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Study on Long Term Corrosion Properties of Carbon Steels
in Underground Soil Enviromment
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2 b s 1t..ir e i:

Present study was carried out for the purpose of evaluating corresion
behavior of carbon steel which is the first candidate of overpack, for long term
in soil environment by natural analogue investigation, and for making contribution
to the elucidation of corrosion model, and obtained followig results.

(1) Common clays of fresh water deposit is possible to dlstzngulsh from
clays of marine deposit by spicific resistance, pH, chlorldes, ‘sulphides,
sulphate, etc., and was found to resemble to bentonite. .. :

However, common clays are low in clay content ratio, moisture content ratlo,
exchangeable ions:and pH. Moreover; common clay is high in specific re51stance,
high in pipe to soil potential and low in natural potential.

{(2) Diagonosis and estimation technique of corrosion in clay are possible to
summarize as follows.

1) ANSI and DVGW are methods prov1ded for clays of marine d:pos1t and
not applicable to common clays and bentonite. Gl

2) HMWultivariate analysis is an effective method for comb1n1ng corrosion
and environmental factors, and accumulation of data and analyses are required
in future : .

3) On depth of maximum corrosion p1tt1ng of actual measurement, and on
evaluation and estimation data by extreme value statistics, estimation of long
term corrosion was made by following equation,

“Corrosion H = a¥* =
Verification of model by data which are different in buried years and data of
long term in same clay environment are necessary in future.

(3} From the viewpoint of natural analogue, it is important to elucidate
resemblance and difference of clay with bentonite quatitatively.

Work performed by NKK Corporation under contract with Power Reacter and Nuclear
Fuel Development Corporation.

PNC Laison: Isolation system Research Program Radiocactive Waste Management Pro;ect.

* ¢ Naclear Plant Lab., Engineering Research Center
% : Corrosion Protection Team, Tsu No.2 Labs., Engineering Research Center -

_ii._




PNC 544369 9e-001(2)

=5 =
ZAMNE

. H
1. $5: TR OBAET BIEREE oo )
ST Loy T TS SR 5
I T T SO
121 BEOTHE  ooereorrrs oo
1.2.2. BEDBRA A BRKL oo e 1
1.3, BEHOBREFHET oo S
1.3.1. ¥t hOBERSEH oo emeoerarmeesaennanacs s 26
1.3.2. ¥ PORELBBHRFOMBT | oo 35
L4, FEREROBERCEEE e cieeeees 5
LAL BEORBBMELERS H =X h e erernerer e 5
1.4.2. BEBOBE L BERF e 55
0. BATEBHREOBRBRUERARORE oo 59
2.1, BRBHHEORBERFEENE oo 59
2.1.1. BEEUEIE UM c-orommmrresossssmses s s 59
2.1.2. EWEWERUFHISH:  —ooreeeeeeeeeeeeeereosommmr s 63 |
0.0, BREMEER  -ororeeeooeoeer e 72
9.9.1, HIBTISHIAEEL  crroerreererrorreeemeneenseomrerorrerrrrerrss s 79
I 74
2.2.3, WEBEATZRER oo 30
0.3, FEMREOBERUEE  orrrrrerrooororoero oo 133
2.3.1. REOBE oo e 133
2.3;2. 2] S— T SE— 187



PNC $J4369 90-001(2)

R

3. NYPFA P OFERTE oo e 138
310 RY P FA POFIRR oo 138
3.2. BBBERUMES T oo et e 138
3.3 WERR -------------- s 141
4, BERUEEH oo e . 144
L1 BEFESYBEROEFMLLREE oot 144
411, HEPEBYBEROETF L oo s 144
4.1.2. RBLPOBREFNVOIIL e 146
4.2, B sy SRNEORE CRECEY SHERIFM - 171
4.2.1. FHEFHEITDNT oo e i S I )
TR — e

BLENE

-iy-




Table 1-1
Table 1-2
Table 1-3
Table 1-4
Table 1-5
Table 1-6

Table 1-7
Table 1-8
Table 1-9

Table 1-10
Table 1-11

Table 1-12
Table 1-13
Table 1-14
Table 1-15
Table 1-16
Table 1-17

Table 1-18

Table 1-19

PNC SJ4369 90-001(2)
Index of Table,Figure,Photo
Page

List of Clay Minerals® -------r---oressomormorossoomce oo 3
Clay Minerals Found in World’s Soils® -rorsserees-sesmsscocoriescoon 3
Appearances of Clay Minerals® -------ssesssessssmesocistomon oo, 4
Grain Size Classifications® -wro-imeorrosrsormrmeoror s, T
Japan Standardized Classification of Soil® -----ss---ceesecccceeieeen 8
Classification of Soil Texture
(Method of International Association of Soil Science)® --------- 9
.Compafison of Bentonite Products™  ----se-vssm-sssovosmnnoooooc e 11
Radioactivity Removal Rates of Various Clay Minerals® -------- 12
Clay Minerals formed in Seabed? ---er-eerrssessssscrseosseenninsenacs, 12
Clay Minerals in Seils of Freshwater Deposite® --------r--re---seeer 13
Difference between Clays of Saline Water and Fresh Water
Deposites at Qutcrops? --------=----sssssesssseseeseececeeceeeeee [
Comparison of Physical Properties of Clay Minerals
of Marine and Fresh Water Deposites®. I 14
Phosphorus Sulphur Contents (%) and p H in Soils of

. Osaka Group,0Osaka Alluvium and Bottom of Osaka Bay” ------------ 15
Oxidation State of Sulphur and Principal Compounds
corresponding to Oxidation Numbers® swe-se-sersresrssssusrososscscaee 18
Kinds of Principal Bacteria and Thier Characteristics - 21
Main Characteristics of “Boom Clay” '® -------orressssooommocosocimnnen 23
Chemical Composition of Ground Water (ppm)
of the Ressaix Coal Mine!® ---eesssssssoreorssomemeemromnn oo 23
_Averaée Values and Standard Deviation
of Clay of Marine Deposite® (Samples, n=T1) --c-reeesmmeomeeeseeee 24
Chemical Analyses of Clays of Marine and other Deposites® ---- 24



PNC

$J4369 90-001(2)
Page
Table 1-20  Results of Corrosion Test of Short Pipes
for Long Term in Soils (NBS) 3 -rrrrreevesmremromssmsmsmmmmmciiinnennes 27
Table 1-21 Results of Digged Out Examinations of 508 Steel Pipe with
‘ . Mechanical Joint (18 Lines,540m in Total Length) *4 --------eeer 27
. Table 1-22 Results of Digged but Examinations of Cast Iron Pipes of
1004 and 2004 (30 Lines,about 900m.in Total Length) 24 --------- 28
Table 1-23 Field Test for Steel and Cast Iron by.NBS 25 e 29
Table 1-24 Characterization of "the Soil at the Swedish Corrosion
Institute’s Test Sites??  rrmmmrrreeeeoooeeee e 33
| Table 1-25 Corrosion Rate of Metals in Mud (B0C) 2% -----o-ommemmeeoecomeneen 34
Table 1-26 Examples of Corrosion of Steel under the Presemce of
Sulfate Reducing Bacteria®® ------eerreresssssssceesoooocnonnoooooonnooo 34
Table 1-27 Relations between Aeration and Kinds of Soilg?® -r--r--ssremeeeeem 36
Table 1-28  Redox Potential and Bacteria Corrosion --s------s-ssse-sereressoreeceen. 40
Table 1-29 Result of Factor Classification -
of Clay of Marine Deposite®® -----r----csssmmmmssossmecsonnncnnannnceen 44
Table 1-30 Soil Evaluation Method per ANSI A21.5-*"-"-"-"'"- """"""""""" 44
Table 1-31  DVGH Method for Corrosion Bvaluation -wsssrrrreeessssssrorocecoooas 7
Table 1-32 Estimated Uniform Metal Penetration in Cast Iron
and Carbon Steel3? -----sssmrssrermrmc oo e 50
Table 1-33 The Bxpression of Pit Depth®™ -------eeemoommrmecsscommmsmssese e 51
Table 1-34 Values of the Material Parameters®® -----rre----rmmomosmooooomossiemenn 51
Table 1-35 Result of Analysis by Numerization Sort I @9 ---e-ss-scmcocesssoeee 93
Table 1-36 Environmental Characteristics and
Corrosion Mechanism of Clay ---------r---sssssmsmmmssssmssremsnsosesannoneees o4
Table 2-1  Hysteresis of Buried Cast Iron Tube ~rrrrroormesressensamrmmsmreeens o9
Table 2-2  Measurement Methods of Soil Enviromment Factors -------------r-------- 65
Table 2-3  Methods of Soil Analyses ----------s--ewsrmsssmmrmmsseessooooomsooooooos oo 69 70




Table 2-4

Table 2-5

Table 2-6

Table 2-7

Table 2-8

Table 2-9

Table 2-10
Table 2-11
Table 2-12
Table 2-13
Table 2-14
Table 2-15
Table 2-16
Table 2-17
Table 2-18
Table 2-19
Table 2-20
Table 2-21
Table 2-22
Table 2-23
Table 2-24

Table 2-25
Table 2-26
Table 2-27
Table 2-28
Table 2-29

PNC  SJ4369 90-001(2)
Page
Results of Surface Soil Measurements at Umeda ----------vvs--oomoo T2
Results of Surface Soil Measurements at Ukima -----------e-eoreeemmeee 73
Results of Surface Soil Measuremenf{s at Hasune ----------7---oooo-oe 13
Results of Measurement at Umeda after Excavation ---------r---ooeee 75
Results of Measurement at Ukima after EXcavatibn ------------------- T
Results of Measurement at Hasune after T T — 79
Results of Measufement of Pit Depths (Umeda) ----r--wemweooesoeeeeeoss 84
Results of Measurement of Pit Size (Umeda) ----------re-----ssosmeemoe 86
Summary of Measured Depths of Pit (Umeda) sommmmoreeessssssosseseeeooo 87
Chemical Compositioﬁ of Tube (Umeda) ----- TemTemreeneeassenoesssesoos 90
X-ray Diffraction Analysié 6%'Rust-(Umeda) ---------------------------- 90
Result of Emission Spectrocheﬁical fnalysis 6f Rust (Umeda) --— 90
Results of Compositional Analyses of AT e — 94
Results of Measurements of Pit Depths (Ukima) ------rr---e-mmoeomeee - 101
Results of Measurement of Pit Size (Ukima) ------srreesssssssssseeenm 103
Summary of Measured Depths of Pit (Bkima) -----------s-eomememsmesnenene 104
Chemical Composition of Tube (UKima) = r-srsesersrmmemsemscmecerasmacanss 107
X-ray Diffraction fAnalyses of Rqst (Ukima) -----mossssemssemmmmenonee 107
Result of Emission Spectrochemical Analyses of Rust (Ukima) - 107
Results of Compositional Analyses of Soils (Ukima) --------------- 111
Result of Analyses of Composition of Mineral in Clay
(Ukima and underside of Tubg) ---eemmemmrrrmrrsssrmrommomonoooeomeenenaanaen: 114
Results of Measurements of Pit Depths (Hasune) ------------- weenes 119
| Results of Measurement of Pit Size (Hasune) ---------s-e-em--eeessseoees 121
Summary of Measured Depths of Pit (Hasune) -----------rossssomoooe--oe 122
Chemiﬁal Composition of Tube (Hasune) ------ [ 125
X-ray Diffraction Analyses of Rust (Hasupe) --------mrmmooomoooweenee 125

—Vii-



PNC

5J4369

Table 2-30

Table 2-31

Table 2-32 .

Table 2-33
Table 2-34
Table 3-1
Table 3-2

Table 3-3

Table 3-4

Table 4-1

Table 4-2
Table 4-3
Table 4-4
Table 4-5
Table 4-6
Table 4-7
Table 4-8
Table 4-9
Table 4-10
Table 4-11
Table 4-12

90-001(2)

Page
Result of Emission Spectrochemical Analysis
of Rust (Hasung) -------------ressemeromrooomeooes SE— 125
Result of Compositional Analysis of Soil (Hasung) ---------esc---e-- 129
Analysis of Compositional Contentéu
of Mineral in Clay (Basupg) --------+m------m-ssmssmssmsernsssasesionennnen, 132
Summary of Soil Environmental Pactors Measured at Sites - -+ 134
Summary of Corrosion of Tubes ------r=--=--rosesmmromememmosmssn oo 136
Typical Chemical Composition of Bentonite ------------emmc-emmmocceeone 138
Analysis of Bentonite for Test
{(Content Ratio of Distilled Water: 2) --------eesssssssssemmmonomonoooeee 141
Measurement Results of Environmental Factors
(start,H2.3.15) --evemommomemememmmomomssossme oot s 143
Measurement Reéults of Environmental Factors
{one month,H2.4.12) --r----mrm-mereesmmonemmam oo 143
Chemical Composition and Stratification of Clays
(abstracted from Chapter 1) ------rr=-sreresormmesssssmeosomeesmnnnasannnans, 148
Components Ranges of Soil Environmental Factors (Sweden) -—-- 151
Correlation between Factors (Sweden) -err-r--orsrrssemrossmsmssscssecs 151
Correlation of Each Factor and Corrosion (Sweden) -------=--r--- 152
Results of Multiple Regression Analyses (Sweden) ----------------e- 153
Components Ranges of Soil Environmental Factors (NBS) ---s-------- 157
Correlation between Factors (NBS) ---------sremsssssmrsssscmooomrrescmnneoee 157
Correlation of Factors and Corrosion (NBS) ----------eesesssscoooooee 158
Results of Multiple Regression Analyses (NBS) --------smmmeemememneee 159
Pit Depth and its Rate of Clays -------mrswsrsromsarsreerenomosn oo 161
Soil Bvaluation by ANSI A21.5 -rrormrommsssmmemssmmmmmrssssnomossercenneeees 162
Soil BEvaluation by DVGW--¥ """""""""""""""""""""""""""""""""" 163

- Viii =




Table 4-13

Table 4-14
Table 4-15
Table 4-16
Tablev4-l7
Table 4-18

PNC $J4369 90-001(2)

Page
Comparison of Chemical Combosition of Minerals in
Bentonite and Clays -—--=-r---s=swrrossomsmmssssmmmmmmomoss oo 167
- Comparison of Chemicél Aﬁalyses of Bentonite and Clays --------- 168
Comparison of Measured Values of éoil Environment Factors ------ 168
‘Comparison per Soil Evaluation Hefhod 0f~BNSI E— e 169
Comparison per Corrosion Evaluation Hethod of DVGW ------oemovmmem 169
Estimated Max. Pit Depth by H = a¥Y™ Equation |
after 1000 Year (mm, Clay) -----rrororeroressossssrsmsmeosomemsnessceneens 192

_ix_



PNC

544369

Figure 1-1

Figure 1-2

Figure 1-3.
Figure 1-4

Figure 1-5

.Figure 1-6

Figure 1-7

Figure 1-8

Figure 1-9

Figure 1-10

Figure 1-11

 Figure 1-12

Figure 1-13

Figure 1-14

Figure 1-15.,

Figure 1-16

90-001(2)

Page

Layer Lattice of Si-0% --rre-scvssssssssomsssscmmmocoscc e oo 5
Unit Crystal and Interlayer Spacing of Layered Clay

- Minerals® rowreremrreororeressssstes ot 5
Relations between p H of Soils and CEC, or ABC & ---smrecoreem 7
Metamorphism of Clay Minerals in Seabed?® ---------------moes-ooee 13
‘Range and Average of Sulfur, Carbon, Chlorine and Iron
Contents in Mudstones'® ----------eecoeremmrorescscmememnnn oo 15
Distribution of Sulfur in each Formation of the Kazusa Group'® 16
Change of Maximum Pit Depth by Years®® ----r-ee---oce--oeoees 28
Corrosion Rates on Carbon Steel Flat Baré Based on about
Four Years of Bxposure at The Test Sites in Soil2? «w-ee-rree 31
Development of Corrosion on Carbon Steel with Exposure
Time at Six Test Sites in Soi1FP  --mesrsesmsmssmsosescsomssrmneenns 32
Relationship between Corrosion Rate of Steel and Water
Content in Toyoura So0il¥® ----eeermerremmcrsssccrsscmmorononsemn o 36
Relation between Soil Resistivity and Corrosion of Carbon
Ry 7= R IR b 37
Relation beiween Corrosivity and Soil
Resistivity (Booth et al.)?® ---oooersmsmsmoomrmmmmmmsen oo cceees 37
Corrosion Rates on Carbon Steel and on Zinc Coating
Versus Soil p H Value Three Years of Exposure at
Different Test Sites in S0il%™  --rer-meemsrresmsomooommessensnsecnooenens 39
Relation between-p H of Soil and
Corrosion of Carbon Stegl?® --ce-essrcrmremssssomoovesenniammmnnonoeeen 40
Relation betwen Corrosion Potential and Natural Corrosion
Rate in Various Soil3®) --s-orrrromomosmsssssssssssomnesnninonnooenee e 41
Relation betwen Natural Corrosion Rate and Polarization
Resistance®® ------omressroreresserneeono s 42




Figure 1-17
Figure 1-18
Figure 1-13

Figure 1-20

Figure 1-21

Figure 1-22

Figure 2-1 -

Figure 2-2

Figure 2-3
Figure 2-4
Figure 2-5

Figure 2-6

Figuré 2j7
Figure 2-8
Figure 2-8
Figure 2-10
Figure 2-11
Figure 2-12
Figure 2-13
Figure 2-14
Figure 2-15
Figure 2-16

- Xi=

PNC SJ4369 90-001(2)
Page

Corrosion Potential and Corrosion of Steel®® ----------ecoemooee 42
Soil Bvaluation Method per ANST &7 -reresesssssmsmrrocecesmmooosmmoeoooon 45
Relation between Values of Actual Measurement and

Bstimated Values®® --eessesescrommssssnssssmommemremsss e e 43
Relationship between Maximum Pit Depth on Graf Iron Pipe

and the Ratio of Aftack, Ductile/Gray, for Pipes Buried

in British, French, and German Sites (Reference 20)3% --------- 50
Change of Corrosion Rate of Steel in Claﬁ of Fresh Water

Deﬁosite and Bentonite by the Passage of Time -----------r---omo-me 56
Blectrode Potentials of Iron in a Selution

of pH{8 355 ~ppm C 17 3P remerrecoreono oo 56
Investigated Positions in Topographical Map ---------s---eorm--oomoe 60
Investigation Position of Umeda ----s-s----ssssorsssoesssmmasemsemeceses 61
Invéstigation Position of Ukima -----<-------eemoemmsmoommmoomsseseence 61
-Inveétigation Position of Hasung ----rr-----=----sessemomsnesmommoemmceee e 62
Schematic Illustration of Measurement at Ground Surface ------ 64
Schematic Illustration of Meéasurement Method

after Bxcavation ------------mmsmmssmmmmmmosesseeneennoonnnooooseane smeeeessonene 66
Measurement Method of Pit Depth --e-o-srseormesmesseosomommmrmmesneen 67
Conditions of Corrosion Products ---------------sssssemmommmmsmerorooce 71
Sketch of Adhering Condition of Soil (Umeda) ------r=---reerero-mm-o 81
Sketch after Removal of Adhered Soil (Umeda) ------r-r---o-smssesesee 82
Measured Points of Pit (Umeda) -----------mmmmmmsessmmmomresmermesessomooes 5.
Results of Heasurement of Original Wall Thickness (Umeda) a8
Cutting Positions of Testpieces (Umeda) ---------rrr--rommmsemomoemee 91
Positions of Metallography {Umeda) ----------s--ssssssssmmmomomemsooosooe 9
Grain-size Test of Soil (Umeda) -------------mmmessssmooressmmmosooooooees 95
Grain-size Distribution of Soil (Umeda) ------e-vrrrimesssemsmmsmesee 95



Figure 2-17
Figure 2-18
Figure 2-19
Figure 2-20
Figure 2-21
Figure 2-22
Figure 2-23
Figure 2-24
Figure 2-25
Figire 2-26
Figure 2-27
Figure 2-28
Figure 2-29
Figure 2-30

Figure 2-31
Figire 2-32
Figure 2-33
Figure 2-34
Figure 2-35
Figure 3-1
Figure 3-2
Figure 3-3

Figure 4-1

Figure 4-2

Figure 4-3

PNC '5J4369% 96-001(2)

- Xii -

Page
Analysis of Mineralogical Composition of Soil (Umeda) -------- 96
Sketch of Adhering Condition of Soil (Ukima) -----e--memmmmmmommrooes a8
Sketch after Removal of Adhered Soil (Ukima) -—-----r-semmmmmemeeee 99
Measured Points of Pit (Ukima) -------r--semmmsssmsmsmmesssmommnmmcccnenn 102
Results of Measurements of Original Wall Thickness (Ukima) ---- 105
Cutting posifions of Testpieces (Ukima) ---e-eessevoremmmmnnmmmmnnnenes 108
Positions of Metallography (Ukima) ---- 108
Grain-size Test of Soil (Ukima) ---r=---rm-ssssmosssssmssesmmsmrmemeeeenes 112
Grain-size Distribution of Soil (Ukima) ---- 112
Analysis of Mineralogical Composition of Soil (Ukima) --------- 113
Sketch of Adhering Condition of Soil (Hasune) -------s-rrememmo-oee 116
Sketch after Removal of Adhered Soil (Hasune) ---sw-soremrmmeeoes 117
Measured Points of Pit (Hasume) -----r-erosmemsresssssssooommooomeeooeeoen 120
Results of Measurements of Original Wall
Thickness (Hasune) -------rrrer=mrmmrsmmssmmsssmssmseo s 123
Cutting Positions of Testpieces (Hasune) -------r-snsresvemseneoooeee 126
Positions of Metallography (Hasune) -------revmommrmsssosmssmomoeecees 126
Grain-size Test of Soil (Hasune) ---ew+reeerrrrmmsmommomssmmmeosomnneeenn: 130
Grain-size Distribution of Soil (Hasung) -----s--=-ssnr=smrmessvomsmeres 130
Analysis of Mineralogical Composition of Soil (Hasune) --------- 131
Schematic Diagram of Corrosion Testing ----r----r===r=srsororoeooooeees 139
Grain-size Test of Bentonite ---------- sessmmessssesssssesressoeosssossseenes 142
Grain-size Distribution of Bentonite w--r--r-rsroemresemsemsmmsmeeees 142
Modelling of Corrosion of Bentonite and Neutraln
Common Clay (Clay of Fresh Water Deposite) -----------r--mmmmomemesems 145
Development of Corrosion on Carbon Steel with Exposure
Time in SOi] ----ssrwssssressrrrssrmmeenooseenc oo ot 149
Corrosion Rates of 15 Positions (NBS) -w-s-r-cmomessssesmomomemeeeees 154




PNC SJ4369 90-001(2)

Page
Figure 4-4  Corrosion Curves by Year of Clay in 4 Positions (NBS) erecnens 155
Figure 4-5 Relation between Pit Depth and Passage of Years --------------oo 161
Figure 4-6  Diagramatic Cross Section of Alluvium in Lowland
of Shitamachi of Tokyo"n et e s e e e 165
Figurg'4-7 Results of Soil Corrosion Test of Long Flat Bars |
in Kawashima District ® ---ormoreeessossosems oo 165
Figure 4-8 Change of Corrosion Loss by the Passage of Time
in Single System of Agueous Solution ® -rr-r-rressereesssssmosoooee 170
Figure 4-§  Change of Corrosion Loss by the Passage of Time
in the Coexisting System of Bentonite * --ser--semsresssssmecncen 170
Figure 4-10 Kinds of Corrosion Data and Objects of Concern --------r-vvmmnememr 172
Figure 4-11 Development Curve of Local Corrosion
(Diagramatic Illustration) --------i---------s-ssesmsmmmossmmmmoomeesnee e 172
Figure 4-12 Shape of Probability Density Function f(y) of Double
Expotential Distribution ------rmr-smmssssmmmmoomemsmmeoneeooenemonneenn oo 173
Figure 4-13 Constitution of Gumbel Probability nger ------------------------------- 173
Figure 4-14 Gumbel Distribution of Area of n Times ---r-----ro--ommoommooemmooooooes 174
Figure 4-15 Method of Statistical Processing of Corrosion Data ----------e-ee 174
Figure 4-16 Schematic of Gumbel Distribution Including Change of
. Maximum Pit Depth by Time ----rr-rroomessmrrsssssmmossseemsmssemansonneon 175
Figure 4-17 Schematic of Duration Life Estimation of Pipe ----------r----o-omeer 175
Figure 4-18 Relations between Corrosion Rate of Iron and Concentration
of dissolved Oxygen in the Environment of Neutral Aqueous ‘
Solution (Schematic) 37 -------reroromossssssssssssssssseesoerseseoennnooooeen 176
Figure 4-19 Result of Simulation of Average Development
of Corrosion ®  wrosrerrissesrereoresssssesse s - 176
Figure 4-20 Model of Development of Local Corrosion -
in Carbon Steel 3 -----e-sssmocmsoocrmemssrnnnnnas R RREACLELL L Lt i 177



PRC

8J4369

Figure 4-21
Figure 4-22
Figure 4-23
Figure 4-24
Figure 4-25
Figure 4-26
Figure 4-27

Figure 4-28

Fiéure 4-29

Figure 4-30

Figure 4-31

Figure 4-32

90-001(2)

Page
Time Dependence of Maximum Corrosion Depth in the
Environment of Carbon Steel/Neutral Agueous
Solution System (Schematic) 37 --r---s-smressrmemssescooommmmorooooe o 177
Charge Integral and.PenetrationﬁDepths 37 emreeeeeeeene oo 178
Relations between Average Penetration Depth
‘and Maximum Penetration Depth 7 --rsrr-serseresremssrmsrsosscnsocese 178
Gumbe! Probability Plot of Maximum Penetration Depth ¥ ------ 178 |
Method of Sampling from Invest?gatéd Tubg ---------smermossooooeee 182
Estimation of Maximum Pit Depth-Histogram
by Maximum Value (Umeda) ---o-sswemsreommmssssmmmesmeseoseeeconemsnecenaee 182
Estimation of Maximum Pit Depth-Gumbel
Probability Paper Plot (Umeda) w---s--r-sremssmeossrormrmemoroncmmesnes 183
Estimation of Maximum Pit Depth-Histogram
by Haximum Value (Hasung) -<r-mr-mmmmremmmsoomssssssssssossmsen e 185
 Bstination of Maxinun Pit Depth-Gunbel
Prohability Paper Plot (Hasune) ----res=rrrerrmemssmeosssmmosoosietonmnneens 186
Estimation of Maximum Pit Depth-Histogram
by Maximum Value (Ukimé) ------------------------------------------------------- 188
Estimation of Maximum Pit Depth-Gumbel
Probability Paper Plot (Ukima) ---------r----osemmmssmsmmsmmsmsnnsmnonscnnen: 189
Relation between Estimated Max.Pit Depth - :
and Passage of Year (Cray,T=200) ------mresmmsemsememsmmsosmmmnen e 190

- Xiv-




Photo 2-1
Photo 2-2

Photo 2-3

Photo 2-4
Photo 2-5
Photo 2-6
Photo 2-7
.Photo 2-8
Photo 2-9
Photo 2-10
Photo 2-11
Photo 2-12
Photo 2-13
Photo 2-14
Photo 2-15
Photo 3-1
Photo 3-2
Photo 3-3

90-001(2)

PNC  $J4369

Page
Condition of Soil Around Tube (Umeda) ---------------m-mommemsmsemsssseness T4

Condition of Soil Around Tube (Adhered Soil on the Surface
of Tube at 9 H) (Ukima) --------eeeemmmmmmssmmmmssmosssss oo oo 76

. Condition of Seil Around Tube viewed _
from the Topside of Tube (Hasune) ---------- e — 78
Condition of Tube (Umeda) ------rr=---mr=--mmmmoessssmmemerssrsnnsssoscnne o 80
Corroded Condition of Tube after Blasting (Umeda) ----------sss----— 83
Micro Structures (Umeda) --------r---resssssssssssssmosssomsmososooeoe oo 92
Micro and Macro Structures {Umeda) ------------mmomommmossomeoomenee 83
Condition of Tube (Ukima) ---r--rmrrmsremssmsssssosessssssemsmoeoooooecee q7
Corroded Condition of Tube after Blasting (Ukima) ----------ss-seee 100
Micro Structures (Ukima) ------essssrssssssmsssssssssessmemnemnoeesneeeeeees 109
Micro and Macro Structures (Ukima) --------------ommomemsenoomcmscocoooeee 110
Condition of Tube (Hasune) ----er-mmm-sssssssesemsmmooossnemesemmnnoeeneeen: 115
Corroded Condition of Tube after Blasting (Hasune) ---------ee-s--- 118
Micro Structures (Hasung} --------------msmmmsomommoosmmomoomssee oo 127
Micro and Macro Structures (Hasune) -------r---ssr=rs-ssmemssssocoeeeceees 128
.Test T bt 140
I 140
Measurement ----------x-essssemsssssmsnrnm s e s s s s 140

— XV -



PNC $J436% 90-001(2)

HE A ANE

mﬂﬁ%ﬁ%%mﬁﬁﬁLt%Amﬁ%énéﬁgaﬁM?é%%mﬁ%uff15»7
F 1 (Natural Analogues) EFEESIhTWND, .
%ﬁ%ﬁ@%ﬁﬁf%37WY%n&oﬁnkﬁbfﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁm¢?%iﬁ
HE LMEMFT ohTH D, f%nﬂ?tAInUTQf?zyw?fnaﬁﬁ%“Amu
EDTN 3, | | ‘
$ﬁnﬁi?z7w7fﬂﬁﬁnk$0\ —m—mva@%~ﬁﬁﬁvaaﬁim@i
BhTOENEARHENEL. BREFVORNCET 3 L3ENE LT 2EN b
S CERLADOTHY . ABESRTRTEESORELL LDRDOTH 3, |
WEEDFEL (-~ y 7 0EFHERCET 37 F2507F 0/ 0FE OF
—27TiThh. BRAERTCORZFMOBLBGLEHRT 200, HPicERINT
WAEHI DN IR LA OMRERIET LEOB 5 Z Libho R,
FEEY THETORZHOBABEFHCHET MK O0F—<TEREL. ATRETEL
BTV FF4 ORI OO THAERRET o, BL2ETR. I hERsH
TWBEHOENHRAEEAHEET 30t REOERREZ DDA 5208, 0%, S0FEH
EBLEbO% IHMEREL. TOEREFRLEY B LR L T, BEEOLERRLE
DEARROPEEERL 2, BIETE. ERECAV A4 FRCREEEZEDAL T
ER&koTs "V FF 4 FOBECRETRRFEHEL. RREENES ¥, BL4ET
OB RSREEERY 5L R L - T BT SRAOEF M ILOR
CEEFS LE b, AAORE L RECET ABRIRNEEETY.. SROTESELYS
P lle,

$ﬁ%éﬂﬁL#NKK@£mﬁmTﬁme?éé

1) EREER |
EREEFET RTOWNE N
TH HE
2) FiHSH

JCHRIRHRR RBLHRT BaF-2 &
FH YE



PNC $J4369% 90-001(2)
1. B tEREE OB ET B IREE
1.1. ZL®ic
FEEEOFEI BT, — Rt DERE OB AT 3 XRETEL . ~BIBLEY
BREMOBARTRY. 2 OBHAHE L OBRCOLTRELE, 2LT. TELRER
| OBRAFBO~Y L4 VAR XD HE BELLRE. MABRTCORSMORA
BRI 2RI, REPCERS AT IS0 T, BRETRAR L OlER
%ﬁfﬁ?%ﬁﬁa)%% EA S A, ‘9‘7&7}975\ CTODFF 25Tl et
TRHEEEGARELS L B M S A BRI ENY 35S, U cET AHETS
Beiinb. BEHESYSEHORR, ThubY EENOBER Y — L oEEERL
RFAREE) P EBELT Y b A A PR 2 BEOBEE BA A 2 =X AOF—,
BAEGETOFATEE PROBEEORENRITRTS 2, 25T, HFOHESL
TN EFTRVEH 4 P OBENOHZEBHEEREEL. 2hiodteliihoEoE
i R 5 AR 0T SR &ﬁ%ﬁckoaﬁ,;mﬁﬁhﬁb
T ﬁ@goiﬁagaﬁﬁﬁ DHEREZEYHSC - &L,

1.2, BLOBEBELERA H =4
1.2.1. Bt OBEEY
G)Eimﬁ&&ﬁﬁ
ik, BFEAEE (5 2B ?‘ii%’f%'t’ ToBRs G+, vk, B) o
THIAARI0~b 0% EodboThy,. $5H TEROBEREEL T3, BEB
TR BRERRE, EREORMALERRUAEYRE bERERCES(EERENS
2 LCHEMI. B OBl L LT, B - B - SRESOFRIERL. 7
FUY - ARAFA b BVEY B4 FEOREEEAS Y. Rhe. MR (2
BYORFAL A YY), HEERL (BvEYord b 454 F), BREEL (2
Yy BBEL) ORSHINTV D —PlE LT, BEEWO—B 4 Table] — 1
m\ﬁﬁmiméﬁﬂé%iﬁ%%Twwl—zu\%iﬁ%@%ﬁ%T@kl—SE;

Eie. BEEELFigurel — 1, Figurel — 212577,




" PNC  $J4369

Table 1-1 List of clay minerals®
R 4 #h o il
A4 a7 454+ (pyrophyllite)
il L 11 (tale)
B | eveyrFib
1= AAT L PR (montmonllomfe)
o eam Gmectite) | yoprqp
3R (saponite)
) —3%a.F4 b (vermiculite)"‘
. # o B} (mica)
__ | 4 7 4 b (Gllitd
# gﬁjﬁﬂ% & & & (chlosite)
— @i | »A4 Y F4 b (aolinite)
- 18y ~w 4 %4 b (halloysite)
N - G A | 7xANY ¢4 b (attapulgite)
O & H 7 B 7 = ¥ (allophane)
Table 1-2  Clay minerals found in world's soils®
4 ) i " aHINAELEY
B4 F}'r'_ 4| 21 RIS LA A 54 b, RV EY BT
(v F3) A4 +) 2D,
AT S | R | I R B g PR 2 TR, E
A BN Y D Bt A A e
Nergenn MAFLIM LA s
" 3 g‘fi‘;biﬂfﬂm,”?"{/’%' evEYrrf b RERD 474 2E
ek J—, F=AFy bigE T
A F v o— e k| s _
Aty T AT PREIRSy, A= a T, ®
(oA Es = ) | ey rd b, nry vrdis,
7 (ﬁ%&fﬂg B S 1S B v mikgy, #7940 b, RS
NSRSV | B
o AU UL SN e IV X TR E )
RE 4 (i"l'm@ﬂfh "iL?n ) LK.
Y el K ¥ d | ®v ey v PEEIRST
%‘Eﬁkiﬁ Y y o | BYERY RFA b EERD, AT PEE

_3....

§0-001(2)



PNC

5J4369

i\.—")f.{:ﬁ‘ - funﬁﬂ\*{f J: ;n) o

90-001(2) =
Table 1-3 Appearances of Clay Minerals #
Hi LM DA 17 a0 oo | om o=
- AR, AR. TR .
CEVEYBEFA P ﬁcé-}tt&%iin@ﬂﬂkﬂba 0.02~0. 2 pm ~20A BE
, SPIBRT E R, .
A 7 4 b | AR iR, | oi~ilpm ~30A g
Z‘ﬁg ﬁqgl 7FiE}%ﬁiikv ) . e -
= JE A ikun&h Re FHEAMEE | 0.05~2pm 50A~0.1m
.o AEARIR, TEAEIIR, *
B Y F4 b %}ibﬁ}“ike Bitiome | o 05~2pm | 0.01pmilk
N eRrZefriR, 4R, mﬁw R pmic | KX
PATA R R, |Zec sy | 5 04~0.1pm
TR A b | GHER, KR Mpm | 100A B
. BRIR R, Lkl | . |
7T R 7 o= v|#iklh, FLSEIOUNR | 50A~ipm




PNC $J4369 90-001(2)

(b) JEWTIHEA A TR % 3,

(a) WIS

Figure 1-1 Laver latfice of 8i-02

L@ =R ('b)”:_fﬁ H 5

24w 4F4F HRT ErE)o AXY  ug

7454 F FAE F4 b ¥4k
VT VT VTV VT Ve

o @ U * .. * & @ 66 o 10‘&

RRPRAT 9

Cc Qo

14

H.0 J-

fﬁ

VSl Sos SERRAVAY;
Z};fo_ Z};Z& ‘g7§§7—" s . . 8;25;7 000

Qe
(o
Qe

*« &

Z}S{X o

MSMOs. o (OH), eAlZ7:ltMg, @ K

Figure 1-2 Unit crystal and interlayer spacing of layered clay

minerals?®



PNC  SJ4369 90-001(2)

—F5. ERERT NV =y AETMEEHTIh LY. hEDIR. Yy ave
TNV LOSELL, BRIGRE S-HAUVLA-ANVIL - F P LOEREEE
Lo THRPRLY., Th. BLOFTIBH LB+ 558 (CEC) , $4bb.
SRS LR 4 v OWECHREES Sh A,

Miﬁxiﬁﬁéﬁéﬂ%ﬁﬁwﬁﬁ,ﬁ%w;oz7wﬂu~&ﬁxgﬁéh1$@\
ROV T SERTH B, | ‘ . '

&f\7»%Ui§ﬁiﬁ¢m§%ﬁﬁ®55\7wwvﬁﬁ%ﬂﬁu$5tb\7»_
#UEERTSOEE. Nati Catiidss, Na tRCESIBEEOBE.
pHMSjﬁ&uagoﬁm\¢ﬁ§km&ﬁ%ﬁ?iﬁmobrﬁ\&ﬁ?%ﬁﬁ@ﬁ
e, 202, BEELHICPEROb 24 4 vRBEBrERLT. BT 2,

Rz, BEHEEC a OM g ORBHECEIMAERE LTE&E A, Caliiks vy
THRIEZREZEC LTHRESEERRL. BA2BRT 5, GEERRET a5 s
FUT OBEEGT 5. Th. BREIEITANY, TAS Y TESEMRILTHY
22 CBRBELTOA HEMFOLETH 3, H BOWAIES haRE. Oty
EMOROWFRIC X ZRE. OFEYOBEILOBETET 2 HREBE. OFLEOBIL
X AHEL. ORBREMENbROENE,

g p HOZALE, TEOA + v RRECEEL T, 2IESERTO A+ viEERiba
VO ENH 2, TEOA 4 YREEE. LEHEROFDS i, Al, Fe®d20HE
P.BHEOSOOHEPCOOHEOHEMN, BEEE (p HYESRES) o0&tk
UT, BEPOIFAY (B FAVERE:CEC) 7 =4y (P24 V3 AEC)
ERERBELRRET L &EV D, BREAF4 VIERLTIHN Bty =%
VEBRNTON G, COBEE. Figwel ~ 3IRLE,

(2) BrokEH
IARFETHREICHETLIEERALTH Y. Tablel — 4R &, BB
g OBEaTHhd, THEAE—LESESE (Tablel —5) wihld. @ty
W, L EREL KUREREICRS SN, ARELRY- b, BRCEET
HB, .
fel by ZENORKIBAIE. Tablel —6iomd o 0L it G

W) FZCEETATVELedd. BE=BHLEERINE I ENBL T LITEEN

DETH B,




PNC SJ4369 90-001(2)

rCEC 2 f2{2 AEC
(©) (*) {me/100g) CEC 8 1212 ASC
a'.:‘:a::-.ea () (#) (mes100g)
t FRB=E A

30;1__(—)/(
Kt, vi-
___—0—-"""; 15k tVi-Ch |

N -]
’ ) /2
10 |- - I
a

40

5
) Perar————— ] f
" ()
ol 5*
| PSS S RNV E— —— e )
& 5 6 1 8 i 5 6 1 8
oH pH
 EmBEOWEIE

KT UTd b, MISLSUFLE, Vogh: /i %2
S L RETRIETY
{1, 0.IN NHQ1:s 2, G.001N MG & BT M)

Figurel —3 Relations between p H of Soils and CEC, or AEC @

Tablel —4 Grain Size Classifications ¥

.D4z22, 1963 SoOLF[,. . T, T N O 7
4\@ ASTM D 853, 1967 _'——-l*l'llt :lJlrt‘ A _! E'}b ] B :':‘, T —
0005 U.074 0,42 2.0 4,76 /6.2 305
45 AASHO, 1949 Saub - ik *‘“H}w‘” T
0.074 0.42 2.0 73.2
3 - : e FEREAEGAED 2
HH] BS 1377, 1961 i =TF T ) E-‘f K
002 0,02 . 0.20 2.0 .
‘ 0 wﬂ-lﬂ“ﬁh oﬁulz e 76.2 203
wtete . 1 EREIEREIERE:
418511498, 1958  hde oy 5, B
0.002 0. . .
ou&lm%]ozo né)lzca.]mz ¢} - 60
. b FIEAEREITENEIEEN sy
¥4y DIN18196, 1970  #5k T =, .y o #R
X 02 0.20 2.006.3
: °°0§_m2°nm° "Uﬂ‘ﬁ(z"OG 20 63 200
~4 % SNV 670005, 1950  HiL ¥t F s -‘El R
0.002 0.06 - 2.0 80 200

B4 01S A 1204, 1950 —o x| s gv -

0.005 0.05 ¢.25 2.0

:’nafFlwi_‘ Sab | H

B4 JIS A1204 1AEEC [ ¥4
T3, 1960 0.005 0.074 0.42 2,0

OALNTY S 218 Zod Pl 0 mgbm | '&&"7#»2‘—

B, 1973 L
——E § 1 W, | eGnun
0.001 0,005 0.074 0.42 2,05.0 20 75 300 {mm)




Table 1-5  Japan Standardized Classification of Soil®

(a)

: mmﬁinﬁl&_&mﬁﬁ)ﬁ'so%t DI LA

| G M S bk S5 (2.0—75mm 38 Hr502s Lt k.
8 1ILELF O 5 HEPS( T4 —~2.0nme i 41 ) 5025 1L
k| F 2RO (740 BUTF D348 ) 4502580 L.

IEXIRIE

75maELl T o

S ATETRY
Rt RRATEETIE] (P1) 3 KABGHoN BITHRE,
) : 4 M (] ¢ = v
‘éﬂ_“&né (G B E il F] (CWY i tezl0, L <=/ TG
() U075 95301 {RIE 5 5 5V ILE] (GP) 1 (GW)DAM ISR & %o bor.
_ : AT & (GP.) | U <10 _
(G} FRIMUEOILE|(GP.) & Ue10, U1 * 2020 >/ T
f;iﬁi’”; A PR LD R E] (G-M) MR AL L TH S,
#0 T~ i ) .
TEIEs S Hﬂ"jtﬁ--!é!.‘.')!‘l."][c «Fir skl ) E](Go): #E!I#J'.-‘.ﬁ:'.:'!ﬁfﬁ:t'c:-,a.
2 =-G-- =S 5 mmﬂnrs PITERLIPNYE —] HERITHEIRE T o] (G-0) ! M3l Th 5,
: — 2 IR L0 U] (G V) T B AR WR R T h B,
o —{L A F @ L8] (GM) : ieiasdie b TH 3,
| [A3H=] IcF). —{ g1 rt 2] (GC) i MMIarAesit T H 5.
AL S H1524 0 5024 i LA W n &) (CO) iammraardimHETH S,
e W BE MR r 2] (GV) ! ATRIS AR IIRITR T H 5.
W on o TRIEDGTOSFUERIZN B HEOFNUERDOP OIS DL FNFIZ, CoLaE 5 STz s 2 sk,
= | ;

LIUMPAENE, TEREE ANE,

—{ & v F] (M) Lt m-r:-maa)'r. P I e, #°4 v—f:?'/———J::

b b BT FLY ] (ML) we <509
b fr::at':m-:'.:)J (MH) : w2502

s 14 (CL) twe <509/
6 1= %] (C): MEMTARD L& 22t 2 HEP [ 40w <, 36 =] (CH) : we 25023
Ga sa =l—0 . FAVv AP BP0, B E AT,
=) BRI E] (L) * e <5055
a —ARE]  (0): MMERTABROTTHRIL. TETH LS —{F b2 H %5 =] (OH) T we 2509
(OV) S aTEeM ¢, AR TH B,
(V) 2 2= T AT TRUIRIL (IR T mE] 172)] (VH1) § we <8095
' : ! T —RUR R s £ (1 13)] (VH2) ¢ we 28095
EaxmEm_ (P} 83811 SR ATRIT = :
H - e | . O
e} R (Mu) P SR AITATIE, NAEER A,
(1) Rzt :ob\!—r@‘mﬁ'}'" NDLECAZRLY DR, ThERUY ) OBELHHBIFL, FFR %O;I:Ei._g EX B ENTE S,
(t£E2) (G-F) xiU=oHuMaRSoNEItt, ~f7 '/EB'; LHEDORTXIHT W, P 7 t‘tfﬁ%ﬁ:‘;, (GWF}, (GPC) p&D Xk 51275

ZeRTES. (S-F) 3 J:U«—o.,ﬁp,:‘a%' DIEIZ b FIEETH 5.
(Gz3) Uc-—Doo’D:n, Ud'=(D)*[Dea st Dhe WIN=ENLE 3 21,
(TE4) Rl () BRSHEL () webiim () asFEes s,

INd

8IEYTS

(2)100-06



Tablel — 6 Classification of Soil Texture
(Method of I nternational Association of Soil Science) ¥

PNC $J4369

90-001¢2)

M+
awp

& 2 & *ﬁf: ¥k o ow

LT <3%

‘tha%;?ﬁaﬁe sad] S15% |<16%

3'L1§£§lf'ﬂ?ir:l§ sandl <18% |<15% @4_02_ <45%

o U e | <15% | 19-359 Bo% |>45%
5‘?&”&%%0-‘1::: <15% | 15366 | .2 <159
Ry <15% |>35% |<45%

-sfﬁ;b:oifi <15% >45% |
. Sfﬁﬁ%%:ﬁnm 15~25% <20% |>55%

3 d‘?ﬁfm 15~25% <i5% |<30%
1. i :ﬁh""ﬁ F5~25% >45%

Sff,f’f]:f | 25~ass <20% |>55%
12. sfﬁi’lﬂfm* 25~45% >45%

: L?E‘rﬁqiw 25~45% <45% |<55%
rg, L >45%

*Heavy clay




PNC $J4369 90-001(2)
(i) XY F+4+
Y FF 4P REEE, O BSRI. EELHMESICERL 2 KOh OB,
IR EZSYCERI e YEY 0 4 FEERFETI2HIIYO 1 2TH B,
BTy NV IFFA4 MoRBRREEBRENDZH, XL, HEASCHD WS,
TRLBAREORRETEY b+ 4 PRBBRIhABEESY 44 b THD. #o
T Bl BETA~Y FFA M. REL <Y F4 FEF B, Tablel — Tl
o0~y FF4 FOBRERTM. pHET~10.5TH5,
Ry b FA T OBEBRE LT, DTOSEMISY o h 5,
OB B | )
Y PF4 MCRENaBECaBRS D HERBENAE . BRIIERTA
VW, CHREEAREFEFEECRSEL N34 v OBELETREZ DTS
3, MBS, BEEORE VN a R EROHREEINTH S,
m) A A VASHE |
ML EEHRIC <Y 4 FDERMCEE TS AERERL. CORE
i, ERKDOBA 4 Y OREFL L - TERRKHIEINTNS, <Y bF4 b
Tl B4 A4 VI EEENE (Tablel — 8) &
nN) REkiE
BEamES CAURIEBV TR ROBBET 58X OFBILRAE (. LAsH
FORHEFCLORDPFEINEHT DI 20BREZESE<YFFAL+T
FE) TED, BRERODEUHBTOEHKOMEEZEL(RTI-TH S,

(i) BERRst & BokmRs+

BETERINH1T8M%E Tablel — 9, Figurel — 4T, #ARRTHORTE
M1% Tablel =1 0. a5z, HEOEBEETablel =11, Tablel —1 2iZ5xR7,
| ERREE. BE~EECONBEECERLEbOT. BATEARES, LB
B (1) 253, RRLTESREERL. BCL-, S WY , SO &HL
THT. B3 h3 LFHBELECEp HEK2&bhTs, ¥

BOKBR CHBBR £ O P, S&HHRT p HOSHMHIE Tablel — 13, Figure]
— 5, Figurel — 6iC®¥. Tablel — 1 Sk, Fokpkitid SA0.09%2
FLBHTHEL. T (pHE.5~7.2) THaH. BRELISSHEEN0.34 ~

-10 -




PNC SJ4369 90-001(2)

Table 1-7 Comparison of Bentonite Products ™

H S h ! ? 3 ‘ 5 § 1 2 5 1o 1t 12 13 14
8 R L M. [sey [w klsnviiuwmmivrr-claosssa|n m|lA m|r-rr |=,i=r Tn-nfK6 - 1|rzerF
. on ¥a Ne | N» Na He |- %a Na A ¥a Na e cs |"ca | %
2o o (M [P [MEAlUE Ao ARIERR[OAA R AR AAR M AT EA DR | AAR [0 B A
treaimg [Komine [mEmin wlzem|zesivson|z o[l lammlazo|uronls mlr
TI9ay |17 Ay F=t4 ~y P A LSRR L FR R L
3 A== Ir f 1|3 {flaked ?1‘4’} = F+4} b+A L FAP]| PFAL
bohz-ligaes x| PR fy| TN if Ixlrea m 33 X
BBt eoon |tusoon | aaen | anaoe | Tenio0 | 20200 | “omste | “eeoon | 25000 | v.000 | 29500 | 19,008 ooq .00 000 | F M
L 24T L Wi | k) [ kS (0 %) - W [ LalL) * (thir) ’ BL TR e SINT
r n | ' : TEE L 1 108 joze |" ror |7 ae |t hmm|  vree
ray | ERee [=nen |onwe |one [:n o .
HE
HER =nu | wwzn | knzglmore | Enzg | noee| Sns snemiknzn | knzn|2orn| Tum o
g, 2| Wowrr B i B Egﬁ 2L mxgﬁ —ﬁﬁa. ARRE whe ggg‘ﬁ gugﬁ REBRE|SNP §
8. Sheh| B %2 M. ED Tl R | 1-1m | naki £ B — [R¥an|Edakm|HE
EANS gizhen Erek|ofe a = gg“m ﬁi’ﬁn
fim s ikm BAnh
1 ke
sig, W0 3 g | S.015.0 ane [P0 {asm | oens fLTe | 6Bs 8.3
- 1.0 84,0 7355 58,0
Mmoo~ |0~ , 0-15, 0 13,0~ .- . : ’
My, CRTIN BT 160958 1os ' 1.8 | s | st . 2.1
3.0 7m0 .18 15.0 ,
N~ | 2.5~ : 1,005 2, 8~
Feod) : . 1 . .9 A 3 . 2l L 2.8
N . R ] — 195 el M U Y i . ‘
e~ [ o1~ S92, 0. 5~ ' :
NN L e.10 7.0 1Ll BT 8,02 e | s 1.9 0.4
9.1 1.0 s %0 . )
3.0~ | 2.3~ 523 1t~
0 ? .51 .18 LTl S L 1.9 8. 61 e N
Y 2 X5 2.5
L B 15~ 53, N " .
T R} nn LIS R .6 7.5 - o1 52
3.0 2.1 W] _ 2.0 . _ :
0 A Bl P 0,2 LLaULl v b, 1t e an 627" ) ¥
o5 o4 0. 8.5 .
0. 2~ =
Fel — —-— _— —_ — — —_ - — . -
0.4 —
g1~ B 1-8,
Ti0. - ! — —_ 1-8.3 ~— — — —_ — - —_—
0.2 0.1
5.0~ 3 1,04, o1 1.0~ ‘
TR s.60 1 Lts | wéon Lz n e ssi| nanf snin 6.0 1L| tLtlx. Lows
X 1. 2810 s
T Ol — &5~ — —_ —-— —_ _ — — —_— —_ —
0.1
1.5~ 1 e ® e R v i~ ®[ 5~
& omn 2, .o ‘ 0.3 8.2 1.5 ¢
i o) HF o8| 8 ser0is ] 8 5e10.5 ] 0 60,2 5|’ 715 L5 '
} 1~
N N ] 1 e : . 200 %
0, 15~ 0.5 ~ ® 0.5~ [0.45~ | 0,55~ 0. 55~
YR 2, 35-0, 0. 85 R 0. 85
b 9.1 eis)| o | eIl as|. o 810 :
0 . < '
ok A £19,1 <@ sm : :D? swo| see ] s ~1®| 210 10
17, mamay =800 51
emn =-20095%s | v =300 -250 ~300@ |, -ao0 -108 -a0d =300 2008 <200 =g =100
mn m | ﬁg% 18- 5% =10% = 00% > 90% > 408 >0 > 958 88 8%
maH ; q;a G} . )
. F3 4] FAE N =18 - z18 . (155 ].]
W aien o i L5 18
5~ | 6,010
g, R E 5o P50 §.041 z5.3 Lt
{efed | . 80 85 8.5
cec | s '
2b0-B
LR [::?~ 0 0 50~65 55 555§ a0
meaztoned 18, Ja2ad 5
ITITIIE . 1~54
. 56 #2.0
et 1060 81~ T8 ) _
P~1IORRD |~ R & i Nl B T B N B P R DL T ﬁgpﬁ T ETT
Ll " % B|*on Bia 3,
-1 Iy i, &m | om, n, Yoyt B, d| kS| REIIT 8
POy |® ®|EFDM E":u: Ak énsme IR ATl WS ggkg RRan|ERIIH & g
E!# B AjEh, [ i an 1 % # N3
n . . R . ¥ i nx nE nxivdr L
: ah s
3ietals
. 20 5l




PNC §J4369 90-001(2)
Table 1-8 Radioactivity Removal Rates of Various {lay Minerals
o= = @)

b fi jeveyergr Lo lkvira sl S—isasan
| AiBic TN A B iFE|Rx K| mam
| WCs-1TB, A N D 9
wsewy | 74,50 71. 35) 71. 49| 46. 25 53 46 59.87) 65.63 -3, | 8.2
2y 62,0 57.44 29.26 30.46 16.10 475 26,77 — s
Ce-Pr | 69.21] 89.00 85. 16 92. 50, 76. osf 83.20 95.94) 920 1842
“Ze-Nb | 97.18] 91.05; 92. 25 98.08 83.5% 97.13 83.87,50 | >0 .
16Ru-1%Rh | 64, 40] 52. 89| 60.77| 69.39, 53. 51:; 68.08) 68. 69| 70 8.2 .
RATABUERY | 9470 92,44 94.75 70.87) 86 20:! g6.16 —| L4 o -

Table 1-§ Clay Minerals formed in Seabed %
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Figure 1-4
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Table 1-11 Difference between Clays of Saline Water and

Fresh Water Deposites at Qutcrops

2}

WO Mk PRIKBOR
& R O . R ) TrfR, FRIKE
GEX T Xe3 8 a;bo) (—ﬁ;tumam&)
. ANE & Uk x<Tmo s
Mh 7 i SR B b Bgudie iﬂrﬁrga
o | monie, TS0 | RS AMELIA
s BRapem, Tie5 Bits
pH 2~5 (FEHE) 6~8 (hitk)

Table 1-12 Comparison of Physical Properties of.Clay'Minerals

of Marine and Fresh Water Deposites

2y

) mooR Bt

woOK Om B o+

R 30% LAk 20~30%

= KIBAA L, —BoaAt | KEFUhoa bnET, |
EAERSE FChEL ” LER TSNy S

wof I ® e oKk B %

wy=50~130%
I,=20~90ﬁ

wy,=40~70%
I,=15~40%

T A, —EREE
o e * % /b PR
W Bk PR = = b
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Table 1-13 Phosphorus Sulphur Contents (%) and p H in Soils of

Osaka Group, Osaka Alluvium and Bottom of Osaka Bay ¥

FeS-S+el

FeSz=5+C-S bond S

cord

Fe:0l

070

ement Se——m—mm—

total 'S

042t

077y

onate C
Org. C

0700

fotal €

1457y

Cl:Hz0 B

2N=-HC} {—232

Figure 1-5 Range and Average of Sulfur, Carbon, Chlorine and

Iron Contents in Mudstones

10)

S = R ELiey X B B
ROKRH mom o om o=  |BE . g ®
P T e 2 (Mag{Maa] Mad [Mas |8 Bl w7 |1a7~s| s
p| 007| 006 005| 004 004[ 004| 004}j—| 008| —| 007
'S{n.d.|n.d.| 009} 099 038 074 L72]| 034| 031] 030| 0.28
pH| 6.7 72 | 65 | 38 | 43 37 24 81 | —| 80 | —
Elemenl content
00 . 1i0 —— r 2i° . — 3I0 — ‘/ol
50"-5:;4,0?939 —— Ronge
503"~ 5:012N-HCl Qo * - Average
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1.72 &EL kB HiZ 8. 1T, B{LLTEE (pH2.4~4.3) &
15, BERERBLOEERIE T EEES N, B, BUL Ui AR s Bl
FETAILIZO0 T, 2REET (BHEELToBRPO) 54 4 vAVRE(LE
CEELRELAD B, ERNCEEBNICS 3 0. RV GESEERNIFUT,
SRB) cBRAN. WEAFY GRS S5-TY vEBE—ERBL. Filksk
 PRELTO 3. T ORILKIE 2 OROBMEII X > THl% OFTIFE (Table] —
14) F3H RADLIBTS 0L 2T BEOFET CRBIERINENETH B
EEBLONTVS, 1 I _
AFeS+6H,0+3 ————— 2S,+4Fe(0H):
S5:+2H,0+30 ———— 2H:S0.
H2:S0.+CaCOsg . CaS0.+H0+CO,
nE. BERC L. REATEREKRET 0.2%5F. BRET0.2~3.0%TH
D\ T, BACHYBAIK BIEKBOREA + ¥ T2 0, g, HAOTE
265 0m/gChs, 'V |

(i) mRRRE .
ﬁ%ﬁ%i&b?d\ﬁﬂ%(%ﬁ%)®ﬁﬁﬁﬁéﬁ%T$%Eﬁ&%ﬁﬁ®ﬁ%
%%5%6:{%’5‘3‘5%% (C— 1) PBIRTEENRD 2, HicBThy. BHEIIELT
wHSER 4 A vl b by BT ADVCW (BMA R - RBRSER) Tkt
LE-EEhTV A, | |

(iv) BEAE
B BRI+ O—MT. BEEBAZ (S0,), RS (H.S) £EEL
k&ﬁoﬁmﬁééoﬁﬁénéﬁiﬁ%&bf\iaﬁmm%y%uu+4r,&ﬁ
Bt Yy, T BREAETHD. BICFIBERS . FEOHLOETESR
MOoMRICHN - THERES, OBH, FRaBo=—-0EREEZEL T3 &R

LB, FRE Y RLOERIREREFEOLOTHS D, EREFOBIRRELICLS
LOTHY. HEEOBRREHETIILZHOTS S, FEAEOBEFILET XD
DEELONTNS,
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Table 1-14 Oxidation state of sulphur and princibal Compounds

corresponding to Oxidation Numbers®

(oS s CUE = /< ¥ "
H: SO« (HiEE)
g 507" (RMEA+v) _
CaSOy (FREAA YO L e BE(KIRY)
' 50; (E’Eﬁftﬁ?ﬁ') -
H,S50; (HEamA)
+ 4 507 ° (EfmfEAf+v)
S0z CIERLGIIR ) vovemeoreees HHREST A
0 Sa - (FR)
-1 FeS: .7 3 (5 - 3 R T Pyrite, Marcasite
< | Hiso o GEfAk®R)
-2 . 8§77 (AEA+v) -
: - PeS FEEE ) eoremrminiciinene Py'r rhotite
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1.2.2. it oBEA A=K A

B HOBEHOBRELT. REERITLIEE TNy 2ER w2 R E
f (82 BERE KHE avzy-—1) 2BRIE. BERER (370enEaR) ¢
»3,

W emEE | -
BATES L. KRR URRLOBRE LTS, 1707/ —F, 708
V= FTUTORBRET S,

3I/u?/)—~F:Fe —— Fe?+2e-

3udvy—F:0;, +2H:0+4e" _ 40H"

THEhLE, KR EPCEEL TV ARBOERRDIC L - TIEESh. 231
T —F, AV—FREEELEI /neBBL TP DT, 5B LL S,

TEHEERBRREDIZE. RPERES(SU I LT BAZTESEPROESE
Hiclhb s, TERRO—-BESL LT, BREQCIVBLLY. BOHLOHTERE
ﬁ&%bnfm%ﬁ\Ch&??ntw§ﬁ¢N&?U%gﬁ®k®T\ﬁiﬁﬁﬁﬁﬁ
DI ZuERITEETIELRNEEDNS, o . |

b5, BREORVL TBIARENE . BREEASKEL, BLEBL 082
R, REESAE (. TRLFPOLOT, REKPEEKR LS {fFkiENL ., BR (B
F) FECEHE 10 7m/s) WBE (10 %n/s) LphEvoT, BRIETOERE
ZRPKROBAYOHELVBLLY. BAVOSBVHLOFWNEN LS T LK 3,

—7s RV A PCELTR. BARYEORREECIRHIC L - TiThha I &l
BB ZDBIBHUPINEELGND, -7 ERILFNRBCEI CBEZRER
FnEERoTRROBEEZANEL (. ZUBEERS BE LER o H¥0OREA
BEERETREL, Tab5. p HIRO OREOBT A7 Y (BATRER) THY.
ERSEA VI L) ERRBOAR. BERZEESSZ (L POBBII L e
BHOT. FRTREDTHEONSNERRIERETH S,
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@ ~N2FY Tk BER
R FYTIEL BEREEIEET B, 5 S EOMENEARIEOWER & LT
F2ABTHB, COBOWEILR. RRESLAE BREETEE £ Y REWE
READ D BEREEE LTS DOTHEN, KHTHHBESTEEORAIBELH
by, _
| OB & B HERBRRR & » TRITS 2 DTEBM & L THILSPORILREE
ETBONBMTS D, SR |
7 )—F:4Fe —— 4Fe**+8e”
#Y—F:8H:0 —— 8H (Feltitihk¥) +80H " ~-8e"
8H (%) +Na:SOq )ﬂ74HzO+NazS
 NazS+2H:CO3 ' 2NaHCO;+H.S
2K :4Fe+2H;0+NazS0,+ 2H2COx
o —— 3Fe (OH):+FeS+2NaHCO;
LT FESRORIHTHLVEAZE L, BAERYNBEECRIMEOBELRE
LS BT L BBREEL TN, COBOET&BELT, pH5~
8.6. BE4L0THT BERESD~30T) « REFBEL. »BEOHFEY. BV
F et Mg ORENDETS B, BH. BREEA Y EXBM®, Zn®', Co®,
CatORELENC ESREEES, 0T Eho. BRETRL S 25 ERE
B0 S KHEE LS, I, RERMETRL T, CORCL BERRELL
vy (Tablel —15) . |
Ehy SV PFAFREBOTHINIFUTILLZBENIELE SR TED. 5HFR L
(RYPFARK pHO.5 S40HE TEAMNIBILILOHEVLHIN L
%L, MEORGCHELBERST~NTHUFENDhTO SR bEREET 5,
A5, BAESCEAERLNHOI. HEPOMRICL - TETIREMELSD 3,
EEYE AT P EEL LT, AREOEREEEENT AT 3, RRE R
TECERT, RAREEPOS VLB T, FENOABCENUEEELTYV S, B
S REERRL—BIEL0TH B, B 0BE. BRICALOERCL3HET
HRI S 03 LM OBEEIRY 2% < OEBMOEER. bL OB L EED
MRV ko RAIREA OBE OB & - TIRES N3, £ 0BE. BAREIRT 2{Le
BIERETS 5. BREEAKEOROBALAS (. BATI—HEROTRERL.
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Tablel —-15 Kinds of Principal Bacteria and Their Characteristics

N | BERERIT | Rl SRR pHATM RJERE (C)
BRI | | | -
Desulfovibrio desulfuricans | BREME. | Bifoksk, | WGk | BE: 6.0~ 7.5 | UK 25-30
e FARRIE. | Bk ik, Tk, | M 5.0~ 9.0 | kiS5
SOt~ -+41z—>S*"+4H20 TEREIE, K. ik, ’ e
SOt+5tz—112S + 41120 7318 | i, 279~}
. BRIk ' :
Thiobacillus thioxidans RAEIE it A5, 15K, fud s 2.0~ 4.0' ﬂj‘(_: 28-_"30
WY B, i, B 0.5~ 6.0 | <18, 37< T}
25 4302+ 21120—2112S04 A G ISR S | RE
. AR | _ : |
-+ Thiobacillus thioparus F A BIR, Fﬁﬁﬁfﬁ!ﬁ’(’ﬁ‘lfﬁ 4, ik, ot - T Fol : 30
iUk . UGN (A - | : S
BER B E~E(L | A0k, Tk | RS 7.0~ 9.0
. SKSTFNT R . |
Crenathrix ~ WF&HE ISR TE) | Rk (m) | SRR Tl © 24
Leplothrix Jfégﬁ)i’i(i'ﬁfk ;E;,%‘EU_“:.S: 491%3‘1]"1‘57}( | BT 5 ~40
Gallionella fﬁﬁﬁ{l::"{/: o : .

3Nd

69E£9rS

(2)100-06
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AEERRIES D OIEETS 5,

COEN BEREEREORT 2 EENEEFo SN, BRCEES 2WHHE, A
yVHE, REEEV-ABREEND S, T BENELLTE. SO BEE ©
BEILE, FAREBERLE SIEISIEACEES30LLTHLATHS, BE
RS OEOLRYOLEH PHRBEOREZERE L TORBFRAC L - THES
-5tén1maoL#L&ﬁB\cn%o%ﬁ%@wﬁ%?a:am&nf\Hﬁﬁ%@
PRI & BBBERI OB &1, MEBREIEE LED 3 L0 R EOTBEIFbRZ DT,
BARERESOY THEETH S, COBRORARMENIn=—%2{ 3 Lhb. BH
BROEREEDIENDZL,

@ EEELROBR

-'\'Jv#'—_b:é’o‘b\'t Boom Clay BizEiL T. B ~BEEPEEONSEE LT,
IS D B R AT TN B, 12717 -

BLEOEAMNEE LT, TEERANATL 30 WEETORS, BERERVEA
WA, BREALY, N7V, pHETHY. BREOHMEEDO—DLLT. B
Lt BT (Redox®AD) 7S NTY 5, —BlE LT Table] — 1 6 iZhEEORHE
. BB OBRT AREKOEKRE Tablel — 1 TIRT, ANul YRECERO A
FvaBY. pHbI.5LEHTIE. BAMBEL IhTL 5,

FRICBTIHIORAA N =X 2 L LT P BERS KBRS 24
V= FRIBE LT ORBHBRE, TWCE SEERGIEL bR L D TH BN
D LFRLEROSAFR b (KR B B ThU. BELHOEETOERN
By, 12131517 20, 21 22)

i BHpH10.15, Vv 2040 0wWOETHIEEN 1E0RET H
2.5 LFu2AD60 0nVisEvwl i OBE® 55,

—F. BT BV TERE ISR N ] O BB L R B R RAE Uk,
CORERoFEHHIn. BEEFORBESToONLD, BRI EEBIEIIANSEpH
2L ETH B4 5hd. H,0.58Mp HOFWENT0 B, (Tablel-18,19)
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Table 1-16 Main Characteristics of fBoom'CIay” 18)

Chemical composition of
dry macerial (wc.X) -
Natural water (wt.Z)
Minerals )

" QOrganic material {wt,Z)

Sulphates (wt.Z)
Sulphides (we.Z) =
Chlorides (wr.ZX)
Tluorides (wt.2)
Phosphactes (wt.Z)

64 2 5i0z, 142 Aly03, 5.97 Fep03, 2.22 Ka0,
1.4% Naz0, 0.6 Cad

ca. 262 _

252 Illite, 207 Smectite, 307 Vermiculite,

152 Illite-Yontmorillenite interscratified, )
10% Chlorite + chlorite vermiculite interstratified
ca. 17 pyrite

0.17 = 1.46 Z

0.26 = 4,58 1

0.0103 ~ 0.0225 2

"0.04 - 0.24 2

0.03.Z
0.01 - 0,12

Table 1-17 Chemical Composition of Ground Water (ppm)

of the Ressaix Coal Mine

18)

_ _ species  __ - o
Cl 05 S0., S 20y
137 11.3 : 172 o eQ,03 . <%
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Table 1-18 Average Values and Standard Deviation
of Clay of Marine Deposite® (Samples, n=T1)
o AR T | BEERZ |k T oo & T | mmEe
1[m ez mewE |02 0.2 |1jce (=g /1) 8 5
2 | % = (5) 4.9 1.5 {ulso= (ety |38 a1
- KMnO.
&= . . .
1l o 8@ 2.6 L2 |15 ey w0 | M 277
i | ErrEm(0om | 23,31 15.2 |16 ZRRSHm/) | 872 1018
SleEssad—m | 184 | w7 |17|= T(e/t) | 2 g
JsiEEmao—n | 181 10.3 || 7asuEie/D) 13 16
e £ mE 2.8 0.8 |I|AEEMmO-—al| 0.4 8.5
8 | RedoxRtXimV) | 308 236 20| FROFMX(E) 1.2 1.3
s le *x ) w | 1B |21| ANSIZE(S) Bal 53
10| RRESHE(%) 0.21] 0.9 |2| ERRREEV) | 60|
Ot - &k
11| H:OspH 41 L4 (2] e () 0.5 0.5
12 pH 6.2 1.1

Table 1-19 Chemical Analyses of Clays of Marine and other Deposites®

bol 2 ;| ks POOOF B0 ayp miemn s pE sott oot BE | M)
. B pH BE | FE

(2-cn). (=¥) (%) (%)  (ar/2)(az/2)(me/L)} (&)

| |t 316 -86 1~2 30 M 0.48 3,9 881 6 1446]25
2 @(é}: *ftit 933 - i~2 8 #M o051 3.3 1206 2 1916} -
3 s (ze) 1520 -70 3 24 MH4 0.19 6.5. 26 5 258 |IL§
4 & (W) | 1980 -30 3.5 21 MMl o0.03 6.6 .46 & 215 | IS
5 WEd (WEKE) 1650 -16 4 20 BRHE 003 65 28 6 180 [IL3

1) MK TOREE, MRS LER T 5t
DR EMA 4B EIKE L TH » 72 | |
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Hipid. n—- 2B BEEBROERETH I LD VI YV P EHOREVEEL T
%, COBRENES. TOBRRERETHERMEC. F{thrbH 0. RESHEH
EREFYNET BRI LEBLTELDTHVEEZRY, FENKETOZVERED
BNEHTH 3, |

o, BELITELTE. CL A<, O, N FYTOEMT. LEEE
& BRELCECERCS Y. BRA-EEIIL)RBPIRED I LPRESNT
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1.3. BthoRe L BERT
1.3.1. BthoBaSH
D —BRHLhORA -
BEC TR LB L ESET A LUTOLIRAYD. FF2 507 Fus OBREDPS
HAZEINTV 3 HEEAT —p b BEAY FF4 b (BE~ET v Vi) Wil
FERARTE (i) BthoBeF -2 2B WHT3BERD 5,

J— - BB *
' _RYbPFAL P }ZZ:ZII:ZZ:I &7}(& % ;},l& :t1'.'.'.'.2::'.'.'.'.'.'.'.:::'.'.'.'. ;ﬁ ﬁ %‘1!5 +
R ' B OE R

@yuny)  (G@7an Y ~thid) ) ’
SRB (~EH)

—gr P ERES I WAREHEOBACEL T, ¥50.02 ~0.03m F (
A2 0 I ~10) T PORETHSTEE b Tablel — 2 0~ 2 2B3REWX
%mfaéﬁ\:néuuaﬁ@ﬁkbfﬁﬂ?&%iﬁﬁ,mﬁﬁvanﬁwaxéﬁ
BLEENTO D, Eh. AKETHENAO—BLERUEEL BREIES b,
RETHERZZ 7Y FTRELETNTH Y. YRR oM IREERF O —
IRZLNCE DB THETH S,

FENBSOF—# 035 b REWBHIROBAT —# % Tablel -2 3iT. Z0&
ﬁﬁm%meer—7w%?°Twm1—23md\ﬁk%@?—&ﬁﬁﬁéhzmﬂ
WOTHTOBRZEEERTH 5. it (o, 64~No, § DEF—F) Op HIX5.9~
8.3 Ollicd 3, BC 4~ THEROBHO—F—% (No. 84 #K<&CL &0.3~10
me kg, HEHTIA06~1346%m SO H2~30m keD¥lIzd B, £
LTTIE AR 0. T~ 2 .50y, BARLABER3~1 6.7y 2RLTNS, Th
LDERF —Ficike s ub LOEEbHY. £h 2577 (SRB) OBELARHT
%%, BEOEVHET (Susquehanna Clay, Figure 1-7 ) W—HEEitHUTEBENKE
WA, BESIR ED NS,
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Tablel — 2 0 Results of Corrosion Test of Short Pipes

Tablel — 21

for Long Term in Seils,.(NBS) 2®

BLRRSRE B o BEPTOLSRLE 0.064 mm/y
BLEEAMED SRR TOMSBALET 0.0036 mm/y

EIRIC 2T RS LANYR R 0.02 mm/fy
FLEWILE (124F) 1§ 5. 4mm
0-_3""" ‘ mim

FxOLEPTORKILRES 02E) O
_ : (0.03~0,3 mm/y) |

ResultsAof'Digged Qut Examinations of 50A Steel Pipe
with Mechanical Joint (18 Lines, 540m in Total Length)?¥

- rhed " b5 Bt
e T Rl B (Y e e
7377b+93-4 | 36.0 | 1228 | 0.83m | 0.60m | 0.023mm/%
" '24,371104310.52 | 0.46 6.021
ro sl 037 o8 |o.023
i03y2 24.2 | 1692] 0.51 | 0.38 - |0.023
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Table 1-22 Results of Digged Out Examinations of Cast Iron Pipes of
1004 and 2008 (30 Lines, about 900m in Total Length) %4

FHZBEY 44,85
F-aH 117,427
EAERE- (¥8) |17 =

" (RWEE) | 0.83 m |
R AN 0.0301m/% |

160
140+
120

1C0-

B AL A 0N (ails)

Silt Loan

Memphis

Ruston Fine Sand y Loam
1 f '

0 2 4 6 8 10 12
BRERE ()

Figure 1-7 Change of Maximum Pit Depth by Years %%
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Tablel — 2 8 TField Test for Steel and Cast Iron by NBS %%

SR AR = T S INGICF I, A e /100002 T, RN S5 2y
Rb Do FOR T = AL 4 i TLES 951 500 AGRIE, THET 1 in®1/1000I2 T,

- 67—

i K 1| i . IR kAR OIE
: . L AOR . £KOI/100,00012 T
TR B R Ll T P Dol bkl g I A o | mne | e
2411 ar | - . HER | 0 k| b ; = P : "
whier |wigen Ruien | wiiam| C°F i % : ' kit 38 Mg | moo, | @ 50,
N LIk :
K 9.2 0-67 16+ 6 9-2 | Destroved| 27-01 } 46 30 | vp 1] 50 | A 455 | 08 | 30 [ 05 | 06 | o0-08| 2:0
MOT i 12-0 2-13 7.8 | 12-0 2-51 15-6 52 43 VP 55 341 33 60 | 43-1 | 52 | 9-5 0 |4313 [31-0
N Fint 5 -6 1044 56 96 1-09 19| s0 45 VP 47 2-9 | 100 54336 | o8 [ ¢0 o |12-1 | 366
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A ‘Carbon steel (flat bars)
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Figure 1-3  Corrosion Rates on Carbon Steel Flat Bars Based on about
Four Years of Exposure at The Test Sites in Soil®*™
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Tablel —2 4 Characterization of the soil at the Swedish Corrosion Institute’s test sites. ®7

Sulphur Compounds,

Water  Organic mg S/kg Dry Soil

Content, Content, , . Carbonate, Chioride,

Resistivity, ~ wt%% of  wit% of N wi% CO}' Sulphide, Sulphate, Total mg Cl-/kg

Test Sites- Depth, m Type of Soil ohm+-cm  Wet Soil Dry Soil pH Valee of Dry Soil,  §*-§ $0X-S  Sulphur  Dry Soil
I. Enkoping 0.7 Heavy clay 3290 31 1.6 6.6 0.11 7 21 190 20
1.7 Very heavy clay 3 450 32 Q.7 6.9 0.10 7 29 150 20
2. Sollentuna 0.7 Heavy clay 3770 41 2.9 4.3 0.19. 8 202 2090 J4
1.7 Heavy clay 1170 48 S22 6.3 0.19 288 | 526 10 300 22
3. Kramfors 0.7 Silty clay 2570 33 s 0.9 6.0 0.12 P238 49 - 2030 S0
1.7 Silty clay 143 30 1.9 6.5 0.12 347 47 1 240 60
4. Gothenburg 0.7 Heavy muddy clay 1710 41 . 37 4.4 0.10 8 4i2 1 480 170
1.7 Heavy muddy clay 345 54 4.6 74 0.13 82 322 14 600 2 200
5. Stockholm 0.7 Hecavy muddy clay 5220 43 2.8 4.2 0.11 8 188. 1 840 30
1.7 Muddy clay 1 050 Sl 4.5 54 0.09 19 758 6 400 140
6. Laxi 0.7 Fibrous peat 7 160 85 (A 4.3 <0.06 - <6l 36 120 180
1.7 Pscudolibrous peat 13 500 922 L LR 4.2 . <0.06 <3l 41 - 550 220
7. Linkiping 0.7 Sand 262 000 7 © 0.5 5.7 - 0.07 <5 6 920 20
1.7 Gravelly sand 17 900 13 0.2 8.0 1.8 <$ S8 140 20

69¢¥rs  JiNd
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Table 1-25 Corrosion Rate of Metals in Mud(30°C) 2%
A el | m 0w # | # B W # 6:0 | 2ArvLamss)
AIE mdd l mm/yr mdd mm/yr madd I mm/yr mdd mm/yr
= = 1.7 0.0038 2.0 0.005 0.32 0.0014 trace —_
H F's) 37.0 0.173 45,7 0. 215 0,26 0.0011 trace -
xmdd : mg/dm?/day
Table 1-26 Examples of Corrosion of Steel under the Presence
of Sulfate Reducing Bacteria %%
2 & % R mezneg | BERRNE
Bunker d iz 515 2 AKGESET 9 E£T10mm 235
Doig (1951) mIc Bt EB - T 558 T94mm 443
Copenhagen (1954) wELAIz ST 2 ERE 12£T15mm 272
Copenhagen (1966) ' 2ET8mn 855
Booth (1967) SRBEBFEEFOIRMA 137 mdd 137
(e =)
Booth.(1967) B R P Bk s 2.6 mdd 2.6
LaQue (1948) Bk P DR 1 £70.12mm 25
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Tablel —2 7 Relations between Aeration
and Kinds of Soils 28)

£ - S - * H

Good W, BEr—4, SARe—&, BiRe—as, oA rHr—4
Fair' - @ﬁﬂ—A, fﬁiﬁp—x‘u "/llfi‘ﬁﬂ—-h

Poor = | HixEe-—a, Bt

Very poor . *it, #ﬂﬁﬁd;. /e

o2
- Q
T

>
o

Corrosion rate . mg/dm2-day
-
<

20
=
0 ! ! L4
0 10 20 30 Sal.

Water content(1xNaCl) . %

Flgurel —~10 Relationship between corrosion rate of steel

and water content in Toyoura s50il.*9
@ :finse, (;:coarse, A ;fine (>300,000Qcm}
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Figorel —1 1 Relation between Soil Resistivity
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Figurel —1 2 Relation between Cbrrosivity and
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(iv) pH
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Figurel —1 3 Corrosion Rates on Carbon Steei(ieft) and on Zinc Coating(right) Versus Seil p H Value
Three Years of Exposure at Different Test Sites in Soil 27
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Tablel — 2 8 Redox Potential and Bacteria Corrosion

and Corrosion of Carbon S teel?®
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Table 1-28 Result of Factor Classification of Clay of Marine Deposite*?

Torn=-7 i F | " &
ZRRE. 0B, R
Redox R, FHEIRLIP/S)
TURIEIL, HIEHIL)

T pmme, AmEm [ RREFHEERT

I BN EMRENRG

B {pH. BE. TAAUE | pHOMNS
| ANSIE. KxEwE REBEOWE
Y Hy0upH. KMnO R D& oRAtRT 3

HAORHE

Y 7 . SOJ’- |
_ R BELRETS

Table 1-30  Soil Bvaluation Method per ANSI A21.5

s i # = E Jus 4
<760 {10
700~1000 8
1000~1200 5
e (2 em)
1200~-1500 el
1500--2000 !
>2000 o
o0~2 H
2~4 3
4~6.5 o
il 6.5~17.5 L
7.5~8.5 0
4.5 3
>100. o
e E Tl (Eh) ’ 50~100 3.5
Redox 6 (m 3 0~50 4
<0 5
At < FISHEN 2
R Higd R b, —RICE > T o 1
HEAH, - RO
sl 35
Ly | 2
%L 0

MNP ORHES AL, Redoxilifistfiiin X ALEI ML INT L.
R0 il o kA, MIEATITH L O kTR
O T RFEHB T AL k.
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Figure 1-18 Soil Evaluation Method per ANSI ®
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Tablel—31 DVGW Method for Corrosion Evaluation
& B | & 6 | = M| FEmA
a) HIRICHT 2R E
] Z,
s BiseEE TR <10 y
>10~30 +2
S530~50 0
550~80 -2
>80 " —1
b RBE, BRELE . . -
. Hit, EREEM, RHE g % >3 12
[ ﬁ%%ﬁ@’ﬁﬁ(ﬁt:ﬁ? ] ﬁﬁ) -12
I~2 A, ME, TRERS)
HRERE ' oh 2
oHm an >50000 y
>20000~50000| +2
575000~20000 0
S 2000~ 5000 -2
1000~ 2000 —4
<1000 -5
P $-3 T % Zs
=20 0
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Table 1-32 Estimated Uniform Metal Penetration
in Cast Iron and Carbon Steel 39

Penetration, mm

Reference Rate Law Temperature, X  Environment
29 Parabolict®) 523 PH7 to 8HO 28 38
36 Linear(®) 523 13% NaOH_ 20 38
34 (inear(®) 523 Neutral H,0 33 66
22 Linear(¢) S011 25 51

Ambient

{a) The weight change used in determining this rate eipfeséfoh comprises both
the iron lost to the environment and iron left on the metal as corresion

product.

(b) The corrosion rate based on weight gain (corrosion product growth) after

the initial rapid corrosion.
system due to the solubility of the corrosion film.
(c) Descaled weight loss data after 10 yr underground.

The data do not consider metal lost to the

1.4
(o
1.2
o

x 1.0 co
L'.“. o RATIO OF WALL THICKNESS = 0.7
: 0.8 |- 8 JNCOATED PIPE
= o
S ° o
o 0.6 o o o}
é. o oo g o -

0.4 1~ gj o O

0.2 - o e ° o

0 L1 I | ] | I ! i 1
0 .6 2.6 3.0 40 5.0 6.0 1.0 B0 9.0 10.0

PIT DEPTH GRAY [RON, mm

Figure 1-20 Relationship between Maximum Pit Depth on Gray Iron Pipe and
the Ratio of Attack, Ductile/Gray, for Pipes Buried in British,
French, and German Sites (Reference 20) %
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Tablel —3 3 The Expression of Pit Depth ¥

20-001(2)

P = KK, (10 - pH) (8/0) A%

where p = soil resistivity in ohm-cm

time in years

s
[}

‘A = exposed surface area in 12

Ka, a = material-dependent factors

4

n = 1/6, 1/3, 1/2, or 2/3 for soils that are well aerated, fairly
well aerated, poorly aerated, or poorly aerated with soluble
corrosion products, respectively

7~
]

170, 222, or 355 for soils that are_we11 aerated, fairly well
aerated, or poor]y aerated, respectively.

Tablel — 3 4 Values of the Material Parameters *¥

Parameter © Wrought Iren  Steel - Cast Iron
K, 1,00 1.06 1.40

a 0.13 0.16
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5RFR P BEAEE R ISHRTK, FORENELLMEHE, | V-
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Tablel —3 5 Result of Analysis by Numerization Sort [.4®

= AFLY— # Py —0kk E B
X | 3,000~ 0.0
RHBEER | X 12 | 1,000~3,000 0.006 0.155
(Feemd [y, ~1.000 0.155 :
. X= ~5.0 0.0 o.073
Xz:|5.0~ 0.073
Ta | B 0.0
AR | xa | PERAY 0.065 0,065
Xaaf 5ZHEN 0.029 '
Ta|B b E 0.0
Sl X | MR 0.026 0.025
tar| 3T 0.0
2N B | xR JHE 0,075 0.261
1 es | BER~FIR 0.261 -
z " H —0.036
& MM FE R (R - 0.831
F e E (R 0.690(69.0%)

(AR y= (0~ £ 12 +0.006 - x1=2+0.155 * £ 1a) —— LIBECIEHL
+{0+ X 2+0.073 ¢ f ) ——————— _
F{0 - 223 +0.065 [ 53+0.029 + ¥ aa) —=iF A
+{0- X a3 +0.026 - x 4a)
+{0+ a1 +0.075 raz+0.261¢ L aa)—LNE

-~0.036

pH

iR

E— )
£ A
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Tablel — 3 6 Environmental Characteristics and Corrosion Mechanism of Clay

B OROH L

_ _ B R LB #l
5| T - ﬁﬁﬁ . Ry bFA b
*mEqb B {b GERIL) (—H%REL) {(Na®)
e B % (0.2~3.0%) - 2 (<0.2%) —
Cce- % A R
- FEig —
SO, () ) Wy 265 0m ke o0me/ ke
PH 6.5~7.2] 2.4~4.3) 6.0~8.0] 6.0~9.0 | (1.5)~10.5
SRB % () % — —_
- - — v — BIoH @it ——
0. B | B S |BH~D ~ B
ik K i H & &
Z O fefatE, A4 st ASERE
& D — R B

2) Rt BELERC
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Figurel — 2 1 Change of Corrosion Rate of Steel in Clay of Fresh Water
R - Deposite and Bentonite by the Passage of Time
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Figurel — 2 2 Electrode Potentials of Iron.in a Solution of pH 8,

355 —ppm C1° .39

line 1: oxygen-free solution and general corrosion
line 2: oxygen, nonpolarized, and pitting
line §: active pitting and crevice attack
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Table2 — 3 Methods of Soil Analyses

pH
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X Fm“%ﬁlmﬂhi’]‘m?‘éi@ﬁigx'ﬁi (g)
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Fu-TEARESTST 0. 02 6m/y LASRETS S, 70— BREMET
BTO5 5 OnV. BRESLT EnVEABYERERERL TV S, EFHBBHEO
56 1uVEERRBRETH S, BILETERE. 36 0SB EEETH S, p Hi
7.8 LHHETH o %,

Table2 —4 Results of Surfa.ce Soil Measurements at Umeda

| ABRILES | Si-TE & | Jo-ja B | /n-7E R | EXNBEL (& L B =T

iE o |=EE 4. pHEK  Rp | B Ecorr| P/S {1 Redox pH
Bl (Qem) (m/y) | () (mV) (my) (mV)

(1] 63,200 0.033 800 —-591 &) — _ —
21 84,100 0.022 1,220 —476 -— —_— —
3| 70,500 0.024 1,150 —582 —561 360 (103) #%3) 7.8
;g 72,600 0.026 1,057 —550 —-561 | 360 7.8
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. (8T i
E3) () W Bt —-s-RHE

© 5 o
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BTOL T AnVEBRETH B, BILETERBINT 2 2 OV & BBETH D
p HIRTT 6. § LTS -,
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Table?2 — 5 Results of Surface Soil Measurements at Ukima
M| (Qem) (i, v ) () (mV) (m¥) (m¥)
| 4200 | 0.0 31 | —680 —415 | 250020 | 7.2
@| 5800 | 0.008 s24 | —698 —12 | 210¢1» | 6.8
@ 4760 | 0.073 00 | -T2 ~15 | 200¢+9) | 6.7
g 4,946 | 0.088 364 | —69 —14 | 220 6.9
Q& B

SRR O T o — Ttk ZRERRE Table2 — 6ILRY, Chickss. T
EREEET3,8700msPREVETHS, Yo —72BERIFEETIZIQ
ERRNIL R TEABBEREYT0.08 2m/ vy L PPAEIDDMEE TS,
7u—7BRBMEZOT 9 ImVE NIV RSHEAERL T S, WXHIBHLICOWTIR. F
BMTO3 T 8mVEAROBRENTH S, BILBLENIEETL 4 TV —ROB/LE

DETHD, pHIZT. 2 &HHETEH S,
Table2 — 6 Results of Surface Soil Measurements at Hasune
Wl BN | Jo-7B & | Jo-TR B\ Ju-7E & | EXMEN B b & T
Bl ek | | ™ |F] W [P | P
(1) 2,980 0.073 400 —813 —367 530 (327) 1.1
(2) 4,830 0.094 360 —822 —381 412 (203) 7.3
(3) 3,800 0.080 380 —T61 —387 400 (197) 7.1
g 3,870 0.082 380 —T193 - 318 447 7.2

....73 -




PNC §J4369 90-001(2)
2.2.2. PEBlZRITIER
s H

Fc T, BRI - TR T - L BRECHE LR,
Photo 2 — 1iz. JHAMTOERBMO LBORRERT, EHEP. THEHLTCH
olte RKUL Table2 —TRT LS. BEERO ImEEILAED 1 2HM5 3
HEBEL - THERINTHEOT. BOOIH, 6 HOMit o cliEEERL:.
ZDMER%Z Table2 — TIZRT,

TEBERE. JHACHLDBEVEMIRONhE, 283,00 0 2mBlF. 7
BT2.,123emtHLELTERPPE N, Tu-raBRRETEETRI05Q
PREL.BEEEIR0. 10 3mm y &PRAEY, Tu—THERENTFECOT
21mVE—BHBENEL - TS, EXMBMNOEGROS 3 1nv & —BEIEN T,
ERYTWEIOH, S5H, THOMTERIBMNLE TV 3, BILETEN. BERT
11 4nVERTLIASHINNT VERKEL, RRCEAGERTHS, p HIE
T.7&0%TH I,

PDEo#RNML. H~6 HOERME L. TBEERI PPEH. 0 EAR

DEL BVIEREVAS,

Photo2 —1 Condition of Soil Around Tube (Umeda)
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Table2 — T Results of Measurement at Umeda after Excavation

iy | DOCEN | RSGRE | oI | - EAGH | WHNEN | BORTER .
(Q-cm) (mm,/y) Q) (V) (V) (V) P
6H (5H) 2,700 0.055 500 — 712 — 53 M0GITY | .7
6H (TH) 2.700 0.123 231 ~ 690 — 517 360(+193) | ——
ERm| 9H 1,540 0.070 380 ~ 750 — 547 S
ENTR 2,170 0.083 370 — 7 — 533 399 7.8
6H (5H) 1,760 0.060 450 — 7 ~ 530 964( +79) | 7.4
6H (TH) 1,690 0.144 220 —~ 690 — 489 114( -71) | ——
| 9H 1,580 0.01 209 — 704 ~ 575 — | —
Ty g 1,677 0.098 203 - T34 — 531 176 1.5
6H (5H) 2,130 0.118 260 ~ 712 — 521 321D | 7.9
6H (TH) 2,920 0.087 335 — 637 — 473 312157 | ——
FmE | 9H 1,320 0.176 168 — 786 ~ 590 -
3 i 2,123 0.127 254 - 12 — 598 341 7.8
@ w 1,990 0.103 305 — 791 — 531 305 7.1
R e 520 0.038 110 47 35 110 0.2
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WO i 350 ¢ / 30
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Table 2 — 8 Results of Measurement at Ukima after Excavation

B{LETEN

Wi | DRUER | RRRE | -7SBHS | - EARE | EBER o H
(2cm) (m/y) (Q) (V) (V) (V)
12H 4,850 0.070 400 ~764 —493 470 (+:273) 6.4
;‘sj?l. 6 H 4,620 0.060 430 —713 —531 430 (+209) 6.6
" 3 4,735 0.065 415 —769 —512 450 6.5
12H 6,590 0.051 540 —745 —493 331 (+110) 5.8
;"é 6 H 3,980 0.050 560 —742 —539 353+177) 6.1
" iy 5,285 0.051 550 —744 ~516 342 6.5
12H 4,150 0.053 510 —777 —505 480 (+247) 6.6
% 6 H 4,440 0.050 550 —759 —521 410G177) 6.6
. i 4,295 0.052 530 —768 —516 445 6.6
® OE 4,772 0.056 498 —760 —515 412 6.52
i 862 0.007 61 18 18 55 0.219
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Photo2 — 8 Condition of Soil Around Tube

viewed from the topside of tube (Hasune)
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Table2 — 9 Results of Measurement at Hasune after Bxcavation

iy | DRUEN | RS | e aiED | o HAE | BN | BETE .
(Scn) (. y) Q) (V) v ¥ P
12H 2,510 0.047 650 ~42 — 367 186( -5) 7.3
E
ﬁ‘] 6 H 3,020 0.044 550 —720 —373 194¢ -3) 7.2
iy 2,765 0.046 620 —731 —~ 370 190 7.3
. 124 2,350 0.059 460 —782 367 378(+181) 1.2
?}E 6 H 3,890 0.056 480 —727 — 388 338(+141) 7.2
M 3,120 0.058 £70 —T55 ~378 358 7.2
| o 2,950 0.071 410 —674 — 978 349(+146) 7.1
% 6 H 2,890 0.063 440 — 676 — 396 299( +96) 1.1
iy 2,570 0.067 425 675 —302 324 7.1
& ¥ iy| 2,818 0.057 505 ~790 —350 991 7.2
B e 553 0.009 %6 37 37 75 0.069
5 8B R
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Photo2 — 5 Corroded Condition of Tube after Blasting (Umeda)

._83_.




90-001(2)

5J4369

PNC

Table2 — 1 0 Results of Measurement of Pit Depths (Umeda)
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Figure2 —1 1 Measured Points of Pit (Umeda)
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Table2 —11 Result of Heasurement of Pit Size (Umeda)

KE AAETE  BEi:im |48 L& E  (Eim
S 11590%230 21 | 11x7 |
2 | 4x1 22 {8xT
3 [11x%5 28 |85%20
4111%8 24 | 90%x80  2¢4~4¢ ME
5115x%8 25 | 100XT7T0 2¢4~8¢ MR
6 18x30 2 | 3x5
T|40x14 27 | 8%10
8 18%x12 28 | 6¢, 69
9 115%8 29 | 5¢
10 {12x11 30 [ 35X40
11 |64 31 [12x%9
12 1837%x10 2 |22%x15
13 {20x18 3B |66X63 2p~11%x3 @Ak
14 |10%x7 3 | 14x7
15 | 7x10 35 [ 120X140 2¢~25¢ BE
16 | 8¢ 3% | 52%53 |
17 | 15%8. 37 | 66
18 | 3x2 B 60x120 24~T¢ RAE
19 | 2¢ 39
20 | TX6 40
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Figure 2-12 Results of Measurement of Original Wall Thickness (Umeda)
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Table2 —1 3 Chemical Composition of Tube (Umeda) -

A C Si Mn p S Af
HEE (%) 2.95 2.00 | 0.50 0.17 0.056 | 0.0020

Table2 — 14 X-ray Diffraction Analysis of Rust (Umeda)

FeC0s | ar-Ped (OH) FesOs | 7-Pes0s  FeSOs 20

EEE — —_— ] — ] — —  |si0, ©

remEg | 9 — | — —_ O — 155794 ©
- —— e O B
0 O CARE
- 7L

Table2 — 15 Result of Emission Spectrochemical ,Anal_ys__is' _of _ Rust (Umeda)

L 2 ® & L2 R &
Strong. (W10%2 L) 81 R Fe
Fair  (#71~10%) Al Ca_  Pe - 8
Medium  (¥50.1~ 1 %) K Mg Na Cr Cu Mn
Weak  (#0.01~0.1%) | M Ti | Al Ca Na Sn T
Trace (#0.01%2TF) Cr 8r ¥ . Mg Mo Na ¥
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Tabiez ~16 Results of Compositional Analyses of Soil (Umeda)

% H Bi | EORW | SoTM
pH — 8.4 8.0
& Kk & % 2 4 38
BUETERE| w 119 243
W4+ y| ng/le 1HF 1RIF
P % 33 28
Bk W |mol/kg|  0.95 0.57
WEE | mol k| 5.9 2.7
FEMBA A | molkg| 160 120
E?ﬁ@ﬁl mol /g 0 {
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Figure2 — 1 .8 Sketch of Adhering Condition of Soil (Ukima)
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Figure2 — 19 Sketch after Removal of Adhered Soil (Ukima)
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Table2 — 1 7 Results of Measurements of Pit Depths (Ukima)
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TableZ'— 18 Resuits of .Measurement of Pit Sizé (Ukima)

AR T & (iw

E AT L&~ & (BAHL : m)
"11850%x310 24~15¢ MFE| 21 {60%X100 24~10¢ mWE
2 | 12x38 2 | 15%x10
3l12x12 23 |56
435x%2 24 | 12X25
5115%x20 % |54

6 [10x13 % | 12x8
7156 o7 | 3¢

8 |54 28 |46

9 |34 29

10 | 15%8 0
11j10x8 31

12 1 25X15 32

13 | 35%15 33

14 | 30%x25 34

15 112%12 35

16 | 15%15 36

17 |15%15 37

18 30%20 38

19 [15%10 39

20 | 3¢ 10
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Figere2 —2 1 Results of Measurements of Original Wall Thickness (Ukima)
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Si Mn

P

S

Al

WEE (%6

3.22

0.56 -

0.14

' 0.09

0.0048

1.91

P

Table2 —21 X-ray Diffracti.on Analyses of Rust (Ukima)

Fel0z a-Fe (OH) Fez04 7 -Fez03 FeS0s Z Dffy
ZH&E O O — — — |Si0: @}
LEAFH O — e — ——  |8i0; ©
HE © & H
O CZABF
- U

Table2 — 2 2 Result of Emission Spectrochemical Analysis of Rust (Ukima)

2 B & 1 E R &
Strong (#10%21 1) Fe  Si Fe '
Fair (81 ~10%) Al Ca Na 51
Medium ($50.1~ 1 %) K Mg Ti Cr Mu Ti
Weak  (#90.01~0.1 %) ot VO Al Ca Cr Ni V
Trace (#90.01%E) Cr Sr Ni Co Ca Mg Mo Na
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Figure 2 — 2 3 Positions of Metallography(Ukima)
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Table2 — 2 8 Results of Compositional 4nalyses of Soils {(Ukima) '

mE . | mm | worm | woTM

_pH — | 7.5 | 5.

e kB | 0% | 45 | 51

BALETER| o 3381 | 353

Hit#t 4 v | e/kg 1EF LT

B+ & % 34 49

B 4k ¥ | mol kg 7.6 1.2

W OB & |mol/kg|  0.68 0.23

TG A & 'ﬁnﬁoi_/'kg | __‘1__’3"()_: : 1 9

BEmE molts| 0.4 | 58
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Table2 — 2 4 Result of Analyses of Composition of Mineral in Clay

(Ukima and Underside of Tube)

- H By 3 8
Fe:03 . - % 7.0
MaO. % 0.1 HF
Ca0 % | 0.14
MgO % 0.43

K ;0 % 0.12
NazO % 0.1 BIF
Si0: % 59
AZ2:04 % 14
' TiO. % 0.72

B OE S % 6 6
HAREE % 5.6
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Table 2 =2 6 Results of Measurement of Pit Size (Hasune)

K LT e Gw |BE LAY E  (Ew
1{35%x10 21 | 10x%5 |
2 |44 2|36
3160x22 23 | 13x2
4]22%5 24 | 133
5|87 25 | 6x4
6| 48%13 % |
T |25x%8 21
8 |85%33 28
9 |12x7 29
10 | 8%4 30
11| 30%x14 31
12 | 25%15 32
13 | 40%25 33
4 }30x2T 34
15| 5x4 35
16 | 3¢ 36
17136 37
18 | 4%3 38
19 |17x8 39
20 | Tx5 40
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Table2 — 2 7 Summary of Measured Depths of Pit (Hasune)
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Table2 —2 8 Chemical Composition of Tube (Hasune)

%4 5 cC Si. | Mn P S Af
A 06 | 414 | 216 | 0.93 | 0.057 | 0.065 | OO
. ¢ - . - H—F

Table?2 — 2 9 X-ray Diffraction Analyses of Rust (Hasune)

FeC0s ae -FeQ (OH) Fes0s4

7 -Fez03 FasS0s Z0ik

ZH & O 9 —

5i0;

N8A18i303

AENE O — —

Si0:
CaClz

©

i © & H
O CAH
- % L

Table2 — 3 0 Result of Emission Spectrochemical Analysis of Rust (Hasune)
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E B # L & A &
Strong (#10%LLE) Fe  Si Fe  Si
Fair  (#1~10%) Al Ca Mg Na
Medium ($90.1~1 %) K Ca
Weak  (#90.01~0.1 %) Cr Mn Al Cr Ni Mg Mn
Trace. (#30.01%EF) Sr Ct Co Ca Pb Ti Na
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Table2 — 3 1 Results of Cpmpositiocnal Analysis of Soil (Hasune)-
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Table2 —3 2 Analysis of Compositional Contents

of Miﬁeral in Clay (Basune)

H B B & O
Fe:03 % 2.4
MnO- % 0.1 ZIF
CaO % 0.1 EF
MgO % 0.2
K20 % 0.2
Na:0 % 0.1 EI'F
Si0: % 61.9
A2:03 % 9.9
TiO: % 0.8

B ® 5 | % 67
HMARE | % 5.9

-132-




PNC SJ4369 90-001(2)
© 2.3, BEARROBERCEE
2.3. 1 BEOHE |

(D LR

RLPERIKEOR) EVRERRDS 5. LERROMENT -7 LHTRRLY
EHTTable2 — 3 3IRY,

SRR~ 7 05 5. AR, SRR > L3 & 1
RERABORERL. SHRELRE (5 T. 20BoETROVT SRERSBCE
BigeHE R LR — 0 BER LTwEY, DLhomd ., BETHRR. Bkt
NRER > THY pORBER—BLETHE, SO Lhd, WHEOKILREOREL
RELTOE. BEEELHL, | :

—J. by OEMEBIRRE. BEE3T ~6% ~1 0" (ETFE) MHtT. 12°
~3H ., 10% ~1 2% i GERED ABEUORLTHY. 2N, EREAERELTS

£l EEMEE 3 T L SR OIS OB B 34, ANIBC A TEREE
21 50, BT bERNRETH B, | *

. EEERIHES - o iiﬁlﬂiiﬁ}"‘lﬁ:\ MR, 9909- cm, @?ﬁ‘d)ﬁ g1g8Q-
on BENBEIELTOMTH - ke & OEEOEIR. BL LTEBVETS 5, B
LEREE. BEA0Y, EEANNVTETO (. BEZY &5 Bkt
B, 7u—7 HABRE. BEN—T2V, ERA-T200VTH EH, REIE-T60nV &
SRR ABHAR L, PHE. BEN.S, BRAT.2:530ELT, BHWE.0T
B HoE NS (BIES.1) . BAHMERIT. BEA-53nY, EEA—5150V &8 -
T BA. ERE 350V LR CTHESBN TS B, HEOT L. BACEEOROE
%T%%iﬁ&ﬁﬁ,pH&@%%ﬁ%ﬁm%mf\ﬁmtﬁﬁ@ﬁﬁf%éﬁ\E@ﬁ%
71‘%&1?10\ B |

. ToBHoS b, Bink. BELEENL0%E4 2 Atﬂ—’e\ BEEHIE31%
L2, SRER. BES 1% BRI 2%EE—TEENL 2 %ESLEVETS
B, E{LHIE. BREO. Toumol /Ke, TEIS. 2mol/Ke, BERDS ¢ 4 dmol/MeTH D &
ReEid. BREA. Snmol/Ke T FEEID0. d6nmol/Kg , D2, lumol /Kek D RS SIET B B,
p Hit. EEIHG.3 LoPEK, WO 2Rk, BHOS.2 , BROT.Y Thh. bt

 DEARLTV 5, BIEREME. BEAGIY &P LERNARL, BEHN0MMY , &

-133 -



PNC SJ4369 90-001(2)

Table 2-33 Summary of Soil Environmental Factors Measured at site_s

HH M g B B | 2 B | ¥ B
THEER (@) 72,600 4,946 | - 3,870

W | o ARE (/) | - 0.02% 0.088 | 0.082
; To-iAEER Q) 1,057 364 380
%:5_ Jo-7ERER (V) ~ 550 — 696 - 799
| ERREh V) — 561 — 44 ~ 378
% RUETER V) 360 | 220 447
pH. 1.8 6.9 7.2
LRI (Qcn) 1,990 4,772 2,818

B | -EAEE @nly) - | 0.108 0.056 - 0.057
j_g«f o~ 5 I ) 305 498 505
?;ﬁ JoTHRER V) ~ 721 ~ 760 |- — 720
T | wrnE ) ~ 531 — 515 ~ 350
% B LB SR ) 305 412 . 291
p H 7.7 6.5 .2

p H 8.2 6.3 1.9

* ak®E (%) 31 48 32
? [snaren (V) 181 342 316
7 ikld (mg/ke) 1UF 1RIF 1HF
i Rts (%) 31 42 40
F | i (mmol /ke) 0.76 4.4 3.2
¥ | BRBkIE “{mmol/kg) 4.3 0.46 2.1
| A A (mmol/kg) | 140 % 170
BIRME (mmol/kg) | ERERL 29.2 0.3
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Table 2-34 Summary of Corrosion of Tubes
HH n 3 B B | B2 M | E B |[EB|G =
c (%) 2.95 3,92 4.14 |ED |EHor
= : 1.5 | &g, = !
-6.7 |08y |
D Crat.
Si (%) 2.00 1.91 2.16 0.062%
153 - - &Eht
N Mn (%) 0.50 0.56 0.33 3,
. (%) 0.17 0.14 0.057
- S (%) 0.056 0.09 0.065
Al (%) 0.0020 0.0048| 0.001BIF
& $i02 © SiOz.' ®© | Si0: © ﬂﬁ& i
o E ®H & FeCOs O NakiSis0s OO =A%
_ FeC03 O
X | | @-Fe0(0D O | er-Fe0(OHO
& o 7794k @ |Si0;  ©|Si0. ©
= H & R & v -FeC0s O | Bel03 O | FeC05 O
i
% PHILES (mm) 1.03 0.87 0.24
7 BAAAES (mm) 2.0 6.9 1.2
D) | BATLABREE (mm/v) | 0.04 0.26 0.06
o ol + o2 | WimoRE| wsunen
I NVOTE zIuki | —iLLd<Td FAY L
, . el

BED) JIS 65501 FORBLE: MMTREECL 3
HY) ERL BEWHONAES GeH: 64, 9% . BH ER:4H
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foo RAF5A ViR, BEHESM]~ImiE< . WENCE. BtTs 0 EENTRTA
Ve, SHOFHL ST L. BHEERDT: ETHLTHY. BHIHLAOLEOFS
B D, EREEEE LT, HEHE—THBENS. BEOBBER H R, HoTl &
i BT by BOLT, H0 LR TRCEEAEAY. HlF -5, 75 NET
BERET - TNE, TENERB L, TEE/ e VBRI BALEUEAREDH
EXELL, |

$h. CORSEABEY. SHHOELESENEL) . BELL L2 TH—&%
ATEER T T A%, TR, WAL BERETS, BREIELLTE)E
RPN T & BEEAS B, LMo Te bo LECEECERE nAEROAED
S E—Hit i BB S N EH OWENDETH B 5, '
Cabi. BAROHMR. FFRY—UTHLTWT, EH ERTE. BIEELoh
BHANE . BABRAIDEHERS LA SN, BECOVTE., XEECEE
LTsy. Eollid. TR TEY (20 BRBELLS0T. BRR. SHEL DA X
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%. Table3 —1%73, '

Table3—1 Typical Chemical Composition of Bentonité

H OB (B M| &% F &
. Si0; % 71.0
Af: Os % 14.0
Fez:Os | % 2.1
CaO % 2.0
MgQ - % 1.8
Naz; O % 2.5
K: O % 0.26
RRRE | % 4.1

3.2. RREERUEEF &

FYZF VL yEE (BT 450mé X 433mH, E&inysR) Oy =45V 1 EA
NT. BERRUATHRERNT. Br&KE2RU 5 LHELE, 145 Y/ Iide s
v PRI FT—ZROE, EBONY 4 FRBREOTII, SM4 1BH#OFR bE—
A%EFigre3 — 1 QTS BBELTE 2 -y — pEISIE, EREBATOL S L,
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Figure 3 — 1 Schematic Diagram of Corrosion Testing

FA FE—ARUEBREE Photo3 ~ 1 ~3 — 3ITRT,

BREFONTECEALTCE. 670, 127yAMEDEFAPE—RERONY bF 4 PR
HiZ T EHMEA p H, BEERBEMENEL. FA P -—REEC T2 —TZWA L
-7 BAEN, Tu—7SEER BAE HEEERENEL.,

RGN, 6 Yy AHRU 1 2 r AHIE L. LEAFREH IHan—-Ya vEZF -tk
hatifll Uiz, £ 6 » ART 1 2 »r AEIERR. #8H 253 LY TRBRESMEZITV.
HERDEMAT A FETH S, BH. BEREKIL 2OV FHA MTEHEOTHE. DVGW
BT O EiT- .
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3.3. HIERE |
REREKRIE 2 ORBITB Y ARV FF A FOSITRER%ETabled — 21KRT, RCHLIT
o Tit. Figure3 — 2 i EHEBE. Figure 3-3 KHESFTOZHEEERT,
. RRERROBSETATGERE G5 1M) £Table 3-3. 17 AE GE52E) ~3
FAE (B4 WE) OHRAE. Table 3-4~3-6 KRT. FEKEATEKRY. &k
XoT. WER pH, GHEEH, 7u—7HAEE 7u—7MEER To-7EAR
BEARE L THY. h. EHIHCH, p H, ENBED o-7EREE 7o-75
BER, 7u—7EAREORLAED 6NE, ChoONERRT. 2 DERELEOHE
momzm\&&}%4b®%%,nymﬁﬁ%ﬁ#%iéhéﬁ\Eﬁao@%&ﬁﬁi
EORBEEDT. SREBOUEND S,

Table3 — 2 Analysis of Bentonite for Test
(Content Ration of Distilled Water: 2)

H B B fr| EHAE
PH 10.4
a7k % 69
BB BN my 330
Bk A v mg./ kg 1BIF
i wt % 65
By - mmol kg 1.5
WEE mmol,/ kg 3.7
SRR A A Y | mmol ke | . 590
EIRRE | mmol kg | BREERL

-141~-




PNC  $J4369

g90-001(2)

e Doy Vi are
E‘zﬁ:_ﬂuiﬁmﬁ

—_
=S
-
b
<
b
=
=
=
= :
= !
t
-
f i —— 40T
S - FR.
- <= woel
e
""" {oizd el
2.001 - b
== # —
0.001

Figure 3-3

2

{g&%auo%&—ﬂ
i

Hurarig L nBHIS~F|
=Gl Xrpisl

EREV IR IINERNELT - 255

Grain-size Distribution of Bentonite

-1472-



PNC

$J4369 90-001(2)

Table3 —3 Measurement Results of Environmental Factors (start,H2.3.15)

& | 32FE-2Na. Be{bog | il | Fu-78 | Fo7a | 7o-78E | ERIESR
*| WEIGHT | pH | mEk | Bl | RER | HiER | AR 2 i R
By (e @) | CaV) | GaW) | (Q) | (m/y) | (Recm)

, Wl P A
o, s 0.4 | w9 | B0 | 6 | 65 | 0| a2 TR
h le‘ . : N ”

n s | 10.3 | 47 | 88 | 699 | 51 | 0.492) 440
23“7323 (| 100 47 | s3] 60 | 89 | 0.0%5| 706 | =Rk
k|5 L .
ey | 101 | 496 | 80 | 693 | %0 | 0.313] 728 ”
No. 5 ¥oorn
NRE 8.6 | 41| 807 | 75| 7T | 0.465 ar.2 |F)2K
No 6 |
T | 89 | 40| %3 | 78| % | 0.369) %5 |
2 el | g2 | 41| sz | U | W | 0.5@| 3.2 RO E %
Ki5 N(’LS -
Mgl S| %2 | @6 | T | @ | 048] .7 u
~ Tableld ~4 Measuremex_it Results of Environmental Factors(one month,H2.4.12)
Py —— Be{LE | At | Jo-78 | Tu-is | o | HeiEs:
K oH | =Bl | Bk | ZxER | BER | agE B 5 R R
fid (m¥) Ca®) | CGaW) ] () | (om/y) | (Qem)
Ml 4 g9 | 514! 844 | 7m0 | 230 | 0.137] 429 ’é’gi?;‘
|2 _ ,
W2 99| s07 | 853 | 787 | 300 | 0.088| 437 .
& N 3 | -
0.8 | 404 | 930 | 78 | 260 | 0.118! 657 | =xm
5
Md gl 46| 892 | 81| 30 | 0.0%0] 657 P
No.5 ° <Y FA
A, 7.0 | 459 | 798 | 804 | 400 | 0.059| 418 | TI02
T M6 7.l 4e5 | s02 | 809 | 680- | 0.042] 41.9 ”
t# Tl 7| w3 | es | s2 | 790 | 0.0%8| s3] o~
2 I '
78 | 43| 82 | 823 | 960 | 0.081| 34.3 "
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%%nvw7fn¢®ﬁﬁﬁb~%i¢uﬂﬂénfﬁﬁwﬁﬁr@?%iﬁﬁﬁ%ﬁ
@&VF%4b&%&é%éh&h;bﬁh\Ei@ﬁﬁaﬁﬁ}ﬂJXAmﬁ%%ﬁﬁ
L. ZOBE. . | ;
@ WEEHE~Y bFA FERT 3 PORKRREL (—RIED) &, P~
BROBHET (FRER) , BEEL BELSOBRISELIAI oL, BEEL
it N2 597 (SRB) OBENSZN. RKBRELOVTRRETH B,
® ﬁ%&%uﬁO£F®§Eﬁﬁﬁtab~ﬁﬁﬁ%ﬁm#\%m%%ﬁiuﬁcgﬁ
BELY, SFEE BRiCL3Ep HLOBEYD 3,
©® BRERRRFELTE. %ﬁﬁiu BWTILER, p H, ur;az%ﬁ 52| A
YEOET & ER & OREAFED b3, BokREEEIL T ﬁ?ﬁﬁ?r
#2259 7 (SRB) OREOEELFEDTHRTIRL, -
@ %91\$&~ﬁﬂm/bf%Pﬁﬁ@&ﬁ&@¢ﬁ*hﬁih&?éﬁ§ﬂ%&
B, F—yOEBE2OEMICLY. choD 2BONLE2BEENL. M OBER
a@baﬁﬁ@%éﬁz?a;¢ﬁzakfaa,‘

. R SRR ORE. BB - EERE MR OBE.

O —BHERCERELCELTE. B OBAF -2 BB, ChEOF—F I
S, </ e B 07 ) T OREBARTRCRELTED. ThODDE
E—Rit 0z hOFH. MlESE LRTETH ). SROPHENTHEE. RN
PETH 3,

® BEOBWPMIELTY. ANS - DVGWE SEERHE H-aY" R,
BRSNS 5, LESRRUBRELE CRITEIINS 345 Yolmhit B
LTRBIIAEY, #oTy S WESY FF 4 FEROBORR O~ T
B 3 WEFEED. FENAOBINLE nBE - BERORIIEETS 5,
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DEoERcETIE. BEAY M4 MERoTR—BHELCBELTIT o R BREOEF
MEAFigired — 1R T, $RHBBATF VL. WEORBSHLR (EBREL
BEL. BHETE) 2RE. BO ATEEBoNHBRIEY 20.8XREETH 5, B
Bhit;es 57 (SRB) DEERCEYER - AATHY. TRBROBEEED &
Li, ' |
 kﬁL\cm&?w&mﬁbrﬁﬁ’ﬁwﬁﬂéﬁﬁabzm\tﬁ@?-&&—xo
EHR LT S,

® ~¥iPF4 b ERREO—BEEELHOBARERET BASHOELE LS

Mo |

@ ﬁSQFﬂG&VPf4F&%ﬁﬁ®~&¢ﬁ%imﬁwéN§?U7Eﬁ®ﬁ

e, FOBSOERGHEME ZOBA~NOEE,

® BADEBZLCR LT ENETORERUEALRYOM - ik LR,
@ EERFRUVEROEEFHNOZL. BBECLEDF F250T7 70l ELTOR

B, &t
ERBIONL D,
H=F (Xi ) ,o"/' = )
// 1t SRB 74

H=aY", 5

BE

-

o

H

Figure 4-1 Modelling of Corrosion of Bentonite and Neutral

Common Clay (Clay of Fresh Water Deposite)
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4.1.2. BixHOEREF VORI
Figured — 1 OBREFAEEENCRD 3 oD BHS AL, Bk
HRY P F A PRUSE-ERIRLEY SRRT -2, BREFF-sEb LR Yy,
Yz Yo Yo &0 2EEN0GHEBEERTRCES (WY, L) 2HEL. S48
BIFE =2 Y RELLEBNSBTTROIBENS 2. S bW FATRES
BORBAAARE THEE LORMCCRY &\ BEREIET LV AER. RE
AaBTOBMAEET 2 0E5S 3. | |
LORBER. FERFNEETHY. o CHEC S 3 EPNEEETO’N, &
T & 2 ORITACRAIR & 73 3,
CEh. 100 0REbE BFASTERZOERYORET - s P oRSTIRITLE
BOERTE. SRS L0 BB HEOERYSEE, CBRBRER U 2 0H IO
WTOEBWRBAF - X—20ER|E. LV EEORVAREGHETENLVERTSH
5°éému\%@“@&LT\M%ﬂﬁ&&(m«y}f{f?ﬁﬁ£fzb%%ﬁﬁ
TRETHE S, . |
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1) WEEEET

B1E RED KEVTHELAREROREERERALT, BREES
Tabled — Lo, SHFEMBHKAH &8 (EE) SFcRash, &k
BORAFHEOHAIRETHEH k1 L= 1kt LTBIZZBA .

BEF -2 B ARET, BEANEL). RENERTS 35, FEONERT 2
Pz UBSFEBCL- £ROT) RIZ—Bd 2 WTRIRH: L R LRk & i
AL OERIER S LB,

©® Boon Clay Tik. C£- SO LBRELIERT B, SRETE 5,

@ NBsﬁﬁbfﬁ\M64%%h19,pH,Cﬂ'u¢ﬁ—%ﬁitéﬁ?é

A M6 A REBIMEL LTS O RIETE S (STRBREATIEL) |
® Sweden cBILTHW. o, pH, C£-, SO, 7, T.SiERELEUIE—
ML ICSRT AN, BEEEELTRS " RETES,
HEOMRENS 5. E

2) Sueden BRF -4 |
Tablel — 2 4 KRS F~2 0> b—futhbki+ & LT LEBHIRMIC X D iHTS
2042, Tabled — 12784 & {. Enkoping ®&» 7% 3, Enkoping OEEREN
—7%Figured — 2IRF ., Figurel -8, 1—9RRTHOBECLTHAE
AWNE (L DOBRERRAED Sh. T RMTAEFOEIRANDE,
ki, COBEF—% (1ERVLEOF-4) 2HVTH=2aY" RITHT3EHK
a, nZXkHss -
HFARSE H=23Y%%X10"* (m)
BFARETF H=13Y>" %102 (m)
LB, foTe 100 05T, FHERZEHTRIE].452m BTFALT
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'Table 4-1 Chemical Composison and Stratification of Clay (abstracted from Chapter 1)

X iR R %R P pH Redox C4e- S-- S04 |Total.S
B Mok W 100 < 4 <0 < 6 >0.4 | >80
Rt - :
(Table 1-19) | (Lwtx 2.57k) — 1000& > 6 <0 <6 < 0.2 | <50
o ) W% 2 -5 0.2-3.0 | 2650
2 ;
(Table 1-13) — 6 -8 < 0.2 20
Boom Clay | O 157 | <0.05%10] 172
(Table 1-16) TR 2600— ™
¢ 1-1D] £ wt% W% 100—2400] < 0.1 *| 200
45800
. N 64 62 7.1 988 * 3 *
o0 8L 2T 1 405-1346 | 5.9-7.0 0.3-16 * -2 *
(Table 1-23) ( mg-eq per ) . -
100g of soil 2,61 | 510~943 | 5.9~6.6 0.1 0.9-1.5
Sweden + Bukoping | 3290—3450 | 6.6—6.9 20 * 7><10" 21—29 150-190 *
isble 1-20) | Grysoid) | all clay | 365-500) £.2-T4 | 20-2200 | D (| 21—t | B0
(GE) 1) p:em, Redox:mV, C£°+ SO, T.S:mg/ /8 (%%, g/ ka) , Sf':% (x1,wt. %)

69EYIS  JiNd.

(2)T00-06



PNC SJ4369 90-001(2)

pm' 1 1§ 1 T

- Enkoping {(clay) ‘
o

m -l -
o 100} ) !
‘

o - 4
Q - -
@ ) -
o

e . 4
‘53 50 - *

- . E R
> ) :
< - — x4

I | / ® _..—'"’.

X L P A 1

A=K
- A
0 - L 1 1 i
0 2 ) 4 years
Time
..o: aone GW—l.abIe, panels " A : below GW-table, panels
% : above Gw-tabl.e, flat bars Y : below GW-table, tlat bars

Figure 4-2 Development of Corrosion on Carbon Steel with Exposure Time in Soil
Solid Line : Above Groundwater Table.
Dashed Line : Below Groundwater Table., "
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nH, EHEhRT— s A1 0THER®, FEERA, 1OV TREROF—F
ERET LTSS, Lh. DRCESETFLERLOHEEH=F (11) 0T
B BAEL, ECT. Tablel — 2 4KRTeHE (BRF -5 ORENTL B
Bl 2 4, 5) 20T XL TCIELRSITEITo . Tabled — 2 ZEFORK
HEPT%. Tabled — 3 EFRE O 4. Tabled — 4 R BEF&EA & OBHEE%.
Table 4 — b - EERRTRRERT, | g

BREL I A, DD, 45 —5 ORFTHBADE. SROMEC LR
NUETHIEN,

©® EFEOEER].4mE0 0. TmOFHE{. 0.TmTRS " —S0,  ~T.S

DA c @ ki EATi, pH, S, T. S, A#MEpH, S, SO.
pH&ES, T.S, S04, 7&C L HOHEENREL,

@ BEFELESLOBRMEBICELTE. 0.TmTReKE pH. 1.4mTR

S04, T.S. €Tl HAUER & OFEEEIEL,
® EERHICE. BEEEERUVETFHOSEZEL T BFEIHEL TRIT
Efiot. F— s BIHLTEFEDS L OT. EHEERRC DO CEEERSE
THY. ThEFORROBEIRD LN B, |
ZUT. BRELIRPZN &6, pH, o (5C L7, Bk idol
B (ST ZoETFLEIRXOTHEERL TS,
3) NBSH&F—% o .

Tablel — 2 SIFRTHL6F—5 0> b, —BiiEE+ s LTRBENERCLY
LTS 30 Tabled ~ LITRFT &, HEM27, 61TH5, Table
1—23iRT ] S HEDOEREEE Figured — 3T, 2035, 7 FEiL%2 0%
(Hit 4 MR OBABEN —7 % Figure 4 — 4 IR, L 4ME0S B0 27, 61,
O LHAOEAREORE, Bt BRECHLT. T BALOEZASLI 52
H0. T SEPRLBO LN,

Ric. ©OHR2 T OBAF -7 00T, dERT ] 2EOF—p EHOT, H=
aY® RicHW2EHa, nERD3 L.

TEEA 0 H= 0.80Y"%X10°° (m)
BARLE H=19.30Y%%x10"% ()
L5, RoTs 100 05T TEWAS.3Tm BALRS5.9TmER S,
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Table 4-2 Cmponent Ranges of Soil Environmental Factors {Sweden)

' 7 R 5 @ B

0 (Q-cm) 345 ~ 5220 (2500)
EkE %) 81~ 54 (43
PR (%) 0.7 ~ 46 (2.9
pH ] 42~89. G
COs -~ (me/kg) | 0.09 ~0.19  (0.13
S (7)) 7 ~ 288 54
SO (7)) 21 ~ T58 (307
Total S ( # ) 150 ~ 14600  (4631)
ce-  (» ) 22 ~ 2200 (330) |

() 1) 0.7m+1.4m

2) () WETEHE

Table 4-3 Correlation betwen Factors (Sweden)

o |&€| B |pl|[CO| S |S04715)C1 e |&|H|pH|CO| S|S04TS|Cl
o Q 0 © | © @]
=3 ®| O ©|0|@® & © Q
ol o| |o|e|0|0o]| |= o| |O
pH @ 0|@ pll o0
co co ©) O
S O|@ S Q
504 © S0 O
1S | S
€1 Cl
(GE) 1) 0.Tm (N=4) (#) 1) 1.4m (N=4)

2) ©=z0.8 O=0.6 2y ©z0.8 0O=0.6
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Table 4-4 Correlation of Each Factor and Corrosion (Sweden)

B F | 0.7Tm (N=4) | 1.4m (N=4) |£& &k (N=8)
o 0.562 -0.683 O 0.503
&k | 0.8 © 0.694 O 0.168
HEIE 0.542 0.436 0.230

p H -0.838 © |—0.583 -0.847 ©
COs | —0.014 0.586 0.125

s-- 0.799 O 0.701 O |-0.105
S04 0.402 0.867 © 0.082
Total S 0.780 O 0.944 © |-0.201

Ce- 0.038. ~0.153 —0.265

G¥) ©=20.8 0=0.6
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Table 4-5 Results Multiple Regression Analyses (Sweeden)

N ao | pH o SO, | s-. | ce & Kk | T.s " R?
4] —424.344 | 29.602 | 802 | | 0.99
0.7Tm | 4| —505.506 | 37.864 8.639 | 6.2x10°3 0.99
4| 2619.5 |-3.5%10%] —119.637 | — 262.6 0.88
L] s.om | | 0.144 | 6.6%10°* 0.99
1.4m | 4 31375 |-1.3x10°%| - 2.468 | -0.016 0.9
¢l L1 5.4x10"* 0.217 | 6.6%10°| 0.99
g | 45.446 | 1.2x10°%| - 5.334 0.025 0.89
O-IT.thn 8| 46.427 |- 6.467 | 2.5%10°° 0.035 | 5.3%10°® 0.96
g | 49.43 |- 5.951 | 1.9%10° 4.0%10°3 ~0.184 | 0.90

() R mHIERE

and

69LVIrS

(e)1p0-06



23

56 61

64

+

8|
e

29

~154~

H

90-001(2)

514369

PNC

® + .
\ll.\\\\ ) AN 1
- .
P : N o | &
—o—"" - (I -1 w0

33

P x

60

63

43

oy

4z

24 —

20—

16 -
2
g
4

(& 1) FREUNY

(£78nw) FEY Bibrd

Figure 4-3

Corrosion Rates of 15 Positions (NBS)

O Steel, @ Cast Iron



BRAILEEE (mils)

T AH (02/1¢)

160

PNC SJ4369 90-001(2)

Figure 4-4

Corrosion Curves by Year of Clay in 4 Positions (NBS)
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pEREEODEND B, Bk, BEETLRRLOBEH=F (1 1) KoWTH

RDoNBW, 22T Figured — JIRTELEIR (F— 5 OREFOZ VTR

T, BR: 87 —2) RUSHE (F—5 ORBEOZOTIY : 13, BA : UF—4)

IZDWT, BEE CREFEEE L CERIBIIET >, Tabled — 6 KEFORS

W%, Tabled — 7 CEFHOMBIE. Tabled - 8 KEETFLBR L ORIBESE, -

Table 4 — 9 K BERATREETT,

© BEFEOHEE . BERTREkE o, RFECa, NakClg, 2ETHNa -
ECL, Mg &C LEDFEENEN, :

® SHTLEALOBMEECELTR. BEROs0HNEHL D D ORENE
BRIz S 2%, AEIHREA 0 .S EH 201, BEROTHRARET. Naky
CLOBTHB,

® BERAFSRTE. TERA. BARAL LIBLROFHFSMEL ) EIHER
BAE < BERTETRRAOFFRALA L D BEASE, TEEE. BAL
ALbiz. pH, 0, SO., CLEOETILIBEENAROTERERLTL S,
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Table 4-6 Components Ranges of Soil Enmvironmental Factors (NBS)
¥ £ (N=28) BT (N=6) ~
ok (0-3) 1~0 o)) 0~0 ()
k& (%) 25 ~ 43 (33) 4~ (5D
p.H 50~8.3 6.9 | 2.6~86.8 (3.9
o (Qcm) 406 ~ 1346  (623) 60 ~ 1270 (524
Na  (X10°9) 0.7T~2.1 (.8 | 1.5~451 (4.6
Ca { = ) 0.1 ~23 @O | 1.9~1.0 67D
Mg () 0.1~11 @5 | 1.3~95 @G.9
HCOs ( # ) 0.1 ~20 ©9 | 0~0 )
ce (7)) 0.1 ~28.8 (.9 0 ~ 43.3 (10.1
SOs ( # ) 0.2~3.0 @D | 2.3~56.0 (2.5
) x FE RBR Rt
Table 4-7 Correlation between Factors (NBS)
Hi Ak | pli| o | Na|Cal|Mg|Cl]{SOs Bk |7k | pH | o |Na|Ca|Mg|cCl|s0d
BE ®|0 O BE 0|00 O
7R ©I0|0 K 010
pil’ O 0|0 ph OO0 O
o o
Na @) Na Qj@e|0o
Ca o100 Ca ©
Mg Mg ®|0
cl cl
S04 50,4
() 1) N=8 (F) 1) N=14 .
2) ©20.8 O=z0.6 . 2)©z0.8 O=0.6
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Table 4-8 Correlation of Each Factors and Corrosion (NBS)

| THEAEE BALARE

25 . N=7 N=13 |} N=38 N=14
B ok (0-3) | 0.3%5 0.364 | 0.582 A| 0.179
KB (% ) |-0.29 0.060 |-0.058 | ~0.105
p H - 0.108 | -0.231 0.270 0.298
EHRE ()| —0.492 A|—-0.454 A -0.607 O|=0.321
Na  (X10°%) | 0.9 ©| 0.046 0.558 A| 0.080
Ca ( ~ ) |—0.59 0.148 0.009 ~0.385
Mg ( » ) |-0.178 0.059 —-0.15% | —0.22
HCOs ( ~» ) |—0.310

ce (7~ )| 0.9 ©| 0.014 0.540 A| 0.198
SO« (= )| 0.372 0.195 | 0.107 | ~—0.399

G¥) ©=0.8 O=z=z0.6 A=0.5
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Table 4-9 Results of Multiple Regression Analyses (NBS)

N as pH P SO ce- Na ) Ca R?
T|- 1251 | 0.58 |-8.0x10°|-6.6x10°2 | 0.52
2 | 7| 0.2 1.0X10°5 1.685 | 0.515 0.99
| 1| 1400 |-o0162 | 6.0x10°| o0.182 | +2.327 0.9
WOl 7] 0.8 ox10*|  0.02%5 | 1752 | 0.460 0.99
£ | 18] 315 |- 0.16 |[-7.0x107¢{ — 0.011 0.46
wo| 3] 2.684 -8.3x10"* 0.037 | — 0.044 0.50
B 13| 3.6 |- 0.139 |-7.0%10°¢|-9.4%10-7 | — 0.013 0.43
13| 1.842 |- 0.040 |-6.0%10-|-7.9x10-? 0,239 0.47
8 | 4.414 {418 |-4.0x10°| - 0.844 0.66
8| .85t | . |-2.3%i07%| -2 | 24 0.71
g8 | 25.018 |~ 2435 |-2.0x10°| 0.704 | 0.3% 0.71
no| 8| s3.18 7.3X10°* — 1024 | 1724 | —13.662 0.78
£ | 14| 16120 {-04 |-3.9x10°3| — 0.208 " 0.68
o 1| 2.5%10°3 | 0.36 {— 0.317 0.48
g o[ 14| 15752 |- 0461 |-3.8%10°] - 0.226 | 0.08 | 0.71
14 | 16.485 |- 0.372 |-3.9%10°3 | —0.157 - 0.339 0.69
GE)  R?: EAMES

INd

69CYrs

(2)100-06
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Table 4-10 Pit Depth and its Rate of Clays

% H AEES (m) LEBEEE (m/y)

- —
moOo@FE | ¥ OBIR K| ¥ BB X
wE* | 56 | 1.03 2.0 0.018 | 0.0
mm | 27 | 087 | 69° | 0.0%2 | 0.256
R O| 20 | 024 [ 12 0.012 | 0.06

*BHIC OV T, 2FERTIREd. 6%, 9" ofF
SETE. FiE1 .38m BK5.2mTH-7,

(o) -
707t o)
6.0} | E
5.0} e musm

- X THRARS
() REEOF-5

W o

4,0

0k

3.0

(om) 2,0
1.0+

20 40 60 80 (D)
% B =

Figure 4-5 Relation between Pit Depth and Passage of Years
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Table 4-11 Soil Evaluation by ANSI 421.5

— ) mE: HlE __ BlE B
< 700 10
T00 ~ 1000 8 |
o ey 1000 ~ 1200 5
EHRE (Q-cn) 1900 ~ 1500 5 1 0 0 0 0 0
1500 ~ 2000 1
' > 2000 4
0 ~ 2 5
2 ~ 4 3
4 ~ 6. 5 0
pH 5.5 ~ 7% 0 0 0 0 0 0 0
7. 5 ~ "8. 5§ )
> 8. 5 3
> 1040 {
BALEEELL (Bh) 50 ~ 100 3.5
Redox BT (nV) 0 ~ 50 ] Y |00
< 0 5
HEKE CEICER 2
k& [HkouoE BeEotwoal 1 ] 0 [ ololo|o] o
| HkE, IR 0 |
& e
baitin Bk 2 0 0 0 0 0 0
L 0
& 53 1 0 0 ] ] 0
Bt =1 B I EBEIEBEB|B| R
T, &A1 0 Rl ORI, = E|E| B | &
% S I - - B -
BEEIIHL. BelTH 2, i 73 N I G T« G I s I ¢
L L L L L

EEF—FidE 0T, OF OF—yiBH
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Table 4-12 Soil Evaluation by DVGHW

_ _ EHO 2/ ERO

No.l = B % A B e e

- BEIET| BLIET| BE| ZTF
. t8Hewi >1";'l° ig
1 TR 5 10 21 0| 0y 01 0
>50~80 -2
. >80 -
+ MR izgggﬁg%go Ig
? 2 3000—9000] -2 | =2l =21 -2i-2|-2| -2
1000~ 2000 -4
<1000 -G :
>20 =1
©>9 42
A pHiE >§.5:g.5 _tIJ 0 0 0 1 0 0
) <4 -3
RUALIE (oH 1) 2083%00| 43 |
>1000 +3 I '
5 ! 10 !=101~-101 -6 | =101 -10
<25 -0
25~ 5 -2
A A~ (pH T TD) 21020 =5
>20~30 -8
>30 =10
6 | Fit#s (57 10 S 00l ofolo]o
gk (R 2 g
7| e ) +2¢ 00 o=38 | 2 | 0| 0 -1) 0010
>100 -4
GittE (SO~ MERhMhE) 2 s 9
o™ v 558 l-2{0fp 001010
‘ >10 -3
s . :llh"[‘??}'\:f.:b _0 .

-9 | EBRuEBTOmTK 3%%}‘33%@350 e 0 | Q 0 0 0 | 0
Bo fE (1+2+3+4+5+6+7+8+9) 15 111 |-14 10 -131-13
FEOEAMORMmELE .

+ B %5 & R S S B S

Bo —i TERAEY E};‘:j,; ;}; by [ Ly L
- Bo—1E _ : Ce B B B

(BofBIZES) & ﬁ. & & & ' E

o o® % B B

1>0 Ia FEZEEE TR .
—1mb-4i Ib TN
— 55 —10iE il B
<~—10 i BMVEEE
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Figure 4-6 Diagramatic Cross Sectiom of Alluvium in Lowland

of Shitamachi of Tokyo

AVGINATER  (2A) . ATEAE (ea/9) Refb kR
. 200 -100 0 jouo 00 001 0.02 0.03 004 012345
‘ t“-.\._':._ d .
-1l 2 H -1 1 -1 ., e,
(ﬂ"’LJ 1 . b :.o
-2t -2t R -2 * ..‘:
. \ .". .-"'.
iﬁ - 3 i hand 3 " *\ - 3 o".' _-’.
oL . . : i
- 1 SN ¢
- 4P (=24 b)) -4t . RN [r =4t §
{ S
(m)~ 8 - 5t | ikl S
vnt ' / i
- 5 o ’ - gFr s - 5 g ,'-.
i k P
L . Lol o At T
L 4 e e ARIOMIE
S =8 BRLAE - 8] -8ty T O Blistm
: T . T e B0t
— 9t — 8w Qun 5 q»‘.ﬁ? -8 f ::-v
» — o~ o0 L 3 o
3 | 101 h' L 10

Figure {1—7 Results of Soil Corrosion Test of Long Flaf Bars

in Kawashima District ¥
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Table 4-13 Comparison of Chemical Composition of Minerals in Bentonite and Clays

E H B | <y R4 | GEED | BE EED | RE @R
Si0: % 71.0 — 59.0 61.9
Ag:0;: % 14.0 e 14.0 9.1
Naz0 % 2.5 — 0.100F 0.1BLF
Fe:0q % 2.1 — 7.0 2.4
Ca0 % 2.0 — 0.14 0.18F
MgO % - 1.9 — 0.43 0.2
K0 % 0.26 — 0.12 0.2
TiO. % — — 0.72 0.8
MnO+ % — —_— 0.1 0.1HF
BHOE S | % — — 66.0 67.0
BmREE | % 4.1 —_— 5.6 5.9

5i0. $i0-» $i02 YL
' NaAlSiz0e NallSis0s NaB15i30s

XgEH | ikl Ti0;

C (NiMgAl) , (Si
A1) 4016 (OH) &
(NgFe) , (SiAl
) 401 0 (O
K 6812514010
(OH) » H20

() <Y brqd A -1
EITEEL
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Table 4-14 Comparison of Chemical Analyses of Bentonite and Clays

E H BE |~y he4 b 8E GEE) | BE GERD | %: ER
p H — 10.4 8.2 6.3 1.9
&k % 69 31 48 32
BLELEL Y 330 181 342 316
WLHIA Y | we/ke 1 BIF 1RF| 1HF| 1HTF
R v % 65 81 42 - 40
Ha e mmol./ ke 54 0.76 4.4 3.2
G miol/ kg 360 4.3 0.48 2.2
ZEMEB A+ > | mol ke 590 140 % 170
ERME mmol,/ kg 0 0 29.2 0.3

() ~v FF 4 biEEEER k2

Table 4-15 Comparison of Measured Values of Soil Enviroment Factors

_ RV P4 b (FIEHE)
W E E B — % kB E|B O+
=Rk | R | ATHEK| ATHEKR
SkE 2 | akEs | kb2 | &kES5 | GeE) | GEE) | (&R
o H 10.4 10.1 8.7 8.2 .7 6.5 7.2
BALETER V) 448 497 a1 | 482 305 42 | 201
EHMER (W) |- 839 |—82 [—805 |—89 |—53 |-—55 |- 35
Jo-TEREE ) | - 671 |-682 | — 747 |—-7%6 |—791 |- 760 |— 720
TR BT (Q) 61 90 71 80 305 498 505
J-TEAEEE (m/y) | 0.492 | 0.354 | 0.412 | 0.517 | 0.103 | 0.05 | 0.057
IR (Qem) 441 716 36.9 33,50 1,990 | 4,712 | 2,818
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Table 4-16 Comparison per Soil Evalution Method of ANSI

' H F il R ¥ {it
~_YrFAF 9 B & h
Fhit () 0 #
%;(ﬁ@) 0 "

L (ER) 0 e
Table 4-17  Comparison per Corrosion Evalution Method of DVGH

7 H & om oy
<vPFA4LE ] .o—20 B A
Mt (gm) —-13 ”

L G2ED -12 »
i GER) -13 ”
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Figure 4-8 .Change of corrosion Loss by the Passage'cf Time .
in Single System of Aqueous Solution
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Figure 4-10 Kinds of Corrosion Data and Objects Bf.Céncern
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Figure 4-11 Development Curve of Corrosion (Diagramatic

Illustration)
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Figure 4-12  Shape of Probability Density Function £(y) of Double

Expotential Distribution. ,
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Figure 4-13 Constitution of Gumbel Probability Paper
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Figure 4-15 Method of Statistical Processing of Corrosion Data
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Figure 4-16 Schématic othumbel Diétributibn iﬁcluding change of

Maximum Pit Depth by Time
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Figure 4-17 Schematic of Duration Life Estimation of Pipe
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Figure 4- 18 Relatlons between Corr051on Rate of Iron and Concentration
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Figure 4-25 Method of Sampling from Investigated Tube
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Figure 4-26 Estimation of Maximum Pit Depth-Histogram

by Maximum Value (Umeda)
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Figure 4-27 Estimation of Maximum Pit Depth-Gumbel
Probability Paper Plot (Umeda)
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Figure 4-28 Estimation of Maximum Pit Depth-Histogram

by Maximum Value (Hasune)
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