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Strategic Alliance for Water Loss Reduction

Technical Training in Hamburg, Germany: October 10" to

13" 2016

Participants: 10 representatives from water utilities of different countries

Trainer team: Eva-Lena Vernickel and Andreas Kamphues (CAH), Balint Lajtaj (VAG), Michael

Kersting (Sewerin)

Venue: HAMBURG WASSER, Hamburg, Germany

Time

Content/ Procedure

Day 01 - Monday: Technical Training: Introduction and water balance calculation

Welcome and presentation of participants

08:30 Training programme and objectives
Introduction to the online platform
09:30 Presentation (M1.1, 1): Introduction to Water Loss Reduction
10:00 Exercise (M1.1, 1a): Key Influencing Factors
11:00 Coffee break
11:30 Presentation (M1.2, 1): Introduction to Water Balance Calculation
’ and Exercise: Categorisation of Water Use
12:30 Lunch
13:30 - 14:00 Site visit of the Hamburg Wasser utility: Control Centre
14:00 Coffee break
Introduction to water balance calculation incl. tool “easyCalc”
14:15 and Exercise (M1.2, 1a): Water balance calculation “Neustadt”
and estimation errors = reliability of water balance calculation
Presentation (M1.3): Performance indicators combined with Presentation (M2.2): District
il Metered Areas (DMAs)
16:45 Wrap up and end of day 01

Day 02 - Tuesday: Technical Training: Advanced Monitoring of Water Losses - Methods & Instruments

View back on day 01, discussion and clarification of questions

08:30
09:00 Presentation (M3.1): Introduction to methods & instruments for WLR
09:30 Coffee break
10:00 Presentation (M3.2): Leak detection
12:00 Lunch
Introductory movie on pressure management
100 and Presentation (M3.2.1): Purpose and Benefits of Pressure Management
13:45 Coffee break
14:15 Presentation (M3.2.2): Potential and Requirements for Pressure Management
Questionnaire
15:30 Introduction of Action Plan - Data input
16:00 Wrap up and end of day 02
Dinner together at Restaurant
18:00

All participants are invited by Hamburg Wasser
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Strategic Alliance for Water Loss Reduction

Technical Training in Hamburg, Germany: October 10" to

13" 2016

Participants: 10 representatives from water utilities of different countries

Trainer team: Eva-Lena Vernickel and Andreas Kamphues (CAH), Balint Lajtaj (VAG), Michael

Kersting (Sewerin)

Venue: HAMBURG WASSER, Hamburg, Germany

Time

| Content/ Procedure

Day 03 - Wednesday: Technical training: Infrastructure Management

08:30 View back on day 02: discussion and clarification of questions

09:00 Exercise and presentation (M3.3): Organization& Documentation in Leakage Repair

11:00 Coffee break

11:30 Presentation: (M3.6) Introduction to Water Meter Management

12:00 Lunch

13:00 Meeting at the doorkeepers (Hamburg Wasser main entrance) for site visit

13:30- Site visit to ‘Operation and Maintenance (O&M) unit for water supply of Hamburg Wasser -
16:00 Central

Day 04 - Thursday: Technical Training: Integrated Perspective on Water Utilities and Action Plan

View back on day 01: discussion and clarification of questions

08:30

9:00 Presentation (M3.5): Experiences from Hamburg Wasser - Introduction to Asset
Management

9:30 Presentation (M4.1): An Integrated Perspective on Water Utilities

10:00 Coffee break

10:30 Action Plan

12:30 Lunch

13:30-14:30 Evaluation of training and certificates

14:30-15:30 Visiting the Water Forum — Evolution of Drinking Water Production in Hamburg
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Reservoir Pressure curves (Lines of charge, or energy)
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— Flow monitoring — Step testing — Listening stick
— Pressure monitoring — Leak noise logger — Ground microphone
— Noise monitoring — Sounding surveys — Leak noise correlators
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(Z) ~ BAKMER GEAT - Michael Kersting)
KERZ D ?
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INFERE 134 TLH AR 8RR 32.2 IL AR > 5 HJF 966 17
FAR B 11,592 ILTAR - ERAVE/KETTHES
200 AFSAKEANEH KSR 160 AF) -

21 4£ Sbar 7KEE T JRa/KFLIR A N e /K 2 B

diameter litre per cubikmeter per

mm minute | hour day month year

0,50 033| 2000 048  1440| 173,00
1,00 097 | 5800 1,39 4160 504,00
1,50 182 11000 264 79,00 948,00
2,00 3,16 190,00 | 4,56 137,00  1.644,00
2,50 509 30500 7,30 219,00  2.628,00
3,00 815| 490,00 11,75 351,00 4.212,00
350 | 11,30 680,00 16,30 489,00  5.868,00
400 | 1480 890,00 21,40 642,00 7.704,00 |
450 | 18,20 110000 2640 792,00 9.504,00 |
500 | 2230 1.340,00 32,20 966,00  11.592,00 |
5,50 26,00 | 1.560,00 3740 | 1.122,00 13.464,00 |
600 | 30,00 1.800,00| 43,20  1.296,00 15.552,00
650 | 3400 | 2.040,00 49,10 | 1.470,00 | 17.640,00 |
700 | 39,30 | 2.360,00 | 56,60  1.698,00  20.376,00 |

TR TE

(1) TIEEJR/KEE, (pre-locaating) * BR AT S ~ AHBAEEMT A
SRR -
(2) JEfi(pinpointing) : FRATAURES ~ MHBEN 1T e R/KIEEE

fir -

17
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& 22t R E
AIRE R K& E TEAL
f , V%“»k,, 4 ' M g
- Emmc;hn %‘% Mo *aj f N f_“" %\;‘t @f

23 JEE i T AE R /K & B
Digital value for the noise intensity

at the current measuring point.

Digital value for the noise intensity
at the previous measuring point.

24 WA sk e Al T e TR /K e B

18



25 e ALk KA E

Minimum analogue value for the
noise intensity at the current measuring point.

Analogue value for the
noise intensity at the current measuring point.

3.

27 J/KPTis i B AR S SRR

impact sound (1)) 600 -2000 Hz EI
groundnoise =  200- 600 Hz

19



4,  T4EIEEH K legal water connections)—45 [ 2%(Stopper) ~ B 5
#5(Knocker)

28 FHIFEMK TR

P s

(=)~ BBEH (#AD : Balint Lajtaj)
1. BRJIETRAVAH R B

29 ERTEFAVAH K

)
Modulation Modulation Valve Inlet & PMA
location type type type

Single inlet

Fixed outlet PMA

pressure Diaphragm

(membrane)
valve

Local point
modulation
Multiple inlet

PMA
Time-based

pressure
Dynamic PMA

Critical point
modulation

Plunger
(needle) valve

Flow-based

Micro & macro
pressure

PMA

-/
() (rERVFHE
A [EELELHEREE
FEBA Ty e B A e /K e B R A R - SRR ) - (R
& P2 BLEYEAT{E Ry & 2 (HE RS ei e E -
B. FHEELHVEREE
FEBE ST H I8 S BE(PCP) VA RPN - SR BARE Ry 42
P2 BAJ7{E - 5% PCP G ERITATIHERIETIE -

20



30 BRTEHIE BN

Reservoir Pressure curves (Lines of charge, or energy)

Pressyre by lower Consumption
- Pressure
o A
arge Eonsump gy
| E
Minimum pressure :
o
7
0 ¢ M'
; . ) Pes

PRV

31 G El R GH SR ER

. A Local point pressure modulation ~ A Critical point pressure modulation
70 ' :
60
s 50 o
-] : 3
i N NG NN 8§40 AL ~ ~ :
< g0 = - = Nl & q| NN\ /”\_/ \ / \/’\
20 2|V N/ \/ :
10 j 10
0 3 > 0 2 H >
Day 1 Day 2 DayJ Day 1 Day 2 Day3
A Flow

_Ef;"éf;"ifedff o pont. g \/\/\/\/\/\/\
Q) BICHUERE
A. EEEESIE
o FEBRRERE TR P2 B EFIEIEE
o RERFTERESERT S
* P2 HECEAE Ry NI KA R ORg e S Bl A
RIVFEK -
B. AR E AR S
FEHEE R AREHY NIFEET] P2 - fEiG B F7KEREE
A B ERAIEE ST -

21



32 FLfRike il s R AR T

C. BRI
BT E B /K A e B Bt > S BRIt
s I A B MR T B O B /KRR AR A TR (e 2

] -
33 AL E R A B E
. A Flow-based pressure modulation 30“ H (m)
7 25
60 20
e 50 3 25
i E 20
< 30 AN S
:z | Minimisad excess pressure -> minimised leak flow! 2 ‘g
0 > 0 >

Day1 Day2 Day3 0o 50 100 150 200 250 300
Flow rate [m*/h]

() HFEAYAIRE
A. [EFE[FE(Diaphragm valves)

22



[ 34 PR AIELF Er

Pilot Pilot
closed open
Force in the valve chamber Force in the valve chamber
= <
Force in the pipe upstream Force in the pipe upstream
=P Valve is closed =P Valve is open

B. fFZE[f&(Plunger valves)

[ 35 FEFERI A B S E

C. AR B SERI LR - I EA )/ e B R B 52

23



* 4 [REAREEZERA L
B FEZER]
MICROPMAs |  MACRO PMAs

\. )
-  HEE@ o rEMEERIRRE
s HEHMHRES/NR | HEREEE
DN300 s RS
. RUHESIIHE . EARE S AN
7> DN300
Diaphragm valve Plunger valve
15“ 2
- 0 .
2 3
P Rl
= g
Ew gw
——z- g Cavitation-free area * Cavitation-free area
0 L 0 >
¢ 1 2 3 4 & & 7 °» 1 2 3 4 8§ B 71
Outlet pressure [bar] Outlet pressure [bar]

4) HKnmEIRE
A, B KBRS IS
B. ZEE/KERR S H &
C. B EHE
D. F4#EMicro)f1 E# (Macro) BRI EH &

36 (Wi A B Y B B
% \"‘l‘ A "'\ \ - —L Haty ] A7 ; pth

24



2.

FREINIEEET
(D) FtEE

37 BRI yE EH I AR E B s

Need to reduce water (©] Mu!ﬂple inlets,
losses and pipe breaks yes dynamic DMA
no & Dynamic no s

' (6) Multiple inlets

l yes

DMA with
single inlet?

P Variable (1) Local point,
oW S, o > pressure set — diaphragm valve
available? - int? 3 ’
y Gpoint? fixed outlet
l yes l yes
- (2) Local point,
= s 3) Local point, A_ . ¥
Critical point no. ( Critical point no 5 diaphragm valve,
—— modulation? plunger valve, ﬁ¥ne I modulation? =S time or flow
or flow modulation - - L s
yes ; yes
(5) Critical point, plunger (4) Critical point, diaphragm
valve, time modulation valve, time modulation

Q) FITLBE

38 B VEEEITIER

Step 1
Feasibility study

Step 2
Data collection and management

Step §

Design and implementation of the pressure management scheme

Step 6

Service

25



- B=ER R

—) ~ TRZKIBERIHERIS M (GEAD - Eva-Lena Vernickel)

[ 39 JR/KIEHEEE

[ Collection of
\  Information

Documen- "";' Bligis ‘ Organisation |

tation Call

I FHFHSE
. )EH}E:AA'?%’
T S
o U - ZI0KE - BRI EVERIER - R
fes ~ FFHY5 R R
©  WEHZEZEERLM

2. Eifae
o EHUHELEEFEE R
- Mk
o OfR
o ERSSHEIRI AR
c  FERMESHCOKE
o AEHYEESIEE

RAEEE/EEE R AT ATEE AN
FEHEALE
{5 IR EE 7K BT K R
i (e SR
TERZ AL E A KBRS %/ D
AR B LK Y FE S

3. IRLCLAE&HED
(1) &Hpk
© MR

26



o FLE TRERVEHX ERREH

o HMEL - IRER - FHPAYIERR
() IHEFEREIMR

s EBM

. [BHZE

o MR TR

o PEUAFIMS R

o i LI
(3) ZHEFTERRIAR

o [EREMRIHSC L8R

o HPPRIEVETHE

s HERFETT

s BiERGFE

4. EHEEHE
() 1S
o XHEEE
o FHUR/KEL
o REPARI/KREHEK
Q) TEZEHRE
s RAKBEBIGAL R
R O U
T TR EAE
AR R T B
LB NE R
B B e
AHER B s E X
R ENE S R/KETEENEHE
SRR a8 Rk S R R R B
B
EHEES KK KieE
BB T35,
T8 R
BRI i

©)

n| ° ° ° .\Dﬂ] ° ° °

(4)

O

L] L] ° o I

5. XffEcek

()~ /KEERH (GERT © Andreas Kamphues)

1. JELES5EMN

o IEMEIECHEE BV REIAEEUE WRFEZEHA

BRI YIS
’é‘ ?<<<
Bt
KRR
X SR CIP =

27



*  [EAIER
- HGEEEE
«  LHBERESH
2. WA EEIARSGIS)
*  RRILIFRAVES
«  fhEtRAOKE
© ETREIRAKRA RAE A

©  EIEERRE

(=)~ EB/KHBA T HE(Central District, Hamburg Wasser)E /K EE/ERI14E
B2 GEAT © Andreas Kamphues)

1. 8
40 JELE/KHE N T B SE S S

(1) BEEHEKER
A SEEACIEE 180 HA » SEERKHE A B K
A KA TTEy 200 -

41 JREGE/KE A F] BKIE IS ER KA 8]

Inhabitants:
. Hamburg 1.800 000

Inhabitants:
'_Service area of Hamburg
' Wasser

2.000 000

—

28



B. f/KIERE]Sy - &5 Ay = (E @i — & - PhE R bl
BEKEYE 5,486 2 H(80mm BAT 5% ~ 100-200mm76%
225-400mm9% ~ 450-800mm8% ~ 850-1000mm2%) » 7K
18 56,050 H > SHBFA#E 45,300 H > F RS 242,400 °

42 FEEHUKERERE] T BB W

Pige Network wittin Hamburg Wasser Coverage Area

e 3 1
® ON jmm) Length (M) % of Total
- o 020 T —
4 00- 1855 &%
Nt 3 [25-40 S5 1T &
T450-800 441181 B
[850- 9785 pa3
5486048

Fiaont wabsen s 7"
g

Distributions
network:
5,486 km
Valves:
56,050
Fire hydrants:
45,390
House connections:
242,400

C. JRAKE 1 1950 FIRKER R 17% » &K TEEE TS 1960
FFEE 7% /D 10% 24 1985 FEEFEE 2L
BINEE A ST R ARNZE  R/AKRERET HATQ2013)
By 4% o

43 JECRIF/KEREE(BE(1950-2013 &)
Water loss
40%

18

3

-
=

I~

Water loss [%]

D. FEterhLEHKRER
*  AHET70 EA
o fUKEY 2,300 A H
o fHlZKRE 24,000 H
*  JHWBIfE 20,000 H
*  FFEREE 94,000

29



E. JEETOEREEEMITCEESEE)
o HEES500 F
o« {ZEIEA/K 150 F
o [feieE 7,700 K
o KHARIR: 140 H(EIKRE - SHPRE - HERRE)
o 450 NE
o RKEIEE 150 ¢

44 FLErh L E R EREUE

© Visernerk New house
O st connections:
-l ~500pa.

Disconnections
~150 pa.

[ e——

Trinkwascer & Abwasser

Valve and hydrants
checks :
~7700 pa.

aintenance by
leak detection :
~450 Kmp.a.

Replacements:
(Valve, Hydrants, Air Leaks and bursts
~140p.a. ~150pa.

F. EELE A B R
BT 122 A~ #ERAEEEER 10 & - BSR4
B~ fel e 2 55 -

45 FELErfunlE A B R

122

Employees
7
10 s
\Unlts — il
4 o)
5 e

Excavators o Excvator -
Trailer 1 ;V
e ~ P

s s 7’/
5 Emergency Tanks i]t 2 Leak detection cars -

G. FELerfuLEH A
HO BT BN g EHE - BEEHE - IR K
{0 ~ L B B TR (E AL -

30



46 FE LR TP E A AL E]

Operation Director
Deputy Operation Directors

Middle management level

Q) HiSaEER
47 KFEHE

31



& 49 KL

[& 50 GIS &l & BE &l

B 51 EEHAE A

32



52 RS B
F 1

V.

53 fRIEVIE R

33



55 ALHER i
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=~ PR : BRKERBEGEIR TR E

—) > BEEHERERKEAENKE &L - Eva-Lena Vernickel)
1. EEFEEEEHE
BEFHREEN - fBEER - THEEN - HEEES IIEF? ﬁ
JeTINITE ~ BRI TR FTEUS B & T - a8

[E 56 % F”‘:IEE’JVEI%EMEI&

= --.,__\\
o
R
/

Idea of Asset Management Gallesting

information

i
o Get new
/ : :
/ information
' while
implementing
measures

\ y ) Stﬂrmg \.
f information

{ (information

system, lists)

Asset
_*1___management | V
"_o’ -~ /’/__- _‘\
4 % \\ /// ™
[ Implement g b
| prioritized ig;’:rumi::tlil:]gn

measures

2. BEEHMNEE
o HREERTENGEETEEREL
o KHHE RN EEHEN A S w S E
s FFEBHTIPERATERE
o IERESSEEASEENIEHIER
s RIFETHEhE
3. BEETEAVER
(D) SR — (S0 T
(2) HEE SR EE EEE R TETE BT
o M- BERERBEIETNTOARLGIS, EPANET:)
*  FTEERVERTEN LA — B &S A RE R

-l
©  HEMEAEMSE > LA UFEREEFR TR
&

©  [FRERSEMEREEEHE

©  EEREOMHBRGUCIS - EEEHARE)
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4 HEEERTEE SR
SRR 4 Tk

o AURR
- ME
©  [EHEE

©  EIREEEZERIHIN
© MREGTELEE AR H
©  bETEREMEET

o ... 5‘%
5. WREEHUSER
c &
«  BEEITA
c X
. HE
o ... g‘%
6. [HHEFEEHETHRSEHNZERE Rt & 4 arEil]
ptaE T EHIEH ¢

*  ERMETAEKENMEUKEERENARR
*  HERTAE L{EREE S THEE A SRR
= e g e P R )
©  ERMEFTAFPEIIAS

()~ ERKEEERE - &8 - HBNEHEBESRITA GHAD © Eva-
Lena Vernickel)
1. /KEFEMEHEE— KL R
*  FFIUERER
s FIlEfEEERE T
57 JKEFEHERENE

= Your Standard Work Day: >
._*—Phoe Calls - Meetings - E-Mails ~

Infrastructure Management -

Pressure Management -

Repairs -

€rso,

P
Work Proceggeg nal Ambitjg g

(Petty) Corruption

culture(s) x
Local Realities i

i cedu
m Specific Organizational Characteristics [ln]formal Business Pro
N Righs ...and much more!

Hu
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FIE LA
. BRIk

& 58 BN lllﬁ/ﬁ'ka

Hamburg

Paris
Rom - 31,0% i
London 33.0%
Germany |
Netherlands ) !
Austria — 1.0%
England/ Wales _ 15,5% Shilrcee:

France 20,9% | * Branchenbhild der dt.
1 | | | | | | Wasserwirtschaft, 2011
Poland : : . 24,6% | * EU Report Water Saving

! y ! ! Potential 2007
0% 5% 10% 15% 20% 25% 30% 35%

o EEKEENLERENTFREH

59 EfEKEE L E R LR E T E

Pipe Bursts
per Year House Distribution
1500 B Connections pipelines

70,000 house connections

800 1,630 km pipe network

600

300

) 1996 1997 1998 1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
o EMEREMN -V (ETEEER)
PiNEEE e SR s e

1892 Choleraleave 16.956 citizens sick and 8.605 dead
1893 First filtration plant - river Elbe water

1912 First WWTP

1964 Drinking water supplied from ground water
1986 Hamburg Construction Degree requiring...

2004 .. separate metering in all households until 2004
2011 WWTP Kohlbrandhoft Energy Autarkic

2018 Energy Autarky on Enterprise Level
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SR KL — T T R e

60 JE IR A K ACH LK E[E

225 T T ‘ '| [ | 2.25
B Ground Water World War |~ World War II Fall of the Berlin Wall
200 -} SENNNNN Filtrated Woter -2.00
from Elbe River /—" /
Unfiltrated Water
— Inhabitants i : )
150
T
E 15
Z 100
75
50
25 = . =7
0 ‘l/ T .
1850 1875 1900 1925 1950 1975 2000

TKEESE R R 20858

IRESREGE TS B /KIEE - (ESRIE PRI SR ie e A
YIAHRH

61 KEEMERIIREE

Inhabitants (m)

G e g :
~'3gemen,  PHon — Fuman e (e
Salnwater Mﬂfﬁten;_aqce Resiﬂ‘“ws Energy efficienc:
Intrusion — i Gycle Thinking ILOSISOT
Rehabilitation — systems

Water Safety Egp  pumping SYSte
Plantiing. Networks & optimization

Treatment-

O&M: Acknowledge Interdependences!
- 3 P-l.‘ess.u"e
anﬁeb""#e | Ma-:\:s;l;eni Metering & i M,

BENBO L

(D)

B s

RS SRAVE
BEHRERAR A BAERT L
EvEHY

BENBO L

TR IR R H YRR

FEILAE R AP AR — e R T
PRI BRI IEH B4R

hfERe S A T A (S b
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«  FRAEREBHAGET
o HERUALEK

(=) 1T8hEtE (38AT © Bva-Lena Vernickel)
1. BERKEEHE
o BRSNS E AR
o PREEHARTS
o IKPERURAKER
o KIS RIE RS
o EHIRERI4EE
o IFhEEEAEEREL
. JKFEH
« K
o HRREED S AR SRR K

62 JEE/KERF KL TTA

Qualified
personnel &
adequate
community equipment Fast repair

sector, sensitise service
the publie,
awareness

Water balance
& leak
detection

Water loss
reduction

Hydraulic
analysis, network
Water meter documentation
management

Corrective Operation and
Repair, maintenance

optimisation of [ regularly
network
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ONEH AT R HASIRSGREE © AR 487 AR E B TR

HERHYE 5EE -

[ 63 3 F] H AiEERL H AR

ader

BGE IR 3T TR

AR A

In the center, 0% of the target
of each point is achieved by the
utility. At the key point (border
of the circle) 100% of the target
is achieved.

— Points
— Ideal

«  MEEHELHITEPEERES HIENEE
©  [EAEEEmHEERESGEEENIEE
*  [ERSTIEMECHEATRERE

& 64 M ggRLHY T T

Material

Department

Training needs
(which personal)

40

Internal/external
Assistance




4. il HCAFIZR AR SR E

[ 65 il R H AR S S E]

Separation of transport lines/
distribution lines
Zone optimisation

Costs

Optimisation of
distribution network

Optimisation of equipment
@ and vehicles
Training in water

Training in documentation/ @ balance, water

@ Security stock
mesuring measurement Training in

P Training in pressure  Training in sustainable valve control
management @ pipe repair
Optimi- InformaFiun _. Training in workshop management

@ sation of About pipe laying Time
GIS ® Valvelist

3 years

immediately 1year

(=) - BEHEFEFEE (Andreas Kamphues, and Eva-Lena Vernickel)
RS RS R E -

[E 66 MHIFEEEE
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Certificate

This is to certify that

Mr. Jaoshyan Chen

participated in the training for water loss reduction that took place in Hamburg the |{th-13th of October 2016,

Main contents of the training are:
. ion to water loss reduction and key influencing factors
ing a water balance
metered areas
1 1o methods & instruments for water loss reduction

= Pressure managemel
* Integrated perspective to water utilities
= Action Flan to reduce water losses

support of the University of Applied Sciences and Arts Northwestern Switzerland (FHNIV). www.waterlossreduction.com

/./ //“, ) _- raiched

Mr Andreas K :mphuu- Ms Eva-Lena Vernickel
CAH CAH
| i 3, ‘ L\ HA MEURG
; gJiz @VAG sEwERIN SUYc nlw
1N

The trining took place in the frame of the strategic alliance between the companies VAG-Armaturen, Sewerin and Hamburg Wasser, with the

- BEERKFAKEENEE—BIRKEESY GEAN ° Andreas
Kamphues)

VECR B AOKIYIRE N AR E R/ K IS A Bl i BHVKIE AT 5 > 2B
MEE—EEPEUKATHE - B AEEIL &R - SR bry/KE
R > oy BUOERE - B 1R K - 2373 tK 3.
BUKIREE 5 4.0F 7KL B T -

1. EESEHK : NMEEEEAKRE P A 2T A

IGSﬁ%§§%A S s R Y K s

s R

|

\
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69 THYIEE PIUTRET 2 BRI S e faktl ~ IR KoL

2. BRAMUK - EoRAE B AOKR A AR SR B BRI Ry BRI 7K

70 E45 KB s s A R R [E
| il
BE
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& 71 FH SN N EREER N EE

l,,.|||H|

N

72 FK R (AT F I R)

3. HUKGRM: © iR BtE s E GRORI /KBRS E/
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73 M Rk ) i

& 74 JFOKEUSCHRE ~ fKEOEER R E

b ST ARHEBERIGHE S SIS K R KRR
7 -
75 SO

i o
> Bl i«
Grauwasser X
Vakmstition
som
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76 FEKENECEEAK ~ BAK ~ FRAK)
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2~ URKER

SRR AT B SRR N2 Wl LA E TR B 5y 2
SR 649 IS R A ST S s > IR S B - A
157 3 B oy KA A BB A B o 4 o 5 S 5 (B )
EIRTET » AHR P P RE R » 40 b LS ST R B B AT 3 R
[ B IR & TR i TER R KB T T A A A HIBNS
MU BB S A B B A O S s -

78 Ty dHET A IR A

— ~ AT REEIRAK SR
FELR 1950 FIRKE Ry 17% » SSERAUS TR R ARG % > & 1960 4F
B2 1% » ) 10% » 47 1985 FEHEFFE 2%L0T - %5 24
FRRKEATE 2 AJTRERARZE - K& RET > BRi&R 4% -
[ &8 B AOKAE 2 AR ERR/KZETE (2013-2022 F)TEEHE 20%
(R 15% - BIEAE 2013 FIR/KRQDIE R 1950 F(17%) > &
ol B AT N EEIRE R 10% ? 45 B A smRg iy &S IR 22
B REFOUEE P LEEERN I ES S  REEREZAN N =
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(—) Mk E
LRGN FIEPRL T E IR E AR WA E A B e T ES E
FELE B Al B2 B R 4EsE N B &R AR Bl > B
S N T ~ A ORI & — Bl e s B i e
AEET - RoEsfg N\ B E mmdEsgaHE - LUREZEmE G KE
PRAEGEH] - RIL » AhRlanE Rt e Ryl F 2 & R/ A E]
B A] DARREE (H SR PR i B B R YA o R BRI R AR 22177 - 3
Al H & 5 T T4 BB A R B -

(7)) Tt LanE
ANEWBSRZE » Ryl LB AVERE < EE/KB A SRR EEE
NENE - H TAVRER - N B IEA T - MEPA TR RE
BRI FIE/KEFRIRYER ST - (HEPEEREAOKIEEABRM S » 8
it TR s B T MEPAE S NF2AE 1 — Selis ] i A i
TfERE. > {EAIRE PragaZ b it T HR(E ML B RERE > A EMECRAD R AR
A i S EE AR T AR R\ - HL R (IR A=A /K P 7R /K R BB 3 422
JNREME R /K #HE(Water Hammen)i& il 559 MVIEEE © QIRAEE—RRHTE
RBUKREAOKES G R/KEMR  #RE R RHE e R avER
it i B e RE R S A E R KR B 8 Dy - 0 I -

(=) K{E
TKIEF B R/K T E R (% (B2 E/KIVEEE SR » ¥RK
H 2 TR IRV B R B IR R PR AR Y & SR IR R RS B Y R ey
KIE o DIAESHH— R PEBREFLLE - 285 10 T &=
R 171 BT > fHEREHE 60 7T > KEREEIIANME - EKEE
PRSI » FAMREIE G R SR K R - 30 AEIg A HE
FFEAK  EERLT KAV RS & /K2 EEnvERE - 5
AFOKFER BRI OE HE AR - BRAE RIUAM RS - e B
BRANZFEIA BB » sHERAKRE R Z01EER -

= GERHMERKER - BREEERTTRESA IR

LR EE/KB A E] Tl E Ry BICR /KR 4%) SRR R N8R T0 E A
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[1]

FA7K R (REER BB TR A )94,000 - B4R RS Ry 2,300 A il7KRE
24,000 H - JEFiE 20,000 o P EEED RIRKRIRE 150
Q@ 115 K) - falke 450 NEG £—1ER) > MieE 7,700 4 K
140 1 > FreE R 500 7 - (F/KETERL 150 £ - HREDEE/KEAE]
FuLEEHER 122 A(EF MR - AFE - T80 gatFadT BafiKeEE
5 I RER/KREEET - AR A TIHERCD -

* BPEEET > i s THREZE

SZHBIRIEERAT > AREEPEAEAS T 25%LL E(GILHBUT 95
£ 101 FfH) - WL - B 98 ~ 99 FBia SR BURIEEHEEIE -V H 2 -
RyQERTIERRAY PR B 2 > IRRE BRI BOR S E R FLEFIKR ~ 08
Pite R E I BLRR EERF » Witesd fLERGE > AERRE R AEZE T
#hy o DU RS (5 P Y £F 28 B SRR

DL AL BER APV R - IE RS ST SeiEfT AT FLAVERFE(ESE
PESR > B EREALR A TFLRTT E LR Y- - FLEFEER
A E IS TS O L EBRE AN 5 o i AR 2 B R R B A
2 it LI10A B2 aItmBUR > FLERER 1 LU e EE st -
Az PR 5 R AE T IN5R EIS TRat > UERFLE B IR &S (2] -

FLEE T HE ] LIS RS (8 A 0 &7 28 B Sl - (B E AR B A 7R
IR o IR TR ) T REL A A PT e RE % R B Y IE R B > DUBC IE B BATE
SEAZEA - DLEAOKAFEINS - Ea LR R~ = S0ic & e E
A= - BAEEERESR G - (iR ZE R ERRE
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