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Ahstract

The deplefed wravium(DU) was wsed for hrreasing sforage copacfy in spenf fuel dry sforage.
It wes bavesfigafed fhaf fhe sforage capacify of covisfer would be improved by amosf fwo fimes
compared wifh fhe previous ome fhrough hcreasing the shieldng capabilify agaivst fhe dose rafe
In fhis sfudy, the mdaerial such as the DU was oxly freafed fo iwrease the sforage densify of
canisfer. If would be beffer fo improve the efficiency of dry storage facilifies fhaf the shape of
cavisfer 1z comsidered fogether with fhe wnd of mafericd. The shiclding avalyses were performed
with MONF-&F Monfe-Carlo code. There are severa remsons available and wsefid fo use fhe
DU as fhe shielding maferid. The dexsify of DU s very higher fthan oy mdaericd. b addfion,
the wse of the DU 5 o side of recpeling wasfe

| . Introduction

The discharged spent fuel bmdles from CAWDU mcles plant are stored on-site for several
years in water-filled pools. After spent fael has been in a pool of water for abowt seven years,
the radicactivity and heat have decreased enough to alow the fuel to be transferred to dey
storage carister shielded by concrete. In Korea, abowt 20,000 wsedfuel bundles will be
discharged from 4 Woalsong Power Reactor each wear, There has been wet storage system to
store the used-fuel btundes removed from reactor for abowt 10 wears each site. The current
storage systermn will be fill of spent fuel bunde by 2006, To accommodate the increased spent
fuel storage recuirements, our countty showld have addtional CAWNDU storage facility by 2006,
Howewver, it has been wery difficult to obtain the addiional storage site of spent fuel because of
several domestic problems. These days, maty studies have been carried out to dewvelop the
high-density and highe capability &y storage system.



The interim storage candster in Wolsong urdt 1 is using a reinforced concrete of density
2.231g.-’|:m3 as the outer shielding material. The depleted uratdum(DU) was considered to enhance
the shielding effect of storage candster. In this sdy, it was assumed that depleted wandum is
mived with the reinforced concrete. The total density of outer shielding part of candster will be
increaged as the amount of DU increase because DU's density is wery high. It was expected to
recace the tlickness and to enhance storage efficiency of fuel bundles The estimation were
petfarmed for dose rate on the suface of cardster using a Bonte Carlo code MCHNP-4F with
EWDF/B-VI crosssection  library which has merit of explicit three dimensional gecm etric

tepr e sentation.
Il Atalysiz of Radiological Hazards of DU

The radiclogical hazards of DU are a consequence of the properties of theee isotopes of
U-234, T-235 and T-238. The relative abundance of these three isctopes in naturally ocourting
urarivn  are 39.27%(U-238), 0.72%W(T-235), and 00057%(U-234), Their asbundances in DU wvary
sotewhat bt are typically 99 80%(0-238), 02%(UJ-235) and 0.0005%(10-234).

The daughter products of these isotopes of wranium  ate also radioactive and fom "decay
chair" that contain mary possible radicooclides. Urandum ore and its concentrates can cottain a
latge rmumber of these radiomclides including some, such as Ra-226, that present significant
radiclogical harards. Howewer, the production of DU by gasecus diffusion resdts in essentially
pure warium withowt any decay prodocts.

The orly radiotmclides that ocow in sufficient abundance to have an impact on radiclogica
harards are Th-234 and Pa-234 from U-238 and Th-231 from U-235. In a few months following
production of DU, these isotopes will hawve built up to thelr maximown concentration The
radiological properties of these urandwn isotopes and decay products are presented in Table 1

Tahle 1. Radiclogical Properties of Urardum Isotopes and Decay Products

Radionuclides Half life Principal Radiation Types
U-234 45 % 10" years o
U-235 71 x10° years o,y
-238 25 %107 years o
Th230 (from T-2345 20 %10 years oY
Th231 (fram U-235 117 minutes B,y
Th234 (fram U-235 241 days B,y
Pa-234 (from U-238) 255 hows B,y

The radiological harards of aty radioactive material are jroportional to the amount of
radioactivity present The warious urandwn  isctopes, and mixtures of those isotopes can he
characterized by their "speecific activity", defined as the amount of radicactiwity (in Curies) per

gram s. The specific actiwities of warious mixtures of wanium isotopes are presented in Takle 2



Table 2. Urandin Jpecific Activities

Llizture U-2350%) Specific & ctivity
11232 pure) 0 333 2107
i} 0z 40x 107’
NI 072 7.0 107
Eniched Uranim 210 1.0x 10"
Enriched [Uranium 20.0 0.0 107

Thete ate some beta and gamma emissions from the isotopes of urandam  and their decay
products that require contral in the workplace, Howewer, the external radiation hazards associated
with waniwn handling and storage are generally not a major concern whether in the workplace
ot it the etvrirormnert, the radiclogical hazards from DU are primoarily due to apha particle

etizsion. Thizs means that the internal radistion dose from ingestion o inhadation of wardum

compounds is the limiting hazards under almost all circowmstances.

ll. Estithation of the Carmister Dose Hate

In 1991, AECL sutenitted the techical document related to the spent fuel diy storage system

ingtallation and operation. Figwe 1 and 2 shows cross-sectional wiew and avial wiew of cardster

in Wolsong vt
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The AECL estimated the dose rate of spent fuel diy storage system in Wolsong undit as
submitted the techrdical report The ONEDANT and TWODANT known as the discrete ordinates
transport codes was used for radial and axial radiation calewlations. It wsed an 316 angalar
guadrabae with a 45-newtron grogp and 16-photon group library, The fuel designated as average
has a turmp of 7200 MWAAT and a E-yewr cooding time The isotope depletion code
ORIGEN-3 was used together with the bwn up-dependent library for CANDU fuel. Fuel with a
cooling time of £ years was used in the shielding calewlations.

The suface dose rate of concrete camister built in Wolsong unit is required less than 25p
Svwh. To estimate the dose rate of canister suface, the MMCHP-4/B code using Monte Carlo
method was employed in this study. Figare 1 shows crosssectional wiew of one-sivth of the
coticrete cardster in Wolsong wumdt with reflective angular boundaries at 0 and 60 degrees. Figuwe
2 shows axial wiew of one-second of the cardster with reflective boundary at the midst of
catdgter. The wall and plug thicktiess of the conctete cardster iz 94 cm and 104 cm respectively.
The modeling made in MCHFP took advantage of the AECL's source term  generated by
ORIGEN-3 to calewlate the dose-rate. The dose rate by the thickness at the wall and plug
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Figure 3 shows the radial and axid dose attermation through concrete. The MCHP az well as
the OWEDANT results illustrate that a wall thickness of 24 cm are required to reduce the radial
dose rateg, to below the 25p3wh target dose rate The dose rate of MCHP was 23% on the
average over it of AECL at the wall But on the” contrary, the AECL underestimated the dose
rate on the average by about 44% compared with the MCHP result o the plug It was thought
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that the difference between the ONEDANT and the MCHP was cazsed by the old crosssection
data. After sufficient neutron and photon transport sivodations were done, the average relative
etrors of MCHNP tallies wasz achieved within £3%.

[¥. & Modification of Shielding baterial Uaing the DT

Crurrently, the shielding material of candster was made of reinforced concrete having aboat
density of 2.231g.-‘|:m3. Thiz study assumes the concrete shield was mixed with the depleted
urardwn (D10 for inerease of density. The use of the DU hawe seweral merits Especially, the use
of the DT is a side of recycling the waste product. In addition, the density of DU iz so higher
than the reinforced concrete. The decrease of mean free path of the neutron and photon is given
by the inereasze of the density of shielding material It was found that the mixture with the DU
had the higher shielding effect than the previous one due to increased density.

To consider simplicity of caewlation, the homogeneous mixture was assomed It was
cotsidered that the mavimum mixtore density was like two times of the orignal conerete density
The DU as the shield was gradually added to the concrete by 10% to 50% of total density. The
shielding effect will increase as function of density of mixtare as shown in Figore 4, the mean
free path for its next collision iz greatly shortened. It wasz inwestigated that the shielding effect
would be enhanced to the maximun two times in the case of DU 30%.

Radial Dose Rate of Canister in Wolsong unit
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Figure 4. Variation of the Dose Rate on the Concrete Mizture at the TWall



Takble 3. The Fadial Dose Rate of Canister at the Wall using the DU

Thickness Mo DU
of Wall (om)| (u3vib) DU 10% | DT 20% D1 30% D 40% DT 50%

490 200E+06 | S50EHIG | 421E4+06 | Z0REHE | 2.14EH)E | 1.34E+06

0E0 437E+06 | 221EHG | 1 35E406 | 210EH1S | 445EH15 | 213E405
1470 211E+06 | 832EHIS | 465E+05 | 237EHIS | 1 09EH)S | 4.24E+04
1240 10ZE+06 | 3A4EH)5 | 1 AYE+0DS | T53EH14 | 304EH14 | 1.04E+04
24 .50 470E+05 | 1 54EH15 | 6 38E404 | 2A0EH14 | 9 49EHI3 | 2.81E+03
2840 229E4+05 | 6.66EHI4 | 254E404 | 9 56EH13 | 306EHIE | E1TE402
3430 116E+05 | 296E+H14 | 1.05E+04 | 371EH13 | 1 13EHIE | 2.49E+02
3020 568E+04 | 1 35EH14 | 454E403 | 1 43EH13 | 405EHI2 | TARE+0]
4410 263E+04 | 6 20EHIE | 1 62E403 | 483EH2 | 1 53EHIZ | 2.34E+01
4900 1ADE+04 | 3S01EHIS | Q15E+02 | 260EH12 | S90EH) | 7.76E+00
5390 TO6E+03 | 1 47EHIS | 42VE+02 | 1.13E+02 | 228EH11 | 2.7ZE+00
58 .80 360E+03 | T31EHI2 | Z.01E402 | 490EH11 | 8 90EH10 | 9.13E-01
6370 185E+03 | 370EHIZ | R43E+01 | 216EHI1 | 371EHI0 | 3A8E-01
AE Al 9.68E+02 | 1 39EH12 | 446E401 | 102EH11 | 1 30EH10 | 1 48E-01
350 510E+02 | 974EH)1 | 22TE+01 | 422EH10 | 5.30E-01 3.59E-02
TE.40 2FIE+02 | 519EH)1 | 1 0EE+01 | 201EHI0 | 2.03E-01 1 47E-02
2330 1 48E+02 | 270EH11 | S.18E+00 | #.18E-01 011E-02 | 4.54E-03
a8g.20 8.04E+01 | 1 44E+H)1 [ 2.71E4+00 | 3 62E-01 348E-02 | 2.58E-03
2310 430E+01 | 755EH10 | 136E400 | 1.57YE-01 241E-02 1 28E-03
2200 201E+01 | 387YEHIO0 | 6.38E-01 7 29E-02 5.41E-03 4 24E-04
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Figuwe 5. The Crossdectionad Wiew of the Dry Storage Facilities in Wolsong Unit

Table 3 shows the walues of wall dose rate of mixture concrete candster. As shown in Takle 3
and Figure 4, it was found that the thickness of wall satisfying the requitement 23p3wh would
be decreased due to increasing the density of shield The storage efficiency was caleuwlated based
ofn the estimation of dose rate by the MCHNP tallies The crosssectional wew of diy storage
facilities i Wolsong unit iz shown in Figure 5. There are nine baskets a canister. Each basket



has &0 spert fuel budles The bundes in one cardster amoust to 340,

Table 4. Storage Density as Function of Thickness sdhisfiring the requirem ent

Thickness of
az.00 24368 73.03 fa3.09 3380 43 97

the Wall (crn)
Bundlesin’ 3338 3842 4352 48 88 54898 f2.41

The increase of the storage density iz connected with the reduction of wvolumes of concrete
cardster. Table 4 shows how much area per bundle was occupied as satisfying the requirem ent
25u3wh. The storage density increases as the thickness of wall satisfiring the requiremernt
decreases. [t is expected that the wuse of the DU shorten the wall thickness satisfying the
requitement about ddem as density of the shidd is like two times (4.462g.-‘cm3j of original
reinforced concrete. At that time, the storage density iz almost doubled, 62.41 tundesfom’. The
estimation of effective area of fuel tundle can be camied out in many ways. The storage density
of the site was caculated baszed on the candster own space and management space(l.l4dm) using
the standard simple calewlation method

Y . Resmidts and Discussions

Using the DU as the shielding moaterial, it was investigated that the storage capacity of
catdster would be enhanced by almost two times compared with the previous one. In this study,
the material such as the DU was only treated to increase the storage density of canister. It
woud be better to improve the efficiency of storage facilities that the shape of canister is
considered together with the lind of material. There are several things available and uzeful to
uge the DU as the shielding material. The density of the DU is wery high And use of the DU
is a side of recycling waste as well The industry contirme to yield the DU in the fubare

The economic analysis related to using the DT as the shielding material would be needed to
be carried owt. Meanwhile, although the secondary radiation induced by the DU iz ocourred in
the stield it would be small To confinm the safety of the shield including the DU, the detailed
study would be needed
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