What Caused the High C1-38 Radioactivity in the Fukushima
Daiichi Reactor #1?t"
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This is a first for The Asia—Pacific Journal: publication of a technical
scientific paper addressing critical Issues pertaining to the leakage of
radioactive water at the Fukushima reactors. Our goal 1s to make this
Information available to the Japanese and international scientific
communities, to Japanese government authorities, and TEPCO as they address
the formidable issues of cleanup and safety. But we also believe that the
Information is of importance to informed citizens and the press in the face
of further dangers that have gone unmentioned not only In government
statements, but also in the press. Arjun Makhijani’ s introduction provides
a lucid explanation of the problem and the Issues, followed by F.
Dalnoki—Veress’ s paper. Asia—Pacific Journal
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The presence of highly radioactive water in three turbine buildings at the
Fukushima Daiichi nuclear plant is widely understood to be from the damaged
fuel rods in the reactors. This has rightly raised concerns because it
indicates several problems including extensive fuel damage and leaks in
the piping system. Less attention has been paid to the presence of a very
short-lived radionuclide, chlorine—38, in the water in the turbine building
of Unit 1. The following paper evaluates whether its presence provides
evidence of a serious problem - one or more unintended chain reactions
(technically: unintended criticalities) - in the reactor. Such chain
reactions create bursts of fission products and energy, both of which could
cause further damage and aggravate working conditions that are already very
difficult.
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Chlorine—38, which has a half-life of only 37 minutes, is created when
stable chlorine-37, which is about one—fourth of the chlorine in salt,
absorbs a neutron. Since seawater has been used to cool, there is now a
large amount of salt - thousands of kilograms - in all three reactors. Now,
if a reactor is truly shut down, there is only one significant source of
neutrons, namely, the spontaneous fission of some heavy metals which are
created when the reactor is working and remain present in the reactor
fuel. The most important ones are two isotopes of plutonium and two of
curium. But if accidental chain reactions are occurring, it means that
the efforts to completely shut down the reactor by mixing boron with the
seawater have not completely succeeded. Periodic criticalities, or even
a single accidental one, would mean that highly radioactive fission and
activation products are being (or have been) created at least in Unit 1
since it was shut down. It would also mean that one or more intense bursts
of neutrons, which cause heavy radiation damage to people, have occurred
and possibly could occur again, unless the mechanism is understood and
measures taken to prevent it. Measures would also need to be taken to
protect workers and to measure potential neutron and gamma radiation

exposure.
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This paper examines whether spontaneous fission alone could be responsible
for the chlorine—38 found in the water of the turbine building of Unit 1. If
that could be the only explanation, there would be less to be concerned
about. However, the analysis indicates that it is quite unlikely that
spontaneous fission is the sole or even the main explanation for the
measured concentration of chlorine—38. Presuming the reported
measurements are correct, this leaves only one other explanation - one or
more unintended chain reactions. This paper is presented in the spirit
of encouraging discussion of whether further safety measures might be
needed, and whether supplementary measures to bring the reactors under
control should be considered. It is also presented as a preliminary
analysis for scientific discussion of a terrible and technically

challenging nuclear crisis at the Fukushima Daiichi plant.
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I have been consumed over the last few weeks by the events unfolding in
Japan. I keep alternating between complete disbelief and acceptance of the
gravity of the situation, but mostly disbelief. And I am not the only one.
Most of the nuclear physicists and engineers with whom I have spoken since
the incident cannot — will not — believe that it is possible that some of
the fuel that is melting could somehow produce little pockets that could
go critical. I believed them for the longest time until the following
appeared on the Kyodo news website (relevant text italicized below for
emphasis) and I did the following analysis. FD-V March 30, 2011
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“Neutron beam observed 13 times at crippled Fukushima nuke plant
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TOKYO, March 23, Kyodo
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Tokyo Electric Power Co. said Wednesday it has observed a neutron beam,
a kind of radioactive ray, 13 times the Fukushima Daiichi nuclear plant

after 1t was crippled by the massive March 11 quake—tsunami disaster.
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TEPCO, the operator of the nuclear plant, said the neutron beam measured
about 1.5 kilometers southwest of the plant’s No. 1 and 2 reactors over
three days from March 13 and is equivalent to 0.01 to 0.02 microsieverts

per hour and that this is not a dangerous level.
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The utility firm said it will measure uranium and plutonium, which could

emit a neutron beam, as well.
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In the 1999 criticality accident at a nuclear fuel processing plant run
by JCO Co. in Tokaimura, Ibaraki Prefecture, uranium broke apart

continually in nuclear fission, causing a massive amount of neutron beams.
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In the latest case at the Fukushima Daiichi nuclear plant, such a

criticality accident has yet to happen.
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But the measured neutron beam may be evidence that uranium and plutonium
leaked from the plant’s nuclear reactors and spent nuclear fuels have

discharged a small amount of neutron beams through nuclear fission.”
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Also, on March 25" TEPCO made public a measurement of the contributions
of different isotopes to the extremely high measured radioactivity of the
seawater used to cool reactor #1. The reasons why these measurements were
taken so late in the crisis (or why the information was released so late)

is unclear at present.
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Radioactive Nuclide Concentration (Bg/ar’)
Cl-38 1.6e6

As-T4 3.9e2

Y91 5.2e4

I-131 2.1e5

Cs-134 1.6e5

Cs-136 1.7e4

Cs-137 1.8e6

La-140 34e2

Jis & SRET TN HREE (Ba/cn'’)
C1-38 1.6X10°
As—74 3.9X10°

Y-91 5.2X10*
I-131 2.1X10°
Cs-134 1.6X10°

Cs—136 1. 7X10*

La-140 3.4X10°

Table 1: The contribution of different isotopes to the radioactivity from
a sample taken in the turbine building of reactor #1
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The measured levels of Cesium and ITodine, Cs—137 and I-131, were expectedly
very high. The very high concentration of one isotope however - Cl1-38 -
was the figure that drew my attention. Why worry? C1-38 has a 37-min

half-life beta decay; in a couple of days it will be gone. However, the
fact that it was there at all, and in such high concentration, puzzled
me. Could it be that the incident flux of neutrons converted the 24% C1-37
present naturally in salt to C1-38 through radiative neutron capture (a
simple reaction: add a neutron give up a gamma, and you have C1-38)? What
flux could have produced the observed radioactivity? In what follows, I
attempt to calculate the neutron flux that would have been able to produce
the observed radioactivity. There is a bit of math, but you can skip to
the conclusions. All calculations assume that the TEPCO measurements

reported in Table 1 are correct.
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First we calculate the number of C1-38 nuclei that are present that would
explain the observed radioactivity. The half-life of C1-38 = 37. 24 min which
corresponds to a decay constant of £, = 0.00031021 s'. So that: dNg/dt
= = 1N where, dNg/dt= 1.6e6 s' and N, = 5. 16e9 C1-38 nuclei. This means
that the activity measured is consistent with the production of 5. 16e9 C1-38
nuclei. The next question is how much Cl1-37 was present in the seawater
in the first place? The mass of chlorine in seawater is 19345 mg/kg = 19. 345g
Cl/kg™. Also, the fraction of C1-37 in natural Cl is = 24.23% (see Table
2 below).
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Isotope Molar Mass %

Cl1-35 34.9688527 75.717

Cl-37 36.9659026 24.23
RIALA TVEE %
C1-35 34. 9688527 75. 77
C1-37 36. 9659026 24. 23

Table 2: The isotopic abundance and molar mass of chlorine
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The mass of Cl1-37 can then be found to be 25% (we must account for the
difference in molar mass of the two isotopes: it is a very small difference
but it adjusts the fraction C1-38 by mass to be 25%) of 19.345 g Cl/kg =
4.89g C1-37/kg. Using Avogadro’ s number we can calculate the total number
of C1-37 nuclei/g of seawater to be A, = 7.96el9.
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EMEIX 25%1270 %) = 4.89g C1-37/kg L 72D Z & o0bd, TART FufiizH
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We now know that A, = 7.96e19 C1-37 nuclei/g of seawater, and we observed
that 5. 16e9 of these have been converted to C1-38. The question then becomes
what flux could have produced this many C1-38 nuclei?
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We now assume Cl1-38 was produced as the seawater was being circulated
through the fuel. What is the flux of neutrons we need to produce the
observed Ng?
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Since C1-38 is radioactive with a decay constant given by A, the rate of

change of the number of Cl1-38 nuclei is given by:

dNsg
i - & 0(yn)Na7 — A3gNag
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This is the familiar equation of series decay where one isotope is being
produced and at the same time is decaying. This equation can be easily solved

(see for example I. Kaplan, Nuclear Physics, 1958, p 463.):
O(y.n) N3z _
Nsg(t) = |~ (1 ehaet)
38
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I(yn)Na7 _
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38

Where, ¢ is the flux inn/cm”. s, and o, , = 383. Tmb is the radiative capture

cross—section which would result in the production of Cl1-38 at the
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Maxwellian distribution average temperature. Note that the thermal neutron
cross—section is not very different at 432 mb so similar results would be

obtained if we assumed that all the neutrons are thermalized.
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Now, we know that after activation we produced A, (t) = 5.16e9 C1-38/cm3,
so we let t = T, the time when activation stopped so that Ng(T)=5.16e9
nuclei/cm’. We also know the value of the factor o, , N,/ A, =0.098445192.

& AT, hE Ng(t) = 5.16X10°C1-38/cm® 24 LT 2 & BNbhro TWVnD
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So that the flux can be expressed very simply as a function of irradiation
time T:

~ 5.2415¢10
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¢ =5.2415x10 ™ /{1-exp (- 3]}

We assume that the production of Cl1-38 started with the deliberate
introduction of seawater on March 23™ (according to the TEPCO press
briefing™) into reactor #1. Therefore, since the measurement appears to
have been done on March 25" it means that we have a maximum activation time
of 2 days. In fact, we really have two regions of flux that are significant.
The first region is where the denominator is < 1 (corresponding to

activation time TO.4 days).
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A lower limit in the flux is set when T is long (i.e. > 0.5 d) so that the
denominator approaches unity. We call this flux (¢ =5.241e10 n/cm® s) and
it is the lower limit of the flux that could have produced the C1-38 nuclei

radioactivity observed.
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What might have caused the concentration of C1-38?
ZDCI-3BWEE HT=D LI=DIIH ?

The first possible explanation to consider is that the seawater was

circulated among the core intercepting neutrons from natural spontaneous

fission of the used nuclear fuel. The second possible explanation to

consider is localized criticalities.
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Recall that nuclear fuel changes its isotopic composition upon irradiation
in a reactor. This is the reason why we are concerned about plutonium
production in nuclear reactors from a nonproliferation point of view. We
investigated this by calculating the number of spontaneous fissions from
a typical BWR with 4% enriched fuel after 45 MWdth/kg burnup (see
TAEA-TECDOC-1535, pg. 74). The inventory we get for 1 metric ton fuel for

the primary neutron producing isotopes are shown in Table 2.
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FFOMBENZ 2T D, FbIuL 4% IRHME AR 25 U 72 #URYH) 72 BWR DRRIGERE
45 MWdth/kg (IAEA-TECDOC-1535, p74 % 5. L) OREEN S O H B K RO % &
HInZ bt Tcinezfil, —KRFPMETE2ET DRMAEIZONT, BT B
NIRT AEFEO AR LR 2 1T, [BRE&TE - MWdth/kg =megawatt days
thermal/kg]

Isotope Number of | Brgg=SF . csay Mumiber el
. Half- Life | Constant neutrons
Isotope featony Solope Sions =T of isotope | produced/sec
P M ,=# Nuclei/g Branching in vela}s -1 ins
g/MTHM =Piso Ratio (%) ? -t
Pu-238 2.66E+02 2.53E+21 1.85E-07 8.77E+01 2.51E-10 9.35E+05
Pu-240 2.57E+03 2.51E+21 5.75E-06 6.56E+03 3.35E-12 3.72E+06
Pu-242 6.79E+02 2.49E+21 5.54E-04 3.73E+05 5.89E-14 1.65E+06
Cm-242 2.02E+01 2.49E+21 6.37E-06 1.63E+02 1.35E-10 1.29E+06
Cm-244 5.26E+01 2.47E+21 1.37E-04 1.81E+01 1.21E-09 6.49E+08

Fhck  RfLfE RALRD  Brg=SF  ¥EH FfLiRD ik
FAERK
FERE % [RIAL R = T FREEERK
#/sec
M, =H# ¥i/g Sy BAAL 4R =2 e
g/MTHM =0 iso (%) BfT ;s
Pu-238 2.66X 10> 2.53X10* 1.85X107 8.77X10' 2.51X10™° 9.35X
10°
Pu-240 2.57X10° 2.51X10* 5.75X107 6.56X10° 3.35X107* 3.72X
10°
Pu-242 6.79X10° 2.49X10%5,54X10* 3.73X10° 5.89X10™“ 1.65X
10°
Cm—242 2.02X10' 2.49X10%6.37X10° 1.63X10>° 1.35X107° 1,29X
10°
Cm—244 5.26X10' 2.47X10%1.37X10* 1.81X10' 1.21X10°  6.49X
10°

Table 2: The isotopic inventory, nuclei/g, branching ratio for spontaneous

fission, half-life, and decay constant for different neutron producing

isotopes present in spent nuclear fuel. The largest flux comes from even

Pu isotopes and Cm. Note: MTHM= metric ton heavy metal and refers to the

active component of the fuel SF= spontaneous fission. Isotopic inventory
obtained from IAEA-TECDOC-1535, pg 74.
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%2 HREBREIFICEET 2B OFHEFAREBNED, RINEEEER., ¥
B/g. BRESRIINT D00, FRH. KOREER, ZRKOT7IT v 7 R
BEIZPuB L Cn FPLENBAET TS, I : MTHM=nmetric ton heavy
metal (E&E 1 M) TRREIOTEMER S #&K T, SF=spontaneous fission(H %

%4533, FNARTFEFERIZ TAEA-TECDOC-1535, p74 7>5 5| A L1,

The neutron production rate from spontaneous fission can be calculated for
each isotope by summing the contribution of spontaneous fission by each

isotope.

ZNENDFRLAICHONWT, BRI RD B O A RGE 345 FAL RO B
RERRNODFEEZGF L THEET 52N TE D,

(dN_n)/dt=% ...,

of neutrons. We will assume that all neutrons will be thermalized and about

[ A M p,(Br; 4)/100) v.]; where » is the average number

3 neutrons are produced per fission. The total neutron production rate found
is 6.56e8 neutrons/sec for 1 metric ton. However, the full mass of fuel
in the core is 69 metric tons. Therefore, the source strength of the core

due to spontaneous fission is 4.53el0 neutrons/sec.

(N_n)/dt=% ., [ 2. 0,(Br, s /100) v ], 22T v THFHETOFELEETH
Do FHEFIZTRTEAFHETTHY | | BHRSHTV 3EOFHETRERSIND
EREL XD, RSz af P FARBGEREIL 1 Mo 8720 6,55 X 10° T4
/sec THDH, LML, FLOEEEIZ6E oo Thb, LN - T, HEESE
I L AL OFMIEFRE X 4. 53 X 10" thk: 7% /sec ThH 5,

At this rate we can use the formula for simultaneous production and decay

to calculate the number of Cl1-38 produced as a function of time.
O(ym)Na7 _
Nsg(0) = ¢ [ (1 - e7aet)
38

ZOMET, SIS C1-38 DE AR ORI L L THENT 272DI2, [FRF
DA E FREEICKT D ARNE WD Z LN TE 5,

O(y.n)N37 —
Naa(®) = & [~52] (1~ e7aet)
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However, knowing the source strength does not tell us the flux. To determine

the flux we have to know the configuration of the fuel with respect to the

seawater. This is difficult to determine given the little information that

is known about the status of reactor #1. To get an estimate we will consider

several hypothetical scenarios:

L2 L. BRBREZHN>TH 7T v 7 AT, 7T v 7 AZRETH
WK D B BT OBLE 2 5 O 72 T V72 5 7e 1 SR IREEIZ DWW T
LN TWAERITIFEAERNZ NS, TNERETDHZ EFRETH D,
HEMBEZGDLTZDICEOSMRE LTV T VA EEZS .

1) Scenario 1: The fuel has melted, and has assembled in the bottom of the

1)

inpedestal and expedestal regions of the reactor vessel (the “bulb” )
as shown in Figure 1. The seawater is assumed to come into contact and
cover the melting fuel as shown in Figure 2. This scenario was predicted
in C. R.Hyman’ s report ( “Contain calculation of debris conditions
adjacent to the BWR Mark I drywell shell during the later phases of a
severe accident” , Nucl. Engin. and Design., 121, 1990, p 379-393.).

T U RN L, M1 IOREND XY IR (T T))
DN X OMAEAMEIR O RIS HERE L7, KIER 2 TREND L9
AR & il LTI D SRET D, 2D F U AHILC. R A~ DRE
( TERFHEWEBMETOBIR Mark I RT7A4 U VARIRICET DBOEH
WyDFE ] . Nucl. Engin. and Design.. 121, 1990, p 379-393) DT
=3,
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Figure 1: Figure showing the pressure vessel and Mark I containment and

the inpedestal and expedestal regions which are the regions where it is

assumed that the melted fuel would assemble (Figure adapted from C. R. Hyman,
Nucl. Eng. and Des., 121, 1990, Fig 2).

1: ENR#L Mark I RFIFEMBRS. BLO, BRILTBREPERET S L
RET HHEETH 5 HENRS X OHENEREZRTH(C. R. N1~ Nucl.
Eng. and Des.., 121, 1990, X 2),

The flux is calculated by assuming a simple slab geometry as is shown in

Figure 2 where the neutron source is assumed to rest underneath the layer
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of water and half of the neutrons are expected to go on average up and half
down. The flux is defined by the number of neutrons that intersect a 1 cm®
area which is half the source strength divided by the area of the slab.
We assume that the slab area is the sum of the inpedestal and expedestal

areas (according to C. R. Hyman op cit).

7Ty ZFM 2 TORSNDHMR AT TIREE A MOE L TEE L, TR
FRORE LD THICINE Y . P LT OFE BTN TIHI2AT<
LDOERET D, 777 ALMHEFE 1 en’ i3 2 PrEF S BRI, BRIR
REED 1/2 A7 7 OHBETE T2 b D TH D, AT 7 HREITIEAEN IS L O
MAMEBR OO L RET D (C. R A~ BEH, (I2£D),
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Figure 2: Figure showing how the neutron flux is calculated. We assume a
simple slab geometry where the seawater covers the fuel and % of the
neutrons source travels up and half travels down. The flux intersecting
the neutrons is the ratio of the area of 1 cm® to the area of the slab which
is assumed to be the sum of the inpedestal and expedestal areas

(illustration of Mark-I adapted from Wikipedia).

2 WHEFT7 T v AOMREEERTH, BEMi2ERR T, KIBREIZBW

BT O 1/2 B EFIESRTHIZA D EIRET S, EohdHETFD7

Z w7 A% 1 en’ DL FEROEED, AN L HEAOEBOfFERKEL TS

25 THEBIZRT A HTH B Mark- I OMEERXIX Wikipedia 2D HDIZFE%R
Mz,

We use the familiar equation from before and find that:

I(yn)Na7 _
Naa(®) = ¢ [52] (1 e7et)

N38(T) =1.71e4 (1 — e_lasT)

HIZ ST T VVEN =2 WD RO L H> W5

Ne(D) = ¢ [ gMy/ 2351 {1-exp (- A1)}
N (7) = 1. 711 x10*{1-exp (-4 5D}
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Now, the maximum number of Cl1-38 nuclei are produced when T is long and
is maximum at 1.71e4C1-38 nuclei. As time increases as many Cl-38 nuclei
are produced as decay and an equilibrium is established. So assuming that
the seawater covers the fuel in the floor of the “bulb” it is clear that
in this proposed scenario not enough neutrons are produced to account for
a 1.6 MBq C1-38 radioactivity.

ZZT, THARWRHTRRELD C1-38 AV ERM I, A RMEIE 1. 71X10C1-38
Blied, FEEDE IR DITDRUAE &SP AL L, 2 < O C1-38 B3 ARk
T 5, 1o T, KN [T OREIZHLBEEZES LIRELT, 221
PR L2V F U A TiE 1.6 MBq C1-38 DSHREZ 4 2 124 e thdE 134
LWz EIZALNTH D,

2) Scenario 2: The second scenario is if the fuel partially melts but the
core leaves crevices through which the seawater can flow. In this case
the 1 cm® water is assumed to be surrounded by a homogeneous neutron

emitting fuel.

2) YFUF 2 F2OIFTU A, BREHIER BT L T 5 230 R
MAZELEFZ 2R RNDLZENTESL, LWNWH D THD, ZOHEAE1
em’ DK HFPET-Z 32 — k72 EHZFH TV D SIRET 5,

The flux is calculated by calculating the ratio of the 1 cm® as compared
to the complete volume of the fuel. We know that the total mass of the fuel
is 69 metric tons and the density of the fuel changes considerably at high

temperatures (see Figure 3).

75w 7 ZTBRE O SEFEIC KT S lem DA EE L CET 5, BREIOSE
BHIX69 hoThorZ L, EBIOBENEIR TNV T 5 (X3 2/ KL)
ZEixbhro TS,
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Figure 3: Figure showing how the U02 fuel density changes as a function
of temperature (Figure taken from W.D. Drotning, Thermal Expansion of
Molten Uranium Dioxide, CONF-81069601).

X3 EEOCRELTO U REMEEDCENEZ TR (EIXW. D. Fur b=y
7. BRIy 7 v 0BEEEE, CONF-81069601, A5 5|H)

We assume that the density is approximately 8.86 g/cm’ at temperatures
exceeding 3120 K so that the volume occupied by the fuel is 6.77e6 cm’.
Therefore the fraction of the flux that is intercepted by the 1 em® volume
is 1.48e-7. We assume that the flux through the 1 cm3 volume is also
proportional to this fraction. Therefore, the flux is assumed to be =
4.53e10%1. 48e~7 = 6703 n/cm* s. and the number of C1-38 nuclei can be

calculated as before:

O(yn)N37 g
Naa(®) = ¢ [52] (1 e7he)

N3g(T) = 658.8 (1 — e~%22T)

BREE 1L 3120K 2B 2 HIREE CTIXIEIE 8. 86g/cm’ T D D TERENN 5 8 5 IR FE I
6. 77X 10%m* THD EIHET H, LT TG lem® I L > TSN A T T v
ADEEIE1.48X107 TH D, FOIVIARE len® 2T 27T v 7 AH 20O
EIAIZHBIT D EIRNET D, Lo TT7 T v 7 AET=4.53X10"X1.48X107"=
6703n/cm’s, % L C C1-38 BEDOEIIFIDO L HICFHETE 5 -

O(yn)N37 _
Nyg(t) = ¢ [%} (1 =ie 'l“‘t)

N35(T) = 658.8 (1 — 9_1397)

In this scenario we find that the number of Cl1-38 nuclei reaches a maximum
at 7x10% which again is certainly not enough to explain the observed C1-38

radioactivity of 1.6 MBq. So this scenariois just as implausible as scenario
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1 above, making it obvious that spontaneous fission cannot account for the

reported concentration of C1-38.

DTV A TIHCI-38 B DOEUT I RAE Tx10°IZ7ET 53, T DA b £7-C1-38
DEEFHHREDBLAME 1. 6MBq Z T 2 IIZA SR+ TH D, LR ->TZ
DO FIVAEEOTF YA RS Z 5127, BRESAITHRESINT
W5 CI-38 DIREZFHTEX 2N ERHI OMNITRD,

To summarize: We can compare the calculated number of Cl1-38 nuclei
determined from the measured Cl1-38 radioactivity, to the upper limit of
the number of C1-38 nuclei assuming the two scenarios and express this as
a percentage. We find that the scenario where the molten fuel pours into
the inpedestal and expedestal areas suggests a C1-38 number that is 3. 3e—4%
of what is needed to explain the observed Cl1-38 radioactivity. Also, the
second scenario in which a small 1 cm3 sample is embedded in a uniform
neutron flux suggests a C1-38 number which is even smaller at 1.3e—5%.
Barring significant information that we do not possess, neither spontaneous

fission and seawater option explains the observed radioactivity.

FEHDE  RDOIILHIE S 7= C1-38 DISTREN S S5 C1-38 B D%
DOFHFMEE., oD F U A ZE LIz C1-38 B4k LIRME & it L T3—+&
VTV TRTIENTE D, N & RS OB SR EIREL RS D &
WO U AT, C1-38 DU RE D BLIINE A2 #1512 e BE e C1-38 B 3.3
X10"'% ThbH Z L ERET 5, [AERIZ, len® O/NNRIED—FR P77 T > 7
AZAHIIZASTNDEWNWIE DT Y AL, C1-38 s L TEHIT/hEWV 1.3
X107% & W EZEREBT 5, FbOIWRFF> T WEEZRFEHRN 2T E, B
A WK, ED D ORI S S REDOBIIIE 2732 & O Tidiauy,

Conclusions
i

So we are left with the uncomfortable realization that the cause of the
C1-38 concentrations is not seawater intercepting neutrons from natural
spontaneous fission of the used nuclear fuel. There has to be another

reason.



L7223 THebiuid, C1-38 IBE DRI H SN TWEREIO BRI Z 5
HIKE 2 6 O AR 2 MK N E L 7= D TR, &) JED o Eu
IR A FEEDFT TV D, MUCERR AT U B 70,

Assuming that the TEPCO measurements are correct, this analysis seems to
indicate that we cannot discount the possibility that there was another
strong neutron source during the time that the workers were sending seawater
into the core of reactor #1. However, without knowing the details of the
configuration of the core and how the seawater came in contact with the
fuel, it is difficult to be certain. Given these uncertainties it is
nonetheless important for TEPCO to be aware of the possibility of transient
criticalities when work is being done; otherwise workers would be in
considerably greater danger than they already are when trying to working
to contain the situation. A transient criticality could explain the
observed 13 “neutron beams” reported by Kyodo news agency (see above).
This analysis is not a definitive proof, but it does mean that we cannot
rule out localized criticality and TEPCO should assure that the workers

take the necessary precautions.

WEOPENIEMTHL EIRET D L. MEEARTELEH 1| SHEOF.OITKE
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TE720, EAEIOSHIT R L TWAS Lo IZlbid, L, FLOArER
2B KOYMEKRDF L E ED XD IZEEA LT=D, 5L T, G
BRSO ELIINEETH D, ZOX I RARHNIITHDHITLA, (EENMTHONLT
W5 L X TREN LR ORREMENH D Z L A BENEHR L TV D Z LT EE
Thb, £ TROVEEXEBITFEOMAALEEZAITL TWDHERIZ, Th
FTELINTWEABERED 7R RERBRIZEDINDZ LITRAD,
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> Nuclear and Industrial Safety Agency, Ministry of Economy, Trade and
Industry, News Release, March 26, 2011.
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* Dr. J. Floor Anthoni, The Chemical Composition of Seawater (2000, 2006).
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* Press Release (Mar 26, 2011) TEPCO News, Plant Status of Fukushima Daiichi
Nuclear Power Station (as of 8:00 PM Mar 26th): “At approximately 2:30

am on March 23rd, seawater was started to be injected to the nuclear reactor

through the feed water system.”
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