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PPN NN 2PN N D7D DN DIDNNINN DI NIN DD NN NPSN
DMWY N8PY DNOVN MPNN NPION

. (HDD) vy mpp .7
DXMPP 1D ,PINHMN PHRIBN NVPAIM TINNN 78y W DN NIMIPHI
.DOWN)

,DOWINN NIMNRD ,DIRNND NYIND DY ,NPATA YNID WIT ,NTIAYN MINd N)AD
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/1 200 TY SV 7N 3P 13,000-10 ,mNaY >
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VY 20,000 HY 212>0 5119 MO L) 180,000-2 37 45,000 2 1 ,MTPN
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NORY DTTH NN NPT NN P ROX NTIAYN YIN22 DONNND PN .NMIO0INA
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MTPN

VIO MITP D ,NTIAYN YINIT DY DXAOYW NIY NODIN DIV PIAPY DIWN XD
7182 NTIAYN NN OOYND NIN DY NITPN I YN PIAPNIY INN 2OV DI N
JPRINNY TOWNNPN

YPIPN NDY NPEN ND ,NOYA DONINY DNNNA YAP) AWHOY NN/ PPOY 19291
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91909 TPXN DIPID DIWATIN DXADINM VINVIAN NO ,MTPN YN NO ,MTPN
ML

VI DY NNYD YW NNYNND NN DXOMYN 22IVWON1A PNAYNA NNPY 19PN Yy
SNPNN DY MNP DN

VNN Y25W 5915 HDD NYTP DY MINAD DN NIDN NPNT NYIND W 1DaApN
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NY2IPN NINK NVIY DI IN NITPN YR /9N0) ,TONT, PN ,DIPN 22)0 OMNIN)
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N IR MPIY ¥ .IPNN DY NPIN NINWND IWIRD YT TININ MNINRA IXIN VIIN
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S TPNN MY NOWN NIDN DY TIT NIDN ,NMITPN MINID MWITTH 19y10 MITaY D5
DMP MIIWYNI DXIXY NNVIAN ,YITM DTN NPIND NPT ,NPINTN TN MIPNN
D175 INT ONPINTI ONIVN MNNY TINT ,NINN APY PN DINDYY NLYAI

79932 DAY DWW XY MTPN MT1aya

NN YPIPO NOION NTIPI 1P2) MTPN THNX : 7PNN DIVYN YN0 NN
PINON ANDIY DTN NN D19 NN IPINNIDINN HNIY I0IP 919D (YPIpnn

TINRN D35 OOVIN MTPD NN XIN NN NNDOWIL LY NP NINAD NN
DN OWINN DI NPT PNIPO NIPN 12 (NTIAW 1IN) WITIN DI D01
991 DWYITI DNINDL(NIDNT DINIDNI KON DNNIDNN) NPYPIP-NNN NPNVNM
N2°WNN MNID WN NNV MY DI IN/ 233D NN NYAIT 9 DY UITHY 1PN
DOVITIN DXADINM VINVIAN N NYAP ,ONNNA TPNN ND NYIAP) DOWITIN
DIV VININ YADVD NV NIRNT NNIDN NDN ,NVYIA DININD DXNNA
NN MDD NI NN ,223ND NN NYOIRD TNNY NVNN NTIAY NIOM
SNV NDOWNY PXIIPY MNP NN ,NNTP L,YPIP N0 D2 TNND ORNNA
-2 I8/ PTIND 2N MNAN NP ,00)DINNN DIDIIY DRNNA YPIPY INITHM
P20, PRTIN MNXNN Y IN NPIDIND DXNNA YN NI/ PPN ,CLSM
109 NN 29T

TIY NOW MR Y IX NP HYI NNPD) Y NODIN U AP DIVWN KD
NONN MYIT2

Y829 WA 9P DR A7 PYRT 1IN NN MY PIN HNIWN NP NPION

1P2PN PO ,)NONN MYOITA THY ROW NITP IN MTPA DY 55X O v NP
DNV NPN DX
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22P5) MMYN MMYIN DY MTPN VNI NX OXNY PPN DY NTIAYN NOYNN 1D
N2 PTY NIRNNN MVYIN PN IR NVWY PHIND POY 1D 11,2052 DNYIN NN
AN NN TURN MTPN ToNNI

MIMDN NI NIMONN MNMPN TPNVNN MDIWNY PRI NI ONRD ININK PPN
PNORY DTN INNRD) NPINN NYIND P NIN NTIAYN YINAL DINNNY PR .NMI0INA
TIAYN MIND NNINNND YAP NTIPI NNVIAM NYTPN YW DPOY NYNNNN MTIPI HY

NP N ,NTIAYN NIN2D DY DXADYW NIAY NODIN DWW PIPY DOWN NO

25V 95 IN (297795 72N TNXD WIT DNI) DYDY MY NMISNN YIN IN INPOHV
TEWINPN NN NTIAYN IR OOV NN DY NMITPN I YN PIAPHY INN
JORINNY

PYINN) NN DIPID NIPAD DTN NIVWIN NINY APYN YD NMYTDPN ToNNa
(Y7991 vindw by ooian

,Y) TIT NION (027175122 N2NN 5513) MTPN MIXIIT MVHIITN I9¥N MTAY 55
MDD, YA NN NN NOT ,NPINTN TN MIPNN TSN Y NLWN NION
MOIWYNY DAY NNVIAN ,NITPN NNDN NAY YTNN PPN PVLIAN NLYN NPINN
NPINT PN ONIYY MNP TN ,NPONN APY PI1NY DINOYY NLYIL DI
MONT,PNNX OONTH DNV, NPRYN ,D7NNI) YN TN N0 PIDPD ONIVND
S199)2 ON2Y DWW KDY NMITPN MITIAY D195 IR OTRD NI (17D)

2NV IVIP 5190 (MTPN MM 1°2) MTPN TINX : 7PN DVWN 1IN DTN
712y NN OWYND MTPN NN .NMININ ANV DTN NN 519D XN NTOIN
OVYTY MTP TVIPA YNIND 1PAPN IMA DX DI DX NN ANIA PINHN IVIPN
Ny

TNINN D30 05U NYITPD NN NIN NPINON NNDIYILIPNIN MITP WINIAD PN
YITID HNIWN MPNM NYIN ,NMIYIN DY DMIININN D9ID) MYPIPN OND DO
NNYPD) NAY NADIN U PIAPY DIIVN KD ,0MDINNN DMINID DNNNY NMIDINI

NIONN MYOITA TINY XOW MTP N2V IN MTPY DYd

10 9DN12931) 7. D9 NN IN NMINN NOVY ROD DINNY MNXN 7P DNIVN
MNIO2 TIAYD YT 1T PIN 1IN PR NI XTND YSINDN PPN NPINND .27
TNSN NI A IMPN JPMNY INKD DPNNON NINIDY NPINTN I DIONON
DMIVN LY P

YNID WA IR DTN N7YA PYRD N NN 7Y THPIN HNIVN NN NPODN
P90 ) NONN MYAITL THY XOY NMITP IX MTPA DY K92 GO YPIN MTPP
DNV NPN DX PPN

299%3 M98 NHNYN

NMNON AND2 DIRNNN PYON 297 DIV INIVA NPX NONYN NY

M/N DXT RACI 11120 NNNTI THO OITI0 NoNWN Y 12997 SNVIND 1SN DY
DYDTION ,ONWINN TNPXN NDY ORNN IWIND YN TIY INY IN HDPE NWY
PR DTIN NYNINY IPATH /N NPSN 1IN MY YaAP»YW MININI IIXD 22200 1209
DYOTION PAOYDINN PNINN ,DIDTION PAD/)INN NINIIND DRNNA NYNYNIN

— 247 59 0P NN D 2 — 247 TY I0IPA NN /N 3 — 127 TY IVIPA NPNA
1.5
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TIY Y IN RACI NININ NOIITI NNP MNON NP YN HNIWN INEP NNIND
DNYINN MPKN DY HNIVN DY DMIVPY IIRN DINDOLNRN IVIND YTDN

SNVIND TNIXN IVIP D190 NYITIN NONYNN TIN : TPNIN DIYYN 2DI8D DTN
IVIPN N2Y NN DYYND NONWNN NN .NPIDN ANIIY NTND PN D19 \PNA
N1 DY NYTR A0IPA YNND 192PN TN ON D) NN NMNON AN PINHDD

95 DX 99101 MPXN NONVYN NN 5IDD NXPN MNVLNI DD TION NPION NN
NYNWNY XX2NY M YY DN ,D72,0°19IN0 ,0°991 , DOV TN DOVINIDN
J1ON DN DI ORNN NP NN

22PN MY FPAN SNWINN NN NPOON

(TBMD) M0 wN9 9y Micro-Tunneling nvrwa GRP/)Ya N8 NN N 57.7.9
(N259 MYYON NMHXNY DINNN)
NPANA TN XYY TOYPIP NN NNY MHPNNY NN HX nVW N»N Micro-Tunneling nvow
1IN DNV YD OXT2IY DY MDY TN PN L3015 — (Trenchless Method) 75 7985 moyn
YPIPN M9 YN NITPN MW DIVAN ,MIXIN Y912
GPR 090 ,n799 N7IX 191 11 HNIWI IX 119211 9128 IV NIY NIPNN TIXY NN RN NVOY
ST

MDY YPIPY PHTIIWN IV NN (TBM) 900 Ny WX 7y Nysian namnm it nodva
DPINIPD

.DNN NRIIN N MTPN NNDN DY NPV NI — MM/ DY 2 DIVUITI NN TNSD

: DYNAN D099 NN NYDION NHDIWN NOIYN 7Y NYNIANND NTIAYN.1

.01 3.3 90792 P9) NINTY NTIAY NN @

MTP YR N
— VIPIN MDIWVN 7Y VINVN) YAPIY IRNNL YPIPN NN NN MPPN WX
TNXY (PI9) NYTPN YR DY NN NN MIWINNDN NN 3 NNONA
DNP IN NYPA DMTP YNID 1) N3 1IDIND,MITPN ORNN NVOY
.2 PYT NN ONVP DINOYWIA DMPNVII)

MTPN NN o
101 NOIWN A
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,NNOYN 122 NIPNIND DD TN : ©X23591 3-HD NN NIIWNN

39 DY NIRNNMIN NIPIAN NIIYNY MTPN NNDNI MHPTNN MY NIVN

OOYN PNIPA YPIPD

DIPYIN NMYD KN NMITPN NNDN DIPD NN PIINN NYIAPN NIPAN NIIWN
NN DY9) NOIYNN DOV NYTPN YR DY N1MOD NYAPNN TWUND YV POINNN
TN PNIT INONN DX NN NNDN JPMNN P90

.0.15% PYT NNIY YIND AW T YTHN 19INI NP MIIVNN PN NPVON

ELS Electronic Laser System

Measurementwhee!

Y Lk

f
Laser target

Laser station

VYYD PIPA VLIMIN NYPI AN .
:INDON NOWN
DYTPN YR MY NI TUR YPIPN N1 TNND NTYN 1T NOIWN
VNVII N/ DM DMIIMODN NIIWNA ,NIND NMITP DT NIIWN NN NIIWNN
DINDDN NONN NN DY275997 DMV DXADVIN
MTPN YR DX YPIPN 291 DPND D010 NPINN PP MINDDN NN
NN SN NPV NITNDNN NOINN ,XIAD NN MIDN ININN DY NAANYNI
PPN 29 DY NNPINNN MINIDN INNM NP
YPIN MINDDN DI NN NPINNI YPIPN OPOPON IR NTII90) NNON NINNN NN
NN WY NNINN NN DN
ONNRNND NN NNIYI NTINNY YPIPN

:NYTPN 9 INRD DT VINIVIA NIY NIIWN
LYPIPY PRTIN NPRN GO0 1VNVIA NOMIN MTPN DI TONNI NPIN TIN NTNN TNXD
29 15- 55 191 INRIY MTPN YR TIND PININ VPNVIN

NPITND MDT 0N DIPMNY NTNPH MNDY DN VONVIAN PINY DT MNIN
SNPKN 9PN D30 VNIVIAN

NN GNYTN OYVINY DT OPTA NP TIT PIND TSN PIVY MTPPN 95 NROWN INKY

DIPHA NN NN YAPM N8IND VNVIIN

:MTPN PO

DYVINOND A9 PN — NOPPN NVLIWA JPIMNN PTIND NPPNT Y YXID VP9I
71 3.3 9092 0PNV

TIDY YNIY ,PONN TPNN PIV NPINTA NNOYN INRY , 92 1PN NPONTH TP 9o
2129 NP XN WHRYN AN TI9N? 7O NIPM MNID NP
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: PPNTN NN
92 NTIIY NIVANNDN NPOPAP NPINT NIIYN NI (NTYNY NNHBNI NPAIDD) N NIIYH
DMLPA MNP NPIATY PN NIWN — 10 2 TY HY DIINNI MNP O /0 3.3 1012

0N 250-0 : NPPNTY Y9IOPN TN,V 254 YW NPT MO DY 1B 1020 Ty SV
7PN PP
Y PIPR PN 19DINA NYSIAD MWD NOYON

MP90 ,1250) NPPAT MMI ,YI2Y MDPN TN : MTPN MM 951 VW NOIWNN DYon
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NOIPY o

V90 INA DTDI22 NANMYN YPIPY WXA

SV 1D DIWANDN DPOIT OY TN NNTRY UK YV 1)Dov
MTPNOINNT TIND X¥NY 25yn yoo X DT

TSN NY2 NIV DY T INTX DY 1712 NIVAND UNIN NN
LD7AN XYY MYPIPA NTIAYN Y2 OND» XYY Mn Dy yoo by

NP1 Y701 NTIAYY MTP WX

SVONNNI MNTPNM ¥Y20N PIDN TN OXPDIT2 TINDN UNI
.INOD YO0 YRR

;DAY "0V
.N92P Y NPV PO NHPN
.02 NANTY NPIN NN
PPN NNDN TN IDTT NN PP HY DONY NPXNTH NN NIPNN
.PAN IR NIPNN 1O PNIWN MINDDN NN K910 NP INN NNPN
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.ONT NN AT INTIN NN NPIINRITINNM YINDDN NY MPNN — 17010 NN NION
100D N8N NNt
NYDPIHONNN DI WINIAD 1Y DN INM INPINTI 17010 91X 1NN ,2 /010 NNY AT
NHYI NNONOT A2 NYTPN NN PIN
.MYTPN TIND NINISA JPMIND TSN NN NDOY
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: NV MNMAY

YYOPY DIPN D2 WY N NN OPON DI P2 MHNRYN M I8 YNONND 120N NIN NN
2 PP DMWIN L(N1D) PN ,IDTT) 23010 19INA D12 DIINND NN

: 91932 DIV, DVINI NIV

NIVIN TITA ..,INSD 97191 10 DY TNN DY NNTY NVINY YDNN NWY ODNYN D15 WHY> NYIN 1Y)
JPPI0 TIN MYNNNA WY NN DNPYNN DD TN MY

D MTNIPI 39910 9097 NI TN MTIPI 2 D510 PR W)

STIPAN ANRD YWN 7P NWNINY YT PXI0N TN NPNY TIN PIVIN TN
INSY 171 8 HYW 9DIPA 120 DY Y192 wHwd H1va NIvId

SNYNN DIPNY DINNNY NIINA 99100 W PNIVIN NN

IONYN TIN Y NPXD TMI NIVIN

.DN N NN IN IDIT VIV GOY» TININ DIPN

NTINN NN NN NDDI NN NTIAY

: NN MMAY HprTa

MNYTI NPT
NV TI MPITLIYNID DIININN 30%-2

MPYTIN NN NN NNYI NTIYNL VAP PIYN DY NP T DY DI MPITIN
YV NTAVHN NTYN MPITI MOYN PON PP T MDD MXXIND I NPNPTIN
19932 DY O KDY 400.6 PYDA VNI ,PAPN PNIAYN

01 DTV YT DY WD TINNONN NDVYN NPIN 295 WX MP>TIN

57.9.1

N2 N7 57.9.2

NPT IPTY D) DXOVIDNNPN DYY DIMNDVNN HNN ,DAIDIARD NNN D
.6 PYD 1983 XM 2 PON 65283 NN VYN Y JON 12 HW XN TPOIRITN

™Ma7Y ,XNYN NPT DY DD IRNIND OWNITN DIDIN TPNN DI NN PIOY Yapn Dy
PINY NNON .PTINIPD 97N DITARD NN DIMLNX DINNY ,I0NNN ,XND NIANWYN
5% Syn NNO N9 NN XY MYV 24 TwN1 DX DIVNDI IWN» NI MYW24 TN 1pa

SOV NN XNONN

MVIND MY NINPNN NOVY

DY2OYN D3 DM TIVID D NIXIND YT DPPI DI VXN MMM VLY NVIN NAD
MNNL INYND

AT N9YTY MR MK TN ,MNGY 7YY TN 901 HYW NYPINT DN NVLWN M

TY TYNND NN DLV .DMINN DIXRXIN NIPNN MTIPI D) DLV PN NVLY NY2
NONNN DY .DXNPYI DM INT NPV 1PDIDT DM XX YD Y DXDNIN DIDNY
9N MNND DI NIDINA XNNND W, NVLYN

MNNNN NN

TIVN VI 921 MNIAN TIVN PV DY THOI DTX OT DY YK MMNPNN NVIN
MNMIN

NADIN .IVYY DINDD 50 DY MY WA DXID NI NADIN T2 DY NYY MNPXN NVIN
ININD .DIRYNIIN DXANNN DI NN DX 19V NIIN MY IDINA ,NVYN DY DPNNN NDON
STNONN NPHAV IN NN PTYNY ¥ NVIN

(795N NDIDN NTIPIN PMINN) PN NDA SWAINN NI INY NN MYV 24 DINA
vy, 005 370 10-) 1005 11 1 P RO IRV DX .IVIDD DIODM 20 MINAD NPD
VY 24 DY NHDN NNPNY IPA NDIN N NN PRYND
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% NIPNA D) DY IIRWY (D299 ) PYDA VNNND) PN D NPIN PNYYY MVIITN
DPIMIRNIN DY) NVINN DY (MXIAN TIVN) D¥DNDINN DINDINNN AN NN H2PH v
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DY 57.10.2

,0%9a019 ,09230 02NN 5919 >H5ON VY9N 5700.10 PYDA VLNV DHYVND Y11
NYYA 093 DNVN ,ITY 29990 1IN0V VN NPIVN

mavN  57.10.3

AUND DNN N 9D 199 DMIDIAND DY N71D 6 TY NN MY THN 590D 7110
STI9) YDA NPINON T DRNNA DIV TIN TTHIN N7 6 DY NIINN

YN NVNY oD 57.10.4
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77932 DYDY DY NI
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NN MNTI TP 112 HPNM NPADN Y512, MM’ %9 5y DIVWNY 17T PIN IMNDY
MN5WA DIDIAND I DN MNYP DND GPT 1PN

DV TN 57.10.7

NNON GTO DRNNA DY NPYN VI MIID G NIV JPNNN M0 OVIDN
NN NTIAYN DMIPIAND 9N MATD THN 9I10o0ND

N2 PLPH  57.10.8

,DONIN,DXNODN M0 MPNM NPAON D210 MITN? 29 DY DIVYND Y110 NN MPVPN
NN VAN MNYP

DNAN NTOYN  57.10.9

,DOMIN,DXNAD M0 MPNM NPOOX 551D /N1 29 DY DVYND TN DNIAN NTIDON
NN VAN MNVYP

MWy 57.10.10
ST99)2 19DY 09I KDY DMWY NN YNNI DIDD WD

O OTINY 57.10.11
APNOW 2007 VI VNN NNNXI WX NPMIDNIY VIS DRNND YN PO ITINY
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