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On the　Groundwater　of　Nishinomiya
　　　wi重h　Special　Reference　to　the

　　　　　Permeability　of　the　Aquifer

　　　　　　　　　　　Composition　of　the

District，　Kinki，　Japan

Characteristics　of

and　Chemical

Miyamizu

By

Kaname　SuMIKAwA

一
with　10　Text　figures　and　2　Tables一

（Rec樗ived，　March　19，1987）

ABSTRAcr

　　　The　geological　structure　and　constituents　of　aquifer　and　chemical　composition　of　the　groundwater　of

Nishinomiya　city，　Kinki，　Japan　were　investigated．　The　Miyamizu，　a　brewing　water　of　the　city　has　long　been

known　as　a　most　suitable　water　for　brewing　purpose　of　japanese　Sake．　The　district　is　composed　of　Alluvial

sediments　and　the　aquifer　of　the　district　is　restricted　to　the　Alluvial　sediments　which　can　be　divided　into　several

zones　according　to　its　permeability．　The　Miyamizu　aquifer　corresponds　to　the　first　aquifcr（higher　than　5×

10－2cm！sec）and　with　increasing　the　depth，　permeabmty　decreases　gradually．　The　basement　of　the　sediments

is　consisted　of　thc　aquiclude　with　permeability　smaller　than　5×10－4cm！sec．

　　　Based　on　the　analysis　of　the　groundwater　levels，　it　is　clarified　that　the　groundwater　flowing　into　the

lMiyamizu　aquifer　comes　from　several　underfiows　of　the　old　rivers，　and　each　old　river　has　its　own　chemical

characteristics．　Chemical　composition　of　the　Miyamizu　is　characterized　by　high　contents　of　phosphorous，

potassium　and　calcium　and　very　low　content　of　iron．　Variation’of　the　chemical　composition　of　the　Miyamizu

for　long　years，　seasonal　and　monthly　variations　are　clarified．　Concerning　the　formation　process　of　the　chemical

characteristic　of　the　Miyamizu，‘　it　is　concluded　that　the　present　composition　is　formed　under　the　great　infiuence

of　Paleo。environment　of　about　1，000　years　ago，　Le．，so・called　the　J6mon　transgression，　especially　in　relation　to

the　deve！opment　of　shallow　sea．
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1．　　INTRODUCTION

　　　Apart　of　the　groundwater　in　the　southern　district　of

Nishinomiya　city　is　well　known　as　Miyamizu，　and　is　very

famous　as　high　quality　water　for　brewing　of　japanese

Sake．　Both　Miyamizu　and　Ki・ippon　of　Nada　are

famous．　Improvement　of　Nishinomiya　port　took　place
in　the　late　1900’s　to　early　1910’s．　Since　the　brewing　wells

were　close　to　the　port，　they　were　suffered　brineing　and

the　brewing　wells　were　transfered　to　the　northeast　region

（see，　Fig．3）．　The　great　increase　of　pumping　discharge

after　the　Word　War　I　caused　the　exhaustion　of　the

Miyamizu，　and　the　first　Preservation　and　Research　Com・

mittee　of　Miyamizu　was　organized．　As　the　early　results

obtained　by　investigation　of　the　Committee，　the　following

contributions　were　reported；Ogawa　and　Ueji（1926ンon

the　outline　of　geology　of　Northern　district　of　Nada，

Ogawa（1926）on　geology　and　groundwater，　Matsubara

and　Sakurada（1926）on　the　chemical　composition　of

underground　water　of　the　district．　Subsequently，　Matsu－

bara（1926，1927）studied　the　groundwater　of　the　Nishino・

miya　district　and　Ueji（1927，1936，1937）and　Huzita　et　aL

（1959）investigatcd　the　geology　of　the　same　district．

After　that，　demand　of　the　brewery　water　gradually　de・

creased　and　the　Committee　ceased　to　operate．　In　the

meantime，salt　content　of　the　Miyamizu　increased　abrupt・

ly　after　the　high　tide　caused　by　the　Muroto　typhoon　on

1934，and　new　wells　were　drug　in　a　more　northern　area　of

the　district．　From　1930　to　1945，　a　smaH　amount　of　the

groundwater　was　used　and　no　brine　problem　was　occur・

red．　As　the　demand　of　water　increased　after　the　World
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War　II，　the　second　Preservation　and　Rescarch　Committee

of　Miyamizu　was　reorganized．　In　1953，　the　Research

Committee　for　groundwater　in　Nada　district　was　orga・

nized　in　relation　to　the　reclamation　of　thc　east　sea　bcach

of　Kobe　city．　The　author　became　the　professiona！hyd－

raulic　consultant　of　this　Committce．　Since　that　time，　the

development　of　Nishinomiya　city　and　the　surrounding

district，　new　civil　engineering　works　had　bccn　cxccutcd

and　the　groundwater　was　rcscarchcd　at　cach　sitc　to　assess

the　state　of　the　water．　The　pumping　discharge　area　of

the　Miyamizu　has　gradually　transfercd　from　thc　sca　shorc

to　the　north　district，　and　nowadays　it　is　in　an　area　about

500mlong　in　the　south・north　dircction　and　300　m　in

east－weSt　direction（see，　Fig．3）．　For　about　35　years，　the

author　has　studied　on　the　Miyamizu　from　hydraulic　and

geological　point　of　view　as　well　as　on　the　seasonal　and

temporal　variation　of　the　chemical　charactcristics．　In

this　paper，りased　on　the　numerous　data　collccted　by　thc

author　during　Past　35　years，　the　charactcristics　of　the

Miyamizu　will　be　clari行ed，　and　furthermorc，　the　origin

and！or　genesis　will　also　be　discussed．
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II．　ExAM夏NATIoN　oF　PERMEABILITY　oF　THE　AQulFER

　　　The　geology　around　the　Miyamizu　area，　southcrn

part　of　the　Nishinomiya　district　is　composed　of　the　Itami

gravel　bed　of　upper　Pleistocene　age　and　AIIuvium　sedi・

ments．　The　author　has　already　rcported　the　outline　of

the　constituents，　thickness　and　distribution　of　the　Itami

gravel　bed　and　the　Alluvial　sediments（Sumikawa，1961）．

The　Italni　gravel　bed　is　composed　mainly　of　gravels　of

granite，　shale　and　sandstone　of　Paleozoic　and　volcanics

such　as　liparite．　The　gravels　are　generally　rounded　with

diameter　of　3　to　10　cm．　Thin　clay　and！or　silt　bed　is

intercalated．　When　regarding　the　Alluvial　sediments　as

an　aquiferous　beds，　permeability　is　the　most　important

factor．　Therefore，　the　Alluvial　sediments　were　classified

based　on　the　permeability　（k　value）in　this　paper．

Measurements　of　thc　k　valuc　wcre　pcrformed　using

pumpimg　and　impregating　mcthods．　In　addition，　per・

meability　was　also　measurcd　in　thc　laboratory　on　carcful－

1y　collectcd　samplcs，　so　as　to　gct　prccisc　rcsults．　Thc

mcasurcment　was　conductcd　about　20　cm　intervals，　con。

sidcring　thc　heterogcncity　of　thc　Alluvial　scdimcnt．　All

k　values　describcd　in　this　paper　are　averagc　valuc　of

several　measuremcnts．　In　the　following，　the　outlinc　of

permeability　of　thc　AIIuvial　scdiment　will　bc　first　dc・

scribed，　then，　the　Miyamizu　aquifcr　will　be　cxamincd　in

detai1．

A．Zonal　Aπangcmcnt　of　thc　Aquifer

　　　　As　an　rcprcsentativc　examplc　of　the　area，　a　E・W

cross　scction　along　National　Road　No．2in　Nishinomiya

city，　is　shown　in　Fig．1．　This　is　a　typical　cxamplc　of　thc

zonal　arrangcment　of　the　Alluvial　scdiments　bascd　on　the

kvaluc．　The　Miyamizu　arca　situates　about　O．6　km　south

of　the　Rokutanji　rivcr　locatcd　at　the　centcr　in　Fig．1．　As

is　seen　in　the　figurc，　k　valuc　dccrcascs　gradually　from　thc

upper　to　thc　lowcr　inspite　of　thc　hctcrogcncity　of　thc

constitucnts　and　non　continuous　propcrty．　In　some

cascs，　thc　ground　surfacc　is　covered　with　a　thin　clayey

．soiL　Howcver，　the　uppcr　scdimcnt　is，　in　gcncra1，　high

quality　aquifcr　with　k　valuc　highcr　than　5×10－2　cm！sec

throughout　the　whole　section．　The　AIIuvial　scdimcnts

are　composcd　of　medium　and　coarse　graincd　sand　with

some　light　ycllow　brown　colorcd　gravels　and　are　de・

veloped　from　the　surface　to　20r　3　m　depth．　Although

dark　bluc　grcy　colored　fine　sediment　rich　in　organic

materials　and　scashells　are　intercalatcd　in　some　parts，　thc

most　of　thc　scdimcnt　is　composcd　of　sandy　graveL　In

this　paper，　this　sandy　gravcl　bcd　is　caUed　the　first　aquifcr．

What　is　remakablc　in　Fig．1is　that　thc　k　valuc　gradually

increascs　with　depth．　This　fact　seems　to　occur　because

thc　diametcr　of　thc　sands　is　homogcnizcd　by　sorting　and

fine　grains　arc　discharged　from　thc　scdiments　during　thc

transportation　of　thc　scdimcnt．　Sincc　the　first　aquifer　is

thc　sourcc　supply　of　thc　Miyamizu，　dctailcd圏structurc　of

thc　aquifcr　in　thc　Miyamizu　arca　will　bc　examincd　in　the

following　scction．　Scdimcnts　with　thc　k　valucs　of　lO－3

to　10－4　cm！scc　arc　dcvclopcd　under　the　first　aquifcr．

The　laycr　is　composcd　of　fine　sands　with　dark　grcy

colorcd　bluc　silts　charactcrizcd　by　intcrcalation　of　thin

Iaycrs　of　iron　hydroxidcs．　As　is　sccn　in　Fig．1，　thc

thickncss　of　thc　laycr　varies　from　place　to　placc．　In

addition，　thc　laycr　charactcristically　contains　organic

materials　and　in　somc　parts　shallow　scashclls．　Thc　in・

tcrmediatc　scdimcnt　with　k　valuc　of　about　lO－2　cmlscc　is

composed　of　sandy　gravcls　but　thc　continuation　of　the

scdiment　is　relativcly　poor．　The　iowcst　part　of　the　layer

is　rich　in　clay　and　black　humic　soil，and　finally　unconform・

ably　overlics　the　Itami　gravel　bed．　This　lowcst　laycr

Plays　a　rolc　of　aquicludcs　for　thc　first　aquifcr・

　　　　The　avcragc　thickncss　of　thc　Alluvial　scdiments

including　the　first　aquifer　is　about　15　m　in　this　cross

section　and．app止oximately　18m　in　the　Miyamizu　area．

Under　the　Alluvia！sediments，　i．e．，　beneath　the　uncon・

formity，　high　permeable　gravel　bed　is　developed　through・

out　the　district．　The　thickness　of　the　gravel　bed　varies　in

the　range　from　a　few　to　about　8　m．　The　k　value　of　this
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bed　is　higher　than　10－2　cmlsec．，and　this　bed　corrcsponds

to　the　second　aqulfer　with　respect　to　the　k　valuc，　and

stratigraphically　belong　to　the　Itami　gravel　bed　of　thc

upper　most　Pleistocenc．　Thc　mam　constltuents　are
gravel　of　granitic　rocks，　Iiparite　and　Palcozoic　rocks　with

dlameter　of　3　to　15　cm　and，　ln　somc　parts，　finc　sands　arc

intercalated．　The　k　value　varics　from　placc　to　place　in

the　range　above　10－2　cm／sec．　This　gravcl　bcd　suddcnly

disappears　near　the　Shuku　river（left　cnd　part　in　Fig．1）

where　probably　exists　a　small　fault　which　may　continue　to

the‘‘Itami　fault”described　by　Fuzita（1967）．

　　　　　B．Miyamizu　Aquifer（The　First　Aquifcr）

　　　As　a　typical　example　illustrating　the　structure　of　thc

aquifer　in　the　Mlyamizu　area，　a　cross　section　along

Natlonal　Road　No．43　is　shown　in　Flg．2．　Sediments

shown　in　the丘gure　is　restricted　mamly　to　the行rst　aquifer

mentioned　above．　The　k　value　of　the行rst　aquifer　is
higher　than　5×10－3　cm／sec．　It　is　notcd　that　the　lowcst

part　of　the　aquifer　is　composed　of　clay・rich　laycr　with　low

permeability．　As　observed　in　the丘gurc，　k　value　in　the

行rst　aquifer　is　very　compllcated，　and　in　some　cases　it

vanes　onty　within　a　several　tens　cm　in　both　horizontal　and

vertlcal　directions．　In　the　NS　prome　perpendlcular　to

the　ArA2　direction　of　Fig．2，　the　k　value　shows　more

complicated　variation　which　will　be　mcntioncd　in　the　next

scctlon．　The　rcason　of　th置s　complcx　variation　is　causcd

by　the　fact　that　the　thrcc　dimcnsional　distribution　mngc

of　the　sedlments　is　vcry　small．　Such　detalled　structurc

could　be　revcalcd　by　thc　tcsting　method　using　watcrlcss

boring，　i．e．，　without　using　bcntonite　during　thc　boring

process．　That　is，　mixing　of　mud　m　thc　spcclmcn　obscure

the　true　k　value．　Succcssive　sampling　has　also　hclped　to

establish　the　the　detallcd　structure．　Thus，　thc　rcsults　as

shown　in　Flg．2arc　obtaincd．

　　　The　maximum　k　valuc　in　thc　aquifcr　rcachcs　3×10－1

cm！sec，　and　thc　minimum　is　2×10－3　cm！scc．　Conccrn・

ing　the　sandy　gravel　with　diamctcr　less　than　2mm，　high

permeabiiity　of　the　layer　is　the　rcsult　of　sorting．　Well

sorted　and　cqui・granular　scdimcnt　improvcs　thc　k　value．

In　other　words，　k　value　is　high　whcn　the　sediment　does

not　contain　cxccsslvely　fine　grains．　In　all　bored　colum・

nar　sect重ons，　the　sandy　gravcl　layer　of　thc　first　aquifer

contams　rarcly　largc　gralns　about　5　cm，　but　m　gcncral，

the　layer　is　composed　of　wcll　sortcd　sand　with　high　k
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value．　The　size　of　gravels　in　the　columnar　section　of　No．

34is　relatively　small　compared　with　that　of　M－6　and　No．

35．　This　also　support　the　small　extension　of　the　respec・

tive　sediment．　However，　in　the　cross　section　as　a　whole，

aquifer　with　high　k　value　of　10－1cmlsec　continues

throughout　the　district．　The　fact　that　the　sandy　and

gravel　beds　are　cut　into　pieces　is　a　characteristic　feature　of

sediments　in　the　Alluvial　fan．　All　wells　for　brewing

purposes　in　the　Miyamizu　area　are　drug　into　this　sandy

gravel　layer．　Just　beneath　the　sandy　gravel　layer，　a　thin

bed　with　k　value　far　lower　than　the　other　is　developed　as

is　shown　in　Fig．2．　In　genera1，　the　aquiclude　contains

thin　Iimonite　layer　and　is　composed　of　mainly　fine　sand．

In　some　cases，　the　fine　sandy　layer　contains　shallow

seashells．　Attentions　have　been　payed　that　the　wells　for

brewery　use　do　not　reach　the　limonite　layer　developed　on

the　upper　most　part　of　the　aquiclude．　This　is　because

closely　related　to　water　quality，　and　will　be　described

later．　The　impermeable　layer　distributed　at．the　lowest

portion　of　the　figure　with　k　value　lower　than　5×10－4

cm／sec　is　fine　sand　accompanied　with　silt　of　dark　grey

color　which　plays　as　aquiclude　supporting　the　Miyamizu．

Although　the　layer　is　consisted　of　partly　sandy　sediments，

as　a　whole，　the　Iayer　is　relatively　impermeable．　The

groundwater　level　on　this　district　does　not　descend　below

this　layer．

III．　GR’ouNDwATER　TABLEs

　　　As　mentioned　in　the　previous　chapter，　the　AIIuvial

sediments　have　brought　by　the　Shuku　river　originated　in

th6　Rokko　mountains　and　by　the　Muko　river　originated　in

the　northern　mountains．　The　thickness　of　these　sedi－

ments　are　approximately　20　m　and　30　m　in　the　areas　close

to　Nishinomiya　port　and　at　the　Muko　fiver　estuary，

respectively．　This　Alluvial　sediment　has　mostly　de－

veloped　as　a　delta．　The　upPer　sandy　gravel　layer　of　the

Alluvial　sediment　which　is　also　the　foreset　bed　of　this

delta，　corresponds　to　the　Miyamizu　aquifer　mentioned　in

the　previous　chapter．　　In　this　chapter，　real　state　of　the

groundwater　in　these　sediments　is　intended　to　clarify．’

　　　The　groundwater　level　of　the　southern　part　of　Nishi。

nomiya　city　at　the　winter　time　of　1961　is　represented　by

contour　Iines　in　Fig．3．　The　present　Miyamizu　area　is

also　shown　in　the　figure．　In　addition　to　the　present

rivers，　the　underflow　of　old　river　also　have　an　great

influence　on　the　groundwater　leve1．　Therefore，　the　wa一

（present）

N
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簿
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s
，
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FIG．3。　Groundwater　levels　of　winter　scason　in　the　southcrn　part　of　Nishinomiya　city．　The　shaded　area　is　the　present

　　　　　　Miyamizu　area．　The　old　rivers　are　drawn　based　on　the　map　publishcd　in　1885．
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Miyamizu　area．
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ter　course　of　old　rivers　obtained　from　a　map　published　in

1885are　also　shown　in　the行gure．　Contour　lines　are

recorded　for　every　10　cm　below　the　O　m　leve董，because　the

water　level　in　the　Miyamizu　area　is　close　to　the　leve1．

The　precise　cross　segtion　of　the　Miyamizu　aquifer　de。

scribed　in　the　previous　is　located　on　an　east－west　line　at

the　north　end　of　the　Miyamizu　area　shown　in　Fig．3．　As

is　seen　in　this員gure，　two　large　underHow　drainages　are

noted　in　this　district．　One　is　the　present　Muko　river　and

the　other　is　old　Shuku　river　drainages，　respectively．　The

former　drainage　originated　in　the　north－west　end　of　the

行gure．　The　triangular　area　of　which　the　two　edges　are

the　present　current　of　the　Shuku　river　and　the　hne

between　the　upstream　Shuku　and　Imazu，is　most　probably

considered　as　the　old　Shuku　river　fan．　The　center　of　the

present　Miyamizu　area（shaded　area　in　Fig．3）is　located

near　the　center　of　this　triangle．　The　old　Shuku　river

drainage　is　assumed　to　flow　from　the　north。west　end　of

the丘gure　down　to　south・east　directionρutting　almost

perpendicular　to　the　contour　lines　of　groundwater　leve1．

The　main　source　of　the　present　groundwater　of　the

Miyamizu　area　is　derived　from　this　underHow．　Together

with　the　central　Tsuto　river　and　underflow　water　of　the

Muko　river　drainage　coming　from　the　north，　the　arti行cia1・

1y　constructed　Mitarashi　river　play　also　role　of　supplying

groundwater　to　the　Miyamizu　area．　For　the　whole　area

of　the　southern　Nishinomiya　district　including　the

Miyamizu　area，　both　the　Muko　and　Shuku　river　drainages

are　important　as　undernow　water．　Thus，　groundwater　in

the　Miyamizu　area　mainly　comes　from　the　Shuku　and

Mitarashi　rivers　originating　in　the　Rokko　mguntains

composed　mainly　of　granitic　rocks．　Interesting　facts　are

noted　when　comparing　the　hydraulic　gradients　of　the　both

drainages．　In　the　area　between　the　Hankyu　and
Tokaido　Iines，　the　western　hydraulic　gradient　of　the

Shuku　river　is　about　1！150　to　11200　and　that　of　the　Muko

river　from　the　east　is　about　1！400　to　11600，　respectively．

Between　the　Tokaido　line　and　National　Road　No．43，　the

former　is　approximately　1！300　and　the　latter　is　1！500　to

1！600，　respectively．　　In　both　cases，　the　existence　of

groundwater　diversion　should　be　considered．　The　up－

stream　of　the　Shuku　river　drainages　is　supplied　by　river

diversion　as　shown　in　Fig．3．　Considering　the　distribu・

tion　density　of　the　contour　lines，　small　temporary　storage

of　Shuku　and　Mitarashi　river　drainage　are　reasonably

expected．　This　temporary　storage　has　an　important　in－

nuence　on　the　chemical　properties　of　the　Miyamizu．

The　groundwater　level　in　winter　time，　i．e．，’dry　season，　is

shown　in　Fig．3．　In　summer，　the　pluvial　season，　the

groundwater　level　rises　not　only　because　the　rainy　season

but　also　the　decrease　of　the　pumping　discharge　in　the

Miyamizu　area．　Thus，　the　groundwater　level　of　the

Miyamizu　area　rises　about　60　cm　in　summer．　As　a　result

of　this，　underHow　water　Hows　towards　the　east，　in　a

south・eastery　direction　corresponding　to　the　general　now

direction　of　drainage　of　the　Shuku　river　groundwater．

The　coastal　groundwater　is，　as　mentioned　in　the　following

chapter，　contro11ed　largely　by　the　tide　leveL　The　main

reason　why　the　Miyamizu　area　have　moved　gradually　to

the　north（Fig．4）is　the　effects　of　the　brine　content　in　the

groundwater．　The　diffcrence　between　monthly　average

tide　levels　for　winter　and　summer　is　about　25　to　45　cm，

although　some　annual　variation　does　exist（see，　Fig．7in

the　later　chapter）．　The　contour　line　of　water　above　3　m

from　sea　level，　only　a　small　summerlwinter　variation　is

recognized．

IV．　CHEMIcAL　CHARAerERIs・ncs　oF　THE　MlyAMIzu

　　　　　　　　　　　A．　Chemical　Composition

　　　As　was　des6ribed　in　the　above　chapter，　the　ground。

water　in　this　area　is　mainly　contained　in　the丘rst　aquifer

（Miyamizu　aquifer）developed　within　5　m　below　the

ground　surface．　The　water　for　the　brewery　in　the

Miyamizu　area　is　pumped　from　this　aquifer　and　this　water

is　commonly　called　Miyamizu．　Because　of　the　useful－

ness　for　brewery　purpose，　many　analysis　data　on　the

chemical　properties　of　this　water　have　been　reported

（Kano，1953；Sumikawa，1957；Iwai　and　Sumikawa，1964；

Kusaka，1980）．　Although　there　exist　some　annua1，　sea－

sonal　and　monthly　variations，　tbese　analysis　data　show

de行nitive　characteristic　chemical　composition　of　the・

Miyamizu　compared　with　groundwater　of　other　districts．

The　average　chemical　composition　of　the　Miyamizu　is

shown　in　Table　l　in　comparision　with　other　brewing　water

in　Japan．　As　observed　in　the　Table，　the　Miyamizu　is

characterized　by　1）high　phosphorous　content，2）high

potassium　content，3）very　low　iron　content　and　4）

relatively　large　amount　of　ignition　Ioss．　Among　these

characteristics，　high　phosphorous　and　potassium（includ・

ing　sodium）content　promote　fermentation　at　the　brew－

ery，　and　the　low　iron　content　is　useful　fbr　making　the

flavour　of‘‘sake”refreshing．　In　the　following，　chemical

properties　of　the　Miyamizu　posessing　the　above　noted

characteristics　are　more　precisely　examined．　As　has

been　mentioned，　anhual　variation　of　chemical　composi－

tion　of　the　Miyamizu　is，　in　genera1，　very　small．　Repre－

senttative　analytical　results　of　the　groundwater　taken

from　25　wells　in　the　Nishinomiya　district　at　the　time　of

summer　of　1985　and　winter　of　1986　are　shown　in　Table　2．

The　both　values　represent　clear　difference　in　chemical

omposition　between　the　pluvial　and　dry　seasohs．　In

Table　2，　the　resistivity，　the　value　largely　depends　on　the

cation　concentration　is　also　shown．　The　Iocations　of　these

TABLE．1． CHEMIcAL　cHARAcrERlsTlc　oF“MiYAMIzu”BREwlNG
wATER．　THE　DATA　ARE　TAKEN　FRoM　KANo（1953）．

＊Av駅AGE　vALuE　oF　11　BREwlNG　wATER　IN　MIYAMI－

ZU　AREA．

林 AvERAGE　vALuE　oF　65　BREwlNG　wAT£R　IN　JApAN

w1THouT　THosE　oF　THE　MiYAMIzu，

Element
MiyamiZU Brewing　wate

米 in　Japan　　　米米

pH． 6．98 6．71

ig．10SS 301．4 255．9

Si　ppm 11．5 10．5

Fe　　” 0．0023 0，006

Al　　” 0，262 0，295

Ca　　” 37．2 27．1

Mg　　” 5．61 6．97

Mn　” 0．04 0．05

K　　〃・ 19．7 11．9

Na　　〃 32．1 32．1

P　　” 2．28 0．19

フ
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TABLE．2．　S肌EσrEDα1EMlcAL　coMPos1TloN　oF　THE　GRouNDwATER　IN　N且sH置NoMIYA　c1TY．

　　　　　　　　‡1LocAT夏oN　oF　wELLs　ARE　sHowN夏N　FIG．4，　　　　　　　　　’

　　　　　　　　ホ2ANALYsED　DATA：S85：JuLY　4，1985，　W86：FEBRuARY　4，1986，

　　　　　　　　亭3TII£vALuE夏s　AMouNT　oF　1150　N．　H2SO4　coNsuMED　To　oBTAIN　THE　pH　vALuE　oF　4．5　wHlcH

　　　　　　　　ls£qulvALENT　To　ToTAL　AMouNT　oF　HCO∫．

No． Date Temp Resistivity
Total
alka1ガ C1 PO4 Na K Mghardness

Ca
hardness

※1 米2 ℃ Ω・cm
at20℃

CaCO3※3
　　ppm

ppm ppm ppm ppm CaO㎎！100雌 CaO㎎！100説

S85 18．8 1930 126 47 5．9 36．0 12．1 1．6 7．6
a W86 16．5 2460 85 40 6．1 33．0 11．0 0．9 6．3

S85 19．0 2320 92 28 4．8 17．5 11．4 0．7 5．4
b
W86 16．0 2460 128 35 4．1 26．0 12．0 0．7 9．7

S85 18．2 2600 102 41 3．7 32．5 8．0 1．8 5．5
C W86 16．8 2710 88 34 4．0 26．0 7．8 0．6 6．6

S85 18．5 2290 92 44 3．6 35．0 11．4 1．1 6．3
d
W86 16．0 1970 100 62 3．9 51．5 12．8 2．6 5．8

S85 20．0 3540 62 28 3．0 19．5 7．0 0．5 5．0
204
W86 13．5 2790 88 34 3．7 24．0 7．5 2．8 5．8

S85 18．5 4580 42 25 4．4 21．5 6．5 1．7 2．0
257
W86 14．0 2950 76 35 2．0 30．5 9．3 2．0 4．4

S85 19．0 3120 72 37 3．2 25．0 10．3 2．4 3．0
362
W86 14．5 1570 110 92 3．0 65．5 14．0 2．1 7．6

S85 18．0 2550 76 42 3．4 21．5 11．0 0．7 6．2
405
W86 13．5 2260 88 41 4．0 30．5 10．8 0．8 6．9

S85 20．0 3330 75 33 2．0 18．0 5．7 0．8 4．6
504
W86 12．0 2990 90 38 1．1 32．0 5．8 0．9 5．0

S85 20．0 2810 100 41 1．1 20．0 6．5 1．3 5．4
530
W86 9．5 2810 108 28 2．0 25．0 6．6 1．1 6．3

S85 17．0 2700 90 32 2．3 25．5 10．3 1．1 5．5
602
W86 13．5 2160 102 35 2．5 30．5 9．6 1．3 8．1

S85 17．5 3020 52 36 4．8 25．5 6．2 1．2 3．9
607
W86 15．5 2440 76 47 5．2 37．5 7．2 0．9 6．1

S85 18．5 3850 96 13 3．6 10．0 3．5 1．3 5．4
661
W86 11．0 2430 54 53 0．8 25．0 5．4 1．8 6．4

S85 21．5 3740 96 11 4．9 11．0 11．6 1．0 4．4
732
W86 14．5 3180 88 32 3．0 27．5 10．0 0．8 4．3

S85 20．0 6030 58 9 0．5 6．0 2．9 0．2 3．3
734
W86 12．0 2720 96 42 0．6 26．0 9．0 0．4 6．7

S85 18．5 1840 92 71 0．4 34．5 7．9 1．1 7．9
736
W86 14．0 2600 98 33 0．3 30．5 6．1 1．6 6．1

S85 19．5 2700 66 32 0．6 23．5 7．0 1．3 5．3
762
W86 11．5 2420 76 35 0．3 28．5 7．5 1．1 7．1

S85 20．0 2550 88 31 0．8 20．0 5．6 1．3 6．5
764
W86 10．0 1790 84 40 0．3 29．5 6．9 1．9 6．7

S85 18．0 3540 22 36 0．4 30．0 3．0 1．9 2．1
811
W86 15．5 3520 26 34 0．3 34．5 3．4 1．6 2．8

S85 22．5 3540 92 21 0．8 13．0 4．7 1．0 5．1
818
W86 11．0 3870 88 19 0．7 16．0 4．4 1．1 5．0

S85 22．5 8810 32 12 2．6 4．5 3．0 0．8 1．8
835
W86 9．5 3170 60 39 3．0 32．0 11．2 0．7 4．5

S85 19．5 3740 86 18 3．5 14．0 7．0 0．7 4．2
839
W86 11．0 2730 120 38 3．5 28．5 7．2 1．6 6．2

S85 20．0 5200 28 14 4．0 12．5 6．5 0．2 2．5
848
W86 11．5 3270 42 32 3．3 22．0 7．5 1．1 4．4

S85 18．0 2500 84 46 0．5 35．0 7．0 0．9 4．8
849
W86 11．0 2370 86 44 0．4 49．0 6．3 0．3 6．4

S85 21．5 4200 58 21 0．9 18．5 5．9 0．7 3．2
852
W86 10．5 3270 66 39 1．2 34．5 5．0 0．9 4．2

wells　are　shown　in　Fig．4．　Among　these，　Nos．　a，　b　and　c

are　from　the　Miyamizu　area　and　the　others　are　selected　to

surround　the　Mlyamizu　area　in　order　to　establish　the

characteristics　of　the　Miyamizu．　The　temperaturc　dif－

ference　between　summer　and　winter　is　usually　less　than

7°C．　This　is　within　the　range　of　variation　of　typica1

’
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surface　groundwater．　In　thc　second　aquifer　（Itami

gravol　bed）疑総de鴬he　M圭ya搬lz犠aq縫1財，　the　te即αa粟秘re

variation　is　less　than　2℃（Sumikawa，1960）、　Ahhough

the　data　co糠cemi総g　the　water　temperatuτ¢1盤th¢deep

zone　of　the　Miyamizu　area　is　not　described　in　this　paper，

the韮r　var韮a嫉oR　in　the　deptb　of　about　5　m（coπespond皇ng

to　about　TP一ヱm）fb盤ows　the　air　temperature　variation

with　one　month　delay　in　the　Miyamizu　area，　The　low¢st

temperaturc蓋薮the　figure韮s！膨ee◎rded　fご◎懇臓垂ate　Febr縫afy

to　early　March．　Water　pumping　for　the　brew¢ry　takes

place　from　eary　November　to　the搬lddle　of　Maどch　of撫e

next　year．　During　this　period，　the　water　temperature　is

held　constant　at　about　15℃．　The　pH　value　is　hdd

thro秘ghout　the　year　of　about　7．0．三n　the　Mlyamlzu　area，
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FIG，5，　Relatios　between　Ca　hardness　and　total　alkali．　The　arrows　show　th¢variation　direction　frbm　summer　to

　　　　　　wi厭er．　Note　that　the　values　of　each　arca　is　restricted　to　certain　region．

　　　　　　（a）Use由e　va擁es◎｛　sum織¢r，茎985磁d　wl譲er，三986薮s粟eご韮轟Tab！e　2．

　　　　　　（b）Use　the　avemg¢values　from　1975　to　1986．
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chlorine　content　is　within　the　range　of　30　to　50　ppm．

However，　a　value　exceeding　100　ppm　is　frequently
observed　in　the　wells　close　to　the　sea　shore．　Contents　of

the　other　elements　keep　almost　constant　throughout　thc

year　in　the　Miyamizu　area．　The　variation　of　the　chlorine

content　will　be　further　examincd　latcr．　Total　hardncss

（total　amount　of　Ca　and　Mg　hardncss　in　Tablc．2）of　the

Miyamizu　area　is　in　the　range　of　6　to　9（CaOmg／IOO　m　e）
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kceping　almost　constant　with　average　valuc　of　8．0．　Ab・

out　84％of　this　hardness　is　derived　from　calcium　content．

As　is　observed　in　Table　2，　total　hardness　outside　of　thc

Miyamizu　area　is　very　low　exccpt　that　of　the　wells　closc　to

sea　shore．　Potassium，　PO4，　iron　and　total　alkali　content

are　10，　above　4，1ess　than　O．01　ppm，respectively，　and　ali　of

thcse　contents　arc　comparativcly　stable．　High　contents

of　potassium，　phosphorous　and　total　alkali　vary　considcr・
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Miyqm；zu oreo

OSummer
●Winter

Geroee”

　　　　　　　　　　　　　　　　　　　　　　　K（PPm）　　　　　　　　　　　　’

Relations　between　phosphorus　and　potassium　contcnts．　Thc　arrows　show　thc　variation　dircction　from　summcr

to　winter．　The　variation　range　of　each　area　is　rcstrictcd　to　certain　rcgion．

（a）Values　of　summer　1985　and　winter，19861isted　in　Tab！c　2，

（b）Average　values　from　1975　to　1986．

、
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ably　from　place　to　place。　It　is　especia11y　rem融rkable　that

ph◎shor◎鞍s　c◎㈱Rt　is　very　high　iR　the　Miyamizu　area　axd

its　downstream　area．　Moreover，　in　th¢area　b¢tween

Hankyu　and　Tokaido　lines，　northeast　of　the　Miyamizu

area，　h量gh　ph《）sphor◎魏s　conte！鷺　dose　to　tha£　◎f　£he

Miyamizu翫rea　is　recognized．　This　fact　plays　an　impor－

ta搬rde◎n　the　genesiS◎f　the　Che擶ICa霊CharaCteriSticS・Of

the　Miyamizu，　and　will　be　discussed　in　the　Rext　chapter．

The　iron　content　is　characterized　by　its　exceptioml　low

val競e短庸e　Mlya翻z糠㈱a．　A　distinct　differeRce　ls

found　in　chlorine　content　between　summer　and　winter．

The　content　is　high　in　summer　and　low　in　winter．　Con－

verse茎y，　tota韮ha蜘e§s　is　low　i籍§ummer　a難曲lgh　l．震

winter．　This　phenomenon　is　frequently　6bserved　in

wells　close　to　the　coast．　This　is　consldered　to　be　caused

uRder・the・iRftueRce◎f　se縦wateτtogether醸h　the　gτ◎慧織d－

water　level　variation．　On　this　subject，　further　details

w淑be　me総tloned　i織the薮ext　secti◎織．

　　　　R¢stricted　to重he　Miyamizu　ar¢a，　vari．ation　of　the

alkali　content　during　summer　is　remarkable　whereas　that

of葦蕊wl滋er　ls　al盈ost　c◎轟s撫搬w鴛h　the　val慧e　of　apPmx－

imately　120（CaCO3mg〃），　Noteworthy　is　thqt　total

alkali　content　gradually　decreases　from　that　of　the

Mlya搬伽area　l轟轟o曲ery　directioR，　Le．，ぬward£he

Rokko　mountain　regardless　of　the　season，　winter　or

summer・　Thus　the　lowest　va蓋ue　is　fbund　at　points　No．

811a縫d　No・848，　both　a！臨e　c1◎se塾◎£he総orth　e薮d　of　F韮9．4，

with　alkali　content　of　about　50．　This　tendency　is　also

reco9織lzed　co織ceml額g　the　to重a抜ard難ess．　These　facts

dearly　shows　that　groundwater　from　mountains　changes

its　chemical　composition　during　passing　through　the　sedi一

組¢難ts　of由e　dd　Sh纏k慧r韮veごas　gro慧簸dwa重ef．　丁短s　fact

is　intimately　related　to　the　fact　that　the　Alluvial　sediments

of　the　area　through　which　the　groundwater　passes　in－

c嚢秘des　ca！〒bo】潅a£es　s饗ch　3s　she1韮．

　　　　The　differ¢nce　of　the　chemical　composition　between

the　summer（pluvial　season）and　that　of　winter（dry

se謎soのls認so　show擁as　f灘塞c£韮α茎s　of　th¢co罫re韮a籔o総of

two　e1¢ments．　Th¢correlation　between　Ca　hardness　and

total　alkali　is　shown　in　Figs．5（a）and（b）．　Flg．5（a）is

obta韮轟ed　based◎擁象he　va韮縫es　of　the　summer韮難1985　a捻d

winter　in　19861isted　in　Table　2，　and（b）is　based　on　the

mean　val縫e　of　s鷲m擶er　a薮d　wl謙er　d秘rifig　1975　t◎ユ986，

The　normal　difference圏between　su搬mer　and　winter　can

be　seen　in　Fig．5（b）。　As　observed　in　Figs．5（のand（b），

bo£髭Ca　ha蜘ess　a獄d繊a韮a！kall。◎㈱Rts　are　relatively

low　in　summer　with　high　groundwater　level　and　increase

towards　winter，　i．e，，dry　season．

　　　The　N◎．8U　w¢ll　is！◎cated撮the　fb◎t◎f£he　Rokk◎

mountain　and　Nos．848，835，852，762　and　607　are　those

along　the　Shuku　river　from　the　upPer　to出e　lower　reaches

韮籍the　order．　As　ls　see籍1総Flg．5，　Ca　hard糠ess　a難d

amount　of　tot鋤1　alkali　increase　successively　and　reach　a

maxim疑m　l謎tわe　Mlyamlz縫area．　As　observe引籍掘s
ex踊P1e，　chemica！　composition　of　the　Miyamizu　gradua！・

1y　changes　during　the　flowing　process　as　groundwater

fr◎m　the　upper　t◎the・lower・reaches．

　　　Figs．6（a）and（b）show　the　correlation　between　PO4

and　potassium　contents．　（a）and（b）are　drawn　respec－

tive蓋y　bas¢d　o獲the　da重a　described　l総Tab！e　2。　As

observed　in　Fig．6，　ther¢is　no　distinct　diffcrence　between

summer　and　winter．　What　is　remarkable　in　the丘gure　is

thatα竃ch　area　has　differe！霊d韮s匙r蓋b慧重韮o糠ra総ge．　　Thc　data

concentrated　at　th¢10wer　left　portion　of　th¢figure　are

from　the　northwest　part　of　upper　reaches　of　the　old　Shuku

river　draiRage　syst凱wh㈱low　coPtex｛s　ef　PO4　aRd

potassium　are　observed．　At　the　upper　portion　of　the

figure，　with　high　PO4　content，　the　we責ls　are　situated

comparatively叩strea！織◎f重he　Ml匙amshl　river　dralRage

corresponding　to　the　northeast　part　of　the　Miyamizu　area，

The　Miyamizu　area　is　1◎ca£ed韻he　place　where　both　PO4

and　potassium　contents　are　h董gh．　　The・，fact韮s　very　量薮一

teresting　when　the　genesis　of　the　Miyamizu　is　considered，

a織dwl難be　dlsc羅ss¢d　in　the　llext　chapter，

　　　　　　　　　　B。　Behavlo雛of　Ch星oズ韮Re　Io1肇　　　　“

　　As　mentioned　above，　annual　and　seasonal　variation　of

chemical　properties　of　Miyamizu　is　relatively　small．　But

seve！°a！sho鍍term　a縫o醗a韮韮es董総the　che搬鑑ca！co1遼p◎s董t蓋◎縫

are　noted　particularly　at　the　time　of　typhoon　or　an

itnusually　dry　seaso轟．　Addltlo総ally，ねrge　scale　con－

structions　associated　wl重h　modem　day　urbanization搬ay

cause　an　anormaly・’Since　the　Miyamizu　area’is　close　to

重he　sea§董｝ore　a縫d　the　sed韮斑e轟ts韮§h藻gh至y　permeab葦e，　a薮

anormaly董n　the　chlorine　concentration　has　occurred
several　times　in　the　past．　In　Fig．7，　the　time　course　of

dde　leve韮，9τo鷲難d灘face　wa重eτ繍d　chl◇τi鍍e　co簸ce紺a．
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FIG．8．　Distribution　of　chlorine　content　measured　on　February　8，1968　together　with　groundwater　level　of　the　same　day．

　　　　　　Thc　arrwos　indicatc　thc　flowing　dircction　of　the　undcrground　water．

tion　was　measured　from　l970　to　1986　at　No．　d　we旺

10cated　100　m　south　of　the　Miyamizu　area（in　the　area　of

Bin　Fig．4．）．　As　clarified　in　the　figure，　chlorine　concen－

tration　is　apparently　increased　when　water　level　is　re・

duced．　The　complicated　variation　of　the　chlorinc　con・

tent　depends　not　only　on　the　temporary　artificial　causc

but　also　on　natural　tide　level　variations．

　　　Fig．8shows　distribution　of　chlorine　content　in　1968

in　the　vicinity　of　the　Miyamizu　area．　As　was　described

in　the　previous，　high　chlorine　concentration　was　recog・

nized　at　No．　b　well　on　the　same　day．　The　high　chlorine

concentration　in　the　Miyamizu　area　presumed　from　Fig．7

suggests　the　infulence　from　the　area　of　No．　d　we1L

However，　chlorine　concentration　decrea’ ses　gradually　and

becomes　comparatively　stable　since　1974（Fig．7）．　At

the　same　time，　tide　level　is　also　reduced．　In　reccnt

years，　almost　no　chlorizatlon　in　the　Miyamizu　area　has

been　observed　owing　to　the　effort　to　preserve　the　quaHty

of　the　Miyamizu．

V．GENEsls　oF　THE　MIYAMIzu

　　　As　has　been　mentioned　in　the　previous，　groundwater

in　the　Miyamizu　area　of　Nishinomiya　district　is　suitable

for　brewing．　According　to　the　old　records，　this　water

has　been　used　for　brewing　in　this　district　since　1840

（Taoka，1957）．　This　is　because　mainly　the　suitable　che。

mical　composition　of　the　Miyamizu．　In　this　chaptcr，　the

origin　of　the　characteristic　chemical　properties　will　be

discussed　in　rclation　to　the　aquifer　structure．　Therc

have　been　no　studics　on　the　genesis　of　Miyamizu，　espe・

cially　from　the　vicw　point　of　thc　total　chemical　composi・

tion．　Regarding　the　structurc　of　Alluvial　sediment　in

this　district，　Ogawa　and　Ueji（1926）made　an　assumption

of　the　sediments　structurc　of　thc　Miyamizu　arca　based　on

asurvcy　in　thc　northcrn　district　of　Nishinomiya　city．

Matsubara　and　Sakurada（1926）and　Matsubara（1926，

1927，1957）havc　clarified　the　chemical　composition　of　the

water．　The　author　first　drillcd　boring　in　the　Miyamizu

arca　and　sincc　that　timc，　thc　dctailcd　underground　struc・

turc　has　gradually　bccomc　clcar．　Sumikawa（1957）and

Matsubara（1957）explaincd　the　low　iron　contcnt　in
Miyamizu，　as　a　rcsult　of　mtmtion　by　thc　Alluvial　sedi・

mcnts．　But　therc　has　not　bccn　any　study　that　cxplaincd

the　high　contents　of　phosphorous，　calcium　and　potassium

in　the　Miyamizu　without　any　contradiction．　Not　only　for

these　elements，　what　must　first　be　considcrcd　when

discussing　groundwatcr　quality　is　gcological　charactcris・

tics　of　the　aquifcr　and　the　cnvironmcntal　geology　along

the　flowing　course　of　water（Parks，1967；F6rstncr　und

M雌11er，1973；Chambrell　ct　aL，1980）．　Thcrcforc，　thc

characteristics　of　the　Miyamizu　aquifer　wn田rst　bc　dis・

cussed．

　　　As　mentioned　in　chapter　2，　characteristics　of　the

Miyamizu　aquifer　is　the　development　of　the　sandy　graveI
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sediment　with　brownish　color　gravel　of　mainly　granitic

rocks．　This　kind　of　sediment　is　distributed　not　only　in

the　Nishinomiya　district　but　also　in　the　brewery　area

named　Nada　Gogou（丘ve　villages　of　Nada　including

eastern　Kobe　city），　adjacent　to　the　Nishinomiya　area．

The　permeability　of　the　sandy　grav61　is　higher　than　5×

Foot　of　the　Rokko　Mountains

10－2cm！sec　and　is　regarded　as　high　quality　aquifer．　In

general，　the　sediment　is　lens　shaped　and　perimeter　of

each　lens　gradually　changed　into　a　grayish　blue　sand

fertilized　with　organic　materials．　The　wells　for　brewing

are　drilled　in　the　lens　shaped　sandy　gravel　layer　and　not　to

the　lower　gray　to　blue　sediments　rich　in　clay．　The　light
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yellow　brown　color　of　the　gravel　is　due　to　iron　hydro－

oxyde，　and　this　explains　the　low　iron　content　in　the

groundwater　from　this　layer．　In　all　the　brewing　areas

around　Nishinomiya　city，　potassium　content　is　as　high　as

in　the　Miyamizu　area．　This　fact　can　be　undcrstood

because　that　all　rivers　and　undcrflows　in　this　dig．　trict　are

originated　from　the　Rokko　mountains　composed　of　most－

1y　granitic　rocks．　Among　thc　drainage　of　Nada　Gogou

ihcluding　the　Miyamizu　area，　only　the　Shuku　river　passed

through　the　area　of　the　small　body　of　orthopyroxcne

andesite（Mt．　Kabutoyama）in　addition　to　the　granitic

rocks　in　its　upstream　system（Huzita，1959）．　But　the

existence　of　this　small　volcanic　rock　cannot．　cause　the

difference　between　the　composition　of　the　Miyamizu　and

that　of　the　groundwater　in　the　adjacent　areas・　Howcver，

Matsubara　and　Hirotsu（1957）detected　very　few　amount

of　boron　and　vanadium　in　the　Miyamizu　brewing　water　in

ppb　order　and　concluded　that　boron　came　from　the　sman

volcanic　body（Mt．　Kabutoyama）because　of　the　similar。

°ity　of　composition　of　mihor　elements　between　those　of　the

Miyamizq　and　the　mineral　springs　in　and　around　the

volcanic　body．　Thcsc　elemcnts　such　as　boron　and　vana・

dium　are　characteristically　rich　in　thc　Miyamizu　com・

pared　with　those　of　neighborhood　district．　Based　on　the

relative　amount　of　minor　elements　and　also　on　the　ratio　of

vanadium　against　phosphorous，　Kusaka　et　a1．（1980）

concluded　that　phosphorous，　which　is　characteristically

rich　in　the　Miyamizu，　was　derived　from　organic　materials

such　as．planktons　and　seawccds　containcd　in　the　scdi・

ments．
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　　　On　the　sandy　gravel　layer　in　the　Miyamizu　aquifer，

Matsubara（1957）insisted　that　this　layer　is　originated

from！arge　Hoodplain　sediments　of　the　old　Shuku　river，

and　the　Miyamizu　area　is　located　in　the　center　of　this

noodplain．　This　fact　coincides　with　the　direction　of　the

underflow　of　the　old　Shuku　river　from　northwest　to

southeast　（Fig．3）　established　in　this　paper．　Furth－

ermore，　the　undernow　of　the　old　Mitarashi　river　from

northeast　to　southwest　is　also　provides　groundwater　flow・

ing　into　the　Miyamizu　area・

　　　The　resistivity　contour　line　in　Nishinomiya　district．

and　phosphorous　content　devided　into　three　grades　of　the

southern　part　of　the　Nishinomiya　city　are　shown　in　Fig．9．

The　resistivity　shows　a　distribution　tendency　similar　to　the

groundwater　level　contour　lines　shown　in　Fig．3，　and　this

fact　clearly　indicates　the　f【ow　direction　of　the　old　Shuku・

and　Mitarashi　rivers（the　arrows　in　Fig．9）．　The　distribu・

tion　pattern　of　the　resistivity　contours　shown　in　Fig．9also

indicates　the　flowing　direction　of　the　groundwater　along

the　old　rivers．

　　　　It　should　be　noteworthy　that　distribution　pattern　of

phosphorous　content　suggests　certain　sea　shore．　The

assumed　old　sea　shore　line　about　1，000　years　ago　of　this

district　is　established　based　on　the　archeological　evi－

dences　such　as・Yayoi　pottery，　shell　mound　and　ancient

tomb（Fig．10）．　The　distribution　pattern　of　the　old　sea

shore　line　well　comparable　with　that　of　bigh　phosphorous

content　area（Fig．9）as　well　as　with　that　of　the　water　level

contour　line　in　Fig．3．　The　present　Miyamizu　area

（slashed　part　in　Fig．10）exactly　situates　in　the　sand　bar．

Therefore，　the　sediments　are　came　from　the　ends　along

the　flow　direction　of　the　old　Shuku　river．　High　phos－

phorous　content　distribution　coincides　quite　well　with　the

basin　at　that　time．　The　location，　corresponding　to　the

old　day　basin，　is　assumed　to　store　sea　water　as　connate

water（as　a　sort　of　fossirwater）during　period　of　the

J6mon　transgression　and　the　sediments　contain　a　lot　of

shallow　shells．　In　fact，　many　shells　of　the　shallow　sea

type　such　as　Dosinia　sp　are　found　in　this　area（Ogawa　and

Ueli，1926；Huzita　and　Maeda，1985）．　The　compara・

tively　high　calcium　content　of　the　Miyamizu　can　be

explained　by　this　fact．　For　phosphorous　distribution

（Fig．9），phosphorous　content　is　relatively　sma11　along　the

old　Shuku　river　whereas　high　in　the　northern　part　of　the

Miyamizu　area．　This　distribution　pattern　well　coincides

with　basin　distribution　at　that　time．　Thus，　it　is　reason－

ably　suggested　that　phosohorous　is　derived　from　sea

weeds　and　planctons　rich　in　phosphorous．

　　As　this　district　thereafter　gradually　became　land　as

deposition　of　sediments　from　the　rivers　proceede　accom・

panying　with　the　uplift　movements，　and　the　basin　became

gradually　marsh．　Finally，　the　old　basin　was　sunk　under

the　ground　accompanying　the　deposition　of　the　clayey　soil

on　the　top　as　was　shown　in　Fig．1，and　the　sea　water　in　the

ba5in　became　connate　water．　The　clayey　soil　layer　pre－

vents　the　contamination　by　the　groundwater　polluted　by

urbanization．

　　　　Conscquently，　the　chemical　characteristic　of　the

Miyamizu，　a　famous　brcwing　water，　with　high　phosphor・

ous　and　calcium　contents　originated　from　the　connate

water　and　the　marine　sediments　of　the　old　sea，　and　the

high　potassium　content　is　assumed　to　have　originated

from　the　granitic　rocks　of　the　Rokko　mountains　hke　in　the

groundwater　of　the　adjacent　district．　Low　iron　content

is　also　important．　This　characteristics　is　caused　by　iron

preCipitation　as　hydro－oxide　under　the　oxygen　rich　condi－

tion．　This　can　be　explained　by　the　fact　that　the　sedi・

ments　of　the　Miyamizu　area　is　composed　of　fioodplain

sediments　of　the　old　Shuku　river　and　during　the　deposi・

tion　process，　oxygen　supPly　is　considerable・　　The　exist－

ence　of　high　permeablility　aquifer　with　the　aquiclude

below　have　contributed　formation　of　the　most　suitable

groundwater　fbr　brewery．

VI．　SUMMARY

　　　The　groundwater　in　the　Nishinomiya　district　has　long

been　known　as　suitable　fbr　brewing　because　of　its　chemic－

al　characteristics．　Concerning　the　characteristics　of　the

aquifer　and　chemical　composition　of　the　groundwater，　the

following　results　were　obtained．

　　　　1．The　Alluvial　s6diments，　the　main　aquifer　of　the

groundwater　in　this　area　is　classified　based　on　permeabil－

ity．　The　first　aquifer　corresponds　to　the　Miyamizu　aquif・

er，　where　the　k　values　are　higher　than　5×10－2　cm！sec．

　　　2．　Permeability　of　the　aquiclude　layer　developed

below　the　Miyamizu　aquifer　is　lower　than　5×10－4　cmlsec

and　the　existence　of　the　layer　stabilize　quantity　of　the　the

Miyamizu．
　　　3．　The　fiow　direction　of　the　old　rivers　and　the

related　underflow　were　determined　by　means　of　analysis

of　the　groundwater　level　contour　line　in　this　area・

Groundwater　flowing　．　into　the　Miyamizu　aquifer　comes

from　the　underflow　of　the　01d　Shuku　river　and　Mitarashi

river　drainage　system＄，　and　in　part　from　the　Muko　river．

　　　4．　The　groundwater　in　this　district，　especially　that

of　thel　Miyamizu　area　is　fertilized　with　phosphorous，

potassium　and　calcium　and　has　very　Iow　iron　content．

The　annual　variation　of　the　chemical　composition　is

relatively　sma11，　and　the　difference　between　summer

（pluvial　season）and　winter（dry　seqson）is　explained　as

functions　of　correletion　between　the　elements．

　　　5．The　chemical　composition　of　the　groundwater　in

Nishinoniya　district　are　different　from　place　to　place．

The　variation　of　calcium，　potassium　and　phosphorous

content　have　relationship　with　the　direction　of　underfiow

of　the　old　rivers，

　　　　6．　Temporary　variation　in　chlorine　content　is

noted．　The　reason　of　this　variation　is　related　to　tide

leve1，　pumping　discharge，　precipitations　and　other　fac。

tors．　Almost　no　chloritization　in　the　Nishinomiya　area

has　been　recognized　in　recent　years．

　　　　7．　In　comparing　the　ancient　geographical　map

established　on　archeological　evidences，　the　Miyamizu

area　is　proved　to　be　a　sandbar　With　the　sedimentS

composed　of　old　floodplain　since　the　J6mon　transgres・

sion　period．　The　existence　of　old　basin　explain　the　high

contents　of　phosphorous　and　calcium　content　in　the

Miyamizu．
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