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High bum-up spent fuel will be transported from each Japanese nuclear power station to the 
reprocessing facility of Japanese Nuclear Fuel Ltd. in Rokkasho-mura by the purpose built 
ship. Packagings of high bum-up spent fuels are manufactured strong and confonned to the 
IAEA Transport Regulations. This purpose built ship is much safer than other ordinary 
cargo ships because of its specially reinforced structure and navigation systems against 
collision with other ships, etc. Therefore, it is hardly supposed that high bum-up spent 
fuels would meet with any accident and that they would submerge into the sea This paper 
presents a result of environmental impact assessment for a hypothetical submergence accident 
of high burn-up spent fuel during sea transport In this assessment, calculation methods of 
nuclide and radiation dose, etc. are almost same as that employed by CRIEPI assessment for 
ffi.. W (CRIEPI, 1995 and 1996). 

PREMISE OF ENVIRONMENTAL IMPACf ASSESSMENT 

This assessment consists of"Discussion of the hypothetical accident", "Establishment of the 
scenario of nuclide release to the environment", "Calculation of discharge rate", "Calculation of 
nuclide concentration in seawater" and "Dose estimation"(Fig. 1). One cask containing 14 
high bum-up PWR-type fuel assemblies (average burn-up : 44,000 MWDIMTU) is the 

subject of this assessment The package is filled with water during transportation. 
Nuclides composition was calculated by the ORIGEN2 code on the condition that 620 days 
have passed after extraction of the fuel assemblies. Major nuclides are as shown in Table I. 

The purpose built transport ship cruises near shore of Japanese four main islands. It is hard 
to suppose submergence of ship, because the ship is equipped with the prevention system 
against coUision, double hull and sole structure, etc.. As a hypothetical accident, 
submergence of ship was assumed at the near shore of the Shimokita Peninsula in which the 
reprocessing plant of JNFL is under construction. This area is located at ®rth-east part of 
Japan and faces onto the Pacific Ocean. 

The package was assumed to be submerged onto the seabed of 200m depth, it was also 
assumed to loss the sealability of packaging as described below. This area has narrow 
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continental-shelf, then the submergence point is located at 7km off the seashore of the 
Shimokita Peninsula(Fig 2}. The package does not rupture under the water pressure of 200m 
in accordance with the IAEA Transport Regulation. In addition, a similar type B package 
for High Level wastes was experimentally demonstrated to keep its containment under the 
water pressure of3000m or more(Gomi et al.,1995). Based on the experiment and analysis, 
the containment of the package for the high bum-up spent fuels was shown by calculation to 
be kept for the water pressure of 3400m. Recovery of such package sunk at the depth of 
200m would be possible (IAEA, 1997}. Therefore, environmental impact assessment of a 
package sunk at the depth less than 200m would not be necessary. Based on these technical 
consideration, the package was assumed to be submerged onto the seabed of 200m depth. 

Considering the packaging structure and the containment properties, the scenario of nuclides 
release from spent fuel rods into the ocean was assumed in this assessment According to 
this scenario, the discharge rate to the ocean was separately calculated in each nuclide. Since 
a Type B packaging (i.e. metal made cask) is designed to withstand e:'l.1emal pressure, it 
should not be damaged under the pressure of 200m depth. However, the conservative 
scenario was adopted in this assessment as follows (Fig. I and 3) 

1) The package sea/ability is lost and some gap is generated between the lid and the body. 
For a Type B package, 0-rings made of elastomer are used at the interface of the 
packaging lid and body. In this assessment, 0 -rings are assumed to simultaneously 
lose the sealability with the submergence. Some gap, which equals to the surface 
roughness of interfaces of the lid and the body, is conservatively assumed to be 
generated. For the objective packaging, surface roughness of the lid and the body are 
controlled less than Rz 6.3 IJ. m (& :height of the profile irregularities in ten points) and 

Rz 3.2 IJ. m respectively in manufacturing. In this assessment, 10 IJ. m gap, i.e. O.Olmm 
gap, is assumed to exist uniformly around the whole circumference of interface (Fig. 4), 
although the real configuration is irregulated 

2) Nuclides of spent fuel/each into water inside the CDvity. 
Spent fuel pellets are sealed inside of a cladding tube, and the cladding tube has no 
possibility to be ruptured under the pressure of 200m depth. In this assessment, 
however, it is assumed that the spent fuel pellets would be exposed to water filled in the 
cavity. Then. nuclides leach into the water. Here, concentration of Pu, Am and Cm, 
i.e. insoluble nuclides, is limited with solubility of each nuclide. Leaching rate data 
were quoted from the report (CRIEPI, 1978} and solubility data were derived from the 
report (PNC, 1992}. These leaching rate data were based on experiments with spent 
fuel pellets, while solubility data were theoretically calculated values. 

3) The watu with solved nuclides is released from the cavity to the surrounding ocean. 
The water in the cavity are warmed by the spent fuels and become ~armer than the 
surrounding seawater of the packaging. The water with dissolved nuclides are released 
through the gap of sealed interface by buoyancy. Values of the flow rate at the sealed 
interface are taken from the report (CRIEPI, 1995). 
The leaching rate of nuclides, the nuclides concentration in cavity and the nuclides release 
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rate from the packaging are related with the equations illustrated in Figure 3. Solving 
these equations by consideration of nuclide decay, the release rate was obtained in each 
nuclide. 

CALCULATION OF NUCLIDE CONCENTRATION IN SEAWATER 

Ocean ament, diffusion, scavenging, nuclide decay and seabed topography were considered in 
the calculation model, and nuclide concentration in sea water were calculated with this model. 

The three-dimensional conventional diffusional equation was solved by the method of finite 
difference. Scavenging and nuclide decay were considered at this time. 

a c, a c, a 2C, a 2C, a 2C, a c, 
--=V--+Dx --+Dy --+Dz ---Kd p,w, -- - A C, 
a , a y a ~ a y 2 a z2 a z (Eq. 1) 

advection diffusion of x,y, z direction scavenging decay 

C,: Radionuclide concentration (Bqlcm3
) 

x,y.z: Geographical coordinates (m) 
DzoD,..D,: Ocean diffusion cod'ficic:nt (m2/s) 
Kd: Distribution codficic:nt of nuclides(m 3/g) 
w, : Sedimentation velocity of suspension (m/s) 

r: Time (s) 
V: Advective velocity (m/s) 
A. : OI!Cay constant of nuclides (1 /s) 
p , : Concc:ntration of suspension(g/m3

) 

The assessment area is 320km north and south, 170km east and west, the seabed 
configurations are divided with mesh based on depth data derived from JODC(JODC, 1991 ). 
Each mesh size is horizontally divided in Skm regular intervals and vertically divided m 
minimum 1Om. 

0.1-0.3 knots southwards current to be parallel to the seashore is remarkable in this 
assessment area The advective velocity in each mesh was estimated by seasonal mean 
velocity at the sea surface of subject area for 30 years using the JODC's data(JODC,I991). 
Since the vertical advective distribution was unknown, the flow was assumed to be uniform in 
the depth direction, then the compensation was executed so that the flow field would 
approximately keep the law of conservation of mass(JAERI, 1983 ). 

The horizontal diffusion coefficients were assumed to be 1 o' cm2/sec, according to the 
Richardson ' s four-third power law. The vertical diffusion coefficients was assumed to be 
10cm2/sec. The concentration of suspension was employed from the larger value of 
1.2Swm3(SAND,I983), and the distribution coefficient value was employed from the 
recommendation value of IAEA safety series No. 78(IAEA,l985). 

CALCULATION METHOD OF THE DOSE-EQUIVALENT BY RADIATION 
EXPOSURE 

The exposure path of internal dose-equivalent was quoted from the guideline for Japanese 
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nuclear sites by the Nuclear Safety Committee(lCRP, 1977 and NSCJ,rev. l989). The 
released form to the environment was assumed that internal exposure should be caused by 
marine products ingestion. As the values of ingested fishes in which the nuclides are taken 
and condensed, the values were employed for a referenced man per day as shown in the 
guideline for dose-equivalent evaluation in Japan {ICRP, l987 and NSCJ,rev. l989). The 
exposure path of external dose-equivalent was also quoted from the guideline for Japanese 
nuclear sites (NSCJ,rev.1989). 

The dose reduced factors were quoted from ICRP Pub.30 data, and daily ingestion values of 
marine products were quoted from Japanese dose assessment study(NSCJ,1989), in which 
the values are 200glday for fishes, 20glday for invertebrates and 40glday for seaweed. 
Concentration factor of each marine product was also quoted from the previous UCRL 
report(Tbomson S.E.et al., 1972). The maximum annual concentration in the discussed area 
was adopted for the concentration which was used in the above dose calculations. This 
value is extremely conservative one so that people daily eat marine products fished in the 
maximum concentration point, and this value was estimated by averaging of surface to lOOm 
depth concentration, considering the habitation depth of fishes and the external exposure path. 

RESULTS 

The public dose was estimated as the maximum value of2.3x10"3mSv/year for submergence of 
one package. This value is equivalent to one four hundredth of lmSv/year which is the 
recommended value for public by ICRP. The public dose slowly increases right after the 
submergence, then it comes to the maximum value at 25th year, and it keeps the same level for 
a few decades(Fig.5). The release rate to the ocean slowly increases, because the leaching 
rate from pellet is extremely slow and the nuclide concentration of seawater in the cavity 
takes long time. The dominant nuclides of dose-equivalent were Pu-238, Cm-244, Ba-137, 
Cs-137, Y -90 and Pu-241. Ingestion of marine products was the dominant path so that it 
shares 90% of total dose-equivalent 

REFERENCES 

CRIEPI(1978): Safety Evaluation on Transport of fuel at Sea and Test Program on Full Scale 
Cask in Japan. PATRAM' 78 

CRIEPI(1995): Study on Method of Environmental Impact Assessment During Sea 
Transportation of Radioactive Materials. D .Tsumune, N.Watabe et al .. 
PATRAM '95 

CRIEPI(I996): An Environmental Impact Assessment for Sea Transport ofHigh Level 
Radioactive Waste. RAMTRANS vol. 7, Nos.213, pp.ll7-127 

Gomi et al.: Demonstration Test of Vitrified High-Level Radioactive Waste Package: 
Immersion Test. PTRAM'95 December 1995 

ICRP(1977): Limits for Intakes ofRadionuclides by Workers. ICRP Publication 30 
ICRP(1987): Date for Use in Protection Against External Radiation. ICRP Publication 51 
IAEA( 1985): Sediment K,fo and Concentration Factors for Radionuclides in the Marine 

Environment.IAEA TRS-247 



965 

IAEA(1997): Safety Standards Series No. ST-2 (Draft), para 657.3. 
JAERI(1983), Japan Atomic Energy Research Institute:A Computer Code which Calculates 

Three Dimensional Mass Consistent Wind Field,. H. Ishikawa,. JAERI-M 83-113 
JODC( 1991 ), Japan Oceanographic Data Center, Hydrographic Department, Maritime Safety 

Agency: Statistical Figure of the Ocean Current in the Sea near Japan 
NSCJ(rev. l989), Nuclear Safety Committee of Japan: The Assessment Guideline for the 

Target of Dose. Equivalent around the Light Water Reactor. l976(revised in 1989) 
NSCJ(1989): The Assessment of Raddiation Exposure to Public at the Light Water Reactor 

Power Station in Safety Examination. 
PNC (1992), Power Reactor and Nuclear Fuel Development Corporation : An Element' s 

Behavior of Leaching from the Vitrified Waste and the Estimation of the Solubility 
under the Water of the Artificial Barrier. PNC TN841 092-161 

SAND(I 983), Sandia National Laboratory: Compilation of Selected Deep-Sea Biological 
Data for The U.S Subseabed Disposal Project. M.G.Marietta SAND86-2673 

Thomson S.E. et a1.(1972): Concentration Factors of Chemical Elements in Edible Aquatic 
Organisms. UCRL-50564 Rev. 1 

T bl I a e M . t . d . k a)or nuc 1 es con arne m one pac age 
Nuclide Half decay Activity* Nuclide Half decay Activity* 

(y) (Bq} (y) (Bq) 
Sr-90 2.91E+01 1.76E+16 Eu-154 8.80E+OO 3.07E+15 
Y-90 7.31E-03 1.76E+16 Pu-238 8.77E+01 9.82E+14 
Ru-106 1.01E+OO 4.67E+16 Pu-239 2.41E+04 6.35E+13 

Ru-106 9.48E-07 4.67E+16 Pu-240 6.54E+03 1.08E+14 

Cs-134 2.06E+OO 3.14E+16 Pu-241 1.44E+01 2.96E+l6 
Cs-137 3.00E+01 2.64E+16 Am-241 4.32E+02 1.14E+l4 

Ba-137m 4.86E-06 2.50E+16 Cm-244 1.81E+01 1.40E+I5 
Pr-144 3.29E-05 5.77E+l6 -- -- --
• : This value was calculated by the ORIGEN2 code on the condition that 620 daye have 

passed after extraction of the fuel assemblies. 
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Release Rate : Re(Bc¥y) 

Flow Rate : W(m31y) 

Scenario of Release 

. 

Package is submerged 

t 
Seal gap Is generated. 

Sea water flows Into cavity. 

Inner container is broken. 

• 
Radioactive Material is 

exposed to cavity water. 

• 

I 

Nuc:fide leaches Into cavity water I 
[Eq.(j)] 

t 
Concentration of nuclide 

In cavity water Increases. 

(up to solubRity) [Eq.@J 

cavity water dissolving nuclides 

flows out Into sea [Eq.~) 
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Release Rate : Re(Bc¥y) 

t 
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Equations 

(j)Leaching Rate of Nudide Into cavity Water 

Rc= Rp 1.1. a 
(i)Activity of Radioactive Material 

a · = a - c Rc • e a )dt 
~Release Rate Into Sea 

Re:CW 
@)Concentration of Nuclide In Cavity Water 

c· = C + (RcN · ReN · BC) dt 
For Insoluble Nuclide and Glass C' ~ Cs 

Variables 

Rc : Release Rate Into Cavity Water (Bqty) 

Rp : Leaching Rate (glcm2Jy) 
1.1. : Surface/Weight Ratio of Radioactive Malerial (cm2/g) 

a : Activity of Radioactive Materiai(Bq) 
a · : Activity of Radioactive Material (after dt) (Bq) 

B : Decay Constant (1/y) 
dt : Differential Time (y) 

Re : Release Rate into Sea (Bevy) 
C : Concentration in cavity Water (Bq/m3) 
C' : Concentration In Cavity Water (after dt) (Bq/m3) 

Cs : Solubility of Insoluble Nuclides (Bq/m3) 

W : Flow Rate through Seal Gap (m31y) 

V : Volume of Cavity (m3) 

Note : For Plutonium Dioxide, the concentration in cavity water 
would immediately reach to its solubility • 

Fig.3 Release Scenario and Process of Calculating Release Rate 



Surface roughness is controlled within 
Rz6.3~-&m for lid and Rz3 .2~-&m for body. 

Fig. 4 Schematic view of seal gap 
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