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Idaelized permeability map along center line dam

(looking downstream)
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TRIAXIAL TRIAXIAL DIRECT SHEAR Tt Vsat
DEPTH (M.) ATERBERG LIMITS (%) COMPACTION
SAMPLE USCS CU-TEST UuU - TEST CU-TEST Ydry e Wn
Gs K

NO. FroM | To | crouP | LL. PL. P.. | omc | Mmoo | ¢ ¢ ¢ 9 c ¢ ¢ ¢ %
3 2 2 2 2 3 3 3
% t/m t/m degree | t/M | degree | t/M | degree | t/ M | degree cm/sec | t/m t/m t/m
TP-01 23.98 11.18 12.80 15.59 1.875 2.50 22.50 4.00 22.50 6.50 25.00 8.89 23.6 2.71 6.48E-09 | 1.880 0.589 | 1568 | 1.973 | 2.076
TP-02 28.59 10.70 17.90 17.40 1.777 4.00 17.00 4.50 20.50 18.00 22.00 7.81 17.6 2.61 6.21E-09 | 1.777 0.531 15751 1.973 | 2.052
TP-03 26.23 15.68 10.56 1317 1.889 11.00 27.00 12.00 30.50 16.20 21.00 8.16 241 273 1.17E-08 1.889 0.469 | 1445 | 2127 | 2178
TP-04 34.48 19.68 14.80 17.91 1.768 8.00 18.00 14.00 22.00 9.50 21.50 5.30 25.9 2.68 5.02E-09 | 1.768 0.578 | 15.70 | 1.965 | 2.065
TP-05 35.68 19.00 16..69 13.89 1.878 13.00 32.50 16.00 38.00 12.00 27.50 5.20 32.1 2.66 2.57E-08 1.878 0.446 | 1433 | 2.103 | 2.148
TP-06 33.71 16.79 16.92 15.36 1.772 3.00 21.00 9.50 29.00 13.00 25.50 4.68 32.9 2,72 2.70E-08 1.772 0.552 | 16.49 | 2.042 | 2.108
TP-07 22.86 9.75 13.11 16.29 1.795 5.50 26.00 7.00 28.00 6.80 20.50 4.51 33.7 2.58 1.70E-08 1.795 0.497 | 1354 | 1.957 | 2.055
TP-08 30.78 14.97 15.81 15.70 1.811 3.50 22.00 4.00 24.00 6.50 20.50 3.17 26.5 2.56 2.21E-09 | 1.811 0.453 | 17.25 | 2.066 | 2.074
Average 5.97 27.05 2.66 1.27E-08 1.82 0.51 15.40 2.03 2.09
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Plasticity Chart

60
Atterberg Limits Test
Test pit No.
LL PL Pl 20
TP-01 23.98 11.18 12.80 E
— 40
TP-02 28.59 10.70 17.90 ﬁ
L]
TP-03 26.23 15.68 10.56 £ 30
=
TP-04 34.48 19.68 14.80 o
=
TP-05 35.68 19.00 16.69 E 20
O
TP-06 33.71 16.79 16.92
10
TP-07 22.86 9.75 13.11
TP-08 30.78 14.97 15.81 0
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2D Static Analysis

For Klong Jao Dam (Koh Kood - Thailand)
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1 Sand Filter 2.05 2.10 0.40 10000 0 35 0.30
2 Transition Gravel 2.00 2.10 0.40 11000 0 35 0.25
3 GRAVEL TO SAND SIZE 2.01 2.10 0.30 12000 0 35 0.30
4 Random Zone 2.0 2.05 0.30 10500 5 26 0.30
5 Rock Riprap and Toe 2.00 2.10 0.40 12400 0 40 0.20
6 Clay Zone 1.95 2.00 0.3 8900 4 25 0.30
7 Concrete Plint 2.40 2.40 0.4 24e4 2 40 0.20
8 Sandstone Foundation 2.60 2.65 0
9 Mud Stone 2.60 2.65
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, M

Gmax (kPa)

2 =
©
>
= o
© 2
i =
2 3
©
(W]
= a

Secant Stiffness,
Stiffness, Eurref
Failure Ratio, Rf
dependenc

Reference pressure,
Friction Angle, (I)’
(deg.)
Dilatancy Angle, \J
(deg.)
Cohesion, c (kPa)
Initial Shear Modulus,
Threshold Shear
Strain, 0.7
Drainage Condition

Tangential Stiffness,
Power of stress-level

1 Sand Filter HSS 005 133 133 390 09 05 100 35 0 0 1 15,000  0.029e-3 Drained

2  Transition Gravel HSS 005 135 135 415 09 0.5 100 39 0 0 1 17,300  0.029e-3 Drained

GRAVEL TO SAND 35
3 Sz HSS 005 150 150 450 09 0.5 100 o 0 1 18,000 0.029¢-3  Drained

4 Random Zone HSS 005 105 105 315 09 05 100 25 0 55 1 13,500 0.036e-3  Undrained

Rock Riprap and
T HSS 0.05 50.0 50. 1500 09 0.5 100 40 0 0 1 63,000 0.029e-3 Drained
oe
6 Clay Zone HSS 0.05 105 105 315 09 05 100 25 0 55 1 13,500 0.036e-3 Undrained
7 Concrete Plint HSS 0.02 - - - - - - 40 - - 1 - - Drained
Sandstone Linear
8 _ 0.02 - - - - - - 45 - 0 1 - - Drained
Foundation Elastic
Linear
9 Mud Stone 0.02 - - - - - - 45 - 0 1 - - Drained

Elastic



duUs:ansnowBudale (cm/sec)

fu 4N19:3UAIHI8UN SnsadounouButh
(kx:ky:kz)

1 Sand Filter 9.95e-4 9.95e-5 1:1:1
2 Transition Gravel 9.95e-3 9.95e-4 1:1:1
3 GRAVEL TO SAND SIZE 9.95e-3 9.95e-4 1:1:1
4 Random Zone 1e-4 2.5e-5 1:1:4
5 Rock Riprap and Toe 1.0 0.10 1:1:1
6 Clay Zone 1e-5 2.5e-6 1:1:4
7 Concrete Plint - - - -

8 Sandstone Foundation 5e-4 5e-4 1:1:1
9 Mud Stone 5e-4 5e-4 1:1:1
10 Grout 1e-5 1e-5 1:1:1
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Sclmax Intemational Inc., 2801 Boul. Marie-Victorin, Varennes, Qc, Canada, J3X 1P7
Tel.: [450) 92%-1234 Fax: (450) 929-2550 wwwyw.sglmax.com
—

PROPERTY TEST FREQUENCY!" UNIT Solmax Solmax g Solmax I
METHOD Metric 840ST-3100 860ST-3100 880ST-3100 .
Thickness (min. avg.) ASTM D-5994 Every roll mm 1.00 1.50 2.00
Thickness (min.) ASTM D-5994 Every roll mm 0.90 1.35 1 1.80 |
Asperity Height (min. avg.) (3) ASTM D-7466 Every roll mm 045 045 i 0.45 _
Resin Density ASTM D-1505 1/Batch glcc <0926 <0926 I <0.926 1
Melt Index - 190/2.16 (max.) ASTM D-1238 1/Batch g/10 min 1.0 1.0 1.0 1
Sheet Density (8) ASTM D-1505 Every 2 rolls glce <0939 <0939 | =0.939 i
Carbon Black Caontent (9) ASTM D-4218 Every 2 rolls % 20-30 20-30 20-30 I
Carbon Black Dispersion ASTM D-5596 Every 6 rolls Category Cat. 1 &Cat. 2 Cat. 1 &Cat. 2 I Cat. 1 &Cat. 2
OIT - standard (avg.) ASTM D-3895 1/Batch min 140 140 I 140 I
HPOIT - High Pressure (avg) ASTM D-5885 Per formulation min 550 550 550 _
Tensile Properties (min. avg) (2) ASTM D-6693 Every 2 rolls I |
Strength at Break KN/m 20 29 39
Elongation at Break % 450 500 I 500 I
Tear Resistance (min. avg.) ASTM D-1004 Every 6 rolls M 111 169 222 I
Puncture Resistance (min. avg.) ASTM D-4833 Every 6 rolls M 289 422 I 556
Dimensional Stability ASTM D-1204 Certification % +2 +9 I +7 |
Multi-Axial Tensile (min.) ASTM D-5617 Per formulation % 60 60 60
Oven Aging - % retained after 90 days ASTM D-5721 Per formulation I I
HP OIT (min. avg.) ASTM D-5885 % 80 80 80 I
UV Resistance - % retained after 1600 hr GRI-GM-11 Per formulation I
HP-OIT (min. avg.) ASTM D-5885 % 60 60 60
SUPPLY SPECIFICATIONS (Roll dimensions may vary +1%)
Roll Dimension - Width - m 6.80 6.80 6.71
Roll Dimension - Length - m 2377 164 6 1219 I
Area (Surface/Roll) - m? 1616.4 1119.3 817.9

1aualne e
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Slope Stability
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friction friction adhesion | adhesion
Interface #1 Interface #2 (degrees) | (degrees) (Ib/ft?) (Ib/ft2)

LLDPE-S Granular soil 27 24 0 0

LLDPE-S Cohesive soil 11 12 260 75
LLDPE-S NW-NP GT 10 9 0 0
LLDPE-S Geonet 1 10 0 0

TLOPE-T Granuar sofl 76 5 T60 110

-, o ¥ B B 1 w B LLDPE-T Cohesive soil 21 13 120 145

INfUriNIsnanuRAIdnsadoundculasnneniddnsusonivu worer_wwsr | w | v | m | m
LLDPE-T Geonet 15 m 75 0
Note: S = smooth. NW-NP GT =r need| nched ile. and T = textured

Shear Test Min. Allowable F.S.

Total/Effective Stress

Operation Condition

Statics Seismic
WouIwJagIase (End of Construction) UU or CD 1.30° 1.108

s=gIfuAnuA (Normal Operation) CUorCD 1.50% 1.108

s=Authlusanaloe1soniSo (Rapid Drawdown) CU or CD 1.25% 1.00%

AL : aANUaden (A) INfuridkuaAvaunsusads:nIu, 2545
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Table 20.4.2.2-2. LLDPE geomembranes against various materials

Peak Residual Peak Residual
friction friction | adhesion | adhesion
Interface #1 Interface #2 (degrees) | (degrees) (Ib/ft?) (1b/ft?)
LLDPE-S Granular soil 27 24 0 0
LLDPE-S Cohesive soil 1 12 260 75
LLDPE-S NW-NP GT 10 9 0 0
- / < (= ¢ LLDPE-S Geonet 11 10 0 0
ANAITUUARDANY LUNTIEUNTIILAITNISW
%
LLDPE-T Granular soil 26 25 160 110
LLDPE-T Cohesive soil 21 13 120 145
LLDPE-T NW-NP GT 26 17 170 200
LLDPE-T Geonet 15 11 75 0

Note: S = smooth. NW-NP GT = nonwoven needle-ounched aeotextile. and T = textured

Sta.0+100 km. Sta.0+140 km.

— ; \NUNBATIEIU
NIUIALATISW v u/s D/S u/s D/S
ANNLaanns

Static - Critical 2.109 1.614 2.262 1.841

- Static — Non Circular Failure 3.072 3.332 2.499 2.817

- Static - Critical 2.181 1.614 2.073 1.841

Static — Non Circular Failure 6.337 3.232 4.499 2.817

Static - Critical 2.098 1.688 2.083 1.841

n Static — Non Circular Failure 1.25 3.215 No failure plane 2.450 2.719
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1) End of Construction
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NON - CIRCULAR 3 . . . e .
EAILURE ON : Not Failed in This Condition

GEOSYNTHETIC
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WURANN W

UMIIaR LLDPE N{AINAISI Max Pullout 11.19 kN

P View Object Information

--F of 5 Dependent  Yes
--Face Anchorage  Yes
--Surface Area Facte 2
- Resistance Reducti 1

--Reduction Factor 1

Export Copy

USUN oFdBans; NG

juiwautiy nioud Alsd9nin S5 U

- Direction 28.817 ¢

- Force Distribution  Distributed

W -250--200 kPa
W -200--150 kPa
@ -150--100 kPa

- Interface Adhesior 8.1kPa
- Interface Shear Ar 26 ©

- Tensile Capacity 36 kN

- Max, Pullout Force 36 kN

- Pullout Force 11,198089 kM

- Pullout Force per L 64.630433 kN/m
- Avaiable Length  5.4849917m
--Required Length  0.1731027m

- Governing Compon Tensile Capadity
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Sta.0+140 km.
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1) End of Construction

Sta.0+140 km.

CRITICAL FAILURE

50-100 kPa
400 - 150 kPa
a

NON - CIRCULAR
FAILURE ON
GEOSYNTHETIC
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CRITICAL FAILURE =
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l
[

Water Pressure Water Pressure

NON - CIRCULAR
FAILURE ON

GEOSYNTHETIC

U/S D/S
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Water Pressure

mo-
H50-100kPa
O 100- 150 kPa

O 150 - 200 kPa
00 200- 250 kPa
O 250- 300 kPa
O 300- 350 kPa

- 400 kPa

CRITICAL FAILURE S

44t 444 e
3

Water Pressure

2.719 W 250--200 kPa

Water Pressure
2.450 W 250200 Pa M @ -200--150 kPa
- =} 150 kPa @ -150--100 kPa
=] @ -100--50 kPa
=] @ -50-0 kPa
o B0-50kPa
E 050100 kPa

0100 - 150 kPa

[ 50- 100 kPa
0 100- 150 kPa

0150 - 200 kPa
0 200- 250 kPa
0250 - 300 kPa
0300350 kPa
350 - 400 kPa
W 400 - 450 kPa
W 450 - 500 kPa

B 450 - 500 kPa

NON - CIRCULAR
FAILURE ON
GEOSYNTHETIC

U/S

_§,/ ussndnovansdnn  SPED  usen

nloud Alsu 9nnn  S2S)
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A 124

4) 1s54n181uTudaY Geomembrane

Sta.0+140 km.

— B B 1

UoauuRTAOIWURARLNUADIER LLDPE mlAiNAIsy Max Pullout 14.69 kN

2 450 &2 View Object Information ? * Water Pressure

P B -250 - -200 kFs
- Direction 29,181 A B -200 - -150 kFa
--F of S Dependent  Yes o -150 --100 kPa
- Force Distribution  Distributed o -100 --50 kPa
--Face Anchorage  Yes : ;35‘_3;00:;:’
- Interface Adhesior 9 kPa O 50 - 100 kPa
- Interface Shear Ar 17 ° 0 100- 150 kPa
- Surface Area Facte 2 O 150 - 200 kFa
- Reesistance Reducti 1 0 200 - 250 kPa

O 250 - 200 kPa
| o 200 - 250 kPa
- Reduction Factor 1 O 250 - 400 kPa

- Max, Pullout Force 36 kN B 400 - 450 kFa
- Pullout Force 14.69496 kM W 450 - 500 kFa
- Pullout Force per Li 50, 117489 kM/m
- Available Length  4.5125888 m

- Required Length  0.29321022m
- Gowverning Compon Tensile Capacity

- Tensile Capacity 36 kN

Export Copy Print
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Construction Stage Model
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. Sudhwed - asusng 1 vasdadiau
Stage ConStrUCtlon z:’i ™ SAN:]FILTER

ZONE (2) TRANSITION GRAVEL
ZoNE (3) COHESIONLESS, GRAVEL TO SAND SIZE, LOW PERCENT FINER

Sta- O+ 1 40 km . EZ:E % RANDOM ZONE

ROCK RIPRAP AND TOE

zoNe (6) CLAY ZONE

el ol P,

1aualng _@r | UStndaosans I SPED.  usun Annnyiwautlyious AlsUn)  SE2S) USEN Wiod Barsa g

AN



“\ )

@ [ 1 I o all
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LLU U Qo'] a a q ZONE @ SAND FILTER

200 (2) TRANSTION GRAVEL
Sta. 0+140 km.

ZONE @ COHESIONLESS, GRAVEL TO SAND SIZE, LOW PERCENT FINER
Plastic Calculation

R

i

d

zoNe (4) RANDOM ZONE
zoNe (5) ROCK RPRAP AND TOE
ZONE (&) CLAY ZONE

_E, ussndrosans 11

A

jiwauty nous flsd 9nin,  S2S) USUN BWioa dArse $1in,
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Stress

Sta. 0+140 km.

)

[kN/m?]

-800.00
-500.00

LiN/m]
0,

-100.00
-200.00

-300.00

-700.00

-800.00

Cartesian effective stress o'w (scaled up 5.00*10 -3 times)

Maximum value = 2.514 kN/m? (Element 29 at Node 1663)
Minimum value = -868.6 kMN/m?2 (Element 3992 at Node 25624)

Cartesian total stress o (scaled up 5.00%10-2 times)

Masximum value = 18,17 kN/m? (Element 153 at Node 2378)
Minimum value = -1364 kN/m? (Element 3992 at Node 25624)

Effective Stress

et L L T

1auolng g,/ ussndmosans i SPAD.

Total Stress
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= \\
= A\ Stress

Sta. 0+140 km.

Pore water pressures p.... (scaled up 0.0100 times) (Pressure = negative) EXCESS pore pressures P, cess (scaled up 0.500 times) (Pressure = negative)

Madimum value = 0.000 kN/m? (Element 33 at Node 2391)
Minimum value = -14.86 kN/m2 (Element 1097 at Node 17457)

Maximum value = 205.0 kN/m? (Element 77 at Node 5977)
Minimum value = -395.0 kN/m? (Element 3986 at Node 22450)

Pore Water Pressure Excess Pore Pressure

1aualng ‘ﬁ‘ pSSVRTIESREI IV é usBnarosans 9 _SPED  usENn Annny Iwaulio leus Alsllie  SE2S) USEN BWiod Sarsa dnn,
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Deformation Y

)

Sta. 0+140 km.

4 Zn'cin;n‘u‘\\.\‘\ W
AT
A

AN
ENWI7HTNSHINNY S
BT

Total displacements |u| (scaled up 8.00 times)
Maximum value = 0.2913 m (Element 11 at Node 3111)

["10-2m]
60.00

103 m)

46.00

3%.00

24.00

/

12.00

0.00

:

-36.00

-48.00

60.00

Total displacements u,, (scaled up 8.00 times) Total displacements u,, (scaled up 8.00 times)
Maximum value = 0,05333 m (Element 284 at Node 12132) Maximum value = 0.000 m (Element 3986 at Node 23332)
Minimum value = -0,03922 m (Element 1214 at Node 4393) Minimum value = -0.2909 m (Element 11 at Node 3111)

Uy = -29.09 cm. (n3af3luluafa)
_SP&D!  ysun Annny iwauty ieust flst/nia  S2S) USUN BWiod darsa 1)

Ux = 5.33 cm. (Mevagauluniesin)
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Operation Model
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NSAINISIATIZI

*  waINsneEsIeNsEAuAnNAUgeEa (Impounding to HWL)

Elev. +51.50 msl

h(t)=48h(t)=4

NAINIINDES1IAUANUNDALALETAIIABE ) LNSEAULNTUBNS

uATEAUAUANg A N92AU +51.50 MSL
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D,

Stress=2 Sta.0+140 km.

G NLIGRGGE] | mpounding to HWL
U U]

.00 40.00 50.00 60.00 70.00 80.00 50.00 100.00 110.00 120.00 130.00 140.00 150.00 160.00 170.00 180.00 190.00 200.00

| TN FRTE FETEY RURTE FUTE] RTRTH FRUTR FRTRY FTUTH FURY STETY FRNTH FRTR] FRNTH FUTEY STNTH RTRTE FUTE] RURTE FUTH] FURTE RUUTH [RTN RURTE [RTNI RURRY FTUT FRURY STUT FRURY STNUIRTRTE FRTRI RN P

50,00 o

20.00

30.00

20,00 3

10.00

000 3

Cartesian effective stress u'w (scaled up 5.00¥10 3 times) (Time 200.0 day)
Maximum value = 21,11 kN/m? (Element 3240 at Mode 14201)
Minimum value = -1299 kN/m2 {(Element 2614 at Node 6963)
00 40.00 5000  60.00 M00  80.00 5000 10000  110.00 12000  130.00 14000  150.00 16000  170.00  180.00 15000  200.00
[FRIVE TRETE NTTYITITY FYTTITETY IRUVE ATRI EYRTRTETYY FYRTYTRETY IRTR1 TIVTU FRTYTFTUTE FTRTETRTRINTITY FTNY FIUTTTTEVE (ATRVETITAINTNY STUTI FUVITRTE] FNRTRTTTTTNTRTT SN (RTRTITOT 1T

3 fovfm]

- 0.00
5“-““_5 -100.00

= -200.00
4ﬂﬂﬂ_: -300.00

3 -400.00
30.00 3

— -500.00

3 600.00
20.00 o

— -700.00
10.00

0.00 3

Cartesian total stress Ty (scaled up 5.00%10 -3 times) (Time 200.0 day)
Maximum value = 5,254 kN/m? (Element 114 at Node 9689)

T USUN|OA0BaNS INNA]
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Pore Pressure -\

ﬁzﬁULﬁﬂﬁUQQQQ Impounding to HWL

.00 40.00 50.00 60,00 70,00 80.00 90.00 100.00 110.00 120.00 130.00 140.00 150.00 160,00 170.00 180.00 190.00 200.00

[kn/m?)
0.00

-60.00

-120.00

-180.00

-240.00

-300.00

-360.00

-420.00

-480.00
I e
-600.00

Pore water pressures p, ... (scaled up 0.0100 times) (Pressure = negative} (Time 200.0 day}
Maximum value = 53,25 kiN/m? (Element 309 at Node 6247)

Minimum value = -565.0 kN/m?2 (Element 3936 at Node 20096)

1/
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Deformation% Sta.0+140 km.

eELIMONIERLEMN  (mpounding to HWL

Total displacements |u| (scaled up 200 times) (Time 200.0 day)
Masximum value = 0.01385 m (Element 694 at Node 1078)

[*10-3m]
12,00

10.00

e 1\ e
i AT - 8.00
AN o~
O e T .00

e =il A %
4.00

2.00

-4.00
-4.00
Total displacements u, (scaled up £.00 times) (Time 200.0 day) Total displacements uy, (scaled up 6.00 times) (Time 200.0 day)
Maximum value =0.01167m (Eement 953 at Node 3306) Maximum value = 001115 m (Elsment 935 at Node 2636)
Minimum value = -5,242*10-3 m (Element 1543 at Node 12734) Minimum value = -2.565%10 -3 m (Element 2624 at Node 5452)

Ux = 1.12 cm. (Rusadausalunieiinan) Uy = 1.12 cm. (A Heave a1)

et L L T

laualng IPASSAULNESREIIV _ér' usundrosans e, 3PEDL - USEn AnnYiwauly neus Alsli$nn S5 USEN BWIod Sarsd dnne)



Sta.0+140 km. 765 kN 535 kN

Cartesian total stress ., (scaled up 8.00°10 3 times) (Time 200.0 day)

Cartesian total stress o, (scaled up 0.0100 times) (Time 200.0 day) M g = -199.7 ke
S okt = 5750

Maximum value = -156.6 kNfm2
Minimum value = -678.0 kN/m?

4 ~

Cartesian total stress L (scaled up 0.0100 times) (Time 200.0 day)

Cartesian total stres: w(sulcdupn. 200 times) (Time 200.0 day)
i . 0 o —C . o o Maxim 3200 kN/m_ r — .l R Gmum 7 s 27 b 57 A,
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g7 HWL +51.50 MSL ST e = = - ——— -t Q33,00 MSL
% Elev. +47.00 MSL

Elev. +41.00 MSL

W911u1 2 Stage IAiiN 40 30 20 10 O 10 20 30 40

_ X Coordinate
a) End of Construction (No Water)

b) At High Water Level +51.50 msl
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4 HWL +51.50 MSL

am Random Zone
fvnadau

Elex+53.00 MSL

< ] ] ] ] | | | ] ] 1

Elev. +47.00 MSL

Elev. +41.00 MSL

IJoUsu
40 30 20 10 0 10 20 30 40 Hl‘j']ﬁﬂl-\';OU

1 1 '] >

-—@—=3) Total Stress at End of Con. +41.0

Total Stress"‘a) Total Stress at End of Con. +41.0 Total Stress
o—b)Total Stress at HWL+41.0 «=0-=b1)Total Stress at HWL+41.0
366 366 o—chBeviatoric-StressEtev—+44
i ~o—c1) Deviatoric Stress Elev.+41.() i it
. . c2) Deviatoric Stress Elev.+47/0
c2) Deviatoric Stress Elev.+47.0 —e— c3) Deviatoric Stress Elev.+53/0
—@-3) Deviatoric Stress Elev.+53.0
© ©
o o
i~ i~
173 173
n N
o o
n n
(50) (40) (30) (20) (10) - 10 20 30 40 50 (50) (40) (30) (20) (10) - 10 20 30 40 50
X Coordinate, m.

X Coordinate, m.



Different Stage at Elev.+41.00

Deformation

Horizontal Displacement Settlement
60 . i@
5.0 et
(50) (30) (1039 50

£ 4.0 -3'8
S 3.0 -?1)18
© . -6.0
% \MW © - "
o el -9.
4d580) (40) 0 - 10 20 30 40 50 3] -10.0
@ 54 £ -11.0
3 . o -12.0
© -3.0 | —®=a) End of -]28
o -4.0 -e-a) End of n Construction 120
I 50 Construction =0-b1) HWL at +41.0 _1§.0
o ' -17.0
T 6-0 18-0

X Coordinate X Coordinate, m.

a) End of Construction
b) At High Water Level +51.50 msl

1 W . o i . N R S 68
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Hor. Displacement

Length, m.

—e—a) End of Construction

—eo—b) HWL

n/9F0BaNs NN

1ausalny TAPASSAVATIES PEIIV

Vertical Displacment, cm.

-30.0 -25.0 -20.0 -15.0 -10.0 -5.0 - 50 10.0
5.0

&

2 10.0

3

Q 15.0

o

) 200

= \zgo

-|'C—r“ \’

% —e—a) End of Construction 30.0

— | —e—b) HWL 35.0

sum
40.0
. N NN I 69
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Tension (kN/m) @ Sta.0+140 km.

Member / Sta. HWL

LLDPE 2.0 mm. 1.886

[kN/m3]
80
70
60
50
+
M 40
\ ?
20
K \
\ 10
0
] :
Shear stresses (cross section) 1 (scaled up 0.200 times) (Time 200.0 day)
Axial forces N (scaled up 5.00 times) (Time 200.0 day) Maximum value = 39.11 kN/m?
Maximum value = 1.886 kN/m (Element 56 at Node 8265) Minimum value = -5,520 kN/m?

Minimum value = 0.000 kN/m (Element 10 at Node 9234) Equivalent force is 819.2 kN/m at position (100.716, 49.042) m
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Astuaszinensiganu

INANISIAZOUAIWIVURN End of Construction phase 91NN1SIWUS=AUUNUSUTNS=AUINUNN
audn Ns:=AU +51.50 msl lngindaumalunudsu 3.11 cm. 1A:NSAMJIWILVU 2.99 cm.

voauInm
*INA Tension Crack UUEINUU9199:AdIUSUNUNARAIVOU am Random Zone AMUN189IVOU
**IA Compressive Stress USIa1U Plinth AInasulA membrane USU Plinth ThiiAowdauunvu

Plastic points (scaled up 0.00 times) (Time 200.0 day) Plastic points (scaled up 0.00 times) (Time 200.0 day)

W Plastic point O Tension cut-off point
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Geomembrane Installation

SOLMAX - APAC
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Solmax LLDPE Geomembrane

" Content

1. Installation (33nsnsaasv 1azn1snaaouninau)
2. Laboratory testing (msnaaeulurauav)
3. Project references (sivogwwaviu)
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l ® Installation guidelines /

Installation Details

 SOLMAX has an “Installation
Quality Assurance Manual’
that include all the details of how
Installation should be carried
out.

« Similarly, a general guideline
published by IAGI on

HDPE/LLDPE installation can
also be referred.

auolne LSS AU IESREIIVA . Epl USID

1. gliomsAasAuvad Solmax

\

%7 SOLMAX

GEOMEMBRANE
PRODUCTS

INSTALLATION QUALITY
ASSURANCE MANUAL
APAC

2. gliomsiasAivad IAGI
(international guidelines)

Guidelines for Installation of:

HDPE and LLDPE Geomembrane
Installation Specification

International Association of
Geosynthetic Installers




Installation Factors

Phases of a successful geomembrane installation:
. Site preparation (mseurtivu)

2. Deployment (i)

3. Welding (igounsiu)

4. Welding test (naaeusosizou)

5. Repairing (nissounsiu)
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. ® Before lining /

1. Site Preparation

* Wusuauiau (Subgrade) AovlASUNISUABA
navysnisuveniruavevlasunis

* WuGanvHUARARAILIL FoaviSou TRawauNaue
lidiFsdan foufiu Iankauny JeWy Uriianso
AWELdIUIAY Auray HSaAIWIUASUNUAY
VouS:zAUAN:NUAL

* wndWuigondAugeusanull Fourins
VA9ONIA=NUINUNAIEIAANUAIAIE WINL 18U

B AL s
iauolig o= o



® Deployment /

Geomembrane Unloading & Handling

Option : Excavator with a wheel loader

Pilling the Rolls

« SMOOTH: 4 rolls high (max).
« TEXTURED: 3 rolls high (max).

» Heavy duty wedges should be
added to secure the bottom of
the rolls and prevent the stack

from collapsing. I

1auolny



® Anchorage

Anchor Trench

Anchor
Trench

&%%%W@/ GSE HDPE liner
K2 %

1auolny

&= s )



~ eanchorage. / Anchor Trench

SOLMAX HDPE /
I LLDPE

K NN
4 72N geomembrane

Anchor Trench

12"

HDPE liner

Backfill

Typical Anchor Trench

Not to scale
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3. Welding (35n1sizau)

Hot Wedge Welding Thermal Extrusion Welding

* [ginsovitoulanzSoudaons:HINILUNIAINASA o [finSovensawaraannaounnividou (welding rod)
[AnaouaAnu (200 - 450 °C AWAIWAKUNLU) dnonasogsio
HUEAUILIAWITOUE) .

IMU1=AU 9AS184:108A 18U UU VU 191:80U

*  s59aISH NuABOUISBUALNAUD R

* [dllalugeaidn yunau na: Aevldwunasanuaidou e yuodounun TiGuii1 Hot Wed
ot Wedge

EEEEEEE °



Hot Wedge Welding
Primary Seaming Method:

« Straight line welds
 Overlap 10-12cm for welding
* Double track welds

Typical hot wedge weld detail 0pen (honnel [0[
Air Pressure Testing
/ e \
Geomembrane omembrane
Top Sheet Weld Tracks Bottom Sheet
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* Single Track Weld /

Thermal Extrusion Weld

Extrusion Welding

 as secondary seaming method.

 used for non-linear seams, patches, repairing, pipe penetration
or areas that wedge welder is impractical.

» HDPE Weld rods are required for extrusion welding.

Typical extrusion weld detail Extrudate
7 /'r _""-’-‘_Hr_l_ 1b‘\ 5
~ Geomembrane Geomembrane
Top Sheet Bottom Sheet

....... p—r °
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WHIAGWSSUUSIIA-NIYIUUS

2 S
gyt

® Polylock — (same material with HDPE/LLDPE ) ,

3" Min.

Connect to concrete (sionsiurivlnsvaswnounsn) e
e : SR VN

N

6
-

/ Concrete
w LT AT

Ve p SNAN
| 2

2 )

7/
2" 45" grouted
HDPE Liner \ /3 / corners (Horiz. & vert.)

2 ] 2 2

Extrusion Weld - Vertical

Extrusion weld

/2

4

v
GSE PolylLock A A A A ~ Concrete

(Set in concrete)

AN O
\\ //\\//\/\\ /\\\ O\

Extrusion Weld - Horizontal

\ USBN Anqny iwaudv nous Alod 91ia Eﬁmﬂ@ USen Dgous AoUdalaur 91na ©
antiCovLtd |




. csatensrip / Connect to concrete (somiuiulasiaspounsn)

Grind bolt extension
flush and smooth with
the top of the nut

HDPE liner

/ Caulk as req'd

?7%x1?" Steel _
batten strip p

Extrusion weld —.!

B , / HDPE Wall Liner
F .
v v RG]
NS b o Y R
NVNVAE 4 I P ?"%1?2" Gasket (N
NN RN,
A (Closed cell neoprene) K s a )
\/\\// v o ’\///\\///\\/// . . Extrusion weld
N "\ .
G // o zom ///\\//><// s HDPE Floor Liner
Concrete =<7z a 4 7o 37 SN
NOTE 4 304 Stainless steel LT
NUIE . - - - . ) . p
EARTH ADJACENT TO CONCRETE COLLAR o cinch Cm”chor bolts s . S DRI . - B R L=
TO BE WELL COMPACTED TO PREVENT @ 6 ctrs 9 . " .- R .=
FUTURE DIFFERENTIAL SETTLEMENT. 4 4 4 : 4 A . L L - -
ALL CONCRETE COLLARS TO BE CHAMFERED
A MINIMUM OF 1* (TYP) @ ALL CORNERS
IN CONTACT WITH LINER, - »
ALL BOLT HEADS TO BE UDERNEATH
Concrete Anchor Existing Tank Ringwall Section
Not to scale Not to scale
NOTE: ANY METALLIC PORTION MAY
BE MADE FROM STAINLESS
STEEL
: THS 1 A CENCEPUAL DRAMNG SCLELYFOR USE BY ENGNEERS 45 A GINCRAL GUDELIE I FRMILATIG STE : THS 5 A COIPIAL ORAWNG SOLELY OR USE BY DICHEERS A5 A GINRAL CUBELNE N FORMULATHG ST
= SOLMAX Geosynthetics LLC FET 0 1 A ENE 8 SOUED 1 DA B OF R WL M SPECFI ENGIEERING DRAWNGS, NO DESCRIPTON OF MATERILS CR: THE DESIGH CREATES OR ANCUNTS 7 SOLMAX 15990[,7%4 Am)( . Gde osynthetics LLC HERI R B s WS 38 St % ik Bk of WL s":s'.rm SPECIFIC EMNEERING DRAWICS. NO DESCRPTION OF WATERULS CR THIS DESIGH CREATES CR AMOUNTS
£ SOLMAX 19103 Gundle Roed 508 WTHOUT THE PRI WRITTEN PERMISSICH CF SONAK Geosynlhetis LG 70 A EIPRESS WARRANTY, CF WPUED WARRANTY OF WERCASTABLITY OR FITESS FCR A PARTICULAR PLRPLSE = L e Roae s 3508 WTHCUT THE PRICR WRITTEN PERMISSION OF SOLMAY Geosynihetics LLC 0 N EIPRESS WARRANTY, CR IPLED WARRANTY OF MERCHANTABIITY (R FIIESS FIR A PARTELLAR PUFPCE
1-800-571-3904 DRAWN Ton [DATE 12/15/% REVISION 1 [ DWG. NO. SD—BT007 1-800-571-3904 DRAWN I [oATE 12/15/% REVISION [ [OWG. No. SD—_BT014
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4.1 naaeumaauwnuulumans linaasupowavysnivedsesidou

®* Hot wedge welding — Air pressure test

®* Thermal extrusion welding - Vacuum test

4.2 NAdaUNIAGUIVIVUNIAIEY L6988 WUMNAGOUAIINTINSY:

* anuITIsIsiaNsuIdou (shear strength) vuuAuIuIGoU
* anuITVISIsioNsIaen (peel strength) AvaINAUNUIIBOL

e Tnornountiunssvossogidou :AANNIENLUIEUD




nadousagifouvay Hot wedge welding

Welding Quality Check

Non-destruction test — air pressure test

* Unulinlarenvaavsuvausesidou Ingin:ITull
[ugavau 1329ARURAU 30 psi (207 kPa)

* 595 LN MnAWAUNanad TUIAU 4 psi (27.5 kPa)
flognsegiBauwumsnadou

o MNUUAAUANYBNEUWOSUNGISIAU 1AzR1SI9E0U
THnulegnsesdounrunlfsSUNISNAGaUNED

Open Channel for

Air Pressure Tesfing
\ 7
\

Geomembrane omembrane
Top Sheet Weld Tracks Bottom Sheet

_-?JJ @mz‘)hbz&ans
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nadausegiiouvad Hot wedge welding

Welding Quality Check

Non-destruction test — air pressure test

nansoeiBauliawsnsnunowauls: ‘
* ypuzrimsansvaLlugovau TiRunsIvdoUnasnIuISosIGoU |

InoWuIde33U LR, <
* ypuzrimsdnisauiugovau NUayusSIotuvousosiGoulE) .

aunnowWovomAnSolu
* rimsnAdausagIBoudnAsy IngIuEasAUEINaUal

A
': / ¥ '.‘. -
Open Channel for - [ P 2 B’ &6
Air Pressure Testing - o AR e
g ; . .. - Ed
- ‘ . - i < Y » -

GSE Geomembrane iy GSE Geomembrane d =
Top Sheet eld Irac Bottom Sheet -3 p S : ,
e ‘Nv i #Z SOLMAX

\

T AW =0 »

Pl s o wauts ious s sna) G2 Usen moasisagial b 2 )
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nadausegifouvad Thermal extrusion welding

Welding Quality Check

Non-destruction test — vacuum test

* douvousoBIBoUNY:NAGOURaY GUsdELnEUKSaUeN
wovay

* 1§ ndavaryry1me (Vacuum Box) ASOUUSIONUSOEIGOU
IA:RADINIFADONINEIUAVNAND

* MININAWIOINA IIFAVI SoarBoudnissodu
* MNILINAWODINA ldaRId SoarGouagiuanwa

#% SOLMAX
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nAdauNIAaUIUNLUNIATE — ISVIaau lisvaan
Welding Quality' Check

Destruction test — shear and peel test

® Used to check the welding’s shear and peel strength.
Samples are taken from trial and actual weld to check
on the efficiency of the welding. Small samples are
prepared from the cut HDPE section to be tested.

® Coupon cutter:
https://www.youtube.com/watch?v=JEyV1v_HSYE

® Tensiometer: https://www.youtube.com/watch?v=gzkSRSCNY 04

1auelng 00005520 Il ESREV; _g,.l USGN;d

RRCESCAND

Test coupon cutter (source: Demtech) Field tensiometer (source: Demtech)

Table 1(b) — Seam Strength and Related Properties of Thermally Bonded Smooth and Textured
High Density Polyethylene (HDPE) Geomembranes (S.I. Units)

Geomembrane Nominal Thickness 0.75 mm 1.0 mm 1.25 mm 1.5 mm 2.0 mm 2.5 mm 3.0 mm

Hot Wedge Seams!"

shear strength, N/25 mm. 250 350 438 525 701 876 1050

shear elongation at break®), % 50 50 50 50 50 50 50

peel strength, N/25 mm 197 263 333 398 530 661 793

peel separation, % 25 25 25 25 25 25 25
Extrusion Fillet Seams

shear strength, N/25 mm 250 350 438 525 701 876 1050

shear elongation at break'”, % 50 50 50 50 50 50 50

peel strength, N/25 mm 170 225 285 340 455 570 680

peel separation, % 25 25 25 25 25 25 25

Table 2(b) — Seam Strength and Related Properties of Thermally Bonded Smooth and Textured
Linear Low Density Polyethylene (LLDPE) Geomembranes (S.I. Units)

Geomembrane Nominal Thickness | 0.50mm | 0.75mm | 1.0mm | 1.25mm | 1.5mm | 2.0mm | 25mm | 3.0 mm
Hot Wedge Seams™
shear strength, N/25 mm 131 197 263 328 394 525 657 788
shear elongation®, % 50 50 50 50 50 50 50 50
peel strength, N/25 mm 109 166 219 276 328 438 547 657
peel separation, % 25 25 25 25 25 25 25 25
Extrusion Fillet Seams
shear strength, N/25 mm 131 197 263 328 394 525 657 788
shear elongation®, % 50 50 50 50 50 50 50 50
peel strength, N/25 mm 95 150 190 250 290 385 500 595
peel separation, % 25 25 25 25 25 25 25 25

Field steam strength in accordance to GRI-GM19a on different thicknesses. The table above is
applicable for HDPE geomembrane, LLDPE is mentioned in the specification.



https://www.youtube.com/watch?v=JEyV1v_HSYE
https://www.youtube.com/watch?v=JEyV1v_HSYE
https://www.youtube.com/watch?v=JEyV1v_HSYE
https://www.youtube.com/watch?v=gzkSRsCNYo4
https://www.youtube.com/watch?v=gzkSRsCNYo4

® Thermal Extrusion Weld //

Patching & Repairing (n1sgauniu)

1.
2.

1aualng

ARdounidemeaan Wiveukaunaza:01n

ARazInsguILul:Tnl Tnelkdvunnlnngndnusionundnean
08719098 10-15 BU. SOUMU

ganLul=nnusKuY Ingdinsoudhausaulhifiuia:naan
IWoENGIASD

Resvausassio Wolktoa-ona-wsoudnsunisigou

mMmsiBouiu: Aog38MsdnsanuSaU (Thermal
Extrusion Welding) tlsiiuaidounivunsnazsiaitiov

&

. = o W
_JJ Usun|oFdsans;vpnmn




Installation Details

Check list and logs

e Appendix A: Inventory check list - 00O
S Appendix B: Subgrade surface acceptance ‘\I o E
e Appendix C: Panel placement Log ilis

= s T Appendix E: Trial weld log

Appendix F: Seam log

Appendix G: Destructive test log

Appendix H: Repair log — vacuum test

Appendix I: Repair log — air pressure test

Appendix J: Non-destructive log — air test/leak location seam isolation test

Appendix K: Liner integrity survey log

1auolny



Standards

Installation related standards

ASTM D 5641 - Standard practice for ggomembrane seam evaluation by vacuum chamber

ASTM D 5820 - Standard practice for pressurized air channel evaluation of dual seamed geomembranes

ASTM D 6392 - Standard test method for determining the integrity of nonreinforced geomembrane seamed produced using thermo-fusion methods

GRI GM13 - Test methods, test properties and testing frequency for HDPE smooth and textured geomembrane
GRI GM14 - Selecting variable intervals for taking geomembrane destructive seam samples using the method of attributes
GRI GM17 - Test methods, test properties and testing frequency for LLDPE smooth and textured geomembrane

GRI GM19a - Seam strength and related properties of thermally bonded homogeneous polyolefin ggomembranes/barrier

GRI GM29 - Field integrity evaluation of ggomembrane seams (and sheet) using destructive and/or non-destructive testing

1aualng




2. Laboratory Testing

SSSSSS



* Quality Control  / = Strictly follow in-house MQA/MQC Program
M A/M C = |n compliance with Internationally recognized GRI-GM13 & GM17, GAILAB or
Q Q project specifications

Electrical Spark Tester (hole detector) Laboratory




Quality Certifications — Laboratory

* GAILAP (Geosynthetic Accreditation Institute — Laboratory Accreditation Program)
* ISO 9001:2015, ISO 14001:2015, ISO 45001:2015, Green Industry
* Made In Thailand certificate

Accreditation #:
GAI-LAP - 69 -10
TEL (610) 522-8440

= Geosynthetic Institute
475 Kedron Avenue
Folsom, PA 19033

- Solmax Geosynthetics Co. Ltd.

Is granted accreditation
Jor designated geosynthetic test methods in accordance with the
Geosynthetic Accreditation Institute — Laboratory Accreditation Program
(GAI-LAP), as published in its annual directory.
This accreditation is valid until June 30, 2026.

| - QWJ/Z/@

Jamie Roth Koerner
General Manager

1aualpe TSSO 15526 IV

Certificate TH03/4066.03

Solmax Geosynthetics Co., Ltd.

Thaiand ste: 1115 Moo 2, Nicnomporians, Amphur Niknompattans, Rayong, 21180, Thaiond

mesting the requirements of
1S0 9001:2015

For the following actvities

Issue2.

S

pr=—ry
Ho

b Hext - Certfeston Servces

565 Ui KingtomLig

Rosmere Buiness Par, Elesure Por, Chesire, CH65 W, UK
1044 01151 350.8085 - wewsga.om

SGS

THO34066.00 as

puelieyL 0ZI0L YoxBues
Py 1youp] BueN Z ‘Bpig AB

sall)snpuj Ley] jo uoljeiapaq ayl

msfusouavi : GI(E) 2-470/2568

Green Industry
NS:NSOVYAAMNSSY

Tuivsewtuilility
viem Tyauund STedumiad drin

fiRamemnnsznaunts : seefl 111/5 wifl 2 drve
Swnofieaninn Sawinseuss 21180

wigfusevindu
guamnssudiderssavil 2
UURn3ATe7 (Green Activity)
g o ouonde

L CT—

oorli s iudl : 29 nwnu 2568
S Al < 28 unme 2571
wwidflomd : 0105542058883

werajuiuffily

(wmaum ndunso)
shuimulasmgnaminyy

tususov MIT

Made in Thailand

Tagruvdoavul
amaaa i G} 31

wWaafieun uduwaradnlwdoAduAd)IUHLLLUGY (HDPE)

su SlaBuinga-3lawutusu (AWK 150 LU, uNaKiN30 7.1 u)
UKiin 1,474.8 ndu/as.U A2IUED 100 Was

waalos usYn lauund SBuindad Sria
aun:lsuddynna 0105542058883

WunanfunAwaatuds:inalne 25onnus:ms

Ns =
PR S,

(uwaniwsssad 1nuavna)
souUs:su

ampaaiHnssuuHoUsanAlng .
~77
)
A aon fmua
iary

2anlil ru Sur 16 10 2567
Owadio ru 5u 16 10 2569

e N
Wsaasxoavutususooi ﬁ
www.mitftior.th EE%3

U360]Ann0s IWaUGa ious AUl G5 Uson BWioa S sari




Main office

Solmax Geosynthetics Co., Ltd..
555 Rasa Tower 26th Floor,
Phaholyothin Rd, Soi 19,Chatuchak,
Bangkok 10900 Thailand

(Geomembrane Manufactory)
Solmax Geosynthetics Co.,

111/5 Nikompattana, Rayong,

Thailand 21180
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3. Project references
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Table 21 - GSS on dams

ICOLD Bulletin 135 Hisiice Total Type of application

Some typical examples

47* | Upstream exposed geomembrane on fill dam:
Arcizans (France), Cracow (Australia),
Midtbotnvatn (Norway), Moravka

Geomembrane on fill dam:

RN (Czech Republic), Regulating Reservoir

1. Exposed geomembrane (USA), Sa Forada (Italy), Upper Pond
Okinawa (Japan), Winscar (UK)
2 . COVG red g eomem b rane 106 Upstream covered geomembrane

on fill dam: Bovilla (Albania),
Contrada Sabetta (Italy), Jibiya (Nigeria),
Middle Creek (USA), Rouchain (France),
Symvoulos (Cyprus),
Wenbholthausen (Germany)

3. Central geomembrane

20 Central geomembrane on fill dam:
Atbashinsk (CSI), Fencheng (China),
Hongya (China), Zushou (China),
Goose Lake (USA)

[ —C = J . - [
_@j USBN|9F0BANS,IANA) SP&DEE (53N ANONUY, IWAUTY,IDUR BlBUEne) oS Q
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Lam Takong Water Reservoir

Korat — Thailand (2025)

7 SOLMAX

.|
20-years warranty with

SOLMAX - GSE HDPE Geomembrane

o~

——

Lam Takhong Water Reservoir

(Nakhon Ratchasima, Thailand)

1auolny



Ju9wa

Lam Takong Water Reservoir

Korat — Thailand (since 2004)

* Water Reservoir for Pump Storage HPP
e 2.00 mm thick HDPE Geomembrane

* 35m. depth — volume 10M m2

=
=
)
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Lam Takong Water Reservoir
Korat — Thailand (since 2004)




Rangatara
Dam

New Zealand




Hill

Dam :

Australia

108
1ausalny

WA
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JIU919E1599,00N1IUU
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YIHINNSIA

Rehabilitation of Fisher Canon
Earthfill Dam in Colorado, USA

Covered Geomembrane

Fisher Canon Dam and Reservoir

Ungrouted Riprap
50l hion Lay
Grouted Ripra;
B,

60-mil Textured

12-0z Geotextlle

Puddle Clay Liner
Plerr: al

Granular Alluvium 12-02 Geotextile

Fisher Canon Dam and Reservoir

Soil Cover

12 oz. Geotextile

60 mil Textured
LLDPE

22 oz. Geotextile
Soil Cushion
Grouted Riprap

East Slope

West Slope
Soil Cover
12 oz. Geotextile

60 mil Textured LLDPE
12 oz. Geotextile

Puddled Clay




Geomembrane in Dam

Gleann Astaile Dam (Scotland)

1.5mm THICK TEXTURED HDOPE GEOMEMBRANE \

ON GEOTEXTILE FILTER FABRIC

FULL SUPPLY LEVEL
135.33m OD
7

* 9m-high and 280m-long Embankment Dam.

* Foundation consisted Peat and Glacial till
over Quarzite bed rock

* Geomembrane was used because of the lack (1) General Fill (Glacial Till)
of cohesive soil at the dam site.

* HDPE geomembrane connected to concrete
plinth founded on bedrock.

Source:
Gleann Asteile Dam (Scotland, 2012)

rauolny NS TIIESREIY  ~Epl USsnrouans

YIHINNSIA

MINIMUM
DAM CREST LEVEL
138.00m OD
b 4

EXCAVATED SURFACE
hvd

GLACIAL TILL
(SAND / GRAVEL)

Pa avaN
ROCK
(QUARTZITE)

(2) Selected Fill  (3) Riprap  (4) Peat/Till
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