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1. Scope of Modelling Work
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Topographic Data
Bathymetric Data

Hydro-meteorologi¢s

Infrastructure Oper

Stakeholder Inform

Mot MacDonald

o R

2. Pre-modelling Data Collection

Topographic Data
Bathymetric Data
Hydro-meteorological Data

G
Infrastructure Operation Data g/Zs

Stake rmation

Mott MacDonald




1.
2.
3.
4.
5.

2. Pre-modelling Data Collection

¥
|

Topographic Data
Bathymetric Data

Hydro-meteorological Data

Infrastructure Operation Data

Stakeholder Information

Mott MacDonald

B N

2. Pre-modelling Data Collection
', S ' =

Topographic Data i,
({5 A X A

Bathymetric Data i -V N

Hydro-meteorological Data e ,L;/FL h! p S
/9] L ¥

Infrastructure Operation Data B Sl T

Stakeholder Information




2. Pre-modelling Data Collection
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2. Pre-modelling Data Collection
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2. Pre-modelling Data Collection

1. Topographic Data NDIA EDWC
. NDCs
2. Bathymetric Data
) WUAs GUYSUCO
3. Hydro-meteorological Data
CDC
4. Infrastructure Operation Data Mangroves
5. Stakeholder Information Sea Defences
HYDROMET
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3. EDWC Model Construction

Task 2 Objectives:

- To ascertain effectiveness of recent modifications to
drainage conditions

- Determine current effectiveness of drainage relief system
- Identify interventions to improve relief capacity

- Develop water management recommendations

To keep water level below safe operating level during rainy
season, while safe-guarding supply during dry season

Mott MacDonald




3. EDWC Model Construction
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3. EDWC Model Construction
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3. EDWC Model Construction

Legend
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3. EDWC Model Construction
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4. EDWC Model Calibration

Calibration Events

e 1 January to 31 March 2005 (2005 Event)
e 19 January to 31 March 2012 (2012-1 Event)
e 1 May to 30 June 2012 (2012-2 Event)
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4. EDWC Model Calibration
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5. ECD Model Construction

Task 4 Scope of Works:

- To provide a comprehensive model and framework for the
evaluation of flood waters

- Define the existing drainage system
- Identify critical duration event

- Recommend interventions designed to mitigate future
flooding

Mott MacDonald

5. ECD Model Construction

Identify drainage areas to be modelled

|

Decide on approach/level of modelling

Collate appropriate level of data

Develop model

Decide level of service to be provided

Identify critical duration

Test impact of interventions
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5. ECD Model Construction

Matrix used to score drainage areas along the coastal lowland region against:
» Frequency of Flooding

* Rate of Dissipation

» Population

« Affected Agricultural Area

* Key Areas of Infrastructure and Agricultural Significance

...final assessment led to 11 drainage regimes within 6 drainage areas

Mott MacDonald

5. ECD Model Construction

6 drainage areas assessed (as individual models) are:
e Liliendaal: Liliendaal regime
* Ogle: Ogle regime
* Montrose: Montrose and Sparendaam regimes
* Mon Repos: Mon Repos and Annadale regimes
* Enterprise: Strathspey, Enterprise and Paradise regimes

» Beehive: Beehive and Clonbrook regimes

Mott MacDonald
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5. ECD Model Construction

Legend
Liliendaal
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5. ECD Model Construction

* More Data Collection
— Walkover surveys
— Additional channel sections

— Structure Surveys

Mott MacDonald
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5. ECD Model Construction

Mott MacDonald

5. Questions?

Any questions?

Mott MacDonald
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Guyana Conservancy Adaptation Project:
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EDWC Modelling Results and Drainage Interventions

Martha Taylor: Deputy Team Leader & Engineer
Mott MacDonald
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1. Analysis of Recent and Proposed

2005 Conditions.

Cuhna Sluke operational

2012 Conditions.
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1. Analysis of Recent and Proposed

100 YEAR EVENT
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1. Analysis of Recent and Proposed

10,000 year event

Interventions
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Option 1

As now plus Hope
Dochfour Operational

Option 2

Option 1 plus Cuhna
Sluice Rehabilitated

2. Options Tested
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Option 3 and
Option 5

As now plus Hope
Dochfour plus
increased
conveyance by
excavating existing
channels

2. Options Tested

Legend
Channets widened for Option 5

Additonal channels widened for Option 3
-

EDWC Channel Network
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Option 4

As now plus Hope
Dochfour plus
increased
conveyance by
excavating new
channel

2. Options Tested

Legend
New channel investigated under Option 4
.
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Option E1

As now plus Hope
Dochfour plus
increased
conveyance in East

2. Options Tested
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Option 6

As now plus Hope
Dochfour plus Kofi
Sluice doubled

2. Options Tested

Legend
Kot refief channel widened under Option 6
-

EDWC Channel Network

Aeral Photography
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Option 7

As now plus Hope
Dochfour plus new
northern relief
channel

2. Options Tested
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Option 9 & 10

As now plus Hope
Dochfour plus
emergency spills to
East

2. Options Tested
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Legend
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Preferred Option

As now plus Hope
Dochfour plus
additional capacity at
Kofi plus widened
channels to Kofi

2. Options Tested

egend
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EDWC Channel Network

Aerial Photography
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10,000 year event

Hope Doch Four = B

JOp 1+ Now shunnel from NIt

e

| nerihom relolt

op 1+ Ket capuchy deutind

Rorrer Ghanml
ydim

et

7
1

-I.‘ZE

175 -E'j
1717 -EI_

Rocke BMDS m--rzn

I

3. Results

Mott MacDonald

10,000 year event

3. Results
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1,000 year event

3. Results
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1,000 year event

3. Results
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4. Preferred Option

BILL DESCRIPTION AMOUNT (GYD) ~ AMOUNT (USD)*
1 Preliminaries $6,000,000 30,000
2 Earthworks and Clearance** $5,804,299,500 29,021,498
EXT Kofi Relief Structures and Channel Widening $923,466,533 4,617,333
Subtotal | $6,733,766,033 33,668,830

Civil Contingencies of 10% $673,376,603 3,366,883

Grand Total (GYD) | $7,407,142,636 37,035,703

Mott MacDonald
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5. Questions

Any questions?

Mott MacDonald

Guyana Conservancy Adaptation Project:
Pre-Investment Studies

EDWC Dam Interventions

Martha Taylor: Deputy Team Leader & Engineer ~ W X 2
Mott MacDonald
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EDWC Dam Interventions

Approach

Design Options Considered
Analysis of Options
Preferred Intervention

Questions

Mott MacDonald

1. Approach

Mott MacDonald
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1. Approach

[ SiData } [ Site Information } [ Design and Ground Engineering J

Topography Existing Dam Geotextile
site Reconaissance New dam siope Band Drains and
stabilit Controlled Fillin
[ New Dam Backfiled borrow }
J Foundation Stability channel
Site History Analysis | [ aterials Avalability
J and Control

s Conceptual Model of Ground Ground Engineering Risk
EZE0 and Groundwater Conditions Register

Costed Ce Options

Project Specific
(1saacs)

La Bonne Mere
Breach

Hope Dochfour
Upgrade

[ Task 3: Deliverable 1 - Geotechnical Evaluation of the EDWC Dam ]
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1. Approach

Old breach locations
Mott MacDonald




Slip at Old Shanks

1. Approach

Mott MacDonald

egend

mmmDrains
~—— East Dam
—— N Dam

NE Dam
——WDam

Areas with seepage drain

1. Approach
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1. Approach

Derive geotechnical
parameters flom site
investigation data

Undertake back analysis of
Shanks Failure

Adjust parameters within the
context of the investigation

Does the analysis replicate the detd

failure?

Calculate cument Factor of
salety

Mott MacDonald

1. Approach

Back Analysis at Shanks

Name: Embankment Material
Model: Mohr-Coulomb

Unit Weight: 15 kN/m3
Cohesion: 3 kPa

Phi: 21 °

Piezometric Line: 1

Name: Silty Clay with Organics
Model: Mohr-Coulomb

Unit Weight: 15 kN/m?
Cohesion: 2 kPa

Phi: 19 °

Piezometric Line: 1

Name: Pegasse
Model: Mohr-Coulomb
Unit Weight: 15 kN/m?
Cohesion: 2 kPa

Phi: 19 °

Piezometric Line: 1

Name: Coropina
Model: Mohr-Coulomb
Unit Weight: 18 kN/m3
Cohesion: 10 kPa
Phi: 20 °

Piezometric Line: 1

Mott MacDonald
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1. Approach

Geometry Typical Worst
REIEINEES Credible Worst Credible Worst
West 1.48 1.34 1.27 1.16
East 1.60 15 1.48 1.38
North 1.48 1.4 1.08 1.01
Drained Cohesion
North East (c") in kPa 1.49 1.4 1.25 1.14

Mott MacDonald

2. Design Options Considered

Offline dam, staged construction, reinforced geogrid at base

Design Crest Level: 1885mGD  Proposed Embankment

Full Storage Level (FSL) Reinforced geogrid,

_______________ lapped at edges to
First construction phase event pullout

Proposed Embankment 52""5“

Mott MacDonald
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2. Design Options Considered

Offline dam, staged construction, vertical band drains to
stabilise foundations

Design Crest Level: 18.85mGD

Design FSL = 18mGD

Mott MacDonald

2. Design Options Considered

Offline dam, staged construction, shallow slopes

Proposed Embankment

Design Crest Level: 18.85mGD

Full Storage Level (FSL)

Mott MacDonald
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2. Analysis of Options

Indicative costs

Indicative costs for North East Dam US$ Million

Earth dam with 1:3 side slopes and basal geofabric 7.5
Earth dam with 1:3 side slopes and wick drains (inc sand blanket) 9.5
Earth dam with 1:5 side slopes 5.5
Earth dam with 1:6 side slopes 6

Mott MacDonald

3. Preferred Intervention
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3. Preferred Intervention
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3. Preferred Intervention
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4. Questions

Any questions?

Mott MacDonald

Guyana Conservancy Adaptation Project:
Pre-Investment Studies

ECD Interventions

Martha Taylor: Deputy Team Leader & Engineer ~ W X 2
Mott MacDonald
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Ogle
Montrose
Mon Repos
Enterprise
Beehive
Liliendaal

Summary

ECD Interventions

Mott MacDonald

1.0gle

Mott MacDonald
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1. Ogle

Option 1: increase in pump capacity by 6 m3/s

Option 2: increase in pump capacity by 10 m3/s

Option 3: increase in pump capacity by 6m3/s and doubling of culverts
at nodes 1058, 1077 and 1085 where significant head losses had been
noted

Option 4: increase pump capacity by 10m3/s and doubling of culverts

at nodes 1058, 1077 and 1085 where significant head losses had been
noted

Mott MacDonald
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Land Use

Land Use Area (ha)

Baseline
Flooded
Area (ha)

Heavily Urbanised

1. Ogle

Area Benefited (ha)

Option 1 Option 2 Option 3 Option 4

Part Urbanised
Total Urbanised Land Benefited (ha)*
Cost of Option (GD)

Cost/ha Benefited (million GD)

75.2 78.95 75.2 80.25
290,129,434 387,699,434 311,958,809 417,648,809

3.86 491 4.15 5.20

Option 1 gives the best value per hectare benefited and has therefore been taken forward as

the preferred option. Option 3, in which three culverts are rehabilitated in addition to the

Option 1 additional pumping intervention, is only marginally more expensive, and while it does

not result in any noticeable increase in area benefited, it may be worth considering in the

future if local effects upstream of the culverts are noted. Mott MacDonald

2. Montrose La Resouvenir

Option 1: Additional 14m3/s of pumping capacity

Option 2: Additional 14m3/s of pumping capacity plus additional storage
Option 3: Separation of urban and agricultural drainage

Option 4: Additional 14m3/s of pumping capacity plus separation of urban

and agricultural drainage

Mott MacDonald
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2. Montrose La Resouvenir

Proposed Head Reguiters
.

Proposed Embariarent

Propesed Stexage Areas

-

Possible Hontiose | Hon Repos Embarkment

Ralsig of Outall Emborkament

Mott MacDonald

Land Use

Heavily Urbanised

Land Use
Area (ha)

2. Montrose La Resouvenir

Area Benefited (ha)

Baseline
Flooded Area
(GE)] Option 1 Option 2 Option 3 Option 4

Part Urbanised

Total Land Benefited (ha)*

Cost of Option (GD)

Cost/ha Benefited (million GD)

100.53 103.54 107.285 131.2

369,915,000 14,440 296,656,260 666,571,260

3.68 5.81 2.77 5.08

, Option 3 gives the best value per hectare benefited and has therefore been
taken forward as the preferred option. This is also the option which avoids the
introduction of additional pumping capacity.

Mott MacDonald
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3. Mon Repos Annandale

Option 1: Additional 12m3/s pumping capacity plus excavation of channels

Option 2: Additional 7.5m3/s pumping capacity plus separation of urban
and agricultural drainage

Option 3: Additional 12m3/s pumping capacity plus excavation of channels
plus introduction of additional storage through widening of the
facade channel

Option 4: Additional 10m3/s pumping capacity plus excavation of channels

plus introduction of additional storage through widening of the
facade channel

Mott MacDonald

3. Mon Repos Annandale

Mott MacDonald
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3. Mon Repos Annandale

Area Benefited (ha)
Land Use Baseline

Area (ha) Flooded
Area (ha) Option 1 Option 2 Option 3 Option 4

Land Use

Heavily Urbanised

Part Urbanised

Total Land Benefited (ha)* 1719 194.8 176.4 170.85

Cost of Option (GD) 546,155,860 433,764,590 606,831,100 553,986,100

Cost/ha Benefited (million GD) 3.18 2.23 3.44 3.24

Option 2 gives the best value per hectare benefited and has therefore been taken forward as the
preferred option. It is also worth noting that it is the option which introduces the least additional

pumping capacity, and benefits the greatest land area

Mott MacDonald

4. Enterprise Paradise

Option 1: 2No new pumping stations plus additional pumping at Hope pumping
station (see below) plus widened channels plus rehabilitated culverts

Option 2: 2No new pumping stations plus additional pumping at Hope pumping
station (see below) plus widened channels plus rehabilitated culverts plus
additional storage

Option 3: 2No new kokers plus widened channels plus rehabilitated culverts
Option 4: 2No new pumping stations plus additional pumping at Hope pumping

station (see below) plus widened channels plus rehabilitated culverts plus
separation of urban and agricultural drainage

Additional Pumping Capacity (m3/s)

Location 1 Location 2 Hope PS

Option 1 12.0 18.0 8.0
Option 2a 12.0 18.0 8.0
Option 2b 8.0 12.0 4.0
Option 2c 8.0 15.0 6.0
Option 3 0 0 0
Option 4 15 9.0 25

Mott MacDonald
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4. Enterprise Paradise

*Location 3

Foulis punping Staton

7

Land Use  Baseline Area Benefited (ha)

Land Use Flooded
Area (ha) Option 1 Option 2 Option 2b

Area (ha)

Heavily Urbanised

4. Enterprise Paradise

Option 2c Option 4

Part Urbanised

Total Land Benefited (ha)* 468.77 . 426.745
Cost of Option (GD) 3,337,176,166 ,972,786, 3,602,871,246
Cost/ha Benefited (million GD) 7.12 . 8.44

Option 4 gives the best value per hectare benefited and has therefore been taken forward as the
preferred option. It is also worth noting that it is the option which introduces the least additional
pumping capacity, and benefits the greatest land area

494.845 508.725
3,734,983,746  2,999,541,026
7.55 5.90

Mott MacDonald
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5. Beehive Clonbrook

Option 1: Additional 150cusec pump at Greenfield pumping station

Option 2: Additional 2No 150cusec pumps at Greenfield pumping
station plus channel widening

Option 3: Channel widening plus separation of urban and agricultural
drainage

Option 4: Additional 150cusec pump at Greenfield Pumping station

plus channel widening plus separation of urban and
agricultural drainage

Option 5: Additional 3No 150cusec pumps at Greenfield plus channel
widening plus additional storage

Mott MacDonald

5. Beehive Clonbrook
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5. Beehive Clonbrook

Baseline

Land Use Flooded
Area (ha) Area
(ha) Option 1 Option 2 Option 3 Option 4 Option 5

Area Benefited (ha)

Land Use

Heavily
Urbanised

Part Urbanised
Total Land Benefited (ha)* 15.35 . 65.35 79.8 65.28
Cost of Option (GD) 112,295,625 276,021,050 138,394,160 250,689,785  75,115,316,675

Cost/ha Benefited (million GD) 7.32 6.04 2.12 3.14 1150.66

Option 3 gives the best value per hectare benefited and has therefore

been taken forward as the preferred option. It is also worth noting that

it is the option avoids the introduction of additional pumping capacity,

and benefits the greatest land area. Mott MacDonald

6. Liliendaal

This area is heavily urbanised and intrinsically linked to other drainage
regimes within Georgetown. It is considered that the modelling carried
out under the terms of this project was not sufficient to provide the
basis for sound investment decisions. There is a significant secondary
and tertiary network that could not be included in the level of modelling
carried out, but that could have a notable effect on model results.
There are also interconnections between Liliendaal and adjacent
areas within Georgetown which could not be properly represented in
our model. Itis considered that a master-planning exercise for the
whole of Georgetown is required to identify interventions that will
tackle the severe flooding issues within the capital. The
recommendation for this area is to carry out a further urban drainage
master-planning study.

Mott MacDonald
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7. Summary

n Options
Drainage Areas . . .
Option 3 Option 4 Option 5

Option 1 Option 2

Additional Pumping

Additional Pumping

Additional Pumping Additional Pumping (6m3ls) (10m3/s)
(6m3/s) (10m3/s) Culvert
Culvert Improvements
Improvements

Additional Pumping

Additional Pumping No Additional Pumping (14m3/s)
Mé’;;gzi:;ﬁ Addn'&ﬁ]g};ﬂpmg (14m3/s) Restriction of Restriction of
Offline Storage Agricultural Drainage Agricultural
Drainage

Additional Pumping

Additional Pumping

Additional Pumping Additional Pumping (12m3/s) (10m3/s)
Small Channel
Mon Repos (12m3/s) (7.5m3/s) Small Channel e
Modifications
Annandale Small Channel Restriction of Modifications Widening facade
Modifications Agricultural Drainage Widening facade drain 9 tag:

drain to increase
storage

to increase storage

(Option 2c in
(Option 2b in Report) Report) (O [ [REF)
. Additional Pumping - . Additional Pumping
Additional Pumping Additional Pumping Additional Pumping
Enterprise (38m3/s) (13m3/s)
(38ma3/s) (24m3/s) (29m3/s)
Paradise N . Channel Modifications N . Channel Modifications
Channel Modifications Channel Modifications Channel
Offline Storage " e Restriction of
Offline Storage Modifications

Offline Storage Agricultural Drainage

Additional Pumping

No Additional Pumping (éiirsé‘s) Additional Pumping

Channel Modifications Modifications (12.75m3/s)
Restriction of Channel Modifications

Restriction of
Agricultural Drainage Agricultural Offline Storage

Drainage

Additional Pumping
(8.5m3/s)
Channel Modfications

Beehive
Clonbrook

Additional Pumping
(4.25m3/s)

8. Questions

Any questions?

Mott MacDonald
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Comparison of 100-Year Flow with and
without the Rehabilitated and Revised Cuhna

Relief Channel

Flow (m%s)

300

250

___Option 1 Hope Dochfour operational
____Option 2 Cuhna rehabilitated, revised

EDWC Total Discharge

Land of Canaan

200 400 600 800 1000

Time (hours)

1200
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