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These proceedings are the compilations of papers presented to the
Fifth Seminar on Software Development in Nuclear Energy Research held
at Tokai Research Establishment, Japan Atomic Energy Research Institute
{JAERI), October 17 - 18, 1988. The seminar was organized in cooperation
with Japanese Committee on Reactor Physics (JCRP} and Japanese Nuclear
Code Committee (JNCC). The topics of seminar include the invited papers
on the subjects: - Net work for Atomic Energy Research - (1) Present and
future of Networks, (2) Applications of Networks, (3) Panel Discussion
Usage of Networks in Atomic Energy Research, - Frontier of Simulation
Softwares for the Environment Safety - (4) Numerical Simulation of
Grobal Scale Dispersion on the Chernobyl Accident, and (5) Ocianic
Diffusion and Safety Evaluation of High Level Waste Disposal in

Geological Media.
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Foy b7 2ROCERE XUEESITHOIL T A,

EREGNTH, Fig TIWRTTEL 206 Mbps DN LAN &7 9% v E T8 (FETEX
37000 & 2L, BAD -y A v LR L T b, £/HTDRLANE, DMIX &
PRXEBHTHESE SN, 2EC F— L84 ¥ LO—B 4l T 5,

BRLANAZDLC Loty P 7 —2 Dfi0—fE L THARTAMERBRICE T L5 » b 7
— 7% Fig. 81Ca0d, 205 Mbps @ LAN iz RO LEEEAR & 1,70 (6.3 Mbps ) %% L
T, HOFEFFEIEIDMIX ABEL, P~ 51 Y fiBLU4 v 54 YRBEEShTO
5, £ 5 —iCiE DMIX, PBX, LAN Z60i#ND NSPEHE L4 COMS (# v b 7 — 7 B3R
VAT L)Ly b T -7 2SR, FESERLLIKGE T B,

Fig. 91, B RZERIIBG A LF AT 4T » %2y b 7— 7 HEBKTH 2, 410 Mbps:LAN
CEFRINAPBXERU( E— b v 22y b) ETEAD -84 YL fB%, FWDSLINK
(NZBILAN) B L7 - s WERELTO B,

4.2 EREHREERY +7 -2

EREHES 4 v b 7 — 212, 1986 FIC KDD &> 5B 579 5 WAl (A oy b e ) 2 2)
PEESOSETHEFRTRO T o FHEEREZFIH L&, A1 v 5 #EL—v a2 VBiEE DY
FEDEEESTy MMELAD LTEROBHFIHEITE T 5b, ETABEITHERNDF v
T =g EEBRCERT VY VARERB L TERADE v b7 — 2 Rk (b3 BERICH B,
Fig. 10132 0—#lThH b, FHEIFISKbpsiCEMI AT B FAX # — G NFAXDEAL
FAERATESG LT Loy — R A BB LT E, $4EE a2 —3—7, oy FrEAR
CREY, DSEEROAIEICLDF v b7 — 7 OFEFENER - T B,

5. % W

BOLDFHIT B2, FRPUIFUMBIC BT 2EREG A » b 77 OEBR AHEN LEELEN
KELLTHASOTOEZRBEY R T £ CHRREBEIT OO TORN%TT 70 Fw b7 -2,
BIGEEMRAK L EXRECEERCI ORBN A b7 — 7 EHRT DT EMHREED
s fee LI LENEBET AMEOHEEROA v 5 7 2 — AL EOEBESSETELR
BITIE - T By FISDNAWHELTWAWAL Ay b7 -2 BHBELFRICHME LIS L
WH-ERBEREINTS EEDNDLE, Fhohobic 19 0 F7 THLHhpHobic
ZHANOCNBBENLLTHD D,

SENHE

1) K. YADA, T. OCHIAI, M. HONDA : “JARECT” OHM, NORTH- HOLLAND, Vol.
5, 250 (1983)
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2.2 BEHRORY VT—7

BEILE (NTT ) )

BEBEEAE LASE St 7—-22F—vay (WS),,N—vFiraryEa—5(PC)
LHER L, ARAPIVEL—FEOEERGELD, THOWS, PCEFEEBH M S
SERA L b7 -2 OEES—RLLODH L,

CONERIZ » v T — 7 DHETH, 774N, T—9X—2H0KBEOERTED AL,
T Y FEQBINBEOBHTHRE TOERU NI ey 7ICHIETE LT &, BIUAT—F7
S F e THRIHENTOEWS, PCE (BRE) OROBEHRIELTRADILEENERENL S

HMEFA, OA AFAPLIOSIF o badsS— Lo - AT Thy b7 -2
LANYBZNIZIGAEA S 3y P 7 =2 & LTHESNT N B,

TDFy +7— 0T, BEBESERAOOS] Fabrtaonit v #- 57 EEERETD
D, BCEREADIEQOSI o a0 E2FH LAABECET 2ERT W THERINTOS S
OBE O,

CoTi, WEEROR . b7 —2&LT, OADHOLANER LD LUf, 207 *7 77
v CEBRFICOOCTENT B EHECSBOBMICHT AREE OO THNT 5,

Telecommunication Networks involving Heterogeneocus Systems
MASAYUK1 MIYAZAWA (NTT Corp.)

The diffusion of sophisticated equipment such as workstations(WS's), personal
computers{PC"s) having high speed capabilities leading toc distributed communication
networks.in which these ¥S's and PC's can communicate with not only the host
computer, but also independently, is on the rise throughout the vorld.

In the construction of a distributed communication network, it is Important
to be able to cope with the various types of traffic such as files, database ,mails,
command data, and to provide the proper communication features to be used between
WS's, PC's and other equipment having a dissimilar architecture.

Today, local area networks (LAN's) which support O0SI protocol, provide the
greatest benefit {for the 0A and FA fields because the network is copable of the
above mentioned requests. In this network, the assumption is that the different
types of equipment support the common 0SI protocol. However, many networks exist,
providing communication features betveen equipment with non-0S1 protocol and
equipment with 03] protocol.

In determining the best result for telecommunication networks involving
hetercgeneous systems, | have selected LAN for the 0A field because of its
suitability for use with different types of sophisticated equipment. I would like to
address LAN architecture. real network examples, as weil as problems tc be solved in
its continued development in the future.

keywords ( OA, WS, PC, LAN. LAN architecture, OS] protocol, non-0S! protocol )
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1. sl

BEMETEL-EH GBENT -7 27 —va v (WS), ~N—-vFrnareEa—gPC)
SEPERL, FAPIYEL- 5 LOBEIERLEINING WS, PCENEEEREHRT LS
B Ay b7~ {NW) OFRES—MLL2oH 5,

CDBHEL o b T — 7 DEATRHRD 7244, 7—85~—2 (DB) ZOAEDEHTHE,
S, A=, A7V FEOREN/NEOBHRCBRE TOSELRMERESRIES 7 74 00K
MIBTE LT &, QRELT —F77F + THPEIO T3 (BEE) WS, PCEHOMARE
WREAHA L C S EREN 5B,

BIE, BIEQOBERICGA 24, WA LWEE (WS, PCEESL) 6D vEa—7%
S F oy b 7= RRER (OSHFL28T) OGE(LFALED NG K, BERPLEER v
b7— 2 OEE(L (WAN, MAN, LAN %) K@ AHESED SN TO B,

BEOQDOEBERITH L TIE, k4D —¥F U2 7 sy BihZin 8L s BEAREET
LEETEERT SROBENIEBEBLRET 2HELLE,, B0, BUELEELHL
EELAEEMBCEECEEF R 4B IV TEEIRLIAEL LA LI LNl L0
—BHTeEY, COHESAEHNELTOSI Vet BT ASENSEN0H 5,

AT EEERDS B, OSI7 0 b a vBFE~OHEADREELFA, OAG HTHIIHIC
MEFTENTHWBR08I7 e o d—F LALANEZHSE LTEBERORA v b7 —21CD
WTHMNT B, COMNETELET, EREMA r 7 -7 ORBRACOVTEET S,

2. BEfOER

21 Ay FT=IT—FFIF

1) #0OHHA

Fow bT=4TF—FFIF v Eid, 35, CEER, BREEHLSEBRENE Ly b T
—V DERBRERDOEREN RV IO S OBRZRMALFTARERITHIBOHE (Fo b)) %
EDHEDTH b,

IrEL—F Ty INVEKEBWT, Gf .y FEEELL, KET 077 L0 THHEE, FH
WOkR, BACERLELAREEIC LI LR, 2y b 7—2ZBOTT o b3V 2EBELT S
CEiITkD, BiEA Y 27 -0 OIGHT 0y 7 aD—THIBER, FEMOMER - BADEE LS
ZRBEC EHBTESL (K1),

197450 IBM D SNARE HEHAMEE) #EUIDK, AAD I v —57 /BEHEE A
— 0, BHBEREFy T -2 T —FF7F 2 EREL, SHESOBEESHRAHSMCL
foo LipL, CHICIDMHEFEOBFELAFRIELLSETE2EOTHEL T,

2) &AL

1977 % 4 B, BB AR, BARES, HIEEH Zh@, hERTE44EDCNAOHE
FIFFEARE LI, COWEE, $0BOF— 7iBEY — 2 OB S, 27 a@2iTF)
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HeskEhs, 2o —sHAMAERKET 2L8E, T a—5, R, RUCHLEMES
L LB ICHE L RREREE~RET 260 LEZ, DCNAZEEBL, #0ANLE
KAz EAHNELELDTHD (B 1) .

WEOKRE, SHETORMMES » Co— 5 HEEICBAS L4, KIGE~50S1 &
FTOBIREEN T 5,

@ OSI &RE7L

[SO/TCOT R I9T8 ERE 1M SCI62% %ML, KHEEDGFy P T2 T %5
7F v E—ANT HHD0SI (Open Systems Interconnection : BIMIE & X 5 A8
mEtERG L. %7, TLA v o30S BREFLEHEL (M2, 3), Zoban
HEOHBOEARNIH A2 TS T L,

COBBETLE, BHOT—FF7F v+ FHELAD, B4 PEO 70 P32 vEeiic
DOTHRCHT B ENTESLC L, WORHLETO P I OREAHD LA v SIITL
TITVIEINT 2 C LB TE B LHOREDEE L LMD, TOREBEATOLEE LTH
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RILD Ay b7 —7DFER - PFRRREDTFINCERT 2L koL Hchsd (K8 ,
(1) AEEIHOZ Y b7 -7
(Il WAN (Wide Area Network)
EET VY VEREOY - ARBTs5iE, ISDNH—E2 (2B + D, 23+D) &



JAERI-M 89 -012

Bitah, S5, T4, BERESEEAED (A F AT 4 T) BHELEEPTREL G- T3,
o, BTV ELSORY -2 ORI, G477 JEEPI Y Ea—- 5,
PBX M@EESETERINIEHAG~OEEPHF SN T B,
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I EA A - FOBERBEOEBRBETE T 50, EEIDHTHRBEIN T SLD
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HIE, LANME, LAN-WANBGEOA DA v 57—+ 0 /N EE(LOB THEGINT
WA (10D, |
GO LAN ZZfEd 5 D E— %, LAN@EREET 27 JOfh, TEEE&0291KH T
IVD (Integrated Voice and Data) —LAN O ICH G/ IVDER" R v b7 — 71U
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i, CSMA/CDAERDEES v F7 -2z, 33D TR—-A77 (8C)&
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THR—- 42081 Vo banstFT@ry bI7—IDTCP/IPT o b T BfES A b7 —
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Current Status of Local Area Network
in Electrotechnical Laboratory

Tosaku OlSHI
Computer Science Division
ELECTROTECHNICAL LABORATORY
1-1-4 Umezono, Tsukuba Science City, lIbaraki 305, Japan

In late 1983, a local area network(LAN) with three computers nodes was
introduced into our laboratory for the first time. At the time, open local
area network systems were very rare in Japan, and we have encountered various
difficulties in maintaining and managing the network.

Currently, we installed eight common use super-mini computer systems and more
than 110 engineering work stations on the two back bone LANs. The LANs are
also connected to the super-computer LAN introduced in 1988 and several sub-
networks in our laboratory.

The networks are connected to the Japanese domestic networks via JUNET and
the international networks via CSNET. Our networks are now functioning as a
vehicle for highly advanced and international research activities. .

This paper presents some of our experience in managing and maintaining a
heterogeneous protocol open local area network for our research activities

Keywords : local area network, ether net, protoccl, heterogeneocus protocol,
coaxial cable, workstation
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Fig. 1 An initial LAN connection at ETL (Sep-1985)
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Fig. 2 A LAN connection at ETL (Jan-1988)
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Fig. 3 A history of connected machines on ETL-LAN
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Fig. 4 An outline of current LAN connection at ETL (Aug-1988)
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Present Status of Computer Network at IPP
Yoshihiko ABE (IPP, Nagoya Univ)

In 1977, computer center was established to serve a common compuier center
in plasma physics, nuclear fusion research and its related fields in
universities and its institutes. To achieve common use, computer center
has given priority to arrange computer network, As the results, RJE stations
are placed at major laboratories of fusion research i.e. Tohoku Univ,, Tsukuba
Univ., Kyoto Univ. (Yoshida campus and Uji campus), Osaka Univ. and Hiroshima
Univ, . Today, it is recognized in general that a good computer network and
powerfull computer system will be important more and mwore in this research field.
In this paper, the followings will be reported

- present status of the network,

- main usage,

- problems of the present network .
The functions and status of Data-Linkage which is connected with Lawrence
Livermore Laboratories in USA, will be also reported. Moreover, a future

plan of network will be also mensioned.

keywords ( computer network, fusion research)
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3.3 LANZRW-EZBEETHL AT A

Abx RHE BERFLSEVS )

CDOBWEBTH > R T Lk, FALRFERZEOFARRE ) 7oy 4 AT HENMEA DT &
L, MECESFHEH O 2 vy —ONBEEREELITHE O LOERINI, 2027 44,
P oEEfEAFIB L, Yy aovEksA L FE, THEMERBS v 7 & BGIEEL
RV PR

TR 2 BF EFTITA 588, WERERCLda7 v FARIRT L3 HE4 & - O TERELDS
BTHD. THREEETEEICERREN, FOB, Br#Ereéndso8iasmasc &0T
5. F/BBS HkeeDiRic k0, FIEZE R 5 - HOBEOA v v - VEZETE S, =
v =, HE, RPEESOERTHAMNICTNEERLIUAS, BRI ACHETO THE
iid, TOHBLETFHOEFIFAFMICEEING, COXITRCRF L, VT4 L
THRAEE DR EITADC EBEBHTH 5,

BOOK ING SYSTEM OF ANALYTICAL INSTRUMENTS APPLIED with LAN

Masao Kubo (Chemical Analysis Center,
Saitama University)

Booking system applied with LAN was developed in order to transmit the availa-
bitity of uses of analytical instruments which are available for the common
uses. The system makes effective use of these instruments and brings out smooth
control and management of the Center in our university.

The system is consists of the following hardware and software. 1. Hardware :
internal PBX network, and a personai computer. 2. Software . the booking control
and the expanded software function of BBS. Users are abte to reserve the instru-
ments for two weeks in advance, with simple operation as designed to select the
command in dialogue mode. Display shows all booking data of the users. The user
will obtain the information such as the names of other users who have already
booked for that instrument. The user can receive various messages from the
Center through the expanded BBS funciion as well. When the Center has to cancel
the user’s booking due to trouble and or maintenance of the instruments, the
reasons of cancell and requests for the re-booking persons will be automatically
informed to such users. Characteristics of this system can be said that the

users are able to communicate with the Center in dialogue at real time.

Keywards ( booking system, reservation system, BBS, LAN )
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Utilization of Computer Netwarks for Nuclear Applications
Shuichi IWATA (University of Tokyo)
A research committee for “Utilization of Computer Networks for Nuclear
Applications” is made in the Atomic Energy Society of Japan to specify an

environment for information sharing and exchange. A pipe dream of the
author on this research is intreduced for discussion.
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4.2 RTINA9 27— % - QU ORE FIFES 2 Bl ¥ L 5

h R IE & (A - 1)
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HEES LIS CAD/CAM CAE v 27 6 2B T HAFCBAST ABL, BF/H V27
LWERTH L5280, BTHRLEOER« » + 7 -2 ke, ZOCAE 5 #5450 L8 04E
THHEA Y LI,

Evolution of Next Generation Reactor Cohcept
on Computer Network Systen

M.Nakazawa (Univ. of Tokyo)
(Abstract)

My comment is how.to apply the CAD/CAM/CAE system to our nuclear
engineering field and my point is that the computer network system is
essential in this application because cur field is very wide and
complex system through the industries,laboratories,universities and
governments.

(Keywords) Computer Network, Reactor Concept, CAD, CAM, CAE
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4.3 BFIaFcBiIdxy v 7—20FH
[FFHa— FoORRHZE]

IEFER FERETITE &

WY AT 228 7 ro =27 GHEo —F - 5—%) FAOBEREEMESIT 20 TR~
R, F o b T EFRALEAABECLT, Fy b0 RFBALEREREL LT, 7
2 b T =7 FRHLICEE, EDEDBAY v b FAY , r BB nERRT S,
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EEL, RN TREERCHOVTOERSE S Lk,

Utilization of Computer Network for Nuclear Society
[Utilization of Nuclear Design Codes]

Nacki YAMANO
(Sumitomo Atomic Energy Industries, Ltd.)

The status and problems of utilization for unclassified nuclear design codes
are reviewed, The merits and demerits in utilizing computer network are discuss-
ed by using a sample case with the computer network.

The changes and the counterplan are discussed when 8 computer center enters s
computer network. Some pertinent suggestions are made regarding as to computer
networks.

keywords {computer network, nuclear code)
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bevelopment of Database in JAERI
Yasuyuki KIKUCHI (JAER{)

It is widely recognized that the database is essential measure of information exchange in
the computer era. However, most of the fact database used in Japan have been imported. The
development of own database is essential for Japan to make innovative research works.

Various discussion has been made in JAER| to develop databases. A considerable number of
databases have been developed in laboratories of JAERI. Most of them, however, have been used
onty in the same laboeratery, and very few have heen widely used cutside.

There are 3 conditions so that a database is widely used ; 1) a large numher_of data are
stored, 2) the database management system ( DBMS } is user friendly, and 3) the manual is
compiete. 1t is difficult for each laboratory to develop its iaboratory-level database to the
above-mentioned level, because it takes generally several times of cost and manpower than the
original database deveiopment, and because such a work is not the mission of each laboratory.

Te overcome this difficulty, a special section should be estabiished. This section, named
database center, develop various databases, maintain them and make various service concerning
the databases with a high-grade DBMS under a general policy. Concept of the database center is
now under discussion. '

It is to be noted that JAER! cannot provid all the necessary data. The lacked data should
be ohtained with network service in future. Hence the DBMS should be flexible to netwerk
service.
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Experience for the first six months as a BITNET Beginner
Eisuke MINEHARA (JAERI Phys'ics)

I have been a user of BITNET this six months since March, 1988.
At the very beginning stage, letters and greetings were transfered
through BITNET. Next, I saked several friends of mine through BITNET
about the possibility that they would send me some programs and
information. Recently, 1 sucessfully tried to receive a relatively-large
program through BITNET from my friend in USA. 1 have experienced
this six months that the communication through BITNET was very
useful and convenient. However, there were some problems that we
could not use BITNET at TSS terminals distributed in Tokai site, and
that we could not send larger programs than 300 kB, and so on.
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LBRTFAOCERET -4, i, +-T—-F% 1€ t & LTEOEOFEFIER Y v 5 —H
5 TAEADEHR (INIS#) ~ER 7 - 7HTHVAD (AN, BHETH, IAEAD+E
F—=s/TTF=8DF = v 7EZIT, B2 -7 -44H20H, 1ADEI[F—7iCs &H
TEEIE O AT (HD.

INISHAF—»id, BEIBEODY—E200FAALTEVLNE, ORECE NS
ToT7REDEDERBREOA Y 74 VIRE VAT LDT -4 N2 L LTHES, DFFER. B
ENDAYIAVBRVZATLTHRTS, OEBRNLEF . r7 -2 1CHFE - INIS F—7~—
25BEFRT S, £TH5, CD-ROMOHEEHT LD, XWF-—F <X—2EEDF oy b7 — %
YIWERILT S S, BXHMORBEARESHTENDEE LN hbibh b,

INIS database

Minoru FURUYA

Department of Technical Information

International Nuclear Information System (INIS) is a world-wide
information exchange system on nuclear literatures decentralized and
based on netwerking. The nuclear information centers in each country
participated in INIS send the data which contains bibliography, abstract
and descriptors to INIS section of TAEA Headquarters in Vienna, Austria.
After check and compilation of the data are made in the section, these
data are sent back to each center by magnetic tape twice & month.

The output data are used by us one of three ways in general. That
is to be used through on-line retrieval system via telecommunication
lines in a country such as JOIS operated by JICST, local area network
connected with an institution mainframe, or international information
retrieval system well known as the Dialog, STN International and so on.

Usage of the literature databases will alter more complicated
aspects, accelerated by practical use of CD-ROM database. It seems to

change the ways for accessing information and original literatures.

Keywords : INIS, Information Retrieval, Nuclear Information, Network
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International Nuclear Information System (INIS) 4, IAEAMBEEOSIT & -
TITO R LR T/ EER ~ 2 7 4T, 1987 ERICIEERE 116 AEDF— 9 ~— 2T
Bk Ctce BATH, 75 48, 4EEEEPSML, BT HOWREEDRYIC, R4 ED
TEBOEREE LT, HRZETHA s TS, 2T, INISoH#L, ZoRHox
nh, SEOEHEZC OV THEBIISNET L2 5,

2. INIS Ot#dr

INISHRET AT LT, RPSITHL TEAYEEH /27 £ RS RBNAE2 DD
Y7 CBEABEL L TRREN, 20 12, WRERT -7 OANLEAEEMEED
FRIEZLKCE, $20 8D VY — 4 UEAERERR OO T L Th -t &
TLE, WHBRULEC 2 2 - BRVONZE-BRED - THD L, BT
T CEEAMRE LIzt v b7 3V IHBEB LBV, BESREI N 1066 £ 2450
E-TH, 2<HLUBREZUNIE Y27 4 TH -1,

RFADEER > 2 7 2 L LT, 74 UHPETHERS (G4 oRfiEHScL-T
1947 £7+ & Nuclear Science Abstracts (NSA) #HiTa i, HADETAERICRSESE
LIZRENIZI DD TRED 7o NSAKKRSY, (LEIHFTREDN - 57 4 ) ALFEED — 8
Fic & 0 Chemical Abstracts (CA) BPHENTE D, EXF0HTEOTHT # ) #ETESF
KEEOFIL LS Index Medicus A FIWEIERI L T,

T oDBERICEERE I, 0ih s 1960 FRLLHRERS 7 v Ea -4 5 4 TSN
foid, WERESIFEOTITHRSERY U2 0EHEL - THED, 7 Vs — S HRODFIEY &
LTXBREH T — 4 N— 2 DRNRB L DR IET - L0 IR TH - o £/, O U EDH
WE LT, BELOERLUEEME CLTOBALET 2 CEERIEOTIITEEE, 740 r—E
DFEFLDPhO—EDOBENTEY, BECIEUTEESES —HOCFAE 4 &0 - 848
DBE G, .

L7zdi - T, INIS BHBEECHITEE29 (8T NSA 0BT Atomindex 45 #8358
KED 208 F—X-20MAZDLTEE, BNSEXANEEACIRTEFE DL
WO BESEHFT LD LTH R o,

ATCET AEEDERL L, TOENTATENARTAYROT N TEEY, £ OEFHER,
W, +-7—F FLLRINIS v -7 20k -THElISNIT 4227 ) 7 F) 2B ER
WL ATHSR T — 7y BAEALER7 -7 Y-+ THLV) 90— D INIS
AEcmA 2l (1EThE0) %5, WELHRELDENIT, 75V 2E, 221 VE, ©

YTETHRSNIIGDEMIITIILBTE S,

A TcHEE» AN s T— 4 %, BERUTHE (subject) ) EMFH 7 1 v 7 F 5 o
Jl, AVEa—FF 20 )G ookt 7 —%BELASATHIC2E, | AOMRT —

TIBwEDIA, FECEDLAT, 1 KOHRT —TeHEL BT, SES@E#ICLD
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INIS Atomindex 28] BHia 1, CNIBHIBlE N THlRAL -~ LD b, BET — 5 THRIM K
UCOMIck s BEZRq eTliTan 5,

FERICEXINI@WER T - 7020 T, TOEOAHIHOLANARHETRHAEZRST
ETIELW, FLCHRETENS, HESSDANERRFZIE - 2HAHE% Table 1 i@
L Te

3 INISF—#~X—-ZXDFA

AT o< EB0, X7 - DANHEEDOHMHE LN - TV EAD LRI, FELOE
HoNEHRDEFANH T - 72 EH5FAT L0 6, FEECFINTVS, Lizh-T, B
RKOWRELLFicR~355, INIS F—y~<—zDRAZET~TERNEECHEHONAMLE LS &
RLTESTRAL, UHREF ) P T2HEM 2T L0 bHHONTOBC L%, ZDHLITE
N5,

3.1 HETOIH

YT 4 <~ 2OFED LR EE 2 5%, 201, BANETLREOF 57 7
AN LT, FHRESNALEY T - =28 20 TME Y 2 +E2TBH L, FhiBiHEict
{4 % SDI (Selective Dissemination of Information) THd, #0213, SLETHD
TREMESZDLD 7 7 4 0Tl L THZEAZTT 5 RS (Retrospective Search) TH 5, diE%
RETEHRCHRZ, RE2ALIHERCEHREETFALLT 5,

BERFERCH, o FUELAXLE, BERBELODOA YIS VARDZEOBELN TV S,
SDI BFE /Ny FRBTTHNTEN, RSEA V74 YOLFEAATHENERCIZEL LS
ET B,

FIHT 527 6 DHEMAGEDEZ L, b 220000 T0 5, SDI EHs0RIHE i
LTRETHAESD - 20N 5 THADT, BFD Y 27 sit—ifbat, A% 400 7
—<@DSDI BE-TVH, —ARSKDVTE, V74 VIIEARERETERE 7 -5
JOIS T XD EWEEOY — 2 (Fig. 1) 1TV, RO+ ¥ 7 4 v — &2 GiRNICIRE S
NTHE, Ny FRIBICEILRE 0L —FiTbnNT 508, SAOFBEICH LT SDI &
BIRFAEEsz Y > T 4,

AV 74T HENME9000E T, HLEORFEEE Fig 2 TR LI,

3.2 EEr.+r7-2skEBZRH

74 - YDIAEARSHEE D INIS F—#~—2i2, [AEADHERA ESA (35—,
THAFEEE) OF v r7 - REHL, 22 XDELOEBENEFHELTV S, HI -
m oy SFEEE [TASA (BBRIER v 2 7 4 KF) O+ r 7~ 75FELTINIS oRBA4
T-Te 5,

4AF) 2DE&FFlict3s, BEDA Y74 V59 b7 — 2 CFEBRE S 5 ~ 7 — 2
DIALOG OAXFH LTV 2, ZDDIALOGI#H, - TWAF— 4 x—23T7TAJAD
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ROF =5 X—2CWHDAFNIEDTH B, TRAF-REV DI O THEEHFIT -
TOSENBECHE > TET Ao, BTFHF -5 - 2% SBUTVIDTA Y ADED
EFBEL2R LN 3,

g A vid, T@DOE Energy & INIS DA H% STN International &EFEH AEEE
AT LD, BEECSOCHEOR AL TH5E, XET— 7 ~<- 2 QEBNEY - 28
LD EEEHELGTEDIALOGESA VL 2 DREICL - TITHONT E 05, VEERARREH
iTESRE 9 — &M -» TR F4 vD FIZ—K {Fachinformationszentrum—Karlsruhe) &
7 A ) ADCAS (Chemical Abstracts Service) @ =F#HWE THZ&E L/ STN Internatio
nal 7= -2 EREEHG R LBEEBEA Y 74 V4o b7 -2 L LTHBE2EHTHA(Fig 3),

AfrohPBEICHBOTS, 2D STN International $ DIALOGOH AL I[NIS 7
— 7 X=2%5 A DOE Energy OF|HMAEEE LA HIAATH S,

4 SEORE

INISF—~—2ZRBod, XEh7 -4 <X—2DF ¥ 74 Y7 b7— 73, HA - @EEE
MbOT I onZBRUEGBONEEET AL LENAS, TREFMAET L7 -9 ~X— 2 OHE5PDE
EEHTC, HHLAMHEEZAEL60LEbN 5, FIHEE, Thoohhs, &b — X
BELET -7 "— 22RO EBEBELAL, LA TLL,

AHCTELTE v P 7 -2 DFFHAB—FEET D EEHN D, LK 5 A EH Nordic
Energy Information S¥L THIER+ » + 7 -2 A2EKL, 7+ —2 0 Ris¢ [E v FET%
ulad LT I985 EMSIEFI LTV 5, LT}, SESEEREEAN LTI &0 — LiktEs
ZEDIH, Rigp Dt 4 —i3ETDE (Energy Technology Data Exchange) [alit INIS
M & AR F 552 dTA 7y P MTAERL TV S (Fig 4), KEHEEHHIOR
Mo, NSTEERRGAT » P70 TELEVHHERE, INISDIEE7 7V ridulhéd b
HTAVATHEEOWIAR AT EMTE 5,

CD-ROMM# v + T =7 5L B8EICO>NTH, ZZLESIREUALEGLSLEZ
T, INIS & 1980 4EA 2 5 CD-ROMIC L 55— & < — 2 DB AT 55 E A £ T 5,
CD-ROMI SV oY 1 &BT, 2 P77 DRALZIEEOBREAX LD EETLIRT,
CHEDETHENDERAEHLLEENLLS, COEEDTUEDE, =7 <X-20D
download #FE L7 ) -T2 LEBhnd, HER, 7-4 - 20%fiersoba
DR HEM, B Hic L - THEEN S, Download B3—#3/Ld i, download &7 -
Dz DEOFAMESE SHECANAESREL VAL EILHEAY, FIAEMNS, BT HER
ABRTTF -4 ZH0IAL, OF— 7 X—2 o EDAAN T -7 LT EAOETANETFT -4
N=ZAEFR LT I vETHAERTLE 0 I 6T (LA S,

Z O, LHAEHEEOMEE LT, CHF -7 < -2 8L THENS VANSEEZELTHE
Vs, VAT ACEC R FT— S EEDHCL LTV D, LEB ST, BEEF-8 -2
DIFEAERAH LT 5E, Tr/EAEA VBRI, ZOFEEELTS,
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5 HbOIC

BFNDT -9 R-2Wx v F-2ROF— 4~ - 20 -REHH LD, $hox-¥-f
ADA v H L2 FTEHTANESTDE SN, AAOENARTISTERLLID, F
HOBEPEOL L ST, 77—y ~—2tiifles, BN -EEO» r7-20%6-TIHL
&3 &4 5, CD-ROMBHEE, ¢H5LAERMIS SR nTEEENLAD,

F— 4 OERAI DR - A EDF v b7 - F YT L EH, HEKEOERIITCET S
b EEbNE, T/, FHEMS, CHLEERLRIEULBY T -9 X-20FVWLe2is
THLEBEEND,

Table 1 Japanese contribution for INIS database and
its accumualtion

F.Y. Input items | Output items Remarks
45 599 4,053

46 10 10, 425 } Initial scope
47 1,827 20,862

48 2,483 56,757

49 2,255 63,6067

50 2,759 63,300

51 3,320 60,479

52 3,376 69,028

53 3,480 73,795

54 3,589 75,957

55 3,725 76,593

56 3,734 70,820

57 3,890 72,690

58 5,000 92,216

59 4,879 73,362

60 5,590 86,529

61 6,012 90,401

62 5,990 101,118 Japanese contribution: 5.9%
Total 63,218 1,159,052
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Domestic on-line network for INIS database by JICST-JOIS
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4.7 IXANT 4 A Ay a B
PINZHimhnicTmoERNE T &t FLARB I A VY —ORBHYEZEBLT RS0,

Panet Discussion Summary

Following is a summary of the panel discussion. For details piease
refer to the original paper of the key note presentation available in
4.1 to 4.8.

BIAAVY —-ERAER

EWEE] L TRTIBEREDDDS » T 7 |

HiIFDOEHEKI DT EDT, FEHIEFAL TECLE- rHEHaNnTRLERTDH
50wotwcﬂ%MmmtioN%@fM@c&mgw INOSDFHRODPTH LOERUET
CEMT, BLHIONTOBERED, 790 EET, ES0ic3dhFGauansmo,
ENGAET -4 X-2 b L TEDHECERTNETHAIR? FhHAV7IFIZA+F0F+—&
LTINS EHLZEORTEI L TiT N&ERT

Fog = 2 GEESERS N TIHEER - THkb, Pl LT, MET -5 ~—2%f0 LY
Z, 1982 MM F — & ~— R OFREREY S EOBFRE LML, (HsD 7 -4
it FNTHOVTHEITBIAATVAHEECX - Tl L 2 37— 5 2B H 0,
FROBEROCHH L TOTEDLLY, 29 rT— 0 THFA+ I/ TTNOEREEIETHE
DA SO 50 & %5C&ﬁ§¥?%%J&éé%ﬁﬁ%oto%%%nééﬁﬁ?%
FHit gate way system TH O, MMy 27 £ EREFEVS, o b7 -2 &2FE, FHE
Mﬁﬁ%ﬁﬁﬂﬁ%%11<ﬂiﬂﬁﬁéé®ﬁimwméﬁzénfwto

—fric, Fos @Al LTHFEECLDEES N, SSEMLENT -7 7 L%HICL

NEE L 2 3NTF— 5 <X—2BHET, 0K, TNOHIBOMRBILEFETHH ~— =24
ERENE, CH L THABEOMEAFE & L7~ 9o it BNEyTEL L -
Fo—D2DFATH A TNEEL T 5,

Fou b T =2 TENELCRAET L DT EMBBEL?EL DT -5~ 2 DHEFEEPBF
M LA L TORGHECHH LSS0, MRERFBINICEIHHB<—-2TIHFLOLDEE
D, F AN BN TE NI, FODICEL - &I Fry b DA b7 — 7 OF]
Bvszrgy -WTHREXLZTEOFLY, _

ETASETH, =7 <X—2D7 4 b7 -7 DRHERS L, FEUBSOOEREa v -
F-DHET, AAENINGE (BEFHEOE%ET) HLCHALSZANVWRACSHL, £ LT
AEOMATFETHA, LA bR TMA, BECEBIAL U ARTH S, HICH
FHRTEDBEGELHTRE LA - FEBHTEY, 250 KREERELALARFOFERD
HMICERRICH AR T —F 7 - F—T7%E -1,
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R ORI EFEEGO LD H S, SONY, HEZETDR - 7 - 7RHICL S CAD/
CAE OFHItdHEE Lo dDid b, Lo LUARGFATHTRHRENEZETE L, £5 LR
CERDOBRFAEHOTETCOAR LS ARBHM LKA THBES T A T —7
DETHEREZD > T B0O2ELIT<s LALBETHRA y b7 28 2 DIC id 24K E
TELDIEAEIHT?

CIM(Computer Integrated Manufacturing) 8B O EHIKE - T S4BT
NRETH o b7~ V&SRO EERBTHAD . DO iTid SIS (Storategic Informa
tion System) CREXSNIMWBEMLBEHAL LA v b7 — Z(LIZEDHE 2 AR S0,

ULEFR) ¢ TRFA 2 — v oOfA%]

—MEEDFIHEETE L TOUELS, & P77 20T 3 AV T A,

T T =0 EREDITVESICHE, LI - FEJEISNRLETEE, FOLY—2D= 2
—2%ZJ19, NEDACH%® L THRX 7 - 72ATT 22 TREZYALn b, INTH, Hit
HEOWRER BT T LIS ECBDhRTn, —F %5 7 — 2Ok 2 et & ORHR
VBT L TELLEHES, 16, BRITY 7 b7 T2 - TR THR Y FT—
7HZFELTHABKOND 5, ZOFLVERLL, FIEEOREMVPZLLNEBIENLS
L, ERLLIMVA LT 5 EBRBTONE, &2 MREAHRHSHATREZEICI S,

S b T =LV E ey - 3RBEO Y 7 Y LT - AR T ARBEAEEL S, #
DL EESTITHRWRECELZTHAS Elbhb, oty b7 -2l s -
Th, ki, avtEa-—¥-&3Iar—vas Yic L DEBESHHEA L OMIETS B0
BDHE -GN EEEENSODTHEELAD D,

Eik) TR T — &~ — 2 84

BIRTA o D - RBFERLNETF -4 X—20HEKA507 BHFTHINE T, #H,
wEl, et T AEUKIRER, REEZS, MES, M7 -4, FUEEC ST TD T~
FN-—REERLTETVEERE-TH, AMCHL TR -TH LD 7 —F B TLE,
Fo, AMCE 0I5 - 4 R R EFREBL ANADT - N -2 @2 RDEHETH
LT EABRLUTEBAREND S, 77 <— 28, FREOI v a3 VEEDITL D,
FLTEARKT -4 X—2€V% %2 5T, LLHETAR~HELEZF — 5 ~— 2 DEH
AT HTIETHD, B TR2TDF— sEHASHT VDS, EVSOEIEAROYAFIRET
Dy

Fow b7 =7 EOIRFUBERLEFROHZEDNE VY, ST+ VRT7 7 —F 577
AT LONEETH D,

(B © TBITNET @6 A B F %]
BITNET ®{#FEFEE T mail, file Tprogram O #%E T - 12, FIAREE S - ORELAEIE

L 1EIKENS T —#i7 300Koyte DEIBDH 5, BEHOEE, BADE - THEEEL
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ALz RAMELRICT LS EVBERETH L,
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Extention of SPEEDI computation area and the application to Chernobyl Accident

Hirohike {SHIKAWA, Masamichi CHINO, Hiromi YAMAZAWA and Shigeru MORIUCHI
(Japan Atomic Energy Research Institute)

Summary. In order to simulate the long-range transport of airborne radicactivity,
a research program to improve the capahility of SPEEBI( System for Prediction of En-
vironmental Emergency Dose Information) was started. This program includes the si-
mulation of atmospheric dispersion of Chernobyl radicactivity. This was diagnho-
stically simulated by refined wind field and dispersion models of SPEEBI. The pre-
dictions agreed with the monitoring data qualitatively, although there were some
differences between them.
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Simulation of global scale dispersion of radiocactive pellutant
from the Accident at Cherncbyl
by
Fujio Kimura
Meteorological Research Institute

1-1 Nagamine, Tsukuba,Ibaraki, 305,Japan

Abstract

In April 1986, large amount of radicactive pollutant was
emitted into the atmosphere by the nuclear accident at Chernobyl,
and dispersed around the world. Numerical simulation of the global
scale dispersion of the radicactive pollutant was carried out
using the operational meteorological model of the Japan
Meteorological Agency. Calculated concentrations in many places in
the world agree well with those observed. The numerical model
showed that the radicactivity reached Japan about seven days after
he accident with the maximum concentration of about 10 pCi/m®, in

agreement with observations.

Keywords: numerical simulation, dispersion, global scale,

Chernobyl, radicactive peollutant,
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F1 OREBIT ST A4 -RK

CASE F3E R v FO1E ] A R | NCEFIEATE RS | ERiESEE
CONTROL 1 km 500 m 0 0
g 1 km 500 m 0 0.5cm s
AT ER I #L lkm 500 m 100 km 0
ERSE 2 km 2km 500 m 0 0
MESE 3 km 3km 500 m 0 y
Hh IR 10m 0 0 0

#2 REMHER, Control Runicxwtd M55

CASE ARL—TFV A4 Y7 A4 F) R M

DATE 4 F29H 5H3H 5H5H 5bH5BH
CONTROL 1.0 1.0 1.0 1.0
Bl TR 0.24 0.62 0.18 1.0
S EINEIN: 0.77 0.94 1.86 3.8
EEEE 2 km 0.75 0.79 0.84 3.0
SRS 3km 0.29 0.46 0.56 50.0
H iR 1.06 0.97 1.16 1.0
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(Bf) BARGFENR K5 M- kE W - e SR

HOBERTREL BV VORGSR G, RAEICL - TEROBESEDCHETE
AHACHEENRINEN S, COHROBEATATNT L2 L, BABBROLALFMic
L TEENRBEO—D2EH - T 5,

LU, BUORHEHECBELRTFRNTEE, AAOEHEBE,CEFESBTI L TR &8
HopEN-to, 2T, RRLEFAVRBERLOSKEENIESKOBEICKT L THRL T
REEEeFAERERLT, KR OBELRCH I 2EANLTRFELATR S &7,

ABGHE, COMAFERTEOALRRED ) D RHMHIRICH T ABELERTHFEORR
MEEZT, FRAFELLTRALARE=FVORBRELUZ0EFLVOBEHSRO>VT S
NELBHEDTH S,

Simulation of Oclanic Diffusion for Radioactive Effluent Released

from the Nuclear Fuel Reprocessing FPlant

Naoaki KATANO, Masafumi MIZUTORI and Norikazu NAKASHIKI (CRIEPI)

The low level waste water from the nuclear fuel reprocessing plant is released into
the offshore sea, where the effluent from the reprocessing plant is sufficiently diluted
by sea current and oceanic turbulence. It is very important in the Gavamental safty
examination program to estimate the impact of radioactive effluent in marine environ-
ment.

However, according to the literature survay and the overseas inguire commision,
very few simulation models have been proposed to estimate the ocianic diffusion for
radicactive releases. On the basis of the numerical model for dispersion of heated
water discharges released from power plants, the numerical simulation model has been
studied to accurately estimate the disparsion of radicactive effluent from the nuclear
fuel reprocessing plant in the coastal area.

The basic concepts of the numerical simulation method in predicting the oceanic
diffusion for radioactive effluent, the numerical model and its applications for the site

are presented in this paper.

KEY WORDS ! nuclear fuel reprocessing plant, radioactive effluents, oceanic diffusion,

numerical model, hydraulic model test.
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Recent works on safety evaluation for high-level waste disposal

Hideo KIMURA, Ryo YAMASHITA

It is generally considered that high-level wastes are disposed into a deep stable
geologic formation, and radionuclide may be transferred from the disposal vault to
biosphere by groundwater flow. The safety evaluation model of waste disposal is
divided into three submodels : source term model concerning engineered barriers,
geosphere model which describes nuclide transport and biosphere model estimates
radiation dose to man.

This report describes the radionuclide transport in the geologic media, and
some results of HYDROCOIN (The International Hydrogic Code Intercomparison)
project and INTRAVAL (The International Study for Work on Validation of Geo-
sphere Transport Models) project.

Keywords

Radioactive waste, Disposal, Nuclide transport, Groundwater flow, Geologic me-
dia, Safety evaluation
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Table | Elevation of fractures {m} (top of fractures) Table 2 Hydraulie conductivity for the best fit case
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F1-2 103 37 10% 106 107 —=—e LY S LAYER- 3 1,0E-1C 1.0E~10 J_0E-1Y 0,QE+00 D.0E+00 G.0E£+00
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ABSTRACT

The purpose of a geologic disposal system for radicactive and other waste
is to isolate the waste from the biosphere sufficiently so future
generations will be protected. Well-designed disposal systems must
function for tens of thousands of years and more, depending on the
applicable performance criteria. Although waste solids are selected to
release contaminants only slowly, small amounts of waste constituents will
dissolve in ground water. The slowly moving contaminated water will
eventually reach the blosphere. The design and regulation of geologic
disposal systems require quantitative techniques to predict the rate of
release of contaminants from waste solids and the rate of transport of the
resulting contaminated ground water. Since its beginning in 1977, the
Berkeley research group has specialized in the development of new
theoretical techniques to make such predictions. We describe features of

the new theories and illustrate the results.
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INTRODUCTION

Assessing the long-term performance of geologic repositories for
radiocactive waste requires reliable quantitative predictions. We must
predict rates of release of radionuclides from the waste into the rock,
transport through the geologic media, cumulative release to the accessible
envireonment, and maximum concentraticns in ground water and surface water.

Here we review theoretical approaches to making these predictions.

FAR-FIELD TRANSPORT

Predicting the hydrogeologic tramsport of dissolved radionuclides to the
environment is a problem of "far-field'" transport. Most radionuclides
migrate as single decaying species. However, the transport of the toxic
radionuclides Ra-226 and Pb-210 is controlled by the simultaneous transport
of their precursors U-234 and Th-230. We have developed exact analytical
solutions for the transport of radicactive decay chains. The transport can
be with or without dispersion, with steady one-dimensional flow in a porous
medium of infinite or finite extent [1,2]. These equations were used to
predict the benchmark results for the Intracoin-~l calculations {3]. They
have predicted environmental releases for model repositories in basalt,
salt, and tuff for the Waste Isolation System Study [4].

The analyses have been extended to predict dispersion-free transport in a
steady two-dimensional flow field. Another predicts transport in a one-
dimensional flow field with a spatially dependent dispersion coefficient
[5,6,7]. Other solutions predict transport in fractured rock with
diffusion into and out of the rock matrix [8,9]. Many of these equations
for porous media have been programmed into computer codes by repository
projects. The fracture-flow analyses will be useful in making more
detailed calculations of radionuclide migration to the environment.

To illustrate the application of our equations for far-field
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transport of radionuclide chains, we assume a ground-water travel time to

the biosphere of 1,000 years. Dissolution is congruent at a fractional
release rate of IO'Q/yr. Other parameters are listed in [4,10]. Figure 1
show the elative contributions to the average annual dose a maximally
exposed individual, as a function of the future time when the individual is
exposed. Carbon-14, assumed no to sorb on the rock, is the main
contributor up to 10,000 years. Neptunium-237 is the main contributor
after a few hundred thousand years. Also important in that period is lead-
210, a decay daughter in the chain involving U-234, Th-230, and Ra-226.

The peak concentrations of released radionuclides occur over many human
lifetimes. Thus, the adequacy of long-term isolation can be measured by
comparing the peak annual doses to a performance criterion, such as 10™4
Sv/yr. We wish to illustrate the effect of a major geological parameter,
such as ground-water travel time, on the peak annual dose. We plot in
Figure 2 the peak annual dose from each radionuclide, ét whatever time it
occurs, against the ground-water travel time. The data are calculated for
unreprocessed spent fuel, with solubility-limited dissolution [4,10]. The
results show that, for ground-water travel times of 1,000 years and longer,
the calculated peak annual doses from using contaminated surface water are

all well below the suggested criterion.

NEAR-FIELD TRANSPORT

"Near-field" transport is concerned with mass-transfer from waste solids
into ground water and into surrounding rock. This provides the source term
for far-field calculations. Hass;transfer analysis in the U.S. programs
was stimulated in 1981 by the National Research Council”s Waste Isolation
System Study [4). There we 9uestioned the assumptions that long-term

dissclution rates in a geologic repository could be predicted from
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laboratory data on leach rates of waste samples. The actual processes that
affect dissolution rate are reaction of the waste solid with ground water
at the waste surface and diffusion and convection of the dissolved species
from the surface into ground water in surrounding rock. We recognized that
the waste-solid matrix and most of its solid constituents are of low
solubility.

We first calculated a reliable, though bounding, estimate of the
dissolution rate of waste buried in rock. We assumed that the solution at
the waste surface 1s saturated with individual waste constituents. We then
solved the equations for diffusive-convective transport in a surrounding
porous medium. Figure 3 shows the profiles of groundwater flow, the
concentration of a dissolved radicelement, and the resulting plume of
contaminated water flowing past a waste solid.

The diffusion-and-flow calculation [11] makes use of the known
distribution of ground-water velocities around an infinite cylinder,
through pores in the surrounding rock. Assume Darcy flow, the velocity
distribution is mathematically equivalent to the "potential flow" of
theoretical hydrodynamics. The rate of diffusion through such a fluid is
represented by Fick”s Law, using a coefficient for molecular diffusion in
the liquid in the rock pores. For these estimates we assume a diffusion
coefficient equal to that in a free liquid, conservatively disregarding the
tortuosity of the pores.

The fractional release rate fj; of & nondecaying elemental species, and of
its isotopes, is calculated at steady state to be:

* 1/2
8eN, (DU)  (1+R/L) UR
f, = , = > 4 (1)

i (nR)3/2 n

i

*
where Ny is the concentration (g/em3) in the ground water at the waste
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surface, D is the diffusion coefficient in water, L is the length of the
waste cylinder, R is its diameter, U is the pore velocity of the ground
water before it comes near the waste, £ is the porosity of the surrounding
rock, and ngy is the bulk density (g/cm3) of the elemental species i in the
waste. To predict the maximum dissolution rate, NI is the solubility.

The more detailed equations for time-dependent dissclution rate are given
in [11]. The time to come to steady state increases if the dissolving
species sorbs on the rock. This is illustrated in Figure &4, which shows
the normalized dissolution rate as a function of time for various values of
the sorption retardation coefficient K. Increasing sorption increases the
transient dissolution rate because sorption steepens the transient
concentration gradient. Similarly, the smaller the half life, the greater
the dissolution rate [12].

Chambre”s exact analytical solutions [11] showed that the limiting mass-
transfer rates for the buried waste are slow. For typical waste solids,
such as borosilicate glass or unreprocessed spent fuel, the mass-transfer—
limited dissolution rate is much less than that exhibited in laboratory
experiments. In a repository the actual dissolution rate is expected to be
limited by diffusive—convective transport in pores and fractures in the
rock and not by chemical reaction at the waste surface.

Low ground-water flows are predicted for U.S. repository programs. Here,
the mass transfer from waste 1in contact with rock is expected to be
controlled by molecular diffusion in the rock. It is little affected by
convection.

A more detailed analysis [13] used experimental chemical reaction rate
data as a boundary condition for the diffusion mass~transfer analysis. It
showed the conditions and time span during which chemical reaction rate
could control the dissolution rate. This time span is so short as to be

unimportant for borosilicate glass and for spent fuel. A more general
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analysis [14] of steady-state diffusive-convective mass transfer from a
waste sphere covers the entire range of ground water flow. The near—-field
analytical sclutions have been extended also to include the effect of a
backfill layer between waste solid and rock [12,15,16} and the mass-
transfer of the highly soluble cesium and iodine "gap" activity in spent
fuel [17]. These basic mass-transfer equations were incorporated into
PNL"s AREST code [18]) for predicting waste-form performance.

We have extended the mass-transfer analyses to include:

a. the effect of repository heating on mass transfer of both low-

solubility and soluble species [19],

b, the time-dependent diffusive release of radionuclide chains through

backfill into rock [20],

¢. the time-dependent diffusion of low-solubility species through

backfill into a rock fracture, and

d. the time-dependent diffusive release of low-solubility species into

porous rock matrix and rock fractures [21].

The effect of a porous backfill between the waste solid and rock is
illustrated in Figure 5. The solid waste is approximated by a sphere of

surface area equal to that of the waste cylinder. The water in the

backfill pores is stagnant. Flow in the surrounding rock is low enough
that the zero-flow approximation applies. Radiocactive decay is included.
The fime—dependent mass transfer rate is divided by the saturation
concentration N at the inner surface of the backfill. Solid curves show
the mass-transfer rate into backfill. Broken curves show the mass-transfer
rate into rock. We show curves for varicus values of the half life of the
radioactive contaminant.

For neptunium—237, with a half life of 2.1 x 106 years, corrections for
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decay are minor. For carbon-14, with a half life of 5730 years, decay
increases the rate of mass transfer into the backfill. It also increases
the mass transfer rate into the rock, compared with that for a stable
species. For a half life as short as 15.3 years, decay increases the mass
transfer rate into the backfill. However, this half life is short enough
that the species decays away while diffusing through the backfill. Thus,
there is a range of half lives for which the rate of mass transfer into the
rock is greater than the steady-state value for no decay.

The near-field analyses can be applied to all repository projects,
inciuding a repository in unsaturated tuff if sediments or moist rock
contact waste packages. Studies underway include the effect of water flow
in backfill and the effects of nonuniform chemical environment that can
cause precipitation of dissolved species in the media away from the waste
surface.

Our studies of radionuclide releases from waste solids in.a salt
repository led to the ekpectation that, except a short time after waste
emplacement, releases will be controlled by diffusive-convective mass

transfer into brine in grain boundaries of the consolidated salt

surrounding a waste package [22]* Our analyses of the time-dependent
migration of grain-boundary brine after consolidation [23] can be used to
predict the transient convective effects in salt. Examples of diffusion
caleculations of release rates into salt have been given [24]+ The
equations for transient release to porous and fractured rock can be applied

to non-halite interbeds in a salt repository.

INTERMEDIATE~-FIELD TRANSPORT

"Intermediate—-field" transport concerns radionuclide migration from
arrays of discrete waste packages. Our analytical solutions [6,25,26] of

the multidimensional advective transport from waste—package arrays show:
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a. a near region in which the concentrations vary greatly in the

direction transverse to ground-water flow,

b. an Intermediate region in which the array can be treated as an

infinite plane source of dissolving specles, and

c. a far-field region in which the array can be treated as a plane source

of finite extent.

The array equations have been developed for both porous and fractured
media. These intermediate-field analyses will be useful in making detailed
predictions of releases to the environment.

To illustrate, we consider a waste repository with waste packages
arranged in a square array with pitch d, as in Figure 6. A planar fracture
of aperture 2b and of infinite extent intersects the waste packages.
Contaminants are released only into the fracture. The part of each waste
package exposed to the fracture is a plane of dimensions 2a,2b. We
consider advection and transverse dispersion in the fracture. Equilibrium
sorption occurs at fracture walls and within the rock matrix. Dissolved
contaminants diffuse through the fracture walls, into and ocut of the rock
matrix [26].

In Figure 7 we show the ratio of concentration from the multiple—patch
sources to the concentration that would result from a single, infinite
source of equivalent areal strength. The ratio is plotted agalnst the
distance parameter, YzD/v , where z is the downstream distance, D the
transverse dispersion coefficient in the fracture, and v the ground-water
velocity. The number of waste packages in the array varies from 10 to 80.
In the near-field region, there are plumes around individual waste
packagés. The concentration ratio is large 1if the z coordinate intersects
a waste package. It becomes small if the z coordinate lies between two

waste packages [26].
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At an intermediate distance transverse dispersion merges the individual
plumes. Here the concentration ratio becomes unity. Contaminant transport
can then be adequately predicted by simple equations based on an equivalent
plane source. In the far field the multiple-patch concentration becomes
less than the infinite-source concentration because of transverse
dispersion at the outer edges of the finite-width plume. In this region
the concentration fileld can be adequately predicted by replacing the
individual sources by a single finite plane source of equivalent source

strength, Figure 7 is valid for any contaminant, rock, and time [26].

SUMMARY

An extensive body of analytical theory exists to predict the isolation
performance of geclogic repositories. Special features of analytie
solutions for this application are:

0 They can be used to benchmark nonanalytic numerical calculations.

© They identify the functional forms and importance of the design

variables and parameters.

o Their theoretical framework can be examined and tested, essential to

developing valid predictions of long-term performance.

¢ Their generality provides flexibility for multi-variable system

optimization.

Further analyses must address detaills such as fracture networks, release
of gaseous speciles, nonuniformities in chemical environment, water flow in
backfill, transport asymmetries, layered media, unsaturated media,

precipitation away from waste surfaces, and transition from near-field to

far-field transport.
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