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Discovery of Oklo Phei

H. Bouzigues, on the staff of the Pierrelatte

France, finds during routine analysis a samp
low in U-235, 0.7171% compared to the usu
uranium ore. (May 1972) '

With rare exceptions (Pb, Os, He) the natural
elements are remarkably constant.

UF, gas used in mass spectroscopy might hz

with spent fuel; that possibility was ruled ou

Other explanations included, but not limited |
Crash of nuclear powered spacecraft
Prehistoric civilization
U-235 somehow stolen

uranium deposit in Gabon, Africa. (C
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Discovery of Oklo Phen

<+ H. Bouzigues, on the staff of the Pierrelatte
France, finds during routine analysis a sam)
low in U-235, 0.7171% compared to the usua
uranium ore. (May 1972)

<+ With rare exceptions (Pb, Os, He) the natt
elements are remarkably constant.

< UF, gas used in mass spectroscopy mig \a
with spent fuel; that possibility was ruled ouf
<+ Other explanations included, but not |
Crash of nuclear powered spacecraft
Prehistoric civilization
U-235 somehow stolen

“» The anomalous samples were traced to ore fr
uranium deposit in Gabon, Africa. (Oklo Dep:
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<+ Some samples showed depletion of U-235 |
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Explanation of low <*°U &

Paul Kazuo Kuroda (1956, Univ. of Arkansas
papers, discussed the stability of uranium ore
proper conditions, in the distant past, a urani
become “critical’ and operate as a nuclear rea

P K, “On the nuclear physical stability of the uraniu
minerals,” J. Chem. Phys. 25, 781 (1956)
P.K. “On the infinite multiplication constant
age of uranium minerals,” ibid., p. 1295
George A. Cowan, Sci. Am., p. 35, July 1976
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Requirements fora r

“ Relatively high U-235 isotopic conce:

The reason why the natural reactor was possible 2 billion vears ago is given by the following
data. The essential fact is that the half life of U is smaller than that of *®U.

2351 238y
Nat. Abund. (Present) 0.720% 99 27%
Half Life Tx10%ears 4.5x 10°years
Nat. Abund. (2 x10? vears ago) 3.7T% 96.3%

Based on these facts, K. Kuroda first predicted [7| that with the presence of some
amount of water, the vein of uranium could undergo a chin reaction spontaneously. In
1972. the uranium slightly depleted in U was detected at French uranium-enrichment
plant. It was traced and found out that at Oklo in Gabon Republic. uranium with °U
abundance of 0.4% - 0.5% was mined. It is well proved now that in 2 billion vears ago.
the reactors were operating in Oklo area (Oklo. Oklobondo. Bagombe). In spite of serious
efforts to find the natural reactors in other area. no evidence was found up to now.

<+ Low concentration of neutron abs
<+ Presence of water to provide moc
<+ Sufficiently large deposit
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< U-235 decays about 6x faster than U

» |sotopic abundance of U-235 was
when the earth formed 4.6 billion

+ |sotopic abundance should be the

system
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Some conditions for a

TABLE 18.1

VALUES OF p, f, AND k AND RATIO OF URANIUM TO MODERATOR AT
MaxiMUM k FOR VARIOUS UNIFORM MIXTURES OF
MODERATOR AND NATURAL URANIUM

rl
(

Molecules of Moderator
Moderates .-\ln-;_;iﬂrﬂ.iu.- Y P s
DO (+0.2% H.O) . .. 167
SRR SRS 193
R TR S e 452

BeO
Water
' Boiler I
e ¥
Carbon

Fig. 83. - Los Alamos water boiler.
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Possibility for a test of time varia

=+ Accurate data for initial and final isotope
— Isolated, preserved samples
— Natural abundance
— Effect of neutron captures -

=+ Energy-dependence of neutron resonanc

— Energy-dependence of other parameters suc
assumed to be independent of energy fo fir

< Model for Oklo reactor dynamics

< Model for reiahng dﬂm in resonance ene
fundamental constant(s)
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Possibility for a test of time varia
constants using

= |sotope with low-energy neutron absorptior
155Gd, 157Gd)

— Isolated, preserved samples
— Natural abundance

- Reactor-produced abundance (
— Effect of neutron captures

~ Energy-dependence of neutron reson

assumed to be independent of energy to

< Model for Oklo reactor dynamics

» Model for relating change in resonance en
fundamental constant(s)
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History of searches for time var

» Basic idea due to A.l. Shiyakhter, Nature
264, 340 (1976)

“+ More complete analysis by Damour and
Dyson, Nucl. Phys. B 480, 37 (1996)

> Y. Fuijii et al. obtained better samples, six
times better precision, Nucl. Phys. B 573,
377 (2000)

*+ Lamoreaux and Torgerson use improved
moderated neutron spectrum, Phys. Rev.
D 69, 121701(R) (2004)

“ Gould, Sharapov, Lamoreaux calculate
neutron spectrum with sophisticated
MCNP code, Phys. Rev. C 74, 024607
(2006)

din(E,) — _dh(“)_.g-c 1In{m
dt e -
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Where is Oklo?
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History of searches for time van

<+ Basic idea due to A.l. Shiyakhter, Nature
264, 340 (1976)

 More complete analysis by Damour and
Dyson, Nucl. Phys. B 480, 37 (1996)

> Y. Fuijii et al. obtained better samples, six
times better precision, Nucl. Phys. B 573,
377 (2000)

<+ Lamoreaux and Torgerson use improved
D 69, 121701(R) (2004)

» Gould, Sharapov, Lamoreaux calculate
neutron spectrum with sophisticated
MCNP code, Phys. Rev. C 74, 024607
(2006)

dlﬂ(Er)ic a‘ln(a)+c
dt . %
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Where is Oklo?

:

ALGERI&

LIBTA

.“
3 AN AR A

TreEn

Airsa: 08070023
mc



Oklo mine site
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Formation of ancient L
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Evolution of the

ﬂirsa: 08070023



o
L_.-r--l-

o T b e | g
=3 -"'_ A e = = |

ﬂirsa: 08070023
r""_'}
1 nc Alamac




Distribution of se

MINED ORE

i

SIX REACTOR ZONES at Oklo were found in lenses of exceptionally rich ore. Parts of zones

1 and 2 had already been mined when the reactor was discovered, and their boundaries are there-

fore comjectural. Zones 3, 4, 5 and 6 have not yet been exposed: they lie below the present floor

aof the pit and were found by drilling cores. A portion of Zone 1 has been pinned to the rock face

so that it will not be destroyed when the pit is deepened. In ore from the reactor zones the aver-

i age comcentration of uranium is from 20 to 30 percent. more than 50 times the comcemtration
/3"53108070023 elsewhere. On the other hand, the uranium in the reactor zomes is strongly depleted in U-235.
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Operating characteri

<+ Operating lifetime estimated as akt
duration for 2°Pu, bred by #°U
and contribute to the reaction

<+ Some samples actually show enf d
<+ Average age of reactors: 1.8 x 10° years
< Integrated neutron flux: ®~102"/cm?

<+ Recent work indicates the reactor operai
(Meshick, Wash. U.)

minutes

— Long cycle of cooling between succ
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Fission products and subset




Retention of fission product
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Detection of fission
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Calculation of cross-sections |
- Breit-Wigner approximation: 3

gh'n [T,
El= N
. 2mE (E—Er)z+ri/4

L, =L, (E)+L,
I,(E)=+VET,,

< For 1/v absorber (eg. 2*°U):

o)=0(E) @ (BT
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Calculation of cross-sectior

m —
d.rtb

dN, .
drd’

daN._. 1 R

_(om>Nm‘5* G

= (0, )Ny

SF84-1469  SF84-1480

&1, (1/kb) 0.525 0.798 0.622 0.564 0.780
Nyaalty) (%) 0.1052 0.2401 0.2073 0.1619 0.06909
Nyer(1,) (%) 55.34 53.23 54.03 54.81 52.74
Nyeyl2,) (%) 2.796 3.468 3.079 2.890 4694
Nyeolty) (%) 0.5544 0.2821 0.4466 0.4296 0.3088
Noyol2,)/ Nosgle,) 0.03181 0.02665 0.02971 0.03047 0.02435
#1090 (kb) 85.6 96.5 838 99.0 89.5
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Results of
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*» Two solutions:
AE =—(97+8)x107 eV
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Results of Fujii
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Homogeneous reactor witl
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Results of F
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Homogeneous reactor witl
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Realistic neutron spectre
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curves for T=300-800 K
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More complete calculati
<+ Including effects from 2**Pu
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Conclusion

<+ |deally, Oklo Phenomenon can be a sensit
fundamental constants

<+ Result is model-dependent

“» Finite-size restriction produced a significz
AE,

- For example: chain reactions were found to |
within the ~1m x 3m reactor sites

= Estimates of un-included effects suggest th
change by more than 10% ]

=+ Data from '5°Gd is poor due to contaminat
favor the lower energy bound near AE ~( .
determination) i

<+ Need a better model to set bounds on
din(E,) _  dinfa)  din{m




MCNP calculation of |
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Conclusion

“+ ldeally, Oklo Phenomenon can be a sensit
fundamental constants '

<+ Result is model-dependent

“+ Finite-size restriction produced a significan
AE
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* For example: chain reactions were foL
within the ~1m x 3m reactor sites
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curves for T=300-800 K
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History of searches for time van

<+ Basic idea due to A.l. Shiyakhter, Nature
264, 340 (1976)

<+ More complete analysis by Damour and
Dyson, Nucl. Phys. B 480, 37 (1996)

> Y. Fuijii et al. obtained better samples, six
times better precision, Nucl. Phys. B 573,
377 (2000)

<+ Lamoreaux and Torgerson use improved
moderated neutron spectrum, Phys. Rev.
D 69, 121701(R) (2004)

<+ Gould, Sharapov, Lamoreaux calculate
neutron spectrum with sophisticated
MCNP code, Phys. Rev. C 74, 024607
(2006)

din(E,) _  din(a) _ dinfn
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NUMBER OF SAMPLES

. 7190 7197 TI92 7190 7194 7195 7198 197 7198 7199 7200 7201 T202 T200 T204
U-235 (PERCENT)

ABUNDANCE OF U-235 in 88 samples of uranium ore shows 2 clearly bimodal distribution.
The peak at .7200 perceat represents ores mined mainly in Canada, Esrope and Asstralia. The
peak at 7198 percent is produced by ores taken from the Colorade Plateas region of the U.S.
One group of these ores, mined in New Mexico, is shown separately (dark color): it plainly sug-
gests that wranium from the Colorado Plateau has a U-235 content smaller than the world av-
erage. One possible explanation of this small discrepancy is that the isotopes were separated by
some chemical process in the ore-bearing rocks. Another explanation is that a sateral reactor
/? omce operated in the region and that its depleted ore has been dispersed throughout the platean.
irsa: 08070023
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History of searches for time van

<+ Basic idea due to A.l. Shiyakhter, Nature
264, 340 (1976)

» More complete analysis by Damour and
Dyson, Nucl. Phys. B 480, 37 (1996)

> Y. Fuijii et al. obtained better samples, six
times better precision, Nucl. Phys. B 573,
377 (2000)

<+ Lamoreaux and Torgerson use improved
moderated neutron spectrum, Phys. Rev.
D 69, 121701(R) (2004)

<+ Gould, Sharapov, Lamoreaux calculate
neutron spectrum with sophisticated
MCNP code, Phys. Rev. C 74, 024607
(2006)

dn(E,) _ dinfa) _
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Evolution of searche
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