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　　　Continuous　monitoring　of　groundwater　radon・fbr

eval　uating　chemica1　and　structura1　properties　and　fluid

　　　　　　　flow　variations　of　shallow　aquifer　systems

By

George　Igarashi，　Takeshi　Saeki，　Yuji　Sano，　Kaname　Sumikawa，

　　　　　　　　　　　　Shigeki　Tasaka，　and　Yoshimi　Sasaki
畢

wilh　5　F　8gures

（reccived，　November　24，1994）

　　Abstract：We　have　canied　out　continuous　monitoring　of　radon　concentration　in　groundwatcr　at

ei8ht　wells　in　Nishinomiya　Ci　ty，　Hyogo，prefecture，　Japan・The　shallowest　major　aquifer，　which

we　call　the　first　aquifer，　extends　widely　at　a　depth　about　3－5　meters　in　the　region．　We　pay　our

major　attcntion吐o　the　first　aquifer，　because　iこprovides　us　with　abundant　high叩ality　water，　which

has　1・・9・becn・tilized　f・・b・ewi・g　S・k・・W・m・d・．th・・ad・n　m・nit・ri・g　at　5　w・II・t・！PPi・g　th・nrst

aquifer．　The　first　aquifer　can　be　chara¢terized　by　very　high　radon　concentration　and　its　large

temporal　variation．　Time－averaged　values　of　radon　concentratiQn　at　4　shallow　wells　．were　abOut　70。

80Bq11，　svhich　is　almost　the　highest　value　ever　reported　for　natural　water　throughout　the　Japanese

Islands．　These　high　radon　concentra吐ions　ean　be　attributed　to　uranium－rich　sedimentS　in　the　aqu．ifer，

which　had　been　brought　from　the　Rokko　Mou漁ins　r¢gion　on　the　north．　Large　tempOral　variatiops

or　rad◎n　concentration　obscrved　at　the　shalbw　wells　probably　reflect　the　heterogeneous

distribution　of　the　grain　size　of　sediments，　which　makes　the　groundwater　now　unstable．　We

examined　radon　concentrations　in　deeper　aquifers　aUhree　wells　with　depths　of　8－17　m　for

comparison，　Absolute　values　o『radon　concentra樋ons　and　their　tempOral　variations　at　the　de¢pc直

wells　are　smaller　than　those　in　the　first　aquifer，　which　suggestS　the　small　contributions　of　・uranium・ew

rich　sands　to　the　sediments　compared　with　the　first　aquifer．　The　radon　concentration　at　a　well　with

a　depth　of　16　m　showed　PeriOdical　variations　respOnding　to　the　ocean　tide・which　demgnstrates　that

vcry　small　signals　or　crustal　deformations　can　be　dctected　by　the　continuous　monitoring　of

groundwa皇er　radon・
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夏．！纏象雛od讐c纏o織

　　Rado総　（222R総）has　seryed　as　a縫ser犠l　tracer　i論

various　rl。lds　of　ca曲sclc鰭c¢s，　s精ch　as　earthquakc

predict蓋on（cf．，　King　1986）and　ocean　circulation（cf．，

Broccker　and　Peng，1982）。222Rn　is　a　radioactivc

nuclide，　witll　a　halrlife　about　3．8　days，　bclonging　to巳hc

dccay　serics　of　238U（Fig．1）．　Bccausc　radon　is　an　incrt

gas　which　is　highly　soluble　in　wa乳er，　i象s　behavior　is

s韮mp裏c　a総d　ca践bc　undcr8t◎◎d◎鍵亀he　bas蓋s　of　phys葦cal

pr◎ccsscs　s縫c薮as　d韮sso呈犠象io総，　ads◎ηP建韮o籍，　dlff秘sl◎鰭a総d

fl疑ld　advcc擁o籍，　as　wc難as　the　radioactive　decay（cf．，

◎z嚢ma　a縫d　P◎dosek，！983）．　Thercforc，　radon翫as　bccn

繍tlllz¢d　as　a　tracer　fbr“ow，　circulation，　and　mixin80r

natUral　Water　in　VariOUS　CirCUmStanCeS。

　　　Since　thc　continuous　monitoring　system　or

groundwa巴cr　radon　Fvas　developed　by　Noguchi　and

Wak鮭a（1977），　extensive　radon　mo磁oring　has　bee織

opcra乳ed　1nainly　by　U縫iversi象y　of　Tokyo　a薮d　Gedo8ical

Survcy　or　Japa総籔）r　the　p秘導）◎se　or　ca採hq燦芝kc　p陀dlc擁o籍

f◎rab◎縫t　20　years・A難鱗擶ber　of　anornalo鷺s　chan8es

associated　with　ca貫hquakesぬave　bcen　rcpo巾d（c．g．，

Wakita　et　ai．’ 1980；lgarashi　and　Wakha　1990），　which

strongly　supPort　that　groundwater　radon　is　a　scnshive

tracer　for　the　crustal　strain　changes　associa乳ed　with・

earthquake　occurrcnces．　However，乳he　mechanisms、
causing　such　ear皇hquakc－rda象ed　radon　cha総ges　aごe，s縫疑

P（x》rly　URderst◎◎d．

　　　The　l識d◎総co鋒ce癬r滋i◎総i織gr◎Uftdsvater　is　basically’

pmP◎rt韮◎陥hσthe懸ra鑓董um　conccntrat董on　in噛adjacent

rocks　in　an　aquifer．　However，　because　of　the　ycry　short

recoil　length　or　radon（about　3x10’8　m），　only　a　small

porこion　of　radon　atoms　produced　in　thc　rocks　will　b¢

released　to　the　s町rounding　groundwater；except　f（）r象h◎se

produccd　at　the　ncar－surface　aτea　or　r㏄k　grains，　rad◎織

aぬms　caRnot　escape　f⑩m　rock　graiRs．　Thercfbre，　the

罫ad◎塞茎C◎縫ce瞭a象b漁grgindwa｛er　is　iargely　d¢pC籠dc擁t

o益，a総d　ro99h韮y轟ega縫ve韮y　prop◎f縫◎轟a垂｛o，　the　effec纏v¢

grai益slze◎f　rocks　in　an　aqui　fer（Torgerscn　et　aL，1990）。

For　examp1¢，　micro－crack　rormaこions　due皇o
c・mpresslonal　s象ress　w熱皇reducc　the　effcc｛ive　graiR　size

of　rocks，　which搬ay　resuk灘総eRhanccments　of　rad◎織

c◎nceRtrati◎n　ift　the　groundwater．　Th縫s　th¢groundwater

rado縮　co益ce“trat蓋ofi　is　cxpected　to　refiect　not　on蓋y

chemical　but　al　so　structural　properties　of　rocks　i　n　th¢

aquifbr．

　　　Rad。n　atoms　releascd　from　rocks　to　thc　surrounding

groundwater　will　be　transpOrtcd　along　whl1吐hc　flow　of

groundwaこer．　Thc　fiow　of　groundwater　is　gcncmUy　vcry

s1。w，　from　sevcral　ccntimetcrs　to　scvcral　mctcrs　a　day．

Thcrcforc，　radon　a巳oms　c鋤movc　a　vcry　limi乳cd！c総g乳h

during　their　life乳韮mes，1css塾ha総sevcra墓tcRs　of　mc｛ers．

Accordi総gly，象e搬pαal　varia縫◎義s　or　gfeu｛｝dwa｛cr　rad◎縫

c◎総cc韮犠ra縫o籍are　pr◎bab韮y　ca鷲sod　by　l㏄a監cha論gos董n

cl翻lcal，　s｛ructural，　or　nuld　now　pr。Pertics　rcstrictcd　in

avcry　small　arca　ncar　an　observation　wcll，　cvcn　lf　such

locat　changcs　woり1d　bc　lnduccd　by　changes　in巳cctonic

stress　field　ext’ending　to　a　much　larger　arca。

　　To　invc副iga吐c　such　local　phcnomena　which　may

directly　result　in　groundwaこcr　rado総ch鋤gcs，鮭is

neCeSSary　tO搬Qni象Or　8rOU織dWa塾Cr　radOR　i搬C轟S韮Vely　at

several　wells　wl象hi照s頴a無arca、1縫象he　presc総t　papcr，

we即◎即r¢liminary　fCSttks。f翻搬c続slvc瀟翻竃◎rl籍9

◎rgreuRdwater　rad◎織1縫Nls掘籠omlya　C訟y，　Hyo80
Prcfecturc，　Japa錆．
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II。．Radon　observaこion　sys1cm

　　　　　Wc　havc　mcasured’8roundwatcr　radon　using　a　sys【em

　　devcloped　by　Tasaka　a織d　Sasakl（1992）．　Greundwater　is

　　con敦inuous皇y韮Rtr◎d讐ccd韮薮ぬadctec｛i◎籍cha搬bcr“iit韮董縫

　　fl◎w　ra竃e　of　abo疑象　！　1！韮魏韮擁．　Rad◎轟　dlssolvcd　i縫

　　greundsvatcr　is　degassed　t◎thc　gas　phasc　in　the　chambcr，

　　Acon｛a蓋論cr　of　e蓋ectrostatic　cQ鎚¢ctor　is　mountcd　jusこ

　　abov¢the　intcrface　betwccn　gas　and　liquid　phases　in山e

　　chambcr．　The　container　is　cquippcd　with　an　alplla　ray

　　dctec吐or　of　the　PIN　pho吐odiode（Hamamatsu　Phαonics

　　K．K．）with　a　surface　area　of　l　cm2．　Sl慕蟷c　a　s蝋ic　volta8c

　　or　420　V　is　apPlicd　betwccR塾hc　P！Nl　ph◎象◎diQde　a擁d竃hc

，　　b◎縫o纏肇◎r象hc　contaiRer，　pos韮t韮vc　io論s　◎f　dau8hters　of

　　222R織s糠ch　as　214P・a籍d　2韮8P◎（Fl9．1）arc　collectcd　o簿

　　　tho　s秘rfacc　of　thc　】P互N　ph◎todiQdc．　Thcn　a董pha　rays

　　emi貿ed　mainly　by　the　decays　of　214Po　and　218Po　arc
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detected　as　electric　currents　through　the　PIN　photodiode．

The　e且ectric　currcn巳s　are　amphfied　and　then　counted　sviih

ahigh　speed　256　channels　AD　converter，　which　is

controlled　by　a　Z80　microcomputer　syStem．　The　data　of

the　alpha　ray　counting　are　transferred　to　a　personal

computer　through　an　RS232C　port．　A　detailed
description　of　the　system　is　given　by　Tasaka　and　Sasaki

（1992）．

238U
↓・・51×1・・

226
Ra

　
　
　
↓
　　　　　α（4．78MeV）

　　　　　1622y

222
Rn

　
　
　
↓
　　　　　α（5．49MeV》

　　　　　3．825d

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　る

α（7．68MeV）

1．64XlO°4s

22y

Fi　g．1．Radioactive　decay　scheme　of　222Rn，　alpha　ray

　　　　　　energies，　and　halflives．

III．　Observations　at　Nishinomiya　City

　　　We　have　carried　out　continuous　monitoring　of

groundwater　radon　at　eight　observation　wells，　which　are

scaucred　in　Nishinomiya　City，　Hyogo　Prefecture（Fig．

2）．This　arca　is　located　on　the　south　of　the　Rokko

Mountains　and　is　abOut　1－2　km　distant　from　Seto　lnland

Sca．　A　maj　or　aquirer，　situated　at　a　depth　of　about　3－5

meters，　is　f川ed　mainly　with　granitic　sands　and　r㏄ks

which　arc　considered　to　llave　been　transpOrted　rrom　the

Rokko　Moun巳ains　arca．　This　aquifer，　which　we　cal田1e

「irst　aquifer，　has　very　high　permeability，　above　5x10’2

cm／s　throughout　the　layer（Sumikawa，1990），　providing

us　with　abundant　groundwater　resources．　Furthcrmore，

thc　groundwater　rrom　the　rirst　aquifer　is　rich　in

phosphorous，　potassium，　and　calcium（Sumikawa，

1990），which　makes　the　watcr　suitable　for　brewing　Sake，

thc　Japancse　traditional　liquor．　Trad而onal　S律ke

brcwcries　have　long　been　using　this　groundwater．　Thc

1㏄ation　of　a　major　group　or　brcwcrics　in　this　arca　is

shown　in　Fig．2．

　　To　preserve　the　quality　of　this　groulldwater，　over　60

welis　have　been　bored　within　a　small　area　less　than　10

km2surrounding　the　breweries　and　periodic
examinations　of　chemical　compositions　of　groundwater

have　been　continued　for　about　40　years（Sumikawa，

1990）．Thus　the　environmental　conditions　in　this　area　is

suitable　for　investigating　the　local　variations　of
groundwatcr　radon．・As　the　fi　rst　step　6f　our　researches，

we　made・continuous　monitoring　of　radon　concentration

in　the　groundwater　from　the　first　aquifer　at　5　different

wells　for　the　periods　from．4　days　to　l2　days．

Unfortunately，　we　could　prepare　only　one　instrument　for

radon　moni吐oring　this　time．　So　we　were　obliged　to　make

asingle　radon　measurement　repeatedly，　by　moving　the

instrumcnt　from　one　welno　ano巳her．

　　　In　addition，　we　also　made　radbn　nlqnitoring　at　three

wells　tapPing　deeper　aquifers　for　comparison：two　wells

with　depths　of　16　m　and　17　m　tappi　ng　the　second　major

aquifer，　which　has　very　high　permeab川ty　comparable　to

that　of　the　first　aquifer（Sumikawa，1990），　and　one　wel！

with　a　depth　of　8　m　tapping　a　less　permeable　minor

aquifer　betsvecn　the　first　qnd　se◎ond　major　aquifers．

IV．　Resuks　and　discussion

　　Fig．3and　Fig．4show　the　results　of　continuous

monitoring　of　groundwater　radon　in　Nishinomiya　City．

Not　only　the　absolute　val　ues　or　radon　concentration，　their

tempOral　variation　patterns　are　also　surprisingly　different

from　welho　well．　Such　differences　are　considered　to

renect　variable　flows　or　the　groundwater　as　well　as

inhdmogeneous　distributions　of町anium　concentration

and　grain　size　or　sediments　in　the　aquifers．　Thus　the

radon　concentration　will　provide　valuable　information

about　thc　characteristics　of　the　aquifer　systems．

However，　to　exactly　characterize　both　the　spacial　and

temporal　variations　of　radon　concentration　in
groundwater　in　this　area，　our　．observations　are

insufficient　and　further　observations　at　more　wells　for

longer　periods　should　be　needed．　Nevertheless，　several

interesting　features　have　already　bOen　revealed　as

follows．

A．The　first　aquifer

　　Absolute　values　or　radon　concentration　at　the　shallow

wells　are　very　similar　tg　one琴nother，　except　for　that　at

HM－1；time・avcraged　values　of　radon　coricentrations　at

S－1，H－5，　H－6，　and　3H－5　are　70－80　Bq／1，　and　that　at

HM－ris　15　Bq／1（Bq　is　a’unit　for　the　number　of

radioactivc　dccays　per　unit　time，1Bq　corresponds　to　l

decay　per　second）．　Ishii　and　Horiuchi（1992）made　a

widc　survcy　of　the　radon　concentration　in　natural　water

all　over　the　Japanese　Islands；35　natural　waters　sampled

from　various　rcgions　of　Japan　range　from　O．24－98．91

Bq／1，　with　a　mcan　value　of　l2．98　Bq！L　Thus　the　radon

concentrations　at　the　shallow　svells，　except　for　HM－1，　are
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Fig．2．　Location　map　of　the　observation　svells　and　the　Sake　breweries　i　n　Nishinomiya　City．

Sake　brewerics　until　abOut　1920（A），1920・1933（B），　and　the　present（C）．

Modified　from　Fig．4．　i　n　Sumikawa（1990）．
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Fig．3．　Radon　concentrations　at　the　shallow　wclls　tapping

　　　　　the　first　aquifer．　Depths　of　thc　we且ts　are　shosvn　in

　　　　　parcnthcses・

almost　the　highest　value　of　Japan，　whereas　that　at　HM－l

is　much　smaller　and　close　to吐he　mean　value　of　natural

water　in　Japan．

　　　According　to　Sumikawa（1990），　sediments　from　the

aquifer　layers　aUhe　S・1，　H－5，　H－6，　and　3H－5　wells　are

dominated　by　light　coloured　granitic　sands，　whereas

those　from　the　aquifer　at　HM－1are　mainly　composed　of

dark　coloured　marine　sediments．　Sumikawa（1990）

examined　the　distribution　or　water－head　gradients　of

groundwater　and　found　that　there　are　several　maj　or

groundwater　now　lines　from　north　to　south　in　this　area．

He　rurther　found　out　that　the　present　groundwater　flows

are　closely　related　to　the　positions　or　ancient　rivers・Thus

scdiments　in　the　first　aquifer　were　malnly　transported

along　with　these　ancient　rivcr　flows　from　the　Rokko

Mountains　area．　The　S－1，　H－5，　H－6，　and　3H－5　wells　are

situated　at　the　major　groundwater　nows’from　north　to

south，　where　a　large　amount　of　granitic　sands　rich　in

uranium　were　brought．　Hence，　the　high　radon
concentrations　aUhese　wells　can　be　attributed　to　large

contributions　of　uranium－rich　granitic　sands　to　the

sediments．　On　the　other　hand，　the　HM－1　well　is　distant

from　lhe　m珂or　groundwater　nows　and　its　aquifer　is　mled

with　marine　sediments　relatively　poor　in　uranium．　This　is

the　reason　why　the　radon　concentration　at　HM－l　is　much

less　than　the　other　shallosv　wells．　Thus　the　dirference　i　n

radon　concentration　of　groundwater　is　consistent　svith　the

chemical　composition　and　origin　of　sediments　in　the

aquifers．

　　　Itshould　be　notcd　that巳he　radon　concentrations　at　the

shallow　wells　show　large　temporal　variations．　Not　only

uranium　concentration　but　the　grain　size　of　sediments　in

an　aquifer　also　have　董arge　innuence　on　radon
concentration　or　groundwater（Torgersen　et　a1．，1990）．

As　mentioned　abOve，　uranium－rich　granitic　sands　which

were　transported　a量ong　with　the　flows　or　ancient　rivers

play　an　impOrtant　role　in　enhancing　radoh　concentrations

in　the　fi　rst　aqui　fer．1輩is　likely　that　hea’．Si・ainfalls　would

have　caused　noods　of　the　ancient！ivers　repeatedly．　Such

flood　events　would　have　broughUarge　grained　r㏄ks

intermittently　to出is　area，　which　caused　heterogeneity　in

the　grain　size　of　sands　andlor　rocks　in　the　fi　rst　aquifer．

Hence，　the　observed　large　temporal　variations　of

groundwater　radon　concentration　in　the　first　aquifer

probably　reflect　the　heterogeneous　distri　bution　of　the

grain　size　of　sediments，　wllich　can　be　explained　by　the

formation　process　of　the　aquifer．

　　　Furthermore，　the　irregular　variations　of　radon

concentration，　which　are　particularly　notable　in　the　wells

S・land　3H－5，　strongly　suggest　that　fluid　now　in　the　first

aquifcr　is　considerably　unstable．　The　unstable　flu董d　fiow

is　also　attributable　to　the　heterogeneous　distribution　or　the

grai　n　size　of　sedimcntS」n　genera1，　the　groundwater　rlow

is　determined　by　the　distribution　of　water－head　gradient
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o

and　permeability　or　an　aquifer．　The　grain　size　of

sedimentS　is　the　most　impOrtant　parameter　controlling　the

Permeability　of　an　aquifer．

　　At　the　H－5　and　3H－6　wells，　daily　variations　of　radon

concentration　are　dominant，　which　suggest　that　human

activities　affect　the　fluid　flow　significantly．　This　implies

that　because　of　its　heterogeneous　structure，　very　small

changes　in　nuid　flow　can　easily　be　detectcd　as　large

variations　or　radon　concentration，　Tllus　continuous

monitoring　of　groundwater　radon　is　a　sensitive　tracer　for

fluid　flow　variations　particularly　of　shallow
heterogeneous　aquifers．

B．Dce　pcr　aqui　fers

　　Absolutc　valucs　of　radon　concentration　at　the　dccpcr

wells　arc　small　compared　with巳hosc　at　the　shallowcr

welIs；time。averaged　valucs　are　20　Bqノ童at　S・3　and　S－4，

and　50　Bq／1　at　HM・2．　In　addi巳ion，　radon　con㏄ntrations　at

the　deeper　svells　arc　much　morc　stablc’than　those　in　the

shallowcr　svells，　Thcse　differences　svill　be　closcly　rclatcd

to　chemical　and　structural　differences　of　thc　aquifcr

systemSs

　　The　S・3　well　taps　a　minor　aquifer，　with　pcrmcability
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aquifer　also　vary　considerably　in　the　north　tQ　south

direc藪on．　Further　observations、vm　be　needed　to　clarify

the　horizontal　distribution　of　radon　concentration　in　the

second　aquifer．

　　The　radon　concentration　at　the　S－4　well　is　extremely

stable，　which　suggests　thaUhe　sediments　in　the　aquirer

is　chemically　and　structurally　homogeneous　and　that　the

groundwater　now　is　also　stable．　However，　a　closer

examination　of　the　data　has　revealed　i　nteresting　Periodical

variations．　Fig．5plots　the　radon　concentration　at　S－4

which　is　averaged　for　time　intervals　of　3　hours　to

eliminate　noises　with　shorter　periods．　The　data　on　the　sea

level　at　Kobe　harbor　are　shown　i　n　Fi　g．5　for　compari　son．

Thc　variations　of　the　radon　concentration　at　S－4　is　quite

similar　to　that　of　the　sea　leve1；variations　with　a　period

abOut　25　hours　are　dominant　and　smaller　variations　with

aperiod　about　l2．5　hours　can　also　be　noted・The

variation　or　radon　concentration　lags　about　l2　hours

behind　that　of　the　sea　level．　Thus　it　has　turned　out　that　the

radon　concbntratioh　at　the　S－4　well　responds　clearly　to

the　ocean　tide．　Changes　in　the　loading　of　sea　water　due　to

the　ocean　tide　wi　ll　cause　the　periodical　deformation　of　the

crust．　Such　defbrmations　due　to　the　ocean　tide　are　the

order　of　l（ン8　in　volumetric　strain（Satq　and　Hanada，

1984）．Hence，　our　observation　demonstrates　that　by　the

continuous　monitoring　of　groundwater　radon，　we　can

detcct　signals　of　very　small　crustal　deformations．

V．Conclusions
Fig．5．　An　expanded　plot　of　the　radon　concen！ration　at

　　　　　　the　S－4　well　and　the　sea　level　aUhe　Kobe　harbor．

　　　　　The　data　on　radon　concentration　are　averaged　fbr

　　　　　　time　intervals　of　3　hours　to　eliminate　the　noises

　　　　　　wi吐h　shor吐cr　pchods．

less　than　5x　lO’2　cm／s，　situated　between　the　first　and

second　major　aquifer．　This　layer　is　mainly　composed　of

fine　grained　marinc　sedimcnts　whose　uranium
conccntration　is　probably　much　less　than　the　sedimentS　at

the　first　aqui　fer．　As　a　result，　the　radon　concentration　at

the　S－3　well　is　only　about　a　quarter　of　the　S・1　well，

ahhough　the　svaters　at　these　two　wells　are　taken　from　the

places　only　abOut　4　m　vertically，　and　2　m　horizontally

distant　from　each　othcr．　Thus　therc　exists　a　striking

vcrtical　contrast　of　groundwater　radon　concentration　in

this　area．

　　　Two　wells　tapping　the　second　major　a、　quifer，　S－4　and

HM・2，　which　are　about　400　m　distant　from　each　other，

show　quite　different　fca田res　of　radon　collcentration　both

in　their　absolutc　valucs　and　tcmporal　variations、　Such

differcnces　arc　found　at　the　wells　tapPing　the　first

aqui　fcr，　bctsveen　S－land　HM－1．This　may　imply　that　thc

chemical　and　structural　propert董cs　of吐hc　sccond　major

　　we　report　preliminary　results　of　continuous
monitoring　of　groundwater　radop　in　Nishinomiya　City，

Hyogo　Prefecture，　to　investigate　detailed　chemical　and

structura1　propertics　and　fl　uid　flow　variations　of　shal　losv

aquifer　systems．　Both　of　the　absolute　values　and　their

temporal　variations　show　large　differerices　from　well　to

we11，　reflecting　the　characteristics　of　the　aquifer　systems．

（1）Absolute　values　of　radon　concentration　at　the　shallow

wel　ls　are　extremely　high　and　are　almost　the　highest　value

or　natural　water　i　n　Japan，　which　can　be　attri　buted　to　large

contributions　of、uranium・rich　granitic　sands　to　the

sediments　brought　from　the　Rokko　Mountains　region　on

the　north．

（2）The　radon　concentrations　at　the。first　aquifer　show

large　tempOral　variations，　which　probaわ1y　reflect　the

heterogeneous　distribution　of　the　grain　size　of　sediments

and　unstab且e　nows　of　groundwater．　It　is　likely　that　the

hctcrogeneous　distribution　of　th．e　grain　size　of　sediments

wcrc　caused「 by　the　noods　of　ancient　rivers　which　had

brought　granitic　rocks　of　various　sizcs　intermittently　to

this　area．

（3）Somc　of　thc　shallow　wclls　show　daily　va！iations　of

radon　concentration，　Svhich　suggests　that　human　activities

affect　the　fluid　fiow　significantly．　Continuous　monitoring

o『groundsvatcr　radon　is　a　scnsi　tive　traccr　for　fluid　now

variations　particular置y　or　such　shallow　heterogeneous

aquircrs．　　　　　　　　　　　　　　　　　　　　　J
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（4）Absd凱e　va墓ues　of　rado織concentra縫on　at　the　dccper

wells　are　much　less　than　those　in　the　first　aquifer，　which

s糠gges総as｛rl雑縫g　ve貢ical　OO益蒙鰍◎f　g額9縫籍dwatcr　radon

CO無ce織鳳IQ織i田hls　area．　Furthermorc，象wo　wcllS

tapping　thc　second　major　aquifer，　which　are績bout　400　m

dls繍t　rmm　each　other　ln　the　noτ電h　｛o　south　direction，

ShQW“嘘e　dl∬むre織晩a嘘eS　Of図0籍CO総CC撫a縫0鍵bO塾h

in　theirabsolute　values　and吐emporal　vari飢ions．　This　may

imp霊y　that　the　che驚｝韮ca薯a論d　str継ct矯ra董proP《｝rtlcs　of　thc

seco籍d　m勾or　aquifer　Vary『cO録Siderably　in　the　R◎rtl｝　t◎

souユh　dircction．

（5）Per韮od蓋cal　va㈱・ns　pr　rad◎n　c◎nccntraこion

respO織dl簸9象o象he・ocea織象ldc　was　de象cc象ed　a象awell　wl漁

depth　of　16　m，　which　dcmonstrates　that　by　the

CO籍こ1警糧o鰭s　mo轟i｛oriB9　ef　groundwatcr　rado籍，、vc　ca潴

dc象ect　sig薮als◎£　vcry　smal1　c則s繊田e∫b鋤ations．

　　　We　a，e　n。w。P，mti，94i・・こ・・m・nt・f・r　r◎d。・

㎞ohitorimg　in　the　Nishinomiya　City・Th¢　n¢w
si㈱1糠eo縫s撚。轟iぬrin9。f　gr◎縫擁dw滋eどrad◎照h髭瞭i－

stations　will　provide　much　more　infbrmation　abouUhe

compl　icated　aquifer　systems・
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