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Group Properties and application

Polysaccharides (e.g., xanthan and guaran)

« Xanthan: thixotropic behavior

« High-viscosity polymers, mainly used as an additive for bentonite suspension

¢ Guaran: reduction of filtrate loss

Cellulose ether (e.g., carboxymethyl cellulose
(CMC) or polyanionic cellulose (PAC))
Polyacrylamide (PAM) and partially hydrolized
polyacrylamide (PHPA)

¢ Anionic, non-ionic, or cationic

* Regulator of viscosity and filtrate loss
 Effect is strongly dependent on the molecular weight, polymer charge, and charge distribution

* Regulator of viscosity and filtrate loss

 Effect is variable with polymer concentration, charge, and molecular weight

Polyacrylates

¢ Anionic, often sodium polyacrylates

* Low molecular weight polymers act as dispersants; high molecular weight polymers can enhance viscosity

" LC50 refers to lethal concentration 50; that is, this concentration of the test substance in water is lethal for 50 % of the tested organisms during the test period.
¥ EC50 refers to effect concentration 50; that is, this concentration of the test substance in water causes effects in 50 % of the tested organisms during the test period.
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Grauholzf%Zi& & T 1989—19934F, RHEEXE
M, RELE—-ZKER G 10m) W ECE 1t
WP 2 %15 [24,25]. 19994 & ¥ ff)Oenzberg [ i Al
2000—200 1 4F 2 ¥ ) ZimmerbergJ: 28 % 3 (1) Fa ik
B R F SMEAT TBMIT#2[26]. 20074F, Kt 223é |
F-f, WREYHME -G KESLEFH#ETBM,
F T Biel[ff it Buttenbergh i& fLangholzfi% & ) I+ 2
[6,27]. N T JF#Weinbergh%i& (20134F) FlEppen-
bergh¥id, T 2% T Je/KG M TBM[28]. Hii+ 11
R 1 o A A B GBS VB RRE) AR & = 1K
TR RABCE T B (1D, BRI v 42 o R /K o7 38 3
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#2[6,24,26, 27T IHEHE T X LepFIE 1 B4R, A SRR
T &R R R . BB R AN ) A
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3.2. PeKJEH
3.2.1. Grauholz [%i&

GrauholzP& i v 25 1 b 5T 5% 14 52 UK AR Z B2 i AR K,
BAEA- I3 AN o BEIE T2 288k 1 H R /KAL L BT Y
VKA LA R B8 T8 o R oy BE R A [25]. mnBIE
B S EAL (< 6%) KE MR S T AL, Gk
ety e W E3 TR

VIR CAETHZ i A R B B B oK) . SR, fE
EsE S L S TR IR R AR . X
T, dE N R SR TSR ARAE AR AR e . A R G
OUN, BEETFZH R A TR, A T Bk bk T 5
RIS, XIS Te KT T AR R [25]:
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o LA BRI R, BRI RIe K AR, R
WE TN B /K 28 IR B

(2D [ i B s I AR AR & 4005 B LI
(IR ZE AR B, N COIE I A Bl T ORUEBE 8 T 42 11 1)
FoOE o

3.2.2. Zimmerberg 5t 2k fEiE
Zimmerbergdt 4 FETE VT2 TS [ UK BRA AR

77 m Solid rock
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£ 57
o
g 47
S %7
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©
g 1
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Z ) @ v ) O
o N & Qo N N
S & i s & N
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B HibioRER (> 10m). FARCE BRI 55 I 42 W7 T S 3 (1 TBMOF F2 S TE VA

2 IR L REAREN EAAH MY (22 CHk[6,24,26,27])

Tunnel TBM Diameter Geology

Grauholz Mix shield 11.60 m Molasse, Quaternary gravels, sands

Oenzberg Mix shield 12.30 m Molasse, moraine, glacial and fluvial gravels, sands
Zimmerberg base Mix shield 12.36 m Molasse, fluvial gravels, lacustrine clays

Liangholz EPB shield 12.60 m Molasse, lacustrine clays, moraine, silty sands
Weinberg Mix shield 11.20 m Molasse, gravel, moraine, lacustrine clays
Eppenberg Mix shield 12.75 m Molasse
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+EHBREGY (K4 [9]. Fral X i g%
PEARRE R (k> 1% 107 mes™), HRARBA LR, %
TR B A - 3 F /K BZBA R

HI T AFAE BB MR, Ye/KSCI P SE L B A
WL Bk, YesKSCI I 2RI T LR it [26]:

(1 KM+ (40 kgm™). & (100 kg-m ™),
AW (BURIACI90, 0.5kg'm™) FIUREE (BIKIEF1,
20 kg m™) XHRKBHATHS SR . SRAWAE — kel

(@) (b)

(c) (d)
B2. (a) ZimmerbergFL2EfEiE (19994F) FlOenzberghzii (20014F)
{1 )14 (b) Weinbergli%iE (20084F) {8 f#1 /4t (c) Biittenberg
Fi% 1% il Langholzf%i& (20084F) i ¥ 7J4%; (d) Eppenbergh%idi (2016
GEON I LEL DAL

Clay Silt
100 T

FHINE, g8 Au iR A LI P BE 28 A B DI TR B S . i
TAE T AR, ORORREASG TR K R E kR PR,
ARV PERERR ] 7O F2 IR Rk, R ESs
TRAE LT A 22 20 R B & R

(2) HABFOM S HEIE CAIESR D) A DR 1k 4 3t
AR S B 80 T L N T A T 3P 33 ™ B 370 o 1) XU A

3.2.3. Weinberg [%id

Weinbergh# i 77 ik b 2 BEfr A, A 280 miiF B ZF
R 2 AN B R . UK (5 B R0 35 43 4l
WO FEELE. BB EBEE (k=3 x10"m's ™)
Limmattal 51 o )25 1058 rh i g 1A R 30 5T 264 K H
HISZ P Je K2R, TS AER3H[28].

B M A T2 AR B B EE K r) JE, HARAELL T
/) e i

(D FHZIFIRE, JesKml g 423k Ak H IR

(2) TR R IENL R g AER L 2 gk & &
e, BRI RN B med D

(3) W T IBPHZE AL L TR 2 pe m LAV BR, LK
N T PR T4 o T

(4) gk AR FE LR B R 40k

(5) L REA LM N R aEEE KD &
FRH AR AN LA o

3.3. EPB J§#J
3.3.1. Léngholz P FA Bl B Al Hb 5T 4544
Langholzf& & v 2k i i BT 2% 1t B A BOREA I 1

Sand Gravel

90 +

80

70 +

60 -

50

Percentage passing (%)

T .
——-Optimum application range of EPB shield (after EFNARC)

e « « Optimum application range of slurry shield (after Krause)

1 10 100

Particle size (mm)

& 3. Grauholz%iE 2 it th 26415 5. (Z7%5 STk [25D -
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;6,271 RN AFERLZ, GFRa. mibf  E&EEs NElde mEREEEN, AW AARMLE S
WIAREE L X RLR AR RUKIHTTRM ), Fike  F AL (PEREM B )20 . & L g g
TS F—AEN, FE&EROAFELZE S TS #iZk, ALEPBIEBEMEARZLA:, (HEAW (45
fro BEAh, AKSCEEAFNWAERAT, WK TRIE AR R TRIEEN (E5). X TEPB
Ji3 ~10m. ESER T AFLERRCHZR M, 1% W, BABERIRE S DR AR R IR EE, AR
i R A R LA RHESCIG AT E . fETEE WAL RS E (g,

Clay Silt Sand Gravel

100 I T - ——=

— —Optimum application range of EPB shield (after EFNARC)

« « « Optimum application range of slurry shield (after Krause)
- 7

90 -

80

70 4

60 -

50

40 -

30

Percentage passing (%)

20 A

10

0.001 0.01 0.1 1 10 100
Particle size (mm)

El4. Zimmerberg it £ B% 18 97 i 1 28715 55 (S35 SCHR[9D) -

R3  Weinberg& & 12 RHMEK (S CHR[28])

Soil layer Slurry used
Molasse Water + bentonite (10 kg-m )
Moraine Water + bentonite (30 kg-m )
Clay deposits/gravels Water + bentonite (40 kg-m ™)
Soil layers/gravels with k> 1 x 10 *m-s "' Possible addition of Ibeco Seal or the polymer Carbogel C190
Clay Silt Sand Gravel
100

| I

904 -~ Particle size distribution from
borehole SB1342
804
70+
60+

50

Percentage passing (%)

0.001 0.01 0.1 1 10 100
Particle size (mm)

(@) (b)
5. (a) PR L BN EAN R L2 (R 0 h 28715 58 55 SB13424b i B ¥ 3 R AC th 26717 98 . (0) B0 & /K B CRiAR 94 mm).
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3.3.2. B5 R X B )

N TR T2 R S R, AIEA SR .
FENS R A=A FEERCER T

(D IR PRIETF 32 LAk B — 2 1 R 46 1
NIIY: ANESAN, ZF

(2) FREW R A R T = A B R R, (He2
TS BT LS .

— M T IHE RS . BT [ HE T PR A
S = o AR N B AR o R S HOHAT VAL . 18 AR AR
GO H R T Hb 5 2% A A AL E AR B SRR . BAR
7 5 7 P B A 1 it T I 44 FL S B 1342 45 1) J&
8 OB DA B ASE FH P 3 R — s I r o . e &
PR 2% 0k 12]4 H i — Rl & 2. RHEDR
FRP K FENLBC R SR, TR 2 AN R H B[R
FEAL (FIR) [R5 & /K & —E i L8R G 78
AT . AREX R, RIS R R S
RCE AV (R4,

TR A 6 AT o IS ITELASE =1 T Biel 581
AR (V) VRNV R AR SR UL AT KPR B
INUMAE A, (VIR REE MmN 1L . IX S EFIR A
20% ~ 40 %5 AF T L3 B SRR N 15 % ~ 25%
G S HI 5 E AL LIEAERE . B Ve f
B8 G A A N R ), HAE S VR K E M S

B

R4 LBERBAIN GRS

2 B RS ZUE S TBME N, 7742 R Al g/
HIHEE RIS . Ak, — 5 1) 38 RH %) TR IERE E I
PR E DB R EE, %P E DRz mfa e
DA R i 2 A0 BBl 33 T B R T RE /N o VIR B R X B L
SB1342 HUAF (1) e AR TR PE AR B 5 i 7E T 3 8 i
R TR (F7TRER . AR, K
TTeEB M. AT E IR BT bR [ A A B S K
o AR TE B MR R T IX — R, WSV
RFEEA RN b 7 8 35 BH 7 75 EE A IR
Pt UL i R Y L ) R R NPT R

3.3.3. it IR A N R

MR8 B AR 2% AR, AN RE A R
KARFE (0~ 1.2L-m>). AT I/NAEEN, A
HEARFFE R K R 58 2RO R X, K k7
P OCE B A I S X g AR R B — R D
RIBR| . N THECHNIF RS TIE, FEEERA
(0N B Do R b7 SN A IR A PE DN A R S S 952
W, VMETER—Z0E, im0k, e TH &
TH.

3.3.4. 4bE 5355 W] 8
%t F Langholz F¥iE i THL, (EIT2 B ¥E B+ 32
FLITVA (F-22) 1 - T 4 bR ks . JH i ix i

Parameter
Conditioning chemical Rheosoil 143
FIR: Injected foam volume related to volume of in situ soil to be excavated (after Ref. [29]) 20%-40%
Foam expansion ratio (FER): Volume of foam related to volume of foaming solution (after Ref. [29]) 10%

Weight concentration of foaming chemical related to added water-foam mixture

3% (corresponding to 0.6-1.2 L-m)

Vair (%)
N
(8]

A FIR =50%
1’
!

1
£ FIR = 40% »
; —&8— Water addition

/ --A-- Foam addition
A FIR =20%

e85 88888%8

T T T T
14 16 18 20 22 24
Water content (%)

(b)

E6. (a) T SRR A (O) A F FIRFIVEA X Biel T HEN V. (ISR o
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22 6
204 & Water addition —a— Foam addition —8— Water addition —a— Foam addition
5
— 18 1 —
\g, 16 - Ti)o liquid 5 4 A
T 14 g- 3
g 12 Desired consistency 2 DeS|red conS|stency
) D 21
10 1
8 - 14 / M
6 : T : T T 0 B8
12 14 16 18 20 22 24 12 24

Water content (%)

(@)

Water content (%)

(b)

B 7. WK A A Biel 31 B (R GRARYTE RS, 0K S B H = 60 mm, (R R EZD, = 100 mm, ik EHEAED,=70 mm). (a)

PR ()R

28

El8. RRURIE LIRS CHEMA S H = 60 mm, «’E’EWT*‘BE&DI—lOOmm %’EWL*‘BE&Dz
(c)FIR=40%; (d)FIR=50%.

HIRAVEBAARETKEMIED . (a)FIR=0; (b)FIR=20%;

BRIG A 52 SIS AR A A IR AN AL S IR
B FRAEAENZERANE (DOC) MHE; A
) S A R Ak B IR B KR B B AE XS L T DOC R - 22
JNPEPEMRL, MR DOCHK FEAN B 20 mg- L'
oI LR RS T Pl VAR B IR LD o HEA TR 7K
IDOCH: KK FEE (1 ~ 4 mg-L™) FELEX B I (R 5D,

&5 DOCH KAV

DOC in inert waste
20 mg-L"
In the European Union 500 mg-kg ' dry waste*

DOC in groundwater
* (B-material ) 1-4 mg-L"°
1-4mg-L"

* Evaluated in the leaching test according to TVA (F-22) with distilled
water and a liquid/solid ratio of 10:1.

® After the Swiss federal regulation Verordnung iiber die Vermeidung und
Entsorgung von Abfdllen (December 2015).

¢ After the Swiss federal regulation Gewdsserschutzgesetz (November
2015).

¢ After the European Environment Agency’s guideline Guidance on
Sampling and Testing of Wastes to Meet Landfill Waste Acceptance Proce-
dures (2005).

In Switzerland

LA RGN R T A R A AR R DR A )
EANIG T EE T2 R P B AR R X DOCH)
WEEBEATIN G, 2N, ARG AL B S 20 B BARE .

70 mm) HIHEY LIRS AR FIREBE &Y (T

H—MEAEE R B ES AR TLT RS #EHN
AR, RE AR B A SRR AR A BT T . AT T
R, RIS Es Ik r R G B . FEARK
HEN RN AL T RETE . JEAAL A (R B
K, EGG R RE OO, AL E AR, FEC—
TERIAN 4P o BB T H2RE AT R A U7 2CHEAT e A
JEsg, aE9RR; EIXMAURALBLIF A B2 AT .

4. 2512

Fif - 15 2% A2 40 73 A B SRR FH R 0% 3 . [F) — P
FHZ SR AR A s A s (BERLA)
REVE % 5 (0 25 MR Bl 38 1) T2 07 7. TBMECARFI4L
NI R R R R e T MU 4235 s FHYE L. X
—REREABAEAR S B, 3T B IE R ER R T Z,
B R s B e K S R E WS & HIH T

XFF T K AR BETE U2, 20055 FE 5 R 55
IRLH, ANVE R 2 —Fh 428120 (SMELEPBMD,
WAZBURT F N HEAT JE B R o X Ak ) QR RN 2R
GV WAW R ESGE T HBH, 8T A TREM
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E9. e EA L R .

F o s M s . RS SR, KK HipHAR b AN
ERFIREE R AR R B OCE B BhAh, kAN
FULE LRI 7 T A WTS B Ak oK A St (E
FEAPHE (TOC) FHEAKIL /N .

VAl — R T2 05 ), ZE 7T SMELEPBM A
B, AR R, EPBEEEAT L NLH:

(D usRdrii EAE L2 5 S (RIVES T2
M), Wim&tmtE dnmBsEttE) K2
R SCHE . RA L2 AN NG 3 H A PSRk

(2) M 5T s A0 R T JF42, I TBMIR) 3 32 18
RANEZ oy B WA 43 2 T 2B o IX A 0% in pe i 3k ik
K, BRRASEER, WOREVT .

T FL2 FE Ak BB i ) AR — AN AU 472 P T T H AR
BT, 1 F 4 RSP TBMS 7= A4 ki 44k S A FT T
PARE, X EEAA L 00 A7 TR IE 2 () SR S 3 1, 8 G
FEAEG Yedth R KRS . Ak, JRAKIEFEFE b N
LRI PR AR RSN AZ R L AT A B . R
TE VS BEAT VEAS I T JE & 24 1 R B3 RS 4 T 28 OC EL 32,
Al I H S 2B . Ak T e N
FEFFHZ 5 MR F B (AR TR, FF¥2 )5 A 2K sl At A 5
O RERT PR AT R AR R AT 2R 1

R AR 207 5 2% FE 4 R RN Ak B ) 2 A — A0 H
MIREES R XL 2 AT 2 42 B R TBM I IE ¢,
DAL b B 7 i SR EP B 2 é 7K i #4 2 B T F 458 XU
Iy M RE N RN AL B . T E L e R R BRI
B A AR M
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