then be put together succinctly. The second article has greater value 
asan editorial piece, based on well-documented fact. 

- 
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INSTITUTE FOR TRANSACTINIUM SCIENCE 
Los Alamos 

April 15, 1998 

Christine S. Dayton 
Environmental Compliance and Management 
Kaiser-Hill, LLC 
P.O. Box 464 
Golden, CO 80402-0464 

Re: Letter from Mr. Leroy Moore, March 27, 1998 

Dear Chris, 

April 15, 1998 

I would like to preface my comments with the fact that peer review of scientific data and 
interpretation of said data is an essential step in the scientific method. Every scientist has a 
professional obligation to perform their fair share of peer-reviewing, and their own scientific work 
must also withstand critical review by the scientific community. For my own part, I have published 
over 80 peer-reviewed publications, and in every case, I have had to subject my work to the 
criticism of my scientific peers. This is not always a pleasant exercise, but it is a necessary fact of 
life in scientific endeavors, and an important mechanism for getting at scientific truth. 

During the past 10 years I have served in the capacity as a peer-reviewer for the Journal of the 
American Chemical Societx Ange wandte Chemie, lnorganic Chemistry, Polyhedron, Macromolecules, The Journal of 
lnclusion Phenomena and Molecular Recognition, Journal of the Chemical Society - Chemical Communications, 
Journal of the Chemical Society - Dalton Transactions, The New Journal of Chemistry, Chemistry - A European 
Journal, The Journal of Alloys and Compounds, Radiochimica Acta, Organometallics, Geochimica et Cosmochimica 
Acta, and many others. I routinely perform peer-review of proposals for the National Science 
Foundation (US), the Office of Basic Energy Sciences (US), The Engineering Programs Science 
Research Council (EPSRC, Great Britain), the National Science and Engineering Research 
Council (NSERC, Canada), The Research Corporation .(US), and others. 

I was asked by Dr. Honeyman to examine a set of six documents provided by the Los Alamos 
Technical Office, and comment specifically on plutonium speciation, and whether, in my expert 
opinion, the fate and transport of plutonium at the RFETS had been adequately characterized and 
studied. I received NO funding for my participation in this review, and I treated the review like any 
other professional peer review activity. In addition to studying the six documents provided by 
LATO, I performed my own literature search on Dr. Litaor’s work, and I looked into the history of 
the site to see what additional information I could glean. I submitted a seven page summary of 
my findings to the review team, and prefaced my remarks by stating “ I  do not have any experience 
in field work, groundwater monitoring, etc. Therefore, I will restrict my comments to those areas in 

Mai l  Stop:  0 4 1 0  Los Alarnos N a t i o n a l  Laboratory ,  Los A l a m o s .  N M  8 7 5 4 4  ( 5 0 5 )  6 6 7 - 5 0 5 4 .  fax (505 )  6 6 7 - 7 9 8 4  
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which I can make a knowledgeable assessment.” In short, I found that an 
extensive monitoring program had been underway at the site for some time, that 
the data were undoubtedly valuable, but that the chemical form of plutonium 
and the mechanism of transport had not been adequately determined. 

For my role in this peer review exercise, I acted totally independent of the other 
reviewers. I searched the literature for additional information, and I submitted 
my findings to the review team to be merged into a final document. As a 
reviewer I judged objectively the quality of the documents, the experimental and 
theoretical work, and the interpretations and expositions, with due regard to the 
maintenance of high scientific and literary standards. When the results of the 
review were questioned, the Site organized an opportunity for me to come hear 
Dr. Litaor present the full details of his work. Based on the above discussion, I 
applied the same scholarly and ethical standards employed in every peer 
review activity, and reiterate that I received no funding for my efforts. Based on 
the above, I find it hard to understand how Mr. Moore can possibly conclude that 
my reputation is somehow “tarnished” or that I acted in a “professionally 
q u es t i on ab I e” m an n e r. 

Regards, 

David L. Clark 
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The Florida State University 
Department of Chemistry 
Tallahassee, Florida 32306-4390 
w e e :  850-644-3875 
FM: 85M44-8277 
e-mail: choppin@chem&.cdu 

April 14,1998 

Ms. Christine S. Dayton 
Kaiser-Hill Company 
PO Box 464 
Golden, CO 80402-0464 

Dear Ms. Dayton: 

I have read the material you provided associated with the request by Dr. Iggy Litaor for 
additional funds to return to Rocky Plttts to complete a report associated with his previous work at 
the site. 1 also appreciate your sending me a copy of  Rr, Litaor’s article in the Journal of 
Environmental Radioactivity published in 1997 which relates to this study. 

Apparently, Dr. Litaor’s request is based upon the recommendation in the quite critical 
review of a manuscript that he had submitted which suggested that the manuscript be divided into 
two separate articles, one a technical paper and the second on policy o f  Pu monitoriug. Although 
I have not seen the manuscript in question, fiom Dr. Litaor’s description in his request as well 8s in 
the review article of the manuscript, it would seem to have strong similarity to the reprint you 
provided which was published this year. Dr. Litaor notes that the study upon which the new 
mmuscript i s  based was terminated in midcourse due to budget restrictions, but limited funding WEN 
provided to write a report on the results of the investigation prior to terminalion. Since the work was 
t-ed.Jn 1996 it must be assumed that it was not given a sufficiently high priority to compete 
with other stufies. Also, as Dr. Litaor states, it was apparently terminated in mid-course which 
means that resdts can be viewed only as rather preliminary. As a consequence, it would seem that 
the resulting report would have quite limited value. 

Dr. Litaor i s  requesting a rather significant budget to retum for a two month period to revise 
his manuscript: to meet c o n c m  that wefe expressed on the preliminary draft. He states that the 
reason for such a extended stay i s  the necessity to have access to adequate software as well as to the 
data that had been obtained, He also notes that in addition to the $10,000 budget he Will need an 
unspecified amount of GIs technical support which could easily double the budget. Given these 
conditions it would s m  difficult to justify such an expense to complete a report on a study that wers 
terminated “in mid-course” since it is unlikely that the results of that study would be sufficiently 
extensive to allow acceptable interpretation and prediction for fulure behavior. T b i s  i s  already 
apparent in the review o f  the manuscript provided in which it i s  stated tbat a sound case for the 
conclusions is not made. T h i s  is a very negative review and it seems very unlikely that revision 
alone is likely to make it more acceptable. Also the tecomendation that it be focused into a 
technical paper requires that there be an adequate technical base. Such an adequate technical base 
is unlikely if this project was terminated in midcourse as stated unless additional technical work is 
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performed. 

I 

1 conclude that the report would cover limited technical data. In View of that and the fact that 
it has already been questioned so strongly by the referees, use of such a report for the basis of a 
policy paper on plutonium monitoring does not seem acceptable. An additional question is where 
would such a policy paper be publishable? The referee states t’hoLghout the page of his review of 
the earlier report that more geochemical data is necessary but such data is not available due to the 
termination ofthe contract so acceptable revision seems unlike1 and any farther revision at present 
is probably a waste of funding. 

Kmy research. was continued after Dr. Litaor’s deparhm, there should be technical personnel 
on site who would be capable of doing the necessary data calculations and modeling to revise the 
manuscript if it is of value to published. This would be a much less expensive procedure than 
bringing Dr. Litaor back. 

In summary, based on the review of the manuscript and the fact the work was terminated in 
mid-course, there seems little value in spending the funds requested plus the funding that would be 
associated with the technical services associated with Dr. Litaor’s two month stay. If DOE and 
Kaiser-Hill decide that the revision and publication of a final report would be of value, it would seem 
much more efficient and econom.ical to have one of Dr. Litaor’s associates such as Dr. Barth or 
someone else still on site to do the data revision and additional modeling and send it to Dr. L b o r  
for his final review. I recommend that the request by I%. Litaor be rejected 

Sincerely, - 

GRClkc 

Gregory R. Choppin 
R 0. Lawton Distinguished 
Professor of Chemistry 
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N A T I O N A L  L A B O R A T O R Y  

Chemlcal Sclence and Technology 
Responslble Chemistry for Amedce 

Environmental Chemistry 
and Waste Technology 

CST-7, MS J514 

(505) 665-0253, FAX 665-4955 
Los Alamos, New Mexico 87545 

Emall: janecky@lanl.gov 

May 3,1998 

Ms. Christine Dayton 
Kaiser-Hill Company, L.L.C. 
P.O. Box 464 
Golden, Colorado 80402-0464 
Fax: 303-966-5001 

Dear Ms. Dayton, 

RE: Review of “A Request for Additional Funding for the Completion of the Study 
Entitles; “The Hydrogeochemistry of Plutonium in Soils of Rocky Flats, Colorado: A 
Case Study in Advanced Monitoring Program” 

Overall, this proposal to fund travel expenses and provide on site access to RFETS 
resources does not make a strong case. It is not clear how a hydrology modeling 
paper will be publishable, nor is it clear that such a paper can be the critical completion 
of Litaor‘s studies and underpinning of further work on the hydrogeochemistry of 
actinide migration. 

Provision of a single technical review of the paper submitted to ES&T, without editor‘s 
comments and parallel reviews, gives a potentially skewed view of the peer review 
results. The draft paper would also, presumably, have provided a context for how 
publication can complete the study. Thus, key documents and referenced context to 
other documents reporting the findings of Litaor‘s team have not made available to 
those asked to review and potentially fund this proposal. 

Within this incomplete presentation of the proposal, I perceive a different interpretation 
than Dr. Litaor in the direction suggested by the review. Rather than 

as proposed, the review states 
“a groundwater modeling and a geochemistry paper” 

“. . .two separate articles. Article one should be a focused technical paper to a journal 
such as Groundwater. A second article focusing on policy of Pu monitoring.. .”, 

Technically, the reviewer‘s suggested approach focuses on actinide migration and 
avoids some of the limitations of a purely groundwater modeling paper. For example, 
application of Modflow to hydrologic modeling of the complex, heterogeneous system 
of local behavior within soils is not straight forward, as the reviewer points out. In 
addition, previous presentations and publications by Litaor on the complex structure of 
the soils, including root casts and animal burrows, indicates that continuum processes 

An Equal Opporlunlty Employer/Operabd by h e  Unlvoffilly of Callfomia 
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(e.g. Darcy models embodied in Modflow) may not be appropriate at the scale of 
interest to evaluation and interpretation of Pu hydrogeochemical processes during the 
1095 event. 

In addition to my personal comments on the proposal, I solicited comments from Drs. 
Kirk Nordstrom and David L. Clark. Their responses (attached below) are similar in 
overall assessment, but provide different perspectives and detailed comments. 

cy: file 

enc. 

An Equal Opporlunlty Employer/Operated by Ihe Unlversity of California 
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To: janecky@lanl.gov 
From: "Dane11 K Nordstrom, Hydrologist, Boulder, CO "<dkn@usgs.gov> (Kirk Nordstrom) 
Subject: review comments 

In regard to the proposal by Iggy Lilaor: 

In general, I find the justification inadequate to fund the travel expense 
proposal for Dr. Litaor because (a) it is not clear that 2 months of work 
with m e s s  to the site will make any difference to the data and the 
interpretation of the data, (b) the status of the manuscript "The 
hydrogeochemistry of plutonium in soils of Rocky flats, Colorado: A case 
study in advanced monitoring program" is not known at this time fiom the 
available information, and (c) it is not clear how site remediation will 
benefit from this expenditure. 

Let me expand briefly on these points. 

1. Dr. Litaor requests personal access to site data and computer software 
capabilities. I should like to know what data in particular he needs. 
There is data that he collected that no longer can be found at WETS and if 
he doesn't have it then it must have permanently vanished. Clarification of 
data needs would help. Computer software needs are much easier to supply. 
I estimate that the software he requests could be purchased for about $2500 
and with a small shipping charge it could be sent to him right away. 

2. The main purpose of the travel grant would be to revise the manuscript 
submitted to ES&T according to a single reviewer's comments. ES&T does NOT 
solicit and reach a decision on the acceptability of manuscripts from only a 
single review. This action would constitute a breach of standard peer 
review procedures. ES&T always gets at least 2 reviews and more commonly it 
gets 3 reviews, sometimes 4 or 5 reviews. At this time we do not know what 
the decision was on the part of the ES&T editor who handled the manuscript, 
what the other review comments were, and whether the recommendations of the 
reviewer are sufficient to accept the manuscript. This information is, and 
should be kept confidential unless the senior author wishes to divulge it. 
If Dr. Litaor wishes to use the manuscript reviews as the main justification 
for the proposal, then he must provide the missing information regarding the 
other manuscript reviews and the editorial decision before DOE/KH/RFETS has 
a reasonable basis for making a decision on this proposal. 

3. Although there is some indication as to the benefits to DOE, there really 
isn't an explicit description of how completion of this work will provide 
definite benefits for site remediation. 

4. Much of the interpretive arguments in the manuscript are based on 
speculative statements regarding anaerobic conditions in the subsurface 
during the stormflow period of spring, 1995. What data will demonstrate the 
intensity and capacity of possible reducing conditions at that time? 

An Equal Opportunity EmployerlOpefaled by the Unlversity of California 
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Dissolved oxygen is not reliable for this task and a small drop in D.O. of 
1.5 mgL means nothing unless the final D.O. can be clearly shown to be less 
than 0.1 mg5. Does he have other redox data or not? If not, I doubt there 
is any data at WETS that shows this. Hence, this argument cannot be 
justified and the manuscript is not very denfensible. 

. 

5.  The manuscript does not appear to be in good shape for publication and I 
find it hard to imagine that any amount of work is likely to change that 
situation very much. Supporting letters from the other authors pointing out 
how I may be wrong would go a long ways toward changing my opinion. Has Dr. 
Litaor talked to the other authors? Do they support his position? Since at 
least some of the other authors are working locally near the site, can't 
they access the necessary information? Wouldn't working through the 
co-authors be 8 more efficient way of getting the objective accomplished? If 
not, Dr. Litaor should explain. 

6. With regard to MODFLOW modeling, I would insist that someone who uses 
MODFLOW (of which there are several people in the USGS) and who has applied 
it to real field situations, review the manuscript for scientific 
appropriateness, [Dave -- MODFLOW does not deal with vadose zone hydrology 
but during the spring of 1995 there was almost no vadose zone, so the model 
might give reasonable estimates if it was set up correctly] The MODFLOW 
analysis does not sound very carofidly done to me. 

Kirk Nordstrom 

An Equal Opportunity EmployorlOperaled by the University of Califomla 
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To: janecky@lanl.gov 
From: Dave Clark <dlclark@lanl.gov> 
Subject: Litaor review 

Dave, 

My reading of Dr. Litaofs proposal is that he needs access to data and 
software at the Site to revise a manuscript for ES&T. While revising the 
manuscript is of obvious interest to Dr. Litaor, I don't really see how 
RFBTS will benefit. I do believe that Dr. Litaor should and will modify 
the manuscript to make it acceptable for publication in a peer-reviewed 
journal, but this could likely be done without spending $10,000. However, 
the only real benefit that Dr. Litaor will gain from Site access is to use 
computer software to refine his modelling, unless there is additional data 
available that the Site is not aware of. In the modem information age, it 
should be trivial to give Dr. Litaor access to the needed software via the 
internet, in the same way that we both run and monitor instrumentation over 
the internet at user sites like the EMSL or SSRL. Alternatively, why not 
just send the software to Dr. Litaor so that he can proceed with his data 
analysis in an unhurried fashion. From a technical perspective, I don't 
see any real scientific data that supports reducing conditions at the site. 
Its a reasonable hypothesis, but as yet unproven. 

Regards, 

Dave Clark 

David L. Clark 
Los Alamos National Lab 
Los Alamos, N M  87545 
(505) 665-6690 phone 

dlclark@lanl . gov 
(505) 667-7966 fax 

An Equal Opprtunlty EmployerlOperated by the Unlverdty of California 
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ELD:RJM:O3342 

Preliminary Evaluation of an Unsolicited Proposal from Peace Center on Behalf of 
Iggy Litaor Dated March 1 1,1998 

Hugh G. Miller, Contracts & Assets Management Division, RFFO 

In response to your request dated March 23,1998, asking for a preliminary evaluatiori-of the 
unsolicited proposal from Iggy Litaor, the following is my evaluation: 

I am following your guidance pursuant to F A R  15.5030 on what a valid unsolicited proposal 
must have: 

Be innovative and unique; 

The proposal from Mr. Litaor is a continuation of his work that he was unable to finish 
under his previous contract. Therefore, it is not unique and innovative. 

Be independently originated and developed by the offeror: 

As far as I can tell, the proposal is his. 

Be prepared without government supervision; 

Again, as far as I know, no government assistant has been provided. 

Include sufficient details to permit a determination that Government support could be 
worthwhile and the proposed would could benefit the agency’s researchand 
development or other mission responsibilities; and 

The proposal is an continuation of his work previously generated under another contract. 
If Mr. Litaor provided all the necessary information, the Site could finish the study with 
expertise already under contract to assist in the Actinide Migration Workgroup. 

Not be an advance proposal for a known agency requirement that can be acquired by 
competitive methods. 

The Site currently is supporting an Actinide Migration Workgroup that has as its charter, 
to look at the very same things that Mr. Litaor is proposing to research. 



Mr. Miller 
ELD:RJM:03342 

2 
APR 8 1398 

Conclusion: 

Based on the above set of criteria that you provided, the proposal does not meet all the 
criteria and therefore does not merit further evaluation. 

Russell McCallister 
Regulatory Liaison Division 

cc: - 

J. Legare, AMEC, RFFO 
J. Karpatkin, CED, RFFO 
B. April, ELD, RFFO 
C. Dayton, K-H 

... . .. . .. 
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soils, rendering them anaerobic. 

8.2 ;MBq of Pu was uansponed 

stringent assumptions, more thar 

contaminated slope. The obseme 

under anaerobic conditions coup 

phase to increase in colloidal and 

mechanism was not envisioned ur 

\ 

f 

framework of remedial investisati 

that long-term- advanced rnonitoril 

>* - 

Summary 

zn 24.9 cm of precipitation fell OR Pu-contaminated soils in 

g throughflow. which h t e d  for at least 65 days, sarur&d the 

sing conservative assumptions, we cdcuiated a minimum of 

ross a heavily instrumented toposequenc 

0 'MBq of Pu were transported across the entire 

Wlth less d 
Pu flux resulted p L ly from the dissolution ofsesquiovides I 'I - " -...A_-- 

d with a-shiA in Pu fractionation from mainly particulate 

solved Pu This hydrozeochemically induced rransport 

?r any previous transport scenario, and it challenges the 

dfeasibiliry studies in hazardous waste site. in [he sense 

of the soil environ$ sbQuld be required. 

f 

' .  . !.. . . , , . , , * , .:.;.. 

, ::r . . I  

. I  . 

- 3 -  I 
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overland ffow, which remobilized at 

and the southern interception dirch 

saturated and emanated strong d a j .  

observed.) I 

! I  
A thorough understanding c 

i selection of remedial alternarkes, 

Hence, the objectives ofthe present 

Introduction 

last  0.0 1 Wq of Pu-qL9--240 bemeen the instrumented site 

(:Fig I 13 Following @he runoff the soil became completely 
- *  

odors: localized pondins and runoff episodes were also 

I 

f the fate and transport of Pu in so& is essential for the 

arid potenrial Iitigation issues r%arding the a&cted areas. 

study are; 1 )  to assess the hydrogeochemical behavior of 

'Is at Rocky Flats Plant (RFP). located 2.5 krn norrhwest 

of Denver. Colorado, 

med to store plutoniu 

were conducted over 

recently, an extensive charact 

behavior. spatial distribution, 

(6- i 1 ). Small-scale (6 m') rai 

the contaminated soil to g o  

recurrence interval. trmsporre 

groundwater ( 13). The se 

ly from a former storaye area where steel drums were 

dusrrial oils from 1958 to 1965 ( 1.3). Many studies 

P the influence o f  Pu on the ecosystem ( 2 - 5 ) .  More 

n program was undertaken to study the physicochemical 

port mechanisms of radionuclides in the sods of RocAy Flats 

ns did not mifif ion sipificant am0unr5 of Pu and Am tiom 

2) Larse-scde ( I SO rn') rain simulations o f  1 OO-yr. 

3 % of the Pu and lJun stored in these soils to 

ion of this program was that Pu, Am. and U isotopes 

A' are birly immobile in the soil en 

The spring of I995 was easonably wet. Total prm'pitatiorl at Roch Rats during the 

months of Apnl and May cm (a 35 to 50-year everit). which is more than 200 % of 

the a v q e  precipitation for this -od (14). A May 17 s t o q  (a 15-j.7 event) produced siynificmt * 



PU transport On the enivh-onm 

studies (RmFS) in hazardous 

Methods 

Field Descri~tion 

To assess the fate and 

monitoring system (MS) was 

k’acing toposequence (Fig. I ) .  

(calcareous), mesic Cumulic 

I located atdvxoestope was classified as fine-loamy- mised 

Pits 1 to I tocared along a colluvial footslope 
.:.3 I .!-5 

Ent within the kamework of the rem 

waste site such RFP. 

transport of radionuclides in contmi 

installed dunny 1991 in five pits (TR I to 5 )  alony a southeast- 

position were classified& fine4 amy, mixed mesic Mdic .Qgiutofl. Pit 5 located at a steep - 
backslope position was classifie as loamy-skeletak mixed mesic k id ic  Arsiusrol? [ 12). Pit 8 4 
located on the mesa above the to osequince (Fiz. p* I ) wz classified as loamy-skeletal. mixed 

mesic h d i c  Haplustalfs. The to osequence exhiiits a reclaimed mixed yrassIand transected P 
by a wet meadowlmmh ecotone. 

Monitorins Svstem 
I 

4 
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biotoyical components were asheti 

transfa to a tcflon beaker and was 

HNO:.and saturated H?BO:,. Once 

exchanye coIurnn to separate the 

with HCI-NKJ solution. acidified 

redissolved and elecrroplated OMD 

W4QH was added to the solution 

Fractionation of Pu in Soil Intenritial 

Fractionation of radionuclic 

pm > x > 10 kD), and dissolved (-= 

13 & I3 fur detailed descriptio of the rnodo+g system). 

The soil interstitial collected From each ZTS and TSAwas rneasuied to the clearest 

Generd AnalvseS 

in an oven at 415-150 'C for S hoclrs The residue was 

completely dissoved,by repeated treatment of HF. SN 

the solution was c l e a ~  it was rhen passed throurrh u an anion 

?u from the solution. The Pu was efuted from the column 

with HNO!,and heated to dryness. The sample was 

stahless steel discs. Upon completion of rhe electroplating-. 

to prevent reddissolution ofthe deposit. 

1 

Water 

es into suspended panicles (x > 0 45 jim), colloidal (0 45 

IO kD) was detennined.on six samples collected in June, 

1 rnL usins a graduated cylinde and bri fly described for apgearance (i.e.. color. clarity. 
.* - 1 L e -  . . .  

sediment content, and biota4.e , earthworms$ Specific conductance. temperature. pH. 

dissolved oxygen, and alkalinity ere measured in the field. following approlved standard 

operatins procedures ( I  6 6 h e  +-?39-240 ictiyity in-unfiltered samples ofrhe soil interstitial 

> 
I 

- --- I. 
. .  

water were measured by alpha s in a commercial labotato eshibiting 

and July 199gking a scheme . -  involving ultmfiitration and tangential fl,orv 
, .  . . - -  

. .  * filtration (17, lS>, Particles larger an 0.45 prn were separyted f d m  solution usins the 

Amicon TCF-10, thin channel til 

pump that circulated the solution th ough a spiral thh-channei producini laminar tlow over 

Itration system This s y s p n  consisted ofa peristaltic 7 -6' 
I 

I 

.- 

! 
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the PCTE 90 mrn pm membrane. Subsequent fiactionarions were achieved with 

the R/li&m ultrafiltration s 

operates by pumping sol 

than the membrane pores 

and are collected as filtr 

0.35 k m  2 x 2 I O ~ D .  

PT series IOk Dalton 

was conducted unde 

significant changes i ntial of the soil solution. . 

illipore COT. The Minitan tangential flow fiitration 

ally across a membrane. Panicles and molecules smaller 

ough the membrane by the pressure inside the rnanitbld 

system separated the sample into two size fractions: i .  

o achieve this panicle size separarion rhe Durapore 

ere used. The entire tangenti I tlow filtration process 4 .  
reprevent exposure to ambient air and minimize 

Model Descriation ! 
erica1 finitqdifference flow model was used IO 

ence (- 17900 m!). the eniiije slope (- 85000 m') 

flow calcjulations across \the seepase face. The 

i t  is  widely used and well documented ( 19). 

s, thus.?a steady-sate model was used for 

remain$ near the surface. at deprh of30 

computation and assumptions involved in 

I 

I 

water flw. only the complecc sa for head and flux calculations 

rn the pit size (6  m long). ,A 

9 I located at the northwest corner ofthe 

he south ( F i g  I ) The values for 



A general-head bounda (GHB was assigned between seep SW-0% and SLV-05 1 k i  7 

This GHB represents a natural 

seeps’ Iocations [Fig. I ) .  and o 

conductance t e r n  in the GHB 

conductivity (Ks) in TR- 1, the 

d q  as can be seen from the seep vegtat ion.  

w during the saturation period. The 

puted from the measured saturated hydraulic 

of che seep face in SW053. arrd the area ofthe seep 

1 1 
as Ks ( 12). head distribution. and layer thickness 

I - - __--- -- 
were meaured in the field [ 

determined from the averag 

The bottom elevation of th 

surface elevation surveyed 

into six difirent property 

three meter depth OF the single layer model w a s  

subcropping sandslone across the toposequence 

ode1 was computed by kriyiny the TO locarions OF 

e toposequence. The single layer model was divided 

resent the hydro,!og’Ical properties measured a t  each 
I pit alonz the slope and th toposequence. -:. . . *  

Pu Inventory, and Flux 

Plutonium inveato 

measurements taken acro 

pairwise relative vario 

e calculated using 89, Pu analyses and SO bulk density 

.20). The spatial analysis was condurrred usiny a 

kiighg using,the Geos,tatisticaI Software 

: 

e boundary was performed by taking the 

% quartile) measured in the unfiltercx? 

adjusted to the approperiate sampling depth 

e three meter depth layer was adjusted to a 

I 



depth o f l o  crn of the first san 

computations were performed 

Results and Discussion 

Water Flux Characteristics 

During the May I7 rum 

depths. and the water table rose 

the soil began ro dry, with a conc 

(TR I to 4) became completely: 

conditions petsisted for at least 6 

shallow groundwater (0 to 3.5 m 

while the deeper groundwater (> 

the sandstone. quickly declined (. 

h July of 1995. a O w  re: 

at 0.5-0.7 IQ in TR 2 and 3 yieidc 

I 
I 

8 
I 

ins  hokon times the Pu statistics o f  this layer. Similar 

r the other sampling depths. 

1 1 
the soil moisture content 

SO crn below the ground 

+at drop in gaundwatrw elevation 0 

e -  

mted  b.5GG~-3i~@hndwater rose to the soil surhce These 

Jays, with a distinct pmm ofgroundwarer response the 

! :t; <' .c, 

hat originated €tom a sandstone layer remained at the surface. 

5 m) con&ned'within a: n&ed silt- and claystone that underlies 

:, 2). r a ,  
vas pedormed usinztwa lateral zero-tension samplers installed 

flow of 35 to 40 rn3 m2 6'. This sizable lateral flow was in B 
striking contrast to the complete la 

monitoring and numerous rain 

j sampl in~  of soiI mlurions (- I 
I 

The nature of the 
! 
I 

lateral flux and the geoloi.jcaI data ( 2) suggested two concuqently opematiny recharse 
$ 2  

, P 
sandstone and claystone underlying the Rocky Flats 

. ( I  

with recharge water, which eventually overtopped 

creadng a p u p  of ephemeral seeps (Fis. 1 ) 

I:' 

Secondly, within the central and easte porrions of the toposequence, a subcropping sandsronc 1- 9- 
~. . .I .. .... , . .  ..,... . . : _ .  

. I  . . _  . 
: i . ;. I :,: , .. ' I "  . . .. . . . . . . . .  
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The comprehensive data 

layer rests in hydrologic CQNXT 

conduit to drain the water-tilled 

paleostream above it wd provides a 

sprins and summer of 1995, a hydraulic 

(well [359 I .  see Fig. I ) and the head ofapprodmately 15 rn dev 

toeslope position (TR 1 & 2). the roposequence 

set collected by t e MIS ailowed the  u5e ofa  numerical model 0 

rnodeIed head was lower than the 

varied between 0.23- to 0.97 m'rl-' 

b' f ihe profound difference.benwsen 

averaging of the calculated flux oc-er 

in two locations, at the toedope 

calculated flux should be considewd 

following the unseasonably wet sp 

was also observed during most of 

simulation due to diEculties in 

A -  

Sensitivity analysis tested t! 

siynificam parameter in terms of flo 

to estimate the water 

match the calculated 

toeslqt was 

the toposequence. A trial-and-error calibration was used to 

heads (Table 1 ). The calculated piezomecric surtkce At rhe  
_ _ c _  -_,- 2 _ . ^ L - . -  

m, whereas the piezomernc surface at the backslope 

by 0.6 rn. These results are conservative because t he  total 

obsemed. resultiny in a smaller klu?c. The calculated flux 

d-'. compared with $e observed flux o f 3 5  IO 40 in' m-' 

the modeled and the observed f7ux-k explained by the 

the slope, whereas the observed flux was measured once. 

where the hydraulic head difference was the ;Tearest. The 

as a conservative estimate to the rme water flow ensued 

ing and summer o f  19 , especially because surface flow 

t ie  saturated period (65 d). but was not considered in the 

measwin_g retiable data across the entire toposequence ( 14). 

e uniqueness of the c ed model using Ks as the most 
. ._ 

This selection is jus&ed because the meas-wed head 

change in Ks was the toeslope wher sandstone and the saturated soil are in 
I >  
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.; 
i 

I 

half at the toeslope position produced the smallest error 

between the observed and 

mode1 results exhibited les 

Pu F!ux Characteristics 

ed head (Table I).  Under these calibration conditions the 

discrepancy in water balance. 

(0 - 0.2 m) ransed from 3,200 Bqkg at the roeslope 

backslope position (TR 5). to 164.000 Bq/kg at the 

oil interstitial water. Pu exhibited the highest a tivity 

position (TR 1). to 11,500 

summit of the  toposequen 

in the top sampling depth ”- ._ ed I by - 2  --I.”. a system‘atic -- decrease across the mposeq 4, ence 
I 

and with depth of  samplin 1-10, P +; 0.00 I respectively). - 
ibited an exponential decrease with deprh OF 

sampling, but showed a c 

activity in the seep water 

the 0.3-0.4 rn sampling d 

discharging from the top 

To estimate the t 

(Fig. 3fThe mean, Pu 

he mean activi;y in interstitial water colleted frorii 

he influence ofrnore-contaminated wafer 

- 0.2 m) into the seep hce. 
c.y-s-___ 

acroq the toposequence. the Pu activities 

in the soil solution (Fig. water flux (Tab[ 1 3) Between 8 1 1.- - 
to 9.9 MBq of Pu were 

along the mesa above t 

m at well 2681, located m the 

that the hydrogeologc 

the ‘entire slope’ sho 

storage sire and the western edge 

seep SW0521 The selection ofthe 

e depth to groundwater 

the former storag area to 1.3 

seaion ofthe mesa (Fis. I ) .  Hence. it is hishly probable 

ce prevailed elsewhere across 

he area beween the former 

seep vegetation, to the,steep slope between well 2684 and 

e’ conceptuat design was 

I 
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that less than 1% ofthe stored Pu 

during the spring and summer of 

remobiliation (-- S %) o f  Pu was 

the generally aerobic soils of the 

soils. The anaerobic condiGons 

to which as much as 0 ?6 of Pu is 

I 

/J 

primarily based on field observ 

was reported in an old drain 

east and above seep SWO52 

A consrant-head b 

whereas GHB was a s i g  

SW053 to the eastern ed 

conditions for the 'enrire 

specifications as stared b 

during the garation period where considable water tlow 

which &ens spurldwater flow orjgjmting from the slope 

n q e  system of'sep SW053. 

assigned between well 19 1 and well 2687 to the east. 

e western edge of the seep vegetation through seep 

opping sandstone (Fig. I ), Using these boundary 

desizn (- 85000 rn') coupled k i t h  orher model 
- - ---,A -1-- 

I -,. * C' 

Pu flux of at least 50 MBq. 

sequence ransed between 4.100 bIBq in the top 

sampling depth. The estimated ~IUY of Pcl su,, k r l e x d  sampling deprh to 10 

in the top 0.2 m o f  so$ was remobilized and left the slope 

1995 (Table 2)- However..a signific t increase in the relative 

c ~ b s m e d  with deprhfihe penisrent ~hroughilow transformed 

tcqmsequcnce to water-logsed and an' erobiqc 2mg L-' DO3 

T 

k 
I 

7 

prcbabiy facilitated enhanyd dissolucia of Fe and M n  oxides. 

Hence, the potential dissolution of iron and 

r 
adsorbed ( 1  

! 

There are two other allxilily 
. -  

data sets that support the above proposed transport 
- \  

a -  

to decrease in DO and pH 

depths (40 - 70 cm) 
period (Table 3fiarnples collecred at 

of dissolved and colloidal P 

sampling depths exhibite5 

surface that 

onditiam compared with samples closer to 

PI! coupled with more aerobic 
- (?-- 

deeper 

the  

1 .  . . .  . . -  - . ,  .___ : ' ' . .: . . ' I '  



conditions (Table 3). This patter1 

was a finction o f  reducing condi:ions 

supports he notim that increased Pu mobility in the soils 

that enhanced the dissolution of sesquioxides which in 
1 

-. .. . . . . . 

turn released adsorbed P 

the soil of RFP, resides mainly in 

by weight Pu in a non-crystalline 

beins destroyed by chqing  the 

suGested above 

n a $ 

Additional important infer?nce 

condirjons (Table 3)  and aerobic 

approach to Pu flux in th'e soil 

t&sported in a particulate phase. 

advection-dispersion equation to 

requirement for a partition coefficiznt 

transport (mostly as particulate and 

Environmental Implications 

The throuyhflow across the 
( 

that drained into a hoIdins pond. 

performed between May and July, 

. . .  . . 

dissolved or colloidal phase into the soil solution Second, Pu in 

poorly defirted discrete particles which contained up to 40% 

3r organic substrate (23j l f  this poorly defined-substrate IS 

redox potedtial, Pu will be released to the soil solution as was 

I 
t 

i I/ of the Pu Fractionation eiperiments undr anaerobic 

conditiom'-t-i -3)-isehejustification for our call'ularion 
- 

-1 

environment. Considerable amount of the Pu is being 

irrespective to, the redgx conditions. Hence. the use ofan 
t "  

compute Pu flux is inapp priate because the inherit 

(Kd) that does not present adequatelv the Pu mode of 

I 
colloidal) in this contaminated media. 

I 

slope was collected by an interception ditch (SID) ( F i g  I , ) .  

Flow data in the SID coupled with Pu measurements 

995, yielded Pu flu\ estimate ofat least 5 > M 5 q .  Similar 
+ I  , 

12 

I L 1  c -. . .  - i3- 

. .  - I 

! 
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bypassed the SID and flow 

Greater Denver area. 

rion under the Superfund program 

process. The sod of the RVFS is t 

ions in a timely manner. Studies p 

< 

investi:.ation/feasibility s 

decision [ROD) regardi 

I1 of the Rf/FS, suggest ther radionuclides remained largely immobile i 

selection-for-Bu contaminated soils (*: 60 .L!Bq) was 

om 1992 to 1994. durins which rime the 

was below average Sigit icantly higher 

I 
considered Phase I1 st 

groundwater elevation 

groundwater Ievek ha 
I 

1989 and 199 I .  hence. the nerd for lony-rem 

of Pu and other radionuclides a,qe better\ 

vkonment is minimal was also recommended 

anism described above was not envisioned 

hemical fnodeliny scenarios for,Rockv Flats 

. l  

understood, and the 

The hydrogeochemi 

under any previous 
- ,  

in Fundin9 for environmen~al resrflatiop wsre 

recess The MS was papjdly l 
d this removal been accomplished the, 

./ 
, -1 --- 

massive transport of Pu in soils w Id not have been recorded,$d the ROD ma$ hav6 been 
1 . .  

signed by the 

, ,; .: I. 



aquifer near Los Alamos, New I 

made for shifting resources tow 

groundwater. The results presen 

contaminated sites which are in t 

a similar evenf would occurred rl 

dificult, if not impossible to asse 

transport in the watershed. 

. .. 

1 4  

mica was recently seriously chalfenged (25) .  A call was 

d 'actual problems' and away From rnoniroriny Pu in 

d here. clearly dernomtrated that intensive monitoring o f  Pu 

,se proximity to a larse urban area should be mandatory! If 

ay at RJP. while the iMS is completety disabled. it will be 

the mapirude and the ecological ramification OF Pu 

.. ,. , - . . ,. ., .. . 
: , . . -.:I 

I 

, 
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Tabla I .Calibration statistics bet 
Piezometer Observed 
/Pit/weU* Head 

TR-5 1806.9 
7x4 1804.6 
m-4 ' 1503. I 
TR-3 1802.9 
TR-2 180 1.0 
Well I 179 I 1800.4 
*h in the toeslope multiulied bv 
AI1 the Ks were measured in the-i 

I . .  . . . .  . .  . 

.e and after sensitivity analysis. -. - -  
alculared Error Calculated Error I -  

ead (b'efore) Head (After) 
m 

0.2 

0.1 
-0.1 

0.4 
S e,xhibits the lowest reduced sum ofsquares. 
Id (12). 

1806.3 0.6 1806.7 

1803.0 0.1 1803.0 
1803.1 -0.2 1803.0 

1804.3 0.3 1804.6 0.02 

1800.9 0.1 1500.8 -0.2 
1800.2 0.2 ISOO.0 

17 
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Table 1. Statistics of Pu flu. (act 
Depth MeaJl 

rn .................... 

vity md percentage) across the tqposgucnce. 
75 YO Quartile Inventory 

N I B C p O )  
--1- ------ ----------- ------_ 

I 

0.7 - 3.0 0.9 (ND) 
Total 8.2 

The 75% quarrile better represen:s 

mainly collected at the lower resc 

least amount of Pu (6.12). The 

top sampling depth across t e ii 

- 14-  

1.2 (MI) ND 
9.9 

the range of Pu flux because the soil solutions were 

hes of the toposequence. which exhibited the 

r n s n  activity of Pu in the soil interstitial water collected in the 

top~equence was hishty correlated with Pu activity in the soil 
-I _____.(-I* --I -- 

i . .  

samples. This coitelation exhibited 

0 001) 

I 
a small staqdard error and was highly s ip i t icant  (P <- 



Table 3. Mean concentrations 

of h-239+240 in soil interstiti 

Deprh of Sampling (m) n 

DO (mg L') 3 
PH 3 

Temperature "C 3 

0.45~ 3 
PU-2.3 9+?40 

3 0.45pm > X 4 IOW 

i 

i 

I 

.. . . .  
# .. - .. .-'. . , 

dissolyed I oxygen (DO), pH, and fractionation results (ranye) 

water collected I 
L 

from TR 2 & 3 in June and July 1995. b 

i0 - 40 
1 

40 - 70 
3 96 2.46 

; 17.m 6.83 
~ 12.2 1 f.2 f- - 

40 - 7; 21 - 3 9  2,8 i - 60 3 9 - 6 4  

-- % -- 

? t 
I 

. .  

f 
I '  

' 1 .  

, 
- .  

I 

. .  

, .. , 

.._ - 

- 2 P  4 

.. . 
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I 
f 

Fipre  I .  The toposequence i s  th' area between weii 19 1, I359 1 ,  ephemeral seep SWOS I and 

SW053 (- 17000 m'). The 'entir slope' is the area between the former storage area well 1657. 

the western edg- of the seep veg ation and the ephemeral seep SWO53 (-- 85000 m2), 

Figure 7. The depth to water tab1 h m  g o m d  surfBcc recorded in Pit 3. Similar hydrological i 
to July, 1995. Soil solutipns were 

(0.7- to 2.7 m). and wells (2.7- to E 

(0) and ewrnes (*). 

toposequence 

, - _-___ -_-_1-- .-. 

i1 solutions and seep water (StV-5; 1 sampled between May 

llerrted by zero-tension samplers (0 - 0.7 m). tension samplers 

m). The boxplot depicts the limits. quartiles, mean, outliers 

i 
! / > .  . 
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I s€ 

h(PU-239+240 Bq/L) 

- 29.- 
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