
LA-9377-PR 
Progress keport 

dr. 

'442,1 
Los Alamos National Laboratory Is operated by the University of California for the United States Derartmont of Energy under contract W-7405-ENG-36. 

i Los Alamos National Laboratory 
LosAlamos,New Mexico 87545 

M THIS 00C«MENT !S 



An Affirmative Action/Equal Opportunity Employer 

Previous reports in this series, unclassified, are LA-8850-PR, LA-9O27-PR, 
LA-9187-PR, and LA-9230-PR. 

This report was prepared by the Los Alamos National Laboratory of the 
University of California under Subcontract E511-01100 with Battelle Memorial 
Institute, Project Management Division, under Contract EY-76-C-O6-183O with 
the US Department of Energy. The subcontract was administered by the Office 
of Nuclear Waste Isolation. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the Urited States Govtmmtnt. 
Neither the United States Governrmmt nor any agency thereof, cor any of their employee!, rmkta ay 
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, 
or usefulness of any information, apparatus, product, or process disclosed, or reptettnta that Its use would 
not infante privately owned riajhu. References herein to any specific commercial product, process, or 
service by trade name, trademark, nnlnufacturtr.pr otherwise, dots not necessarily cotttitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinion* of authors expresiied htrtfa do not necessarily siate or reflect those of the United 
States Government or any agency thereof. 



LA-9377-PR 
Progress Report 

UC-11 
Issued: June 1982 

LA—9377-PR 

DE82 019179 

Natural Repository 
Analogue Program 

January 1—March 30,1982 

Compiled by 
David B. Curtis 

- DISCLAIMER -

This report was prepared as an account of work sponsored bv an agency of the United States Government 
Neither the United States Government nor any agency thereof, nor any of their employees, makes any 
vyarrantv, express or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service bv trade name, trademark, manufacturer, or otherwise, does 
not neceuaritv constitute or Implv its endorsement, recommendation, or favoring by the United 
Stales Government or any agency thereof. The views end opinions of authors expressed herein do not 
necessarily state or reflect those cf the United States Government or any agency thereof. 

Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

MM B 



DISTRIBUTION 

Mr. C. R. Cooley 
US Department of Energy 
Bldg Code GTN 
MS B107 
Germantown, MD 20545 

Attn: Dr. N. Hubbard 
Batteiie Project Management Division 
505 King Avenue 
Columbus, OH 43201 

Mr. R. Y. Lowrey 
Weapons Production Division 
Albuquerque Operations Office 
P. 0. Box 5400 
Albuquerque, NM 87115 

Mr. Robert Einziger 
Westinghouse Hanford Company 
MSIN-W/A-40 
P. 0. Box 1970 
Richland, WA 99352 

Mr. Don J. Bradley 
Battelle Pacific Northwest Laboratories 
Battelle Boulevard 
Richland, WA 99352 

Mr. Donald Jackson 
Lawrence Livermore National Laboratory 
MS 1390 
P. 0. Box 808 
Livermore, CA 94550 

Dr. Glen Jenks 
Oak Ridge National Laboratory 
P. 0. Box X 
Oak Ridge, TN 37830 

Dr. Denis Strachan 
Battelle Pacific Northwest Laboratories 
Battelle Boulevard 
Richland, WA 99352 

Dr. Everett A. Jenne 
Battelle Pacific Northwest Laboratories 
Battelle Boulevard 
Richland, WA 99352 

Dr. Dhanpat Rai 
Battelle Pacific Northwest Laboratories 
Battelle Boulevard 
Richland, WA 99352 

Dr. John A. Patterson 
US Department of Energy 
Federal Building 
RA-234, MS-6521 
Washington, DC 20461 

Prof. Paul Kruger 
Department of Civil Engineering . 
Stanford University 
Stanford, CA 94305 

Prof. Douglas G. Brookins 
Department of Geology 
University of New Mexico 
Albuquerque, NM 87131 

Dr. William Maeck 
Exxon Nuclear Idaho Company, Inc. 
Radiochemistry Subsection 
P. 0. Box 2800 
Idaho Falls, ID 83401 

Dr. J. E. Delmore 
Exxon Nuclear Idaho Company, Inc. 
Radiochemistry Subsection 
P. 0. Box 2800 
Idaho Falls, ID 83401 

Tom Longo 
US . Department of Energy 
Office of Waste Isolation 
MS B107 
Germantown, MD 20545 

Ray D. Walton 
US Department of Energy 
Office of Defense Waste 

and By Product Management 
DP 123 
Germantown, MD 20545 

Dr. Cyrus Klingsberg 
US Department of Energy 
Office of Waste Isolation 
Routing Symbol NE330 
Washington, DC 20545 



Ms. Judith B. Moody 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 

Mr. K. S. Czyscinski 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 

Los Alamos National Laboratory 
Los Alamos, NM 87545 

G. 
D. 
D. 
J. 
E. 
T. 
J. 
D. 
C. 
D. 
B. 
A. 
A. 
T. 
A. 
C. 
D. 
R. 
K. 

A. 
C. 
T. 
E. 
A. 
M. 
H. 
B. 
J. 
W. 
R. 
J. 
E. 
L. 
E. 
J. 
J. 
J. 
Wo 

Cowan, ADCEL, MS-A102 
Hoffman, CNC-DO, MS-G760 
Oakley , DADEB/WM, MS-F671 
Sattizahn, CNC-11, MS-E514 
Bryant. , CNC-7, MS-E514 
Benjamin, CNC-7 
Cappis, 
Curtis, 
Duffy, 
Efurd, 
Erdal, 
Gancar2 
Norris, 
Norris, 
Ogard, 

, CNC-7 
, CNC-7 
CNC-7 
CNC-7 
CNC-7 
i, CNC-7 
, CNC-7 
CNC-7 
CNC-7 

Orth, CNC-11 
Rokop, 
Vidale, 
lfsberc. 

CNC-7 
CNC-7 
CNC-7 



NATURAL REPOSITORY ANALOGUE PROGRAM 

January 1--March 30, 1982 

Compiled by 

David B. Curtis 

ABSTRACT 

Lead and uraniujn isotopic abundances in rocks from the 
Oklo mine show large deficiencies of radiogenic lead in the 
mineralized regions and enormous excesses of this element 
outside the uraniferous zones. A fracture lined with secon¬ 
dary minerals and its host rock from distances as far as ~13 
meters away contain lead that was deposited contemporane¬ 
ously. The isotopic composition of lead in these samples 
varies systematically as a function of distance from the 
fracture. This regularity may reflect the nature of the 
processes that transported lead from the ores and deposited 
it in the surrounding rocks. 

I. PERSONNEL 

This report covers some of the activities of the following individuals. 

Los Alamos National Laboratory 

T. M. Benjamin 

E. A. Bryant 

J. H. Cappis 

D. B. Curtis 

D. J. Frank 

A. J. Gancarz 

A. E. Norris 

D. J. Rokop 



II. PROGRAM OBJECTIVE 

Geologic burial is the favored method being considered for the disposal 

of commercially generated radioactive wastes. Appropriately chosen sites are 

thought to be relatively inert environments with respect to the stability of 

engineered waste containers. In addition, the rock itself will provide the 

ultimate containment, assuring that the wastes will remain isolated from the 

biosphere for adequate periods of time. However, efforts to evaluate the 

effectiveness of the geologic environment in this regard are limited by our 

understanding of the effects of natural, physical, and chemical processes 

acting over periods of time much longer than that recorded by human experiences. 

The Natural Repository Analogue program is a research effort to study the 

chemical processes and conditions that affect the retention and transport of 

elements in the earth's crust. The work examines the stability of elements in 

the geologic record and their response to natural conditions over appropriately 

long periods of time. 

III. PROGRESS REPORTED PREVIOUSLY 

Funding for the United States' participation in the international investi¬ 

gation of the Oklo natural fission reactor phenomenon commenced in fiscal year 

1975. The first formal report of progress in this program was the annual report 

of fiscal year 1976, issued in November 1976. The Oklo phenomenon refers to 

the occurrence of self-sustaining fission chain reactions in a series of very 

rich uranium ore pockets located in a Precambrian pitchblende deposit in Gabon, 
g 

Africa. The uranium formed critical masses 2 x 10 years ago. During criti-
4 235 

cality ~10 kg of U were fissioned. Early work in the program determined 

the inventory of elements produced and destroyed by the nuclear reactions. 

Comparisons between the abundances of nuclear products produced in the natural 

reactors and those measured in them today provided a quantitative measure of the 

loss of elements from these rocks in the two-billion years since the reactors 

were critical. Uranium, the principal nuclear fuel, appears to have been 

extremely stable during this time. Individual grains of uraninite have remained 

intact since the time of nuclear criticality. Despite the apparent stability 

of the minerals that contained the nuclear fuel, many of the nuclear products 

have been lost from these mineral grains and redistributed into the geologic 

surroundings. Individual samples from the reactor zones have lost as much as 
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70% of the mass 99 ( Tc + Ru), 57% of the ruthenium, and 28% of the 

neodymium. It is estimated that about 100 kg of each of these chemical 

species was transported away from the zones of criticality. Proportional 

losses vary systematically with the intensity of nuclear activity, which 

suggests that the rate of loss was dependent on some property that varied 

with the degree of criticality (temperature, radiation dose, etc.)- Abun-
99 

dances in rocks outside the reactor zones suggest that most of the Tc and 

ruthenium was retained within a few tens of meters of the reactors. Redis-
99 

tribution of ruthenium and Tc occurred two billion years ago, beginning 

with the initiation of nuclear criticality and spanning a period of time of 

less than one million years. Technetium was preferentially removed from the 

reactor zone relative to ruthenium. The observed geochemical properties 

suggest that loss of nuclear products was controlled by the rate of diffu¬ 

sion from uraninite, the mineral form of the primary nuclear fuel. Transport 

of ruthenium and technetium away from the rocks that sustained the nuclear 

fission and their redeposition in the surrounding rocks may have been 

controlled by temperature-dependent redox reactions. 

To examine the redistribution of elements at Oklo under conditions 

less severe than those produced by sustained nuclear fission, the geochemical 

behavior of lead resulting from the decay of uranium is being studied. The 

rate of production of radiogenic lead (as controlled by the half-life of 

the uranium isotopes) is sufficiently slow that fractionation of lead and 

uranium during the critical period at Oklo would not perturb the isotopic 

composition of lead produced since that time. 

IV. ACTIVITIES DURING THE PERIOD 

Lead and uranium isotopic analyses have been made on 75 samples from 

the Oklo mines. Roughly half of these were done by French scientists and 

the other half at the Lot Alamos laboratory. About 75% of these have been 

reported in the literature. The rest, which are mostly samples from outside 

the uranium mineralized region, have not yet been reported. There is a 

great consistency in the data: the uraniferous mineralized rocks are almost 

without exception deficient in radiogenic lead. Losses are as small as 10% 

and as large as 90% of the radiogenic Pb that has been produced by 
q 

radioactive decay in these rocks over the last 2 x 10 years. These losses 

represent many tons of lead that has been transported away froai the Oklo 



ores during this time. Conversely, virtually all of the rocks away from the 

nineralized zone contain enormous excesses of radiogenic Pb. These 

excesses represent as little as a few percent and as much as five orders of 

Magnitude more lead than could have been produced by uranium decay in these 

rocks. 

One section of an unmineralized core contains a centimeter-size fracture 

lined with secondary minerals, the most obvious being quartz and galena 

(PbS). Isotopic analyses of the galena showed it to be composed of lead 

produced by the radioactive decay of uranium in an environment with a large 
238 204 

U/ Pb: the lead that was transported to and deposited in the frac¬ 

ture was from the nearby uranium ores. This fracture is encompassed by 

recrystallized sandstone, which typifies local strata of the Francevillian 

basin. Samples of the sandstone taken at distances of 2 cm and ~13 m from 

the fracture contain lead that is isotopically related to that in the walls 207 
of the fracture. Variations of Pb/*w"Pb vary linearly with changes in 

Pb/ Pb in these three samples. Such a relationship indicates that 

lead in the three samples is temporally related and will permit an evalu¬ 

ation of the time when the transport occurred. Two observations may be 

made with respect to the time of emplacement: it was instantaneous within 

the time resolution of the lead isotope chronometer, and it did not occur 

in recent geologic history. The ratio Pb/ Pb decreases as a function 

of distance from the fracture, which suggests a decreasing proportion of lead 

from the fracture as the distance from it increases, a functional relation¬ 

ship that might suggest the nature of the processes responsible for the 

element redistribution. 

V. PRESENTATIONS DURING THE REPORTING PERIOD 

David Curtis presented a seminar to the Department of Geological and 

Planetary Sciences at the California Institute of Technology on March 9, 

1982. The title of the presentation was "The Geochemistry of Nuclear 

Products - Studies of the Oklo Natural Reactors." 

David Curtis presented the Earth Sciences Colloquium at the University 

of California at Los Angeles on March 11, 1982. The title of the talk was 

"The Gechemistry of Nuclear Products - Studies of the Oklo Natural Reactors." 

T. M. Benjamin made a presentation at the Symposium on Geochemistry of 

Nuclear Waste Disposal held in conjunction with the 183rd National Meeting 



of the American Chemical Society in Las Vegas, Nevada, on March 3, 1982. The 

title of the presentation was "The Geochemistry of Tc, Ru, and Nd at the Oklo 

Natural Reactors." 

David Curtis was co-organizer and co-chairperson of the Symposium on 

Geochemistry of Nuclear Waste Disposal held in conjunction with the 183rd 

National Meeting of the American Chemical Society in Las Vegas, Nevada, 

March 29-30, 1982. 

VI. FUTURE ACTIVITIES 

Our plaas for future activities include completing the measurement 

of barium isotopic abundances in rocks from Oklo reactor zone 9 and the 

surrounding sandstone. We also plan to continue writing a manuscript on 

the geochemistry of lead, uranium, plutonium, and thorium at the Oklo 

uranium deposit and begin preparing a manuscript on the geochemistry of 

ruthenium, technetium, molybdenum, and neodymium at Oklo reactor zone 9. 
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