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In this pa per, based on in for ma tion tech nol ogy, a geo-in for ma tion da ta base was es tab lished
and a geo-in for ma tion data man age ment sys tem (named as HLW-GIS) was de vel oped to fa -
cil i tate data man age ment work of the multi-source and multidisciplinary data been which are
gen er ated dur ing site se lec tion pro cess of geo log i cal re pos i tory in China. Many im por tant
func tions, such as ba sic cre ate, re trieve, up date, and de lete op er a tions, full text search and
down load func tions, can be achieved through this man age ment sys tem. Even the func tion of
sta tis tics and anal y sis for cer tain pro fes sional data can be pro vided. Fi nally, a few hun dred
gigabytes of data from nu mer ous dif fer ent dis ci plines were in te grated, stored, and man aged
suc cess fully. Mean while, the man age ment sys tem can also pro vide a sig nif i cant ref er ence for
data man age ment work of re lated re search fields, such as de com mis sion ing and man age ment
of nu clear fa cil i ties, re source prospection and en vi ron men tal pro tec tion.
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IN TRO DUC TION

With the rapid de vel op ment of nu clear in dus try,
high-level ra dio ac tive waste (HLW) dis posal has be -
come a stra te gic sub ject which can make in flu ences on 
en vi ron ment pro tec tion and sus tain able de vel op ment
of nu clear in dus try. Deep geo log i cal dis posal is re -
garded as the most rea son able and ef fec tive way to
safely dis pose high-level ra dio ac tive waste in the
world [1]. More over, geo log i cal dis posal of high-level 
ra dio ac tive waste is a large pro ject with lon gev ity,
com plex ity and sys tem ati za tion. The site se lec tion and 
eval u a tion re sults of dis posal re pos i tory de pend on ef -
fec tive ness of a large amount of orig i nal data re -
sources gen er ated dur ing the pro cess. Ac tu ally, there
is in deed a large amount of geo-in for ma tion data gen -
er ated dur ing site se lec tion pro cess of dis posal re pos i -
tory in China. How ever, there is not an ef fec tive shar -
ing mech a nism and data man age ment sys tem for
man age ment and ap pli ca tion of these data re sources in 
China.

Now a days in the world, most de vel oped coun -
tries have com pleted site se lec tion work and en tered
into site eval u a tion or re pos i tory de sign pro cess. Gen -
er ally, they also have de vel oped some data man age -
ment sys tems to man age their data. Tak ing Swed ish
Nu clear Fuel and Waste Man age ment Com pany
(SKB) and Nu clear In dus try Ra dio ac tive Waste Ex ec -
u tive (Nirex) as ex am ples, there are three stages for
their data man age ment work [2-4]: In the first stage,
data ta bles were adopted to man age bore hole data. In
the sec ond stage, re la tional da ta base was used for
com pre hen sive man age ment of data. In later pe riod,
com puter tech niques, such as GIS, were used for in te -
grated man age ment and dem on stra tion of data. More -
over, since 2000, OECD's Nu clear En ergy Agency
(NEA) es tab lished IGSC group for pro fes sional data
in te gra tion and min ing. A se ries of co-op er a tion pro -
jects have been car ried out by IGSC group, such as
GEOTRAP, AMIGO, Mod eRn and RepMet [5-8].
These pro jects em phat i cally re solved the prob lems of
data ac qui si tion method, data in te grated man age ment
and long-term shar ing ap pli ca tion mode in dif fer ent
stages of R&D pro cess. The geo-in for ma tion da ta base 
(NDGD) [9] of Sellafield dis posal site in Eng land and
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nu clear waste dis posal in for ma tion sys tem [10] of Ja -
pan Atomic En ergy Agency, have been in run and be -
ing in good op er a tion.

As can be seen from re search prog ress abroad,
data ob tained in the dis posal pro cess are of im por tant
sig nif i cance in ul ti mate safe dis posal. In China, since
1990s, site se lec tion work has started [11]. Mean -
while, some re search work about data man age ment
has been done suc ces sively [12-16]. How ever, all the
work fo cused on pro fes sional data ap pli ca tions rather
than data man age ment. There fore, the work of this pa -
per is to re solve data man age ment of multi-source
geo-in for ma tion data, ob tained from site se lec tion
work, in pre vi ous thirty years of China. Through this,
the abil ity of data man age ment and data ser vice for
HLW re search work also can  also be highly pro moted.

OVER ALL AR CHI TEC TURE DE SIGN OF
GEO-IN FOR MA TION DATA MAN AGE MENT
SYS TEM OF HLW DIS POSAL 

To store and man age large amount of geo-in for -
ma tion data suc cess fully, there are three lay ers de -
signed in the ar chi tec ture. The first layer is data stor -
age layer, the sec ond layer is ap pli ca tion layer and the
third layer is ex pres sion layer. Over all ar chi tec ture de -
sign is shown in fig. 1.

Data stor age layer was de signed to store
multi-source geo-in for ma tion data. Ac cord ing to the
char ac ter is tics of dif fer ent data, the geo-in for ma tion
datasets can be di vided into pro fes sional da ta bases (such
as ge ol ogy da ta base, rock me chanic da ta base and,
hydrogeology da ta base) and aux il iary da ta bases (such as
meta-data da ta base, doc u ment da ta base, and sam ple da -
ta base). Mean while, ac cord ing to ac tual re quire ments of
data man age ment, ap pli ca tion layer can be de vel oped by
di vid ing it into: man age ment mod ule of meta-data, man -
age ment mod ule of data re lease and man age ment mod -
ule of pro fes sional data. Ex pres sion layer was de signed
by hy brid ar chi tec ture of B/S and C/S. All the sub se quent 
work is based on this ar chi tec ture.

MODEL CON STRUC TION OF
GEO-IN FOR MA TION DA TA BASE
OF HLW DIS POSAL 

Model con struc tion of geo-in for ma tion da ta base 
is the ba sis of de sign and de vel op ment of geo-in for -
ma tion data man age ment sys tem for HLW dis posal.
That is to say, data con cept model, logic model and
phys i cal model of geo-in for ma tion da ta base have to
be con structed to guide struc ture de sign and de vel op -
ment of man age ment sys tem.

Con cept model of geo-in for ma tion
da ta base of HLW dis posal

Ac cord ing to Site se lec tion cri te ria for geo log i -
cal dis posal fa cil ity of high level ra dio ac tive waste in
China [17], datasets gen er ated dur ing site se lec tion
pro cess could in clude many dif fer ent kinds of geo-in -
for ma tion data re sources. There fore, con cept model
should be de scrip tion of geo-in for ma tion data re -
sources of dis posal re pos i tory ob ject and sur round ing
en vi ron ment. As shown in fig. 2, el e ments of dis posal
re pos i tory ob ject in con cept model should in clude
pre-se lected area, site and sur round ing rock. These el -
e ments can be de scribed with data type of point,
polyline and poly gon in three-di men sional space.
Each el e ment is de scribed by data and their de scrip tion 
data should be long to some sub ject which will be de -
fined in fig. 3. There fore, con cept model is an ab stract
de scrip tion of dis posal re pos i tory ob ject and its de -
scrip tion data.

Logic model of geo-in for ma tion
da ta base of HLW dis posal

To es tab lish a com plete log i cal re la tion ship
among el e ments of dis posal re pos i tory ob ject and sur -
round ing en vi ron ment, the logic model should be de -
signed on the ba sis of spa tial data model and should be
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Fig ure 1. Over all
ar chi tec ture de sign of data
man age ment sys tem for
geo-in for ma tion da ta base



full rep re sen ta tion of data char ac ter is tics and data re -
la tions. 

As is shown in fig. 3, first of all, all the el e ments
of dis posal re pos i tory ob ject should be de fined as a
point, a linestring or a poly gon in pla nar space (hor i -
zon tal di rec tion) or sec tion space (ver ti cal di rec tion),
which is re lated to spa tial lo ca tion. The at trib ute data
should in clude all the de scrip tion in for ma tion of the
el e ments. In ad di tion, there  are  three key con nec tion
fields in the logic model, i. e., „MetaID”, „AttCode”
and „Shape”. Firstly, „MetaID” field is the key field

for con nect ing dif fer ent data lay ers which com pose
and de scribe the same el e ment. There fore, data ta ble
„MetaData” in cludes im por tant and ba sic in for ma tion
of el e ments, such as „ThemeName”, „SRID”, „Au -
thor”. Through „MetaID” field, other dif fer ent
non-spa tial at trib ute ta bles of the same el e ment can be
freely de fined, ex tended and con nected. Or ga niz ing
data in this way, makes it help ful for fu ture ex ten sion
of data model and fa cil i tates ap pli ca tion de vel op ment.
Sec ondly, „AttCode” field is a clas si fi ca tion code
which can con nect to the cat e gor i cal en cod ing ta ble
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Fig ure 2. Con cept model of
geo-in for ma tion data of HLW
dis posal in China

Fig ure 3. Logic model of  geo-in for ma tion data of HLW dis posal in China



and be the only rep re sen ta tion of the el e ment. More -
over, „Shape” field is a ge om e try field which con tains
spa tial ge om e try of el e ments. This field is help ful for
con nec tion be tween dif fer ent el e ments through spa tial 
lo ca tion.

In a word, con cept model is a com pre hen sive de -
scrip tion of spa tial data and at trib ute data. This logic
model can be re garded as a tem plate of other spa tial
data mod els and fa cil i tate spa tial data man age ment.

Phys i cal model of geo-in for ma tion
da ta base of HLW dis posal

There are some sub-da ta bases and many data ta -
bles in the geo-in for ma tion da ta base. Phys i cal model
con struc tion of geo-in for ma tion da ta base is mainly fo -
cused on es tab lish ment of cor re la tions be tween dif fer -
ent sub-da ta bases and be tween dif fer ent data ta bles.
Es sen tially, it is de signed to clearly de fine types of
data el e ments and re la tions be tween dif fer ent kinds of
data dur ing con struc tion pro cess of geo-in for ma tion
da ta base. Mean while, the stor age re la tion ship be -
tween spa tial data and at trib ute data of data el e ments
should be well han dled to en sure con sis tency of data
stor age and ex pres sion.

The con tent and re la tion ship de scrip tions of the
phys i cal model are shown in tab. 1. The matic sub-da ta -
bases are the pri mary com po nents of the phys i cal model.
Based on def i ni tion of mu tual re la tions be tween dif fer ent 
datasets and dif fer ent stor age meth ods, se lected for dif -
fer ent types of data, the con sis tency and in teg rity of da ta -
base con struc tion can be  achieved.

DE VEL OP MENT OF GEO-IN FOR MA TION
DATA MAN AGE MENT SYS TEM
OF HLW DIS POSAL 

De vel op ment and tech ni cal
im ple men ta tion method

Firstly, a pow er ful un der ly ing da ta base man age -
ment sys tem (DBMS) was se lected. Con sid er ing un -
struc tured and multisource char ac ter is tics of geo-in -
for ma tion data, the DBMS should sup port par ti tion
ta ble and par ti tion in dex tech nol ogy, par al lel data pro -
cess ing tech nol ogy, dis trib uted da ta base con struc tion
tech nol ogy and ob ject-ori ented func tions. In this
study, con struc tion of geo-in for ma tion da ta base and
de vel op ment of data man age ment sys tem are both
based on PostgreSQL, which is a pow er ful
open-source ob ject-ori ented re la tional da ta base [18].
To sat isfy dif fer ent de mands of data man age ment, hy -
brid ar chi tec ture of B/S (browser/server) and C/S (cli -
ent/server) were adopted in de vel op ment of geo-in for -
ma tion data man age ment sys tem. Then, ob ject-
-ori ented pro gram ming lan guages of JAVA and C#
were se lected as de vel op ment lan guages [19, 20]. Fi -
nally, based on sev eral func tion mod ules of com mer -
cial GIS soft ware, a tech ni cal im ple men ta tion frame -
work of geo-in for ma tion data man age ment sys tem
was de signed and achieved (fig. 4). 

Func tion de sign of geo-in for ma tion
data man age ment sys tem

Based on model con struc tion of geo-in for ma tion 
da ta base and tech ni cal im ple men ta tion frame work
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Fig ure 4. Tech ni cal
im ple men ta tion
frame work of
geo-in for ma tion data
man age ment sys tem



men tioned above, log i cal ar chi tec ture of func tions
was de signed as shown in fig. 5. Firstly, ba sic func -
tions should in clude all the op er a tions of un der ly ing
da ta base and pro vide sup port for more ad vanced func -
tions. Sec ondly, sup port func tions be tween ba sic
func tions and ma jor func tions should be pro vided for
data ex trac tion and for mat con ver sion, based on sec -
ond ary de vel op ment of com mer cial GIS soft ware. In
this way, the data link be tween un der ly ing da ta base
and data man age ment func tions can be achieved. Last
but not least, ad vanced func tions, such as data pre sen -

ta tion and data anal y sis, should be de vel oped with fi -
nal re al iza tion of HLW-GIS desk top sys tem and web
sys tem. The name of HLW-GIS is ab bre vi a tion of
geo-in for ma tion data man age ment sys tem of HLW
dis posal. HLW-GIS desk top sys tem can pro vide ad -
vanced func tions of data man age ment based on C/S
ar chi tec ture. HLW-GIS web sys tem can im ple ment
data re lease func tion based on B/S ar chi tec ture. Mean -
while, user in ter face de sign and im ple men ta tion work
were un der taken along with func tion de vel op ment.
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Ta ble 1. Phys i cal model and cor re la tion in struc tion of geo-in for ma tion data

ID Sub-da ta base Clas si fi ca tion of data en tity Data type Re la tion ship il lus tra tion

1 Metadata
da ta base

Metadata in for ma tion: iden ti fi ca tion, data
qual ity, spa tial ref er ence, con tent and
dis tri bu tion and the re spon si ble de part ment's
con tact in for ma tion

Spatial data, attribute data

Ba sic de scrip tive in for ma tion
for the matic data,
con struc tion of data
dic tio nary, in dex ref er ence
for all other data

2
Ba sic
ge og ra phy
da ta base

To pog ra phy, trans por ta tion, pipe lines,
hy dro graphic net, geo mor phol ogy, veg e ta tion,
ad min is tra tive area and pro tec tion zone

Vec tor data (point, polyline
and poly gon), at trib ute data

Ba sic data such as
ad min is tra tive dis trict,
rel e vant to other data through
geometry field

3
Ge ol ogy
da ta base

Rock mass data, char ac ter is tics of rock mass,
tec tonic, fault, stra tum, geo log i cal bound ary,
frac ture, min er als and al ter ation, geo log i cal
sec tion and la bel

Vec tor data (point, polyline
and poly gon), at trib ute data

Ba sic ge ol ogy data, such as
fault, li thol ogy, geo log i cal
bound ary, rel e vant to other
data through geometry field

4
Bore hole
da ta base

Ba sic bore hole in for ma tion: En gi neer ing
ge ol ogy, ge ol ogy log ging, hy dro-geo log i cal
log ging, geo phys i cal log ging, hydrologic
mon i tor ing, daily drill ing re cords,
doc u men ta tion

Vec tor data (point, polyline
and poly gon), at trib ute data

A se ries of data ob tained
around bore holes, rel e vant to
other data through borehole
ID and depth fields

5
Re mote sens ing 
da ta base

Re mote sens ing data, tar get spec tral data,
im age data de scrip tions, geo graph ical
en vi ron ment, at mo spheric en vi ron ment,
mea sur ing method, in stru ment and equip ment,
typ i cal spec trum

Ras ter data (im age, photo),
at trib ute data

Rel e vant to other databases
through geometry field

6
Hy drol ogy
da ta base

Sur face wa ter, un der ground wa ter, ge ol ogy
body, geo logic body, hy dro log i cal ex per i ment
and an a lyt i cal test

Vec tor data (point, polyline
and poly gon), at trib ute data
(test re sults)

Rel e vant data of hy drol ogy
sci en tific re search field,
rel e vant with other data
through geometry field

7
Geo phys i cal
da ta base

Air borne geo phys i cal pros pect ing, geo phys i cal
log ging, ground phys i cal ex plo ra tion,
in ter preted re sults for phys i cal ex plo ra tion

Vec tor data, at trib ute data and 
ras ter data

Bore hole geo phys i cal sur vey
can be con nected to the
Bore hole da ta base through
the bore hole ID, Sur face
geo phys i cal sur vey can be
con nected to the geology
database through section ID

8
Geo chem is try
da ta base

Field test data, in door sam ple anal y sis re sults,
geo chem i cal ex plo ra tion maps and re sults

Spa tial data (vec tor and ras ter 
data), at trib ute data

Rel e vant to sam ple da ta base
through sam ple ID and
geometry field

9
Rock me chanic
da ta base

Field test data, lab o ra tory test data, re gional
sur vey, dig i tal sim u la tion for test re sults

Spa tial data (vec tor and ras ter 
data), at trib ute data

Rel e vant to sam ple da ta base
through sam ple ID and spatial 
geometry field

10
Haz ard ous
da ta base

The matic data such as earth quake, vol cano and
cli mate and his tor i cal data stor age

Spa tial data (vec tor and ras ter 
data), at trib ute data

The matic data, such as
nat u ral haz ards, rel e vant to
other da ta bases through
spatial geometry field

11
Eco log i cal
en vi ron ment
da ta base

En vi ron men tal im pact as sess ment data Spa tial data (vec tor and ras ter 
data), at trib ute data

Rel e vant to other da ta bases
through spatial geometry field

12
Doc u ments
da ta base

Achieve ments re ports, sci en tific re ports,
do mes tic and for eign lit er a ture At trib ute data, doc u men ta tion Rel e vant to other da ta bases

through spatial geometry field

13 Photo da ta base Sci en tific re sults im age, the matic im ages and
pho tos

Vec tor data, at trib ute data and 
ras ter data

Rel e vant to other da ta bases
through spa tial geometry field
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Func tion im ple men ta tion of
geo-in for ma tion data man age ment sys tem

Based on func tion de vel op ment work, the first
ver sion of HLW-GIS was re leased and it in cluded
many func tions such as „Data man age ment”, „Data
search and sta tis tic”, „Chart ex pres sion”, „Data re -
lease”, „Data ex port” and other ad di tional func tions.
Here, only in tro duce sev eral im por tant func tions are
in tro duced.

Data man age ment

The func tion can pro vide com pre hen sive man age -
ment of all the geo-in for ma tion data, in clud ing both pro -
fes sional data and meta-data. Firstly, ba sic CRUD (cre -
ate, re trieve, up date and de lete) op er a tions of
pro fes sional data and meta-data can be pro vided. In ad di -
tion, GIS anal y sis func tions for spa tial data were also de -
vel oped, such as buffer, over lay and cut ting anal y sis.

Data search and sta tis tic

Most pow er ful func tions of this man age ment
sys tem are data search and sta tis tic. Through in put ting
one or more pro fes sional keywords, the tar get data can
be re trieved and sta tis ti cally gath ered or fil tered in a
con ve nient and quick method.

Chart ex pres sion

After data sta tis tic, the search re sults can be ex -
pressed in sev eral dif fer ent types of charts which in -

clude sim ple scat ter plot chart, cus tom iz able chart and
other ex pres sion ways. Tak ing cus tom iz able chart of
geo chem i cal test data as an ex am ple, the in for ma tion
of geo chem i cal sam ple is stored in „Sam ple Da ta base” 
and that of test data is stored in „Geo chem i cal Da ta -
base”. To en sure in teg rity and ac cu racy of geo chem i -
cal test data, datasets from dif fer ent da ta bases are in -
voked and a cus tom iz able chart is used for data
ex pres sion.

Data re lease

To sat isfy fast data re trieval and down load de -
mands, data re lease func tion of web server side was
de vel oped. Just like Google search, by in put ting sim -
ple keywords and click search but ton, all the re lated
doc u ments, pho tos and pro fes sional data can be
searched and down loaded. In ad di tion, func tions of
de tailed in for ma tion dis play and spa tial lo ca tion dis -
play can also be used.

CON CLU SIONS 

In this work, based on es tab lish ment of geo-in -
for ma tion da ta base of HLW dis posal in China, a
geo-in for ma tion data man age ment sys tem (i. e.
HLW-GIS) was de vel oped to pro vide re li able data ser -
vice func tions. Many im por tant func tions have been
pro vided by HLW-GIS. 

HLW-GIS has been ap plied for re search and de -
vel op ment work of HLW dis posal in China. It pro -

Fig ure 5. Log i cal ar chi tec ture de sign of func tions



vided pow er ful data ba sis for site se lec tion and eval u a -
tion work. In near fu ture, the sys tem can also pro vide
sound tech ni cal back ground on the safety as sess ment
and per for mance as sess ment. Mean while, it  can also
be a sig nif i cant ref er ence for data man age ment work
of in other sim i lar fields, such as de com mis sion ing nu -
clear fa cil i ties man age ment, re source prospection and
en vi ron men tal pro tec tion.

AC KNOWL EDGE MENTS

The spe cial fund of Nu clear fa cil i ties de com mis -
sion ing and ra dio ac tive waste man age ment sup ported
this work.

AU THORS' CON TRI BU TIONS

All the au thors have con trib uted to de sign of
geo-in for ma tion da ta base and data man age ment sys -
tem, while this work was done un der the quidance of
pro fes sor Shu-tao Huang. Da ta base con struc tion and
man age ment sys tem in te gra tion were un der taken by P. 
Wang. The manu script was pre pared and writ ten by P.
Wang.
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RAZVOJ  SISTEMA  UPRAVQAWA  GEOINFORMACIONIM
PODACIMA  I  PRIMENE  NA  GEOLO[KO  ODLAGAWE

RADIOAKTIVNOG  OTPADA  VISOKOG NIVOA  U  KINI

Na osnovu informacionih tehnologija uspostavqena je geoinformaciona baza podataka
i razvijen je sistem za upravqawe geoinformacionim podacima (nazvan HLW-GIS), kako bi se
olak{ao rad upravqawa multidisciplinarnim podacima razli~itog porekla koji nastaju pri
procesu odabirawa lokacije za geolo{ko odlagawe u Kini. Mnoge va`ne funkcije, kao {to su
osnovne operacije formirawa, pribavqawa, osve`avawa, brisawa unosa, pretraga teksta i
funkcije preuzimawa, mogu biti ostvarene ovim sistemom upravqawa. [ta vi{e, obezbe|ene su i
funkcije statisti~e obrade i analize za odre|ene profesionalne podatke. Kona~no, nekoliko
stotina gigabajta podataka iz razli~itih disciplina uspe{no je integrisano i sa~uvano. Sistem
upravqawa tako|e mo`e pru`iti zna~ajne ref er ence za upravqawe podacima povezanih
istra`iva~kih oblasti, kao {to su dekomisija i upravqawe nuklearnim postrojewima,
prospekcija resursa i za{tita `ivotne sredine.

Kqu~ne re~i: radioaktivni otpad visokog nivoa, geolo{ko odlagawe, geoinformaciona baza
............... ..........podataka, sistem upravqawa geoinformacionim podacima


