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PROJECT/PROGRAMME PROPOSAL TO THE ADAPTATION FUND

PART I: PROJECT/PROGRAMME INFORMATION

Note: The IDB and the Government of Suriname presented a Concept Note proposal to the
Adaptation Fund in January 2017 to apply for grant funds for adaptation measures in downtown
Paramaribo. Following the Adaptation Fund’s endorsement of the Concept Note in March 2017,
this Full Application builds upon the original proposal and provides more detail and context for
the Proposed Project. All new edits and additions in Part | are shown in red text, and Parts |l
and lll are new.

Project/Programme Category: Regular
Country/ies: Suriname
Title of Project/Programme: Urban Investments for the Resilience of

Paramaribo: Building adaptive capacity of
Paramaribo communities to climate change-
related floods and sea level rise through
strategic urban planning and sustainable
infrastructure investments.

Type of Implementing Entity: Multilateral Implementing Agency

Implementing Entity: Inte r-American Development Bank

Executing Entity/ies: Ministry of Public Works, Government of
Suriname

Amount of Financing Requested: $9,850,000* (in U.S Dollars Equivalent)

*Note that this amount has increased by US$48,381 compared to approved Concept Note proposal. This
slight increase in price arises from more detail being developed for the Project since the original Concept
Note submission, as detailed in Part Il.

Project / Programme Background and Context:

Provide brief information on the problem the proposed project/programme is
aiming to solve. Outline the economic social, development and environmental
context in which the project would operate.
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INTRODUCTION

CONTEXT AND VULNERABILITY AT A NATIONAL LEVEL

1.

Suriname, one of the smallest countries in South America, is locate d on the north-eastern
coast of South America and shares borders with French Guyana (east), Brazil (south, Guyana
(west) and Atlantic Ocean (north). The country has a large variety of bi ological species and
owns natural resources that represent a total forest area of 50 million hectares. Suriname also
has substantial reserves of petr oleum, bauxite, gold, granite a nd other minerals.
Approximately 400 million tons of bauxite deposit are in Suriname and together with gold and
production of crude oil represent the major economic sectors in the country (MLTDE, 2008).
Mineral and energy sectors (gold, oil and alumina) account for approximately 30% of the GDP.

Suriname is a small, open, commodity-based economy that is vulnerable to external shocks.
On the back of high international commodity prices, Suriname grew at a high average yearly
rate (3.8% or a total realper capita income growth of 65%) over the past @cade, and therefore
was one of the Caribbean’s best performing economies given its rich end owment in natural
resources (World Bank 2016). Growth is driven by exports from the e xtractive sector (gold,
oil, and bauxite), which generate 90% of foreign exchange earnings and 45% of government
revenues. Suriname (in common with other small economies) relies on imports to satisfy most
domestic demand for goods (imports account for more than 80% of consumption), while total
trade has averaged around 145% of GDP o  ver the past five years. The transmission
mechanism of the wealth generated in the extractive sector to the rest of the economy relies
highly on public spending on goods and services, infrastructure and, importantly, wages and
salaries of employees in the pub lic sector and in public enterprises. The domestic private
sector, limited by the s mall size of the economy, is geared towards satisfying domestic
demand mainly with imports. As a consequence, the private sector expands or contracts
responding to changes in public spending that drive aggregate demand (IDB, 2016).

The recent historical growth in Suriname’s per capita income has not translated into a
significant improvement in social in dicators. Suriname has a literacy rate of 94.7% and life
expectancy of 71 years. The country ranks 103rd out of 186 countries in the 2015 Human
Development Index (HDI), with slight improv ements over the previous years. The country’s
HDI rank is mostly due to improvements mad e inin come levels over the past decade,
however, both the education an d health indicators fall below comparable countries
categorized with a high HDI. Onl 'y 45.9% of the popula tion has a secondary education
compared to 66.6% for comparable countries while there are only 9.1 physicians per 1,000
people in Suriname compared to 20 in other high HDI countries. Data on poverty an d
inequality are scarce but offer indications that Suriname is somewhat in line with regional
averages. Conventional income-based poverty and inequality indicators are outdated, while a
recent household survey of the General Bureau of Statistics did not produce any new
estimates due to low response rates. Although robust growth in income per capita over most
of the past decade mayhave reduced absolute poverty,its impact on inequality in recent years
is more uncertain. A 2013 United Nations inequ ality-adjusted human development indicator
(HDI) estimated that the loss in human development due to inequality in 2006 was broadly in
line with the regional average (IMF 2014). The 2015 Human Development Report published
by the United Nations Development Program indicated that about 7.4% of the population lived
in multidimensional poverty at end-2010, which is below the regional average of 1 2%. The
unemployment rate in Suriname is est imated at8.9 % in 2015 (IMF 2016). Female
unemployment is higher than male (about 4 percentage points), and youth unemployment is
significantly higher (above 20% in 2013).
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4. According to UNFCCC (2015) and the Environment Statistics (2016), the total population of
Suriname is estimated on 558,773 habitants but it is expected that the population reach 2.5-
3 million at the end of this century. The Surinamese population is presently multi-ethnical and
multi-religious including ethnic gro ups such as Hindustani (from India), Creoles (African
descent), Javanese (from Indonesia), Maroons (descendants of runaway slaves),
Amerindians (the origin al inhabitants), Chinese, Lebanese and descendants of European
settlers. The largest part of the Surinamese population is found within the Paramaribo and
Wanica districts (74.4% of households). In 2004, the population density across Suriname was
estimated at 3.0 people per squar e kilometre, making Suriname a very lowly p opulated
country. However, the most densely populated districts are Paramaribo and Wa nica with
population densities of 1,335 and 194 people per square kilometre respectively, as shown in
Figure 1 (SNC, 2013). In addition, more than 90% of th e diverse e conomic activities in
production, manufacturing, horticulture, agriculture, fin ancial and banking services,
community, society and public services occur within the Pa ramaribo and Wanica District s
(MLTDE, 2008).

Figure 1. Population Distribution and Density per District on 2004 (Source: Figure 1.12 of SNC,
2013).

CLIMATE CHANGE VULNERABILITY CONTEXT AT A NATIONAL LEVEL

5. Suriname is a highly vulnerable cou ntry to the effects of climate change. Firstly, th e country
is exposed to several natural and climate change-influencedhazards. Secondly, the low-lying
lands most vulnerable to these hazards also coincide with the areas of highest p opulation
density and economic activity. And thirdly, the low-inco  me status further incre ases the
population’s vulnerability to climate change.

6. Suriname is susceptible to natural and climate change-related disasters, as detailed inits
Second National Communication to the UNFCCC (SNC, 2013). These include flooding (both

4
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coastal and inland), drought, heat exposure, strong winds and grou ndwater salinization.
Scientific analysis projects that temperatures will i ncrease, sea level will rise, and the
proportion of total rainfall that falls in heavy events will increase (though average rainfall will
decrease). Table 1 presents the future climate change projections for Suriname based on the
A2 IPCC (Intergovernmental Panel on Climate Change) scenarios. It is projected that climate
change impacts would affect over 40% of Suriname’s GDP (UNFCCC, 2015). Some of the
main socio-economic sectors bein g impacted by climat e change include agriculture,
livelihoods, water availability, health and biodiversity.

Table 1: Climate Change Projections for Suriname based on A2 IPCC Scenarios

Parameters Value Year Source

Air Temperature | +2.6 °C (annual); +2.6 °C (December, 2050s | The Caribsave Climate
overall annual January and February); +2.7 °C (March, Change Risk Atlas
mean April and May); +2.6 °C (June, July and (CCCRA, 2012)

August); +2.7 °C (September, October
and November)

Precipitation -6% (annual); -3% (December, January 2050s | The Caribsave Climate
and February); -8% (March, April and Change Risk Atlas
May); -8% (June, July and August); -8% (CCCRA, 2012)
(September, October and November)

Wind Speed +0.30 m/s (annual); +0.30 m/s (December, | 2050s | The Caribsave Climate
January and February); +0.20 m/s (March, Change Risk Atlas
April and May); +0.30 m/s (June, July and (CCCRA, 2012)

August);+0.30 m/s (September, October
and November)

Weather +8% (annual); +10% (December, January | 2050s [ The Caribsave Climate
extremes, and February); +9% (March, April and Change Risk Atlas
including May); +7% (June, July and August); +21% (CCCRA, 2012)
intensity (September, October and November)

Sea Level Rise +0.5 meter 2050s | Estimated based on info
(SLR) from CCCRA, Sea Level

Rise in the Caribbean
and The Second National
Communication.

7. Flooding and sea level rise (SLR) presents a significant threat to S uriname given this
extensive low-lying coastal zone and the concentration of socioeconomic activities within this
area. Suriname’s vulnerability is exacerbated by the fact that its main low lying coastal areas
also coincide with the main population center s and area s economic activity. Suriname
possesses a significant deltaic region related to four main rivers: Suriname River, Saramacca
River, Coppename River, and Nickerie River. This includes sizeable north coastal plains (low-
lying coast) where over 80% of the population live and where the major economic a ctivities
and infrastructure are concentrated (SNC, 2013; UNFCCC, 2015). Figure 2 shows the low-
lying flat areas at the north part of Suriname that are prone to floods (approximately 2,000
km?).
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Figure 2: Topography of Suriname (Source: Figure 1.3 of SNC, 2013).

8. Even though Suriname is located o utside of the hurricane area, hurricane effects are often
experienced in the form of heavy rainfall. Mete orological conditions in Suriname are also
influenced by climate systems inclu ding Sibibusies’s (Sibi = sweep, Busie = fore st), Inter
Tropical Convergence Zone (ITCZ) and the EI Nifno phenomenon (Environment Statistics,
2016). Flooding occurs through a number of mechanisms including when sea level rises
during spring tide, during tropical storms by impacting low-lying coastal and riverine
development and/or by rainfall-induced accumulation of water due to outdated and insufficient
drainage systems. Consequently, Suriname experiences frequent flooding, particularly in the
northern coastal plain and riverine areas which are generally of low elevation and flat. Table
2 shows a summary of the historical floods in Suriname between 2004 and 2015 b ased on
information obtained from the Environment Statistics (2016).

Table 2: Historical Flooding Events in Suriname (Source: Adapted from Environment Statistics 2016
and NCCR Situation Analysis)

Date Natural Disaster Affected Areas Population
9/7/2004 Floods associated Not specified Unknown
with rainfall from
Hurricane Ivan
6/5/2006 Flood due to Gran Rio and Pikin Rio rivers, 25,000 people
excessive rainfall Paramacaans on the Marowijne River,
upper Marowijne, Tapanhony and Lawa,
(Mofina) Suriname and Sipaliwini River
June 2006 Floods due to heavy | Villages along the upper Marowijne river 20,000 people
rainfall and the upper Suriname River
2006/2007 Flood Coropina triangle, Vier Kinderen, La 500 people
Prosperite and Republiek
29/4/2007 Floods due to Paramaribo
continuous rainfall
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Date Natural Disaster Affected Areas Population
28/5/2007 Flood due to Sipaliwini, Northern Marowijne, 5,000 people
excessive rainfall Tapanahony River, Lawa and Curuni
6/8/2008 Flood due excessive | Southern part of the interior: Djumu, Unknown
rainfall Asidonhopo, Semoisi, Awaradam
1/10/2009 Flood due to Paramaribo Unknown
excessive rainfall
2/4/2009 Flood due to Paramaribo Unknown
excessive rainfall
10/3/2009 Flood due to Paramaribo Unknown
excessive rainfall
5/3/2009 Flood due to Paramaribo Unknown
excessive rainfall
14/7/2010 Coastal flooding as Saramacca: La poule, Peperhol, north Unknown
a result of dam fail part of Wayambo
24/4/2010 Flood due to Paramaribo Unknown
excessive rainfall
16/4/2010 Flood due to Paramaribo: Margarethalaan unknown
excessive rainfall
22/4/2010 Flood due to Paramaribo: Poelepantje Unknown
excessive rainfall
17/5/2013 Flood due to Saramacca: Misgusnst Unknown
excessive rainfall
16/5/2013 Flood due to Commewijne: Frederikdorp Unknown
excessive rainfall
16/5/2013 Flood due to Para, Paramaribo, Marowijne (Cottica) Unknown
excessive rainfall
20/6/2013 Tail of a heavy Paramaribo, Wanica, Saramacca, 300 people
tropical Marowijne (Galibi). Roof were torn away affected
storm/flooding (30 houses), trees uprooted and
(heavy rainfall) damaged power poles, advertising signs
and Street lighting
27/12/2013 | Flood due to Paramaribo, Wanica, Saramacca Unknown
excessive rainfall
6/7/2014 Storm National: Paramaribo, Coronie, 150+
Commewijne, Saramacca en Nickerie
7/6/2014 Storm Nickerie: Nieuw Nickerie 100 houses
2/5/2015 Flood Marowijne: Alale Kondre Unknown
18/5/2015 Persistent rainfall Wanica: Hanna'’s Lust
21/6/2015 Storm Paramaribo: Zorg en Hoop 1 injured and
35 homes
affected
28/6/2015 Storm Paramaribo 1 (death)
27/7/2015 Flood Saramacca unknown
16/1/2016 Hailstorm Paramaribo and surroundings

9. The flooding risk of lo cal communities living in costal and/or riverine areas of Suriname is
amplified when considering the vulnerability of theareas that flood. For example, as discussed
above, about two thirds of the Surinamese population live and work in the Paramarib8/Vanica
area, which is prone t o significant flooding. A 1999 study entitled “Cou ntry Study Climate
Change Suriname” (and also known as the Netherlands Climate Assistance Programme
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Phase 1, NCAP-1") identified risk zones for inundation from the sea and rivers, as shown
below in Figure 3, showing the current vulnerabilities of the northern coastal areas to flooding.

Figure 3: Flood Risk Zones for the Suriname coastal plain (Source: Figure 6-4 of Country Study
Climate Change Suriname).

10. In a comparative analysis of th e impacts of SLR on land, populatio n, GDP, urban and
agricultural extent, and wetlands in 84 developing countries, Suriname was ranked highest in
Latin America and the Caribbean in terms of p opulation and GDP impact, and was second
only to Guyana and the Bahamas in terms of urban and agricultural extent (World Bank 2007
cited on IDB and IIC, 2016). At the global level, Suriname ranks among the top most affected
countries overall. Suriname’s entir e economic zone is lo cated within its coastal areas.
Estimates of impacts of 1 meter SLR and storm surge in CARICOM member states, including
Suriname, show that nearly 1,300 km?2 of land will be lost, over 11 0,000 people will be
displaced, at least 149 multimillion dollar tourism resorts (including beaches) will be damaged
or lost together with over 550 km of roads lost (Simpson et al, 2010). Other expected impacts
include loss and damages to the agriculture, forestry and fisheries sectors as a result of
increase ambient temperatures. Adaptation efforts so far remain insufficient and the continued
impacts of climate change could further intensify the cou ntry’s vulnerabilities, negatively
affecting key sectors such as agriculture, water, energy, health and tourism.

11. The low-income segments of the population ar e disproportionately affected by climate risks.
This is mainly due to poorer quality housing in environmentally sensitive areas and generally
lower coping mechanisms in the case of hazard events. Lower income households often work

L https://www.weadapt.org/knowledge-base/national-adaptation-planning/methodology-of-suriname-ncap-project
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in agriculture or informal activities that depend on the climate and a re more e xposed to
communicable diseases that could become more prevalent as climate changes. Expected
temperature increases, coupled with changes in rainfall patterns, will have significant impacts
on human health through potential increases in the incidence of parasitic and inf ~ ectious
diseases (including a possible increase of vector diseases such as malaria in the interior and
dengue in the coastal zone) (Government of Suriname 2013 cited on IDB and IIC, 2016). Of
note in relation to these vulnerabilities is the e xpected disparity in impact among certain
groups in society, such as women i n the country’s interior and farming communities (UNDP
2009 cited on IDB and IIC, 2016).  Similarly, critica | social infrastructure is a Iso highly
vulnerable to the effects of climate change.

Recognizing the vulnerabilitie s faced by Suriname to natural hazard s and the additional
effects of climate change, the United Nations Development Programme (UNDP) will develop
a National Adaptation Plan (NAP) in 2017 based on UNDP’s Suriname National Climate
Change Policy Strategy and Action Plan (NCCPSAP). While this is under development, it can
be confirmed that the proposals and interventions contained in this application are aligned
and consistent with the NAP /NCCPSAP a nd also with IDB-fund ed climate change
vulnerability assessment for Paramaribo city.

URBAN VULNERABILITY: A FOCUS ON PARAMARIBO

NATIONAL IMPORTANCE OF PARAMARIBO

13.

14.

15.

16.

Paramaribo is the capital city of Suriname and is located on the banks of the Suriname River
along the northern coast of the country. Paramaribo and the surrounding urban areas is the
main population center of Suriname , and where more than 70% of the country’s population
resides. Furthermore, Paramaribo is the main commercial and economic center, and also the
location for the maijority offices and activities of the GoS, which as reported earlier, is a key
driver of the country’s economy (IDB and IIC, 2016).

Paramaribo is the business and financial center ofSuriname. Even though it does not produce
significant goods itself, almost all revenues fromthe country's main exportproducts (minerals,
oil, agriculture and forestry) are channelled thr ough the city, where the majority of banks,
insurance corporations and other financial and commercial companies are headquartered. It
is estimated that approximately 75 percent of Suriname's GDP is centered in Paramaribo (IDB
and IIC, 2016).

Tourism is also an incre asingly important sector for Paramaribo, both as a destina tion in its
own right, and also as a gateway to the inner country areas. Paramaribo is a for mer Dutch
colonial town dating from the 17th and 18th ce nturies. The Historic Inner City of Paramaribo
is a UNESCO World Heritage Site and its certification is based on the following criteria:

e Paramaribo is an exceptional example of the gradual fusion of European architecture
and construction techniques with indigenous South American materials and crafts to
create a new architectural idiom; and

e Paramaribo is a unique example of the contact between the European culture of the
Netherlands and the indigenous cu ltures and environment of South America in the
years of intensive colonization of this region in the 16th and 17th centuries.

Paramaribo is therefore critical to the economic and development success of Suriname.
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VULNERABILITY OF PARAMARIBO

17.

18.

19.

20.

Paramaribo sits in the lower elevation norther area of the country and is highly vulnerable to
flooding and sea level rise, consiste nt with what has been d escribed above. Table 2 shows
the frequency with which flooding has affected Paramaribo, and this represents the principal
hazard and risk facing Paramaribo.

A follow-up to the NCAP-1 study, t he study “Promotion of Sustainable Livelihood within the
Coastal Zone of Suriname, with Emphasis on Greater Pa ramaribo and in the Immediate
Region”, known as the Netherlands Climate Assistant Programme Phase 2 (NCAP-2) (Naipal
and Tas, 2 016), demonstrated that a signif icant part of t he Paramaribo area is highly
vulnerable. For example, it cites that along the riverbank of the Suriname Ri ver and also in
the southern part of the Paramaribo /Wanica area, the ground level is low, varying b etween
1.50 to 1.80m NSP, wh ereas the 1 in 10-year high water in the Suriname River is 1.93m at
the north of Paramaribo and 2.00m near the center and south of the city.

Paramaribo does have some existing defences and protection measures in pla ce, however
these are n ot always sufficient for current levels of floo ding and are insufficient when
considering future implications of pr ojected climate change (see Figure 4). For example,
along the Suriname River from the north to the south, local protection measures in the form
of earthen dams exist which aim to prevent flooding of the river at h igh tide. However, at
locations the elevation of the top of the available structures and infrastructure is lo wer than
the current high-water levels and as a consequence, flooding occurs (NCAP-2).

Figure 4: Examples of existing Flood Defences along the left bank of the Suriname River (Source:
IDB, 2016).

Another key contributing factor to the flooding experienced in Paramaribo is the fact that the
drainage system is undersized and poorly maintained. The current system is largely based on
the original drainage design from colonial times to support the former plantation network and
is therefore inappropriate for the city as itis today. Thirty-five open and closed drainage canals
and channels form the current drainage system of Paramaribo. The canals can be
characterized as a mi xed system because in addition to rainwater, they also receive
discharges of domestic waste water (partially tr eated by septic tanks). Interviews with local
experts and government officials, and site visits as part of the IDB’s Emerghg and Sustainable
Cities Program, revealed that flooding within Paramaribo’s drainage system occurs due to a
combination of poor maintenance of the existing canal network (including waste deposition),

10
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lack of maintenance of outlet str  uctures (sluices and p umping stations), unre gulated
development in areas intended to support drainage such as retention areas, and additional
growth of the urban area meaning drainage infrastructure may be under-sized (MOGP, 2001).

Flooding and drainage issues in Pa ramaribo are therefore a noted priority for the GoS?, as
highlighted in Suriname's National Development Plan 2012-2016. The GoS has undertaken
several initiatives to address climate change adaptation challenges, including the formulation
of: The Climate Action P lan for the Coastal Zone of Suriname; the Integrated Coastal Zone
Management Plan (ICZM), which provides several recommendations on several adaptation
solutions for the North Paramaribo-Wanica coastline; National Contingency Plan; and the
Second National Communication to the UNF  CCC (2013). Furthermore, Suriname ha s
participated in Phases | and Il of the Netherlands Climate Assistan ce Program and the

European Union Global Climate Change Alliance Program (2011-2015). The latter has led to
the formulation of the National Climate Change Policy, Strategy and Action Plan of 2015 and
the strengthening of the Meteorological Services, as well as training in climate modelling and
vulnerability and risk assessments.

More specifically for Paramaribo, the GoS has been conducting several studies to identify
appropriate adaptation measures for the city. In 2009 the GoS conducted a river protectio n
study, which proposes the construction of a river dike to the north of Paramaribo to protect
the city’s historical center against flooding due to increasingly high water levels in relation to
global sea-level rise. In fact, the ICZM Plan backs this proposal and further recommends the
construction of dike s along the left bank of the Suriname River from Leonsberg to the
Saramacca canal. Based on these recommendations and earlier studies as mentioned above,
the GoS partially (incomplete due to lack of funding) built the dike and river protectio n (flood
wall) on different parts of the Suriname River bank in 2011.

In addition, the Inter-American Development Bank (IDB) has developed a partnershipwith the
GoS with respect to supporting the sustainable development of Paramaribo. This includes
the application of the IDB’s Emerging and Sustainable Cities (ESC) assessment methodology
to Paramaribo (the ESC Study). The ESC Study is a systematic approach to assessing the
current baseline situation inacit y withrespecttoah ost of key topics, sect ors and
sustainability indicators, andtou se this inf ormation through analysis and extensive
engagement with city st akeholders to develop key urban sustainability priorities for a city.
Climate vulnerability and risk is a critical lens of the ES C Study through which a city’s
sustainability challenges and opportunities are considered. In the case of Paramaribo, the
IDB has commissioned a hazard and risk analysis for the greater Paramaribo area (see Figure
5) with the aim of identifying areas of vulnerability and highest risk to natural hazards, and
also proposing adaptation recommendations to build resilience (ESC Risk Study). This is on-
going work and will be completed by February 2016; however key findings to date have been
integrated into this project proposal.

2 While administratively Paramaribo forms its own district in Suriname, it does not have its own muni cipal
or city government. The GoS maintains governance and management over the city.

11
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Figure 5: Paramaribo Metropolitan Study Area for the IDB’s ESCI (Source: IDB, 2016).

In addition, the IDB is also funding aloan for the Revitalization of th e Historic C entre of
Paramaribo (IDB Urban Rehabilitation Program), which has been conceived to tackle the most
urgent problems affecting the historical downtown and promote a sustainable urban

revitalization process. This area embraces Paramaribo’s UNESCO world heritage site (see
Figure 6). The IDB alsocommissioned focused hazard and risk studies in this area (Downtown
Risk Study).

12
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Figure 6: Program Area (Core Zone of Paramaribo World Heritage Site)

The ESC and Risk studies included a focus on flooding (which was prioritized as a hazard
through engagement with the city st akeholders) and used the climate change projections
presented in Table 1. The studies modelled inland and coastal flooding hazards both for the
current situation and also for the f uture (out to the year 2050) when considering  climate
change projections for a series of different return periods. These results were then used to
generate hazard maps for the city, such as the one shown in Figure 7 which presents the 1 in
100-year costal hazard map for the Paramaribo Study Area with climate change projections
integrated for 2050.

13
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Figure 7: 100-year coastal hazard map for Paramaribo with climate change projections for 2050 horizon (Source: IDB 2016)

14
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26. As can be seen in Figure 7, the modelling shows areas of high vulnerability for Paramaribo
along the Suriname River and for the emerging urban areas along the northern coa st. Risk
maps have also been generated by linking the coastal and inland flooding hazard findings to
population areas and economic land-value. For example, Figures 8 and 9 show the economic
and population-based risk maps created forthe ESC Study area, which isth e larger
Paramaribo Metropolitan area. Theserisk maps serve as basis to identifyareas of Paramaribo
where climate adaptation measures are needed to increase climate resilience into the future.

15
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Figure 8: Paramaribo Metropolitan Economic-based risk map with Climate Change for 100-year return period (Source: IDB, 2016)3

3 Economic-based risk refers to the level of potential asset loss due to hazards and vulnerability. The color codes refer to the economic risk of the area, where high (red) and low
(green) damage costs are identified as results of natural events including climate change for a return period of 100 years.

16
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Figure 9: Paramaribo Metropolitan Population-based risk map with Climate Change for 100-year return period (Source: IDB, 2016)
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27. Based on the information presentedin Figures 7 to 9, Paramaribo and itsbroader metropolitan
area has six priority areas which have higher vulnerability and risks to flooding and sea level
rise including:

e Along the east bank of the Suriname River at (i) New Amsterdam and (ii) Meerzorg;

e Along the west bank of the Suriname Ri ver at (iii) Noord and (iv) Downtown (the
Historic Center of Paramaribo);

¢ Along the northern coast following the (v) canal that serves Munder; and

e West of the Downtown area (vi) adjacent to Tammenga.

28. Stakeholder discussions and workshops with GoS agencies and also non-governmental
agencies have also been undertakenas part of the risk studies to understand current capacity,
management plans and resources for managing and resp onding to n atural hazards and
disasters. This analysis also overlaps with the ESC Study city indicator process. While this
process is ongoing, some current insights and conclusions include:

The GoS does not have existing risk maps for natural hazards;

e The GoS has an emerg ency contingency plan, however this does not appearto b e
widely disseminated and is also limited in its extent due to budget and resource
constraints;

e There is only a basic infrastructure in place for an early warning system; and

o Disaster risk management has not currently been carried through to any broader city
development planning;

29. The above studies were performed at the metropolitan level. These economic and population
based-risk maps reinforce the urgent need for the implementation of a group of adaptation
measures that go from the development of capacity building activities at different government
levels and local communities, to the deployment dkey infrastructure to protect the coast along
the waterfront of this area.

18
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Figure 10: Waterfront Economic-based risk map with Climate Change for 100-year return period (Source: IDB, 2016)
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Figure 11: Waterfront Population-based risk map with Climate Change for 100-year return period (Source: IDB, 2016)

20
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30. In summary, Paramaribo is highly vulnerable to climate change and natural hazards (f loods)

31.

and given the prominent and integral role Paramaribo plays atthe national level, Paramaribo’s
vulnerability has national consequences in terms of eco nomic and social impacts. T he
challenges Paramaribo faces include:

e Vulnerability (both in terms of population and economic exposure) to flood hazards
which will be further compounded by projected sea level rise;

e This vulnerability is largely in areas of the city that are important popul ation centers
and economic hubs; in order to put in place a sustainable growth plan for the city, it is
necessary to better know the river and how it would interact under ne w hydrological
conditions posed by a changing climate- that is, additiona | knowledge of gradual
changes to local hydrology need to be monitored, filed and analyzed.

o There are several challenges that threaten Paramaribo’s capacity to effectively cope
with observed and ant icipated effects of climate change onthe frequency and
magnitude of floods and sea level ri se, namely limited resources; limited institutional
capacity; the low-income status of much of the population limits their own ability to
build resilience; and absence of a coordinated understanding and resulting action plan
to build adaptive capacity.

The adaptation and resilience requirements identified through existing GoS and IDB studies
suggests that over $60 million of investment is needed to support a city-wide fully implemented
adaptation strategy. It is recognized that this level of capital expenditure is not feasible given
the current economic situation in S uriname. This Propose d Project th erefore seeks to
incrementally respond to Paramaribo’s challenges and complement current efforts lead by the
GoS to protect the city by initiating a first phase of adaptation measures to demonstrate the
benefits to be accrue d through adaptingto climate ch ange and create an  enabling
environment to facilitate a long ter m participative and dyn amic adaptation process. The
Proposed Project takes advantage of the existing studies and analysis performed by the IDB
and GosS to date to implement a focused adaptation solution (specific to the Downtown area),
as well as create an overarching city framework to build capacity and structure in support of
further adaptation and resilience building.

Proposed Project Objectives:

PROGRAMME OBJECTIVE

32. The general objective of the Proposed Project is to contribute towards increasing the adaptive

capacity of communities living in the Paramaribo city and adjacent metropolitan vulnerable
areas to cope with observed and a nticipated impacts of climate change on floods and sea
level rise. The specific objectives of this proposed Project are to generate:

i. City Adaptation Framework and Plan: Establish a fr amework for managing
knowledge and disseminating lessons learned that could be used in future resilience
programs for the city of Paramaribo and that could be part of a city-level Adaptation
Plan;

ii. Downtown Adaptation Measures: Implement a group of strategic and cost-effective
adaptation hard measures in the historic downtown area of Paramaribo that illustrate
the benefits of building climate resilience as part of a long-term planning strategy for
the city and its metropolitan area;
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iii. Capacity Building: Build capacity across local communities and GoS stakeholders
responsible for decision making in Paramaribo to ensure strong implementation and
enforcement of the Adaptation Plan; and

iv.  Monitoring and Evaluation: Ensure thereis a robust plan and implementation
structure to allow the Proposed Project to be implemented, monitored, evaluated and
lessons learned disseminated.

The above components represent the ‘Project’ or ‘proposed Project’ as presented through this
application.

PROPOSED PROJECT STRATEGY

33. To deliver on the identified objectives, the GoS and IDB are proposing under this Proposed
Project four main components (noting the components are not necessarily sequential), as
described below.

(i) City ADAPTATION FRAMEWORK AND PLAN

34. This component is seen as an enabling step to ensure that decision makers and stakeholders
have a robust framework to en sure investments on climate resilience are implemented in a
structured manner and promote long-term adaptation in the city. The absence of such a plan
will mean an on-going piece-meal approach to resilience planning, which will not be of benefit
to the city or its residents. This framework and plan will be aligned to the National Adaptation
Plan being prepared by the UNDP.

35. The studies carried out by the GoS and IDB for tre city of Paramaribo to date, including recent
ESC and Historic Downtown Study, provide solidfoundations for a city-broad Adaptation Plan.
Therefore, the focus of this component will be to build consensus and agreement on the
objectives, priorities, actions and responsibilities that need to be bu ilt into the Paramaribo
Adaptation Framework and Plan. Key steps will include:

e Workshops with local communities and other Paramarib o stakeholders including
government officials to outline and discuss the requirements of the Adaptation Plan for
the city and its metropolitan area;

o Broader community engagement activities to build awareness and understanding of
the Plan and to ask for feedback a nd additional input to fe el in existing information
gaps;

e Establish a coordination and cooperation framework for the Plan to define main actors
and ensure responsibilities for its implementation and tracking of performance are fully
understood and established;

o Build key priorities, focus areas and definition of goals for the Plan; and

o Ensure alignment of the plan with existing planning documents and other relevant
information and pre-agreed actions with local communities and city developers.

e Design, organize and deliver workshops on the Adaptation Plan for the general public,
focusing on gender-equality and local vulnerable communities within the metropolitan
area.

(iil) DOWNTOWN ADAPTATION MEASURES

36. The work of IDB and th e GoS undertaken in 2016 identified the key a reas in Paramaribo
where hard adaptation measures are needed. One of the identified priorif areas is the Historic
Downtown Area (HDA), which is vulnerable to floods and which will be further exacerbated by
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climate change anticipated impacts. This area is also the focus of GoS and IDB investments
to try and reinvigorate the area bot h to protect its historic character and to act to stimulate
economic growth through increased vibrancy and use of the area.

In the IDB and GoS’ Concept Note application to the Adaptation Fund, a series of potentia |
adaptation measures were presented comprising physical measures; complementa ry green
infrastructure measures; drainage maintenance and up grades; and management an d
maintenance measures. In additio n, results were presented of preliminary risk studies
financed by IDB assessing the vulnerability of the downtown area. The IDB and GoS have
subsequently worked on a series of detailed studies for the Downtown area to assess a range
of adaptation measures and through environmental, social, economic and technical analyses,
have identified a spe cific set of a daptation measures that form the basis of this Full
Application. Part Il has been updated to present this additional work and analysis.

(iii) CAPACITY BUILDING AND KNOWLEDGE MANAGEMENT:

38.

39.

Based upon the final structure of the Paramaribo Adaptation Plan, the requirements within the
GoS and other key sta keholders for capacity building will also n eed to be identified and
actioned. It is expected that this will fall into the following two areas:

e Training and capacity building for the key individuals and departments tasked wit h
specific actions and responsibilities within the Adaptation Plan—  under this
programme, it is expected that initial training needs will be delivered, and a broader
training plan will be provided to the GoS for ongoing delivery; and

e |Institutional strengthening needs will be id entified and shared with the GoS with
respect to ensuring climate change and adap tation is mainstreamed into relevan t
policies, development planning a nd regulations —u nder this pro gramme, the
institutional strengthening will be id entified and then the implementati on will be a
separate responsibility of the GoS;

Main activities include:

1. Prepare, organize and deliver capacity building and technical training workshops on
the Paramaribo Adaptation Plan fo r different government bureaus, including th e
Ministry of Public Works and the National Environmental Coordination Unit.

2. Formulate a long-term t raining plan, along with key training materials, to fa cilitate
continuous capacity building for technical staff of the GoS on the Adaptation Plan.

3. Conduct an institut ional evaluation to enhance the GoS capacity to mainstream
climate change and adaptation practices into relevant policies and regulations.

In addition, a Knowledge Management Plan will also be developed in order to ensure that:

¢ Information, data and lessons learned are captured;

e This information is appro priately managed and stored so that it is readily accessible
and understandable;

e This information is shared among stakeholders and appropriate training sessions are
delivered; and
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A review and evaluation step are included to ensure this datamanagement process is
working effectively and also evolving as the data and information sets develop.

(iv) MONITORING AND EVALUATION

40. Monitoring and evaluation is critical to the successf  ul implementation of a project. A
monitoring and evaluation plan will be developed as per the following:

Monitoring - The purpose of monitoring activities will be to follow up as the Proposed
Project progresses to ensure that it is meeting the original expectations and achieving
the expected results. A Results Matrix (RM) will be developed which will enable the
identification of issues a nd problems during ex ecution that can be corrected in due
time. The monitoring program will be based on the RM, and on the associated project
plans.

Indicators - Monitoring activitie s will be guided by a series of selected Key
Performance Indicators (KPIs) that will be defined in the RM. Each defined indicat or
will include a unit of measure, frequency of measurement and a means of verification.
Progress Reporting — The required frequency of periodic monitoring reports will be
defined.

Coordination and Monitoring - The requirements for relevant admi nistration and
management requirements for the Proposed Project’s monitoring activities, which will
include: (i) to develop, maintain and update the data regarding monitoring indicators;
(ii) coordinate the colle ction and processing of information on project actions and
prepare progress reports; (iii) identify problems, delays and external factors affecting
the project and proposing, where a ppropriate, remedial me asures; and (iv) support
monitoring meetings and program evaluation.

Monitoring Plan — The frequency of monitoring will be defined.

Evaluation — The evaluation of theProposed Program will be done oncethe Proposed
Program has been co mpleted in order to determine if its objectives have been
achieved based on a specified and agreed criteria.

Project / Programme Components and Financing:

Fill in the table presenting the relationships among project components,
activities, expected concrete outputs, and the corresponding budgets. If

necessary, please refer to the attached instructions for a detailed description of

each term.

For the case of a programme, individual components are likely to refer to
specific sub-sets of stakeholders, regions and/or sectors that can be addressed
through a set of well defined interventions / projects.

The following Table 3 presents an overview of the Project’'s components, outcomes, main
outputs and their costs.
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Table 3: Proposed Project’'s components, outcomes, main outputs and costs.

Project Components

Expected Concrete

Expected Outcomes

Amount (US$)

Outputs

(i) City-level Adaptation City-wide Adaptation Strengthened $550,000
Framework and Plan: Develop a Plan developed and awareness and
city-broad plan to build climate endorsed by city major ownership of adaptation
resilience in the city in line with a and local vulnerable and climate risk process
long-term adaptation process. Said | communities. by Paramaribo citizens
plan will guide policy makers and including the
city planners in prioritizing No less than 3 metropolitan area.
investments and programs to dissemination
achieve climate resilience. Also workshops on the scope | Increased public
design and implement a and purpose of the awareness on the
Dissemination Strategy of the Adaptation Plan for the negative effects of
Adaptation Plan for the general general public, with a climate change.
public. focus on gender-equality

and local vulnerable Public ownership of

communities in the adaptation and climate

metropolitan area. risk reduction plans and

processes within the
metropolitan area.

(i) Downtown Adaptation Enhanced flood Reduced flood risk $7,572,000

Measures: Implement adaptation
measures in the historic downtown
area of Paramaribo that illustrate
the benefits of building climate
resilience as part of a long-term
planning strategy for the city and
its metropolitan area

protection measures
along the Suriname
River next to the Historic
Downtown area,
comprising:

(a) replacement of
historic flood wall with
the construction of a
250-meter sheet-piled
wall on the south side of
Waterkant Street to
prevent flooding and
erosion along the left
bank of Suriname River;
(b) Rehabilitation of the
Sommelsdijck Canal
pump station and sluice
gates;

(c) enhancement and
expansion of an existing
area of mangroves
immediately
downstream of the
Sommelsdijck Canal
pump station; and (d)
the development of a
surface water Drainage
Management Plan
(DMP) (see Part Il for
further details and

exposure of community,
leisure, tourist and
business areas on the
waterfront adjacent to
the historic downtown
area. A consequential
outcome is that
implementation will act
as the enabler for the
broader regeneration
program proposed by
the GoS and IDB.
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justification for the
adaptation measures).
(iii) Capacity Building: Build Training plans and Strengthened GoS $380,000
capacity across the GoS materials for key institutional capacity to
stakeholders responsible for stakeholders in reduce risks associated
decision making in Paramaribo to Paramaribo in with climate-induced
ensure strong implementation and | adaptation planning and | socioeconomic and
enforcement of the Adaptation management. environmental losses
Plan; development and caused by flooding and
implementation of Knowledge No less than 3 technical | sea level rise.
Management Plan and carry out workshops to technical
training to technical and and managerial staff on | Increased participation
managerial staff on adaptation the implementation of of women in decision
planning and management. the Adaptation Plan. making processes
Special emphasis will be | related to the
made to ensure a implementation of
gender balance adaptation measures in
participation in the Paramaribo
workshops.
Institutional evaluation to
identify specific actions
to enhance the GoS
capacity to mainstream
climate change and
adaptation into policies,
regulations and
development planning.
(iv) Program Administration: Monitoring and Ensuring stated $580,000
Develop a robust plan and Evaluation plan outcomes are achieved
implementation structure to allow developed and delivered.
the Proposed Project to be
implemented, monitored and Practical knowledge
evaluated. about adaptation
processes in cities is
increased.
(v) Project Cycle Management On-time and on-budget Ensuring stated $768,000
Fee: Ensuring appropriately delivery of the Project outcomes are achieved
qualified project management and delivered.
capabilities are applied.
Amount of Financing Requested $9,850,000
Projected Calendar:
Indicate the dates of the following milestones for the proposed
project/programme
Milestones Expected Dates
Submission of Concept to AF 01/09/2017 (Complete)
Approval of the Concept by the AF Board (Estimate) 03/2017 (Complete)
Submission to AF of a Full Programme Proposal 08/2018
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Milestones Expected Dates
Approval of the Full Programme Proposal by the AFB (Estimate) 10/2018
Start of Project/Programme Implementation 07/2019
Mid-term Review (if planned) 07/2021
Project/Programme Closing 07/2023
Terminal Evaluation 07/2023

PART II: PROJECT / PROGRAMME JUSTIFICATION

41.

42.

Describe the project / programme components, particularly focusing on the
concrete adaptation activities of the project, and how these activities
contribute to climate resilience. For the case of a programme, show how the
combination of individual projects will contribute to the overall increase in
resilience.

The Proposed Project t hat forms the basis of this Full Application comprises the following
main components:

City Adaptation Framework and Plan;
Downtown Adaptation Measures;
Capacity Building; and

Monitoring and Evaluation.

The predominant component (in terms of cost and scale) are the adaptation measures
themselves.

City-Wide Adaptation Plan

The purpose of the city-wide adaptation plan is to develop a city-broad plan to build climate
resilience in the city in | ine with a lo ng-term adaptation process. Said pl an will guide policy
makers and city planners in prioritizing in ~ vestments and programs to achieve climate
resilience and compiling lessons learned in order to identify strategies and programs that can
be applied to future resilience progr ams for the city of Paramaribo. The Adaptation Pla n
provides a continuous, iterative, standardized process to implement future city-wid e
adaptation measures. The plan will build onexisting information and studies held by the GoS,
the IDB and also other interested stakeholder s such as t he World Bank. It will anticipat e
climate impacts to, and vulnerabilities for, the city of Paramaribo, and project ho w climate
change is expected to lead to impacts ranging from sea level rise to extreme weather events.
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The plan will identify potential key infrastructureand other city services thatcould be impacted
by climate change and encourage the integration of identified climate risks and vulnerabilities
within relevant Governmental policies and actions.

The process of developing the plan will involve meaningful stakehold er engagement and
interaction to both ensure collective participation, local endorsement and the oppo rtunity to
disseminate adaptation knowledge for the general pubilic.

The plan will be struct ured to systematically consider ad aptation and resilience factors
including the following:

o Define the city’s vulnerabilities and risks and the associated framework for adaptation;

o Define relevant factors in consid ering adaptation including latest knowledge/research
on climate change; short-, medium- and| ong-term risk management conside ring
uncertainty; and consideration of local and regional characteristics;

o Define and comment on existing measures and actions related to climate change and
extreme weather events;

o Define the necessary ongoing monitoring of climate change and its impacts;

) Project future climate change and its impacts

. Assess impacts, vulnerability, resilience, and risk and determine the need for adaptation
measures;

o Scope and prioritise the agreed adaptation measures;

) Ensure that climate change adaptation is wholly integrated with disaster risk reduction;

. Define the roles and expectation of the GoS, stakeholders and other relevant actors;

. Define a Climate Leadership Team for the city;

o Ensure full engagement and consultation with vulnerable groups;

o Define linkages to sectoral policies and regulations, such as building codes a nd
planning zones, to reflect climate change risks;

) Develop relevant performance indicators for climate change adaptation;

o Identify, prioritise and cost proposed adaptations and the associated interlinkages.

) Define steps totrack and assess progress a nd effects of adaptation actions and
measures;

o Communication approach including sharing with the pubilic;

o Process for review, adapting to change and responses to feedback.

A Dissemination Strategy of the Adaptation Plan and knowledge generated by its
development will be designed and implemented. No less than three dissemination workshops
will be undertaken on the scope and purpose of the Adaptation Plan for the general public,
with a focus on gender-equality and local vulnerable commu nities in the metropolitan area.
Objectives of the Dissemination Strategy include:

) Increased public awareness on the negative effects of climate change;
o Public ownership of adaptation and climate risk reduction plans and processes within
the metropolitan area;
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o Increased participation of wo men in decisio n making processes related to the
implementation of adaptation measures in Paramaribo; and
o Improved policies and regulations that promote and enforce resilient measures.

Assessing the Flooding Hazard and Risk in the Downtown Area

Since the submission of the original Concept Note application, the IDB and GoS have worked
on a series of environmental, social, economic  and technical studies to identify specific
adaptation measures for the downtown area. The details of hese studies and the findings are
summarised in the following paragraphs and relevant supporting in formation is cross-
referenced.

Building off the city-levelanalysis that the IDB prepared as part of the ESCwork (as presented
in the original Concept Note), the IDB and GaS supported a detailed site-specific risk analysis
related to flooding in the historic center of Paramaribo. Physical hazards due to flooding from
extreme climate events were cal culated and these were then used to estimate vulnerability
based on asset, population density, and lan d use information. Maximum water levels and
precipitation for 10-, 25-, 50-, and 100-year return periods were used to inform this analysis,
as well as future climate change projections . The physical hazards from flooding were
evaluated using high re solution numerical modelling of the study area and estimating risk
using analytical approaches along with a geospatial data analysis (GIS) system. In ad dition
to the base line flood a ssessment, a flood modelling st udy was conducted by applying
infrastructure improvement alternatives to evaluate the effectiveness adaptation alternatives.
This work is summarised below, and the full Site-Specific Risk Analysis report (dated July
2018) is contained in Annex A.

The analysis was performed using HEC-RAS a nd FLO-2D models, which are approved by
the U.S. Federal Emergency Management Agency for delineating flood hazards, regulating
floodplain zoning and designing flood mitigation in riverine as well as u rban systems. These
models were used to estimate the likely occurrence of flooding hazards within the Study Area
for 10-, 25-, 50-, and 100- year return periods using site-specific data collected from various
Surinamese institutions, published reports and site visits. A probabilistic inland flood hazard
analysis was performed using historic precipitation dat a to obtain Intensity Duration
Frequency (IDF) distribution during wet season using a nearest neighbour weather generator
tool. Similarly, probabilistic coastal flood hazard analysis was performed using Highest Water
Levels (HWLs) obtained for various return periods in the Suriname Rier near the Study Area.
Similar inland and coastal flooding analysis was also conducted for future years (2020, 2050
and 2080) using climate change pro jections for precipitation (derived new IDFs for climate
change years) and sea level rise obtained from Regional Climate Models driven by HadAM3
and ECHAM4. A serie s of both inland and coastal flooding hazard maps of the Study Area
and the Canal were created for the subsequent socio-economic risk analyses that resulted in
the development of economic and population risk maps that quantified damages in terms of
financial loss and population affected in the Study Area.

Analysis of flood modelling results show that in the Study Area, most of the flooding occurs
due to HWLs in the Suriname River caused by storm surges occurring at spring high tide
conditions. The baseline simulations clearly show that flooding in the Study Area begins at
the low ground elevation level of the Waterkant Street and Paramaribo Central Market,

spreads inland and then expands east and west of the Water Taxi area t owards the existing
flood wall (see Figures 12-15 below). The ground elevation near the Fort Zeelandia and the
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Van Sommeldijckse Canal area well above the 100-yr baseline HHWL resulting in no flooding.
Inland flooding in the St udy Area is caused by p recipitation and water logging shows up in
various regions, spread out sporad ically with more inundation occurring along t he Van
Sommeldijckse Canal (see Figures 16-18 below). The inland flooding happens due to overflow
from the drainage system at the Canal and various manholes in the street and non-operating
condition of sluice gates and pumps at Knuffelsgracht Street and near Central Market.

Figure 12: Coastal flooding inundation map of the ~ Figure 13: Coastal flooding inundation map of the
Study Area with the existing flood wall for the Study Area with the existing flood wall for the
baseline scenario at 10-year return period baseline scenario at 25-year return period

Figure 14: Coastal flooding inundation map of the  Figure 15: Coastal flooding inundation map of the
Study Area with the existing flood wall for the Study Area with the existing flood wall for the
baseline scenario at 50-year return period baseline scenario at 100-year return period
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Figure 16: Inland flooding map, including canal Figure 17: Inland flooding map, including canal
water overflow for the baseline scenario at 25-year water overflow for the baseline scenario at 50-year
return period return period

Figure 18: Inland flooding map, including canal water
overflow for the baseline scenario at 100-year return period

51.

52.

With climate change, coastal flooding occurs more frequently causing more damage and
disruption due to sea le vel rise. As sea level rises, coastal flooding events shift from being
minor to more extensive, result ing in more damages. Sea level rise occurrence is a slow,
multi-decadal process that alone results in gra dual coastal erosion, su bsidence and saline
intrusion. However, using extreme value theory to combine sea-level projections wit h wave,
tide and storm surge, the inten sity and frequency of coastal f looding increases to a
catastrophic level (due to gradual destabilization of the coastal region by sea level rise being
impacted by extreme flood waves). Even regions with limited water-level variability will be
subjected to unusual flood events. This can be clearly seen in the hazard maps of the Study
Area developed for climate change scenarios atvarious return periods (Figures 19-25 below).

Areas inundated with 0.0 m to 0.5 m of water correspond to low hazard; areas inundated with
0.5 m to 1.0 m of water correspond to medium hazard and areas inundated with greater than
1.0 m of water tend to correspond to high hazardlevels. The general flooding coastal flooding
pattern remains the same near the Water Taxi area for futu re years due to climate change.
However, the flooding spreads to a larger region on the east and west of the Water Taxi area
resulting in more inundation along the rear of the existing flood wall. In addition, more flooding
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happens in the Fort Zealandia area and on either side of the Van Sommeldijckse Canal for
future years due to climate change. This happens because of the limited storage and drainage
capacity of the Canal, and small-sloped flood plain regions on either side of it. There is not
much change in the inland floodin g for future years because of small percent increase in
precipitation due to climate change.

Figure 19: Coastal and inland flooding hazard map Figure 20: Coastal and inland flooding hazard map
of the Study Area with the existing flood wall for the Of the Study Area with the existing flood wall for the
climate change 2080 scenario at 10-year return ~ climate change 2080 scenario at 25-year return
period period

Figure 21: Coastal and inland flooding hazard map Figure 22: Coastal and inland flooding hazard map
of the Study Area with the existing flood wall for the of the Study Area with the existing flood wall for the
climate change 2080 scenario at 50-year return climate change 2080 scenario at 100-year return
period period
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Figure 23: Flooding hazard map of the Canal and  Figure 24: Flooding hazard map of the Canal and
its surroundings for the climate change 2080 its surroundings for the climate change 2080
scenario at 25-year return period scenario at 50-year return period

Figure 25: Flooding hazard map of the Canal and its surroundings
for the climate change 2080 scenario at 100-year return period

53. Based on this analysis, it can be concluded that two important topographical features of the
riverbank control the coastal flooding dynamics in the Study Area:

i the inland elevation; and
ii. the inland slope.

The first one restricts the onset of flooding and the second one restricts the spread of flooding.
For inland flood dynamics, slope initiates the flooding (run off) and low infiltration and
inefficient natural and constructed storm water drainage system spreads the flooding resulting
in human and property risks. The study results show most of the flooding in the Study Area is
caused by the combined influence of storm surge, tides and sea level rise, using extreme
value theory. In addition, the impact from an increase in se a level rise, overlaid even on a
typical storm surge is much larger than the co rresponding increase in extreme precipitation
resulting in less inland flooding as compared to coastal flooding.
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Identification of Potential Adaptation Measures (Alternatives Analysis)

With the cause and extent of flooding better defined, a seiies of potential adaptation measures
were identified and assessed. This work is summarised b  elow, and the full Alternatives
Selection report (dated February 2018) is contained in Annex B. Proposed adaptation
measures were selected based on a systematic evaluation of alternatives undertaken in two
stages.

The first stage consisted of identifying a broader universe of technical solutions within the
framework of floodwall, green infrastructure , and drainage system i mprovements that may
function separately or as integrated solutions. Table 4 presents a wide range of potential
technologies/alternatives that were initially identified using a variety o f sources, including
previous experience, lo cal knowledge, and t eam brainstorming/consultation. Local past
experiences on similar projects was considered in determining what might work/ not work and
was incorporated in the Table 4 below. These technologie s were then evaluated based on
site-specific conditions, implementability, cost, and effecti veness. Technologies that were
deemed inappropriate based on co mparison with these criteria were eliminated from further
consideration. Rather than involving the universe of alternat ives, the purpose of this initia |
screening of technologies was to streamline the pocess and to limit the number of alternatives
that underwent more detailed evaluation.

Table 4: Initial Technology/Alternative Screening

Technol_ogy/ Process Retained |Eliminated | Remarks
Alternatives
Regulation and Government Policy, Zoning and X Can be used for future
Policies Land Use Options development

Relocate business/market along oo .

; . Livelihood and social
. . |the shoreline and design the : .

Business Relocation . X impact, public

vacated area for recreational !

resistance, costly

use
New Flood Flood protection wall (sheet X Effective, supported by
Protection Wall piles with brick or concrete cap) flood model

. . Create new tidal basins with Limited space within city
New Tidal Basin .
) flow controls (tidal gates, X center for new

with Flow Controls .

pumps) infrastructure, costly
Rehabilitate existing | Retrofit existing old retaining X Effective, supported by
old retaining wall wall (sheet piles) flood model
Rehabilitation - Rehabilitate/retrofit existing tidal Effective. supported b
Existing Flood gates, sluice gates, and other X » SUPP y

. flood model

Control Mechanicals | flood controls

Rehabilitate/retrofit existing
Rehabilitation - stormwater infrastructure X Effective, current status
Drainage System (improve efficiency of the -poorly maintained

existing network)
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Technology/

. Process Retained |Eliminated | Remarks
Alternatives
a) Riprap/gabions/articulated X Effective for erosion
concrete blocks along shoreline protection

. . Space constraints
Shoreline Erosion b) Timber groins to promote consider using in
sediment accumulation and

Protection/ tati thi lect X combination with
Stabilization vegelative growth in selec mangrove

areas .
establishment

c) Create buffer with enhanced Proven technology in

mangrove study area
. . . Likely little impact on
Dredging Dredg_mg to Increase capacity X flood elevation and
of Suriname River .
velocity, costly
a) Install underground
stormwater retention system X
(retention vaults, pipes) and Secondary benefit to
release water at lower rate flood mitigation,
b) Construct aboveground including source of
Stormwater : ; .
water for fire protection
Reerionana | Sormwalereentonand "
Release X y P
in open spaces
Pervious pavement: Use
alternative to impervious X Consider implementing
materials (permeable in select areas of city
pavements, vegetation, ) center to reduce runoff
Rai Retrofit building with storage Difficult to implement on
ainwater
X tanks and reuse water for X a large enough scale to
Harvesting/Reuse . .
toilets, etc., have an impact
New Wastewater Separate storm and sewer and Althoug_h beneficial,
X limited impact on flood

Treatment Plant install WWTP for sewer

protection, costly

56. The technology screening descr ibed above re sulted in selecting 14 targeted site-specific
alternatives that represent viable options while preserving the concept to mitigate climate
change issues considering both inland and coastal flooding. These 14 targeted site-specific
alternatives are summarized in Table 5 and shown on Figure 26. A stakeholder engagement
was conducted on 8 November 2017 in Paramaribo to preseri the project and solicit feedback
on these identified alt ernatives. The meeting included  presentation of the  identified
alternatives as well as a descriptionof the criteria used to evaluate the alternatives and identify
those that are preferred.

Table 5: Site-Specific Alternative Description

Technology/ |Site-Specific Description
Alternatives |Alternatives
Regulations | Alternative 1: Incorporates government interventions via poilicies, zoning,
and Policies | Government policy, and land use limitation with a goal of allowing more open
zoning, and land use space and green in the city center, enforce built-up area
options restrictions, enhance water management, update master
plan, and implement environmental policies (waste
collection).
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Technology/
Alternatives

Site-Specific
Alternatives

Description

New Flood Alternative 2: New flood |Includes a new flood protection wall, approximately 250
Protection protection wall from meters (m) long, for a section from Knuffelsgracht Street to
Wall Knuffelsgracht Street to | SMS Pier along south side of Waterkant Street. The flood
SMS Pier wall consists of metal sheets pushed into the ground several
feet below the ground surface. The sheet pile will be
reinforced along the embankment side with riprap/stone. The
sheet pile will be finished with concrete/brick cap on top with
a two- to four-meter wide walkway. Roadside drainage along
the wall will be impoved and trees/plants will be planted.
Existing historic landing for small boats and a steel jetty that
are within the limits of the proposed flood protection wall will
be rehabilitated during the wall construction.
Rehabilitate | Alternative 3: Includes replacing part of existing steel sheet piles between
Existing Old | Rehabilitate existing old |Van Sommelsdijck Canal sluice gate and Fort Zeelandia;
Retaining retaining wall between riprap stone will be added in the embankment to increase
Wall Fort Zeelandia and passive pressure and bearing capacity of existing piles. Other

sluice gate in Van
Sommelsdijck Canal

components include reprofiling clay dike, increasing steel
sheet pile wall crest level, and making walkways for
pedestrians.

Rehabilitation

Alternative 4:

The existing pumping station is old and only partially

—Existing Rehabilitate Van functioning. This alternative includes adding/refurbishing one
Flood Control | Sommelsdijck pumping |pump capacity (4.5 m%s), upgrading existing mechanical and
Mechanicals |station and sluice gates |electrical system, upgrading sluice gates structures, widening
the inland water storage area, and automating operation.
Alternative 5: This alternative will require new pumps and new sluice gates,
Rehabilitate sluice gate |including new concrete structure and raising top level for high
and pumping station at | water level (HWL) protection.
Knuffelsgracht Street
Alternative 6: Involves minor improvement of existing sluice gate near
Rehabilitate Jodenbree |Central Market, adding new gates, raising top level for HWL
Street sluice gate near | protection.
Central Market
Rehabilitate | Alternative 7: Van Sommelsdijck Canal will be rehabilitated starting from
Drainage Rehabilitate Van the canal pump station to a maximum of 700 meters up-
System Sommelsdijck Canal gradient. The expansion includes removing sediments and

debris from the existing canal, profiling/regrading the canal to
gain appropriate capacity, lining the canal bottom with
concrete, and installing concrete/brick retaining wall on both
sides of the canal. To add functionality, walkways will be
constructed on both sides of the expansion with parking
facilities at certain locations. This component also includes
rehabilitating drainage (culvert) at Tourtonnelaan Street
crossing (upgradient end of the canal rehabilitation section).
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Technology/
Alternatives

Site-Specific
Alternatives

Description

Alternative 8:
Rehabilitate drainage
system along waterfront
between Knuffelsgracht
and SMS Pier

Includes improving existing stormwater and sewer drainage
system including pipes and inlet for approximately 300-meter
segment of the Waterkant Street between Knuffelsgracht and
SMS pier. Undersized/small diameter underground pipes and
inlets/outlets will be removed and replaced with larger
capacity pipes and inlet/outlet structures. After the pipes and
inlet/outlet replacement, the overlying road will be repaved.
This upgrade will ensure better collection and discharge
through the Knuffelsgracht pump station and sluice gate.

Alternative 9: Improve
Viotte Kreek drainage
system

Use large culverts or open “U” concrete channel structure to
improve discharge/reduce maintenance for approximately
350 meters between Zwartehovenburg Street and Klipstenen
Street.

Shoreline Alternative 10: This alternative focuses on erosion control by using
Erosion Riprap/gabions/ riprap/gabions/articulated concrete blocks for approximately
Protection/ articulated concrete 300 meters of shoreline.
Stabilization | blocks along shoreline
Alternative 11: Create | The existing mangrove area immediately south of the Van
buffer with enhanced Sommelsdijck Canal pump station will be slightly expanded
mangrove plantings and enhanced by planting more trees and constructing other
natural features (trapping units/wooden quays) to facilitate
growth, sediment entrapment, and protection against erosion.
Stormwater | Alternative 12: Install Installation of stormwater retention system such as vaults and
Retention and | underground stormwater |large diameter pipes to release water at a lower rate.
Release retention system

Alternative 13:
Construct aboveground
stormwater retention and
release system

Construction of swales, ponds, or similar features in open
spaces. Approximately four such aboveground units are
assumed.

Alternative 14:
Construct permeable
pavements or similar
alternatives to
impervious surfaces

Reduction in surface runoff from impervious surfaces by
converting existing surfaces to more permeable options.
Permeable pavement is assumed to be installed in Keizer
Street, Knuffelsgracht bus terminal, along Waterfront, along
Viotte and other canals.
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Figure 26: The Fourteen Targeted Site-specific Alternatives
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57. A set of site-specific criteria were then developed to assist in evaluating the 14 alternatives
identified. These evaluation criteria were broadly classified into four main categories.

i.  Technological achievement

Meeting flood protection through design life

Technological approaches

Integration of green technologies

Compatibility with existing flood protection or drainage improvements
Capital versus operation and maintenance (O&M)-intensive measures
Long-term effectiveness

ii.  Socio-political achievement
o Social consideration
o Regulatory and government involvement
. Compatibility with UNESCO World Heritage Site restrictions

iii. Environmental achievement

Stabilization of the river and drainage systems
Flood protection

Naturalization of the river bank

Ecosystem enhancement

iv.  Programmatic achievement
o Implementability
o Cost

58. Using these evaluation criteria, a multi-criteria evaluation (weighted sum mo  del) was
performed to identify the preferred alternatives. Based on the method discussed in Annex I,
the alternatives that scored highest were considered the preferred adaptation measures, as
identified in Table 6, and these were submitted to further analysis.

Table 6: High Ranked Site-Specific Alternatives

Site-Specific Alternatives

Alternative 2

New flood protection wall from Knuffelsgracht Street to SMS Pier

Alternative 3

Rehabilitate existing old retaining wall between Fort Zeelandia and sluice gate in
Van Sommelsdijck Canal

Alternative 4

Rehabilitate Van Sommelsdijck pumping station and sluice gates

Alternative 5

Rehabilitate sluice gate and pumping station at Knuffelsgracht Street

Alternative 7

Rehabilitate Van Sommelsdijck Canal

Alternative 8

Rehabilitate drainage system along the waterfront between Knuffelsgracht and
SMS Pier

Alternative 11

Create buffer with enhanced mangrove plantings

59. These seven highest-ranked alternatives were then group ed into thre e groups th at best
represent the options to address the critical components of the project, i.e., addr ess the

39



Amended in November 2013

current and future expected flooding in the Study Area, and also meet the cost re strictions
associated with the Adaptation Fund. Table 7 summarises the groupings.

Table 7: Grouped Alternatives

Group |Alternative gltern_atlye Benefits Drawbacks
escription
Alt 2 New flood protection |e Strong measure for | ¢ May temporarily obstruct
wall from coastal flood view
Knuffelsgracht Street | protection e Inland flood control requires
to SMS Pier e Adaptive to future operation of pump and gates
Alt 4 Rehabilitate Van by increasing wall |« Flood wall overlaps with
Group Sommelsdijck height N existing water t.aX| business
A pumping station and |* Addresses critical gnd_may have impacts on
sluice gates flood area livelihoods .
e Address both e Management of potentially
Alt 11 Create buffer with coastal and inland | impacted sediment
enhanced mangrove | flooding « Resolution of historic land
plantings concession required
Alt 3 Rehabilitate existing |e¢ Minimal e Critical flood area not
old retaining wall construction addressed
between Fort disturbance to ¢ Only portion of canal is
Zeelandia and sluice | rehabilitate existing | rehabilitated
gate in Van wall « Inland flood control requires
Sommelsdijck Canal |e Added functionality | pump and gates operation
Alt 4 Rehabilitate Van alolrll(g canal for e Management of potentially
- walkways im imen
Group Somrr.]e|sd|Jc|.( . Addresg both pacted sediment
B pumping station and
sluice gates gogtal flood and
limited (reduced
Alt7 Rehabilitate Van segment of canal
(*reduced) |Sommelsdijck Canal | improvement)
(250 m)
Alt 11 Create buffer with
enhanced mangrove
plantings
Alt 4 Rehabilitate Van ¢ No view e Critical flood area partially
Sommelsdijck obstruction addressed by new pump
pumping station and |e Added functionality | station (PS)—Alt5
sluice gates along canal for e Construction disturbance at
Alt5 Rehabilitate sluice | Walkways new PS — Alt 5 .
gate and pumping ¢ Address both ¢ Inland flood control requires
Group station at c;ogstal flood and pump and gates operation
c Knuffelsgracht Street | limited (reduced
segment of canal
Alt7 Rehabilitate Van improvement)
(*reduced) |Sommelsdijck Canal
(250 m)
Alt 11 Create buffer with
enhanced mangrove
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Further Analysis of Potential Adaptation Measures
i. Further Flood Risk Analysis

The effectiveness of various alternatives was evaluated by modelling them using the baseline
flood model setup (details contai ned in Annex A). For example, the flood modelling study
results for Alternatives 2 and 3 and Alternative 4 show that there is significant improvement in
the reduction of flood hazard along the river waterfront (using alternative 2 and 3, see Figure
27) and near the Van Sommeldijckse Canal for small return periods (altemative 4, see Figure
28). For future years of 2050 and 2080 with large return periods, effectiveness of flood control
decreases due to the ro uting of flood water from neighbouring regions of the riverfront. A
similar analysis holds good for the other alternatives identified.

Figure 27: Comparison of coastal flooding hazard areas of impact within the Study Area between the
existing floodwall (EW) and with the addition of the Alternative 2 and 3 conceptual design floodwalls for
the baseline scenario at 10-, 25-, 50-, and 100- year return periods
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Figure 28: Graphical comparison of flood hazard areas of impact of the Canal and its surroundings
between the existing configuration and with the addition of the Alternative 4 option at 25-, 50- and 100-
year return periods

ii. Benefit Cost Analysis

The alternatives were also further a ssessed through a detailed benefit cost analysis (BCA).
The detail behind the BCA is contained in the full Benefit Cost Analysis report (dated July
2018) is contained in Annex C. The BCA assessed which groups of projects provide the
highest positive net present value (NPV). Benefits are principally measured as the reduction
in total damages from fl oods with the adaptation measures compared to the dama ges that
would occur without the projects, under the scenario where climate change increases the
frequency and severity of floods over time. Costs include both capital and operating costs.

Table 8 shows that while all groupings have a positive NPV, Group A has the largest positive
value.
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Group Name PV Total Benefits PV Total Costs PV Net Benefits

Group A (2,4) $33.9 $8.0 $25.8
Group B (3,4,7) $16.3 $8.2 $8.1
Group C (4,5,7) $9.9 $8.9 $1.0

Confirmation of Proposed Adaptation Measures

63. Based upon the analyses performed, the three alternatives in Group A have been selected for
this Proposed Project. They demonstrate confirmed benefits against the flooding and show a
strong financial benefit. The three adaptation measures co mprise (i) Construction of a new
flood protection wall; (i) Sommelsdijck Canal pump station and sluice gates rehabilitation; and
(iii) Enhancement of mangroves. Figure 30 dep icts the location of these components within
downtown Paramaribo and the follo wing sections describe each component in more detail.
Further preliminary design proposals and details are contained in the Design Details (dated
July 2018) contained in Annex D.
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Figure 30: Location of Project Components
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i. Construction of a New Flood Protection Wall

The existing shore protection consists of a brick retaining wall, which has collapsed in several
areas, mainly because of erosion and wear and tar over time (see Figure 31 below). Although
the exact date of construction for the wall is unknown, it was present in historic photographs
dating back to the 1940’s. As part of this Project, this historic flood wall on the south side of
Waterkant Street will be replaced with a modern sheet pile wall extending approximately 250
meters from Knuffelsgracht Street to the SMS  Pier along the south side of the waterfront
(Waterkant Street, see Figures 32 and 33).

Figure 31: Existing Historic Flood Protection Wall — Note Extensive Disrepair

The proposed sheet piles will be coated to protect them against corrosion. The steel sheet
pile wall will be reinforced along the river side with locally available riprap/stone and finished
with a con crete/brick cap. The rip-rap provi des erosion controls a nd sufficient passive
pressure to keep the st eel sheet piles stable. The rip-rap will be design ed with a slope not
steeper than 1 vertical (V): 3 horizontal (H). On the river side of the current wall, the existing
shore level is high due to silt sedimentation, so a portion of the shoreline will be excavated to
enable the placement of the rip-rap.

The existing sidewalk along the new flood protection wall will also be rehabilitat ed and
extended to meet the new wall loca tion (new flood wall will be located approximately 2-3 m
from the existing brick retaining wall). Similarly, a new stormwater drai nage system will be
installed along the flood wall, under the new sidewalk, connected to the existing stormwater
inlets. The drainage will then discharge collected stormwater to the river through two outlets

45



67.

Amended in November 2013

with check valves (non-return) to protect the area from inflow during high water levels in the
river.

The existing landing for water taxis (small boats), including its roof, will be rehabilitated, and
the entrance will be made suitable for use by the water taxis after construction of the new and
taller flood protection wall. As part of early engagements with representatives from the water
taxis, temporarily relocating the water taxi landing to the “old steel jetty” 100 meters east of
their existing location was discussed, and the proposal appears to be satisfactory. Part of the
nearby existing parking area for public transpo rtation (see Figure 32) will be used during
construction of the flood protection wall and rehabilitated after. As part of early engagements
with representatives from the buses, temporaily relocating buses to the parking in tre general
area along Riverside/Broki and along the main road in closecooperation with the Traffic Police
was discussed and appear to be satisfactory. This will also be further discussed as part of
future engagements.

Figure 32: Aerial View of the Waterfront (Along Waterkant Street)
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Figure 33: Concept for the New Flood Wall
ii. Sommelsdijck Canal Pump Station and Sluice Gates Rehabilitation

The catchment area of the Van S ommelsdijck creek (Canal) is about 700 hectares and
consists of mostly urban and semi-urban area. The rainfall run off and overflow of mostly
domestic wastewater is collected through the main canal via side branches and conveyed to
a basin up-gradient to the sluice and pumping station. The sluice/pumping station discharges
water collected in the water basin to the Suriname River periodically by gravity (sluice gates)
and/or pumping (pumps). The rehabilitation of the sluice/pumping station Van Sommelsdijck
consists of 3 main activities, as shown on Figure 34 and listed below:

. Improvement of the water basin;
o Rehabilitation of sluice gates and pumping station; and
) Improvement of the outflow.

47



69.

Amended in November 2013

Figure 34: Rehabilitation Components of Sluice/Pumping Station at Van Sommelsdijck Canal

Improvement of the water basin: The water basin consists of an area of approximately 1800
m?2. Currently, the basin bottom is too shallow to store enough water for regular operation due
to sedimentation and p lant/weed growth (see Figure 35). Improvement activities i nclude
excavation of the basin to approximately 1.5-meter depth to increase the volume of storage.
The side slope of the basin will be graded to 1V:3H, and the top of the e mbankment will be
restored with grass protection.

Figure 35: Existing Condition of Water Basin
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70. Rehabilitation of sluice gates and pumping station: Currently, only one sluice gate and two
pumps (out of three pu mps) are operational, h owever the supporting control syste m is not
operational (see Figure 36). The hydraulic system is faulty and the monitoring switches are
not in operation. The sluice gate and pump s are operated manu ally. The proposed
rehabilitation of the sluice gates and pumping station mainly includes the following activities:

) Rehabilitation of the valve control system, indallation of a new electrica control system,
rehabilitation of the electrical and instrumentation systems, and the rehabilitation of the
automatic lubrication system.

o Complete overhaul of pump #1. Once pump #1 is rehabilitated, an inspection of pump
#2 will be conducted, and depending on the re sults of this inspection, critical parts of
pump #2 will be repaired. Similarly, pump #3 will also be inspected and repaired if
needed.

) Rehabilitation of four vertical lift sluice doors and the hydraulics system.

Figure 36: Existing Pump House

71. Improvement of the outflow: The outflow channel iscurrently filled with sediment from the river
(see Figure 37). The outflow channelwill be dredged/excavated to ensure sufficient dscharge
from the gravity sluices.
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Figure 37: Existing Condition of Outflow Area
iii. Enhancement of Mangroves

Mangrove trees protectt he embankments and coastal lines because the roots of the
mangrove not only dissipate wave strength, but also the water velocity before reaching land.
The net amount of sediment deposition plays an important role in the maturation of mangrove
trees. The absence of mangrove trees along the embankment or shoreline can di srupt the
balance between sediment deposition and erosion, leading to problems such as sediment
erosion. Mangrove areas also create a good habitat for different animal species.

An existing mangrove forest is immediately downstream of Sommelsdijck Canal pump station
at the confluence of the canal and the Suriname Ri ver as shown in Figure 38. In order to
create a better environment for mangrove trees to grow, the net sediment deposition has to
be much larger than the amount of sediment that is being washed away b y the river. The
existing mangrove area will be slightly expanded and enhanced to facilitate growth, sediment
entrapment, and protection against erosion. The OWTC is currently working with Professor
Sieuwnath Naipal of the Anton de Kom Uniersiteit van Suriname, and other entities t design
and construct green solutions along the coasts of Suriname to help with rising sea levels and
to protect against erosion. Professor Naipal was consulted on the design and implementation
of green solutions and the design proposed below was based on local experience and expert
knowledge.
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Figure 38: Mangroves North and South of the Canal Confluence

74. The enhancements will include constructing sediment trapping units (STU’s). STU’s are
permeable structures that partly dissipate the energy of the waves, while water with lots of
sediments is being “sieved”. This way the sediment settles inside the structure. When enough
sediment is settled and well consolidated, natural mangrove growth can take place.

75. The proposed STU’s consist of wooden piles installed a t specific distances alo ng the
shoreline. The space between the piles is filled with wood materials (such as bamboo) to trap
sediments behind the STUs. A typical detail of an STU is shown on Figure 39.

Figure 39: Typical Detail of Sediment Trapping Unit.
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Based on the size and location, the mangrove enhancement areas are divided into two sub-
areas, depicted in Figure 40 below. By implementing STU structures in the project area, the
net amount of sediment deposition and mangrove growth is expected to increase significantly.
The increased mangro ve vegetation prevents erosion of the area. Currently, there is no
protection at the outflow section of the pumping station which runs through the mangrove area
(See Figure 40). A protection STUs will be i nstalled along the either side of the outflow
channels to prevent siltation of the outflow channel. During high flow periods silts an d
sediments carried by the flow will be deposited behind the STUs installed along the outflow
channel.

Figure 40 Mangroves Enhancement Areas
iv. Surface Water Drainage Management Plan

In addition to the above three measures, a surface water Drainage Management Plan (DMP)
for the urban area of Paramaribo will be developed with the following objectives in mind:

e To facilitate the coordinated management of stormwater and wastewater systems
within catchments, and within the urban areas;

e To protect property and infrastructure against flooding by waterways;

¢ To reduce instances of local flooding by surcharging stormwater under storm e vent
conditions;

e To reduce risks tothe general p ublic associated with stormwater and related
infrastructure;

e To integrate managementinitia tives within other Government department
management plans; and

¢ To manage the drainage assets so that they provide a satisfactory level of service for
the life of the asset and within their design parameters.

The DMP will utilise existing information and studies held by the GoS, the IDB and also other
interested stakeholders such as the World Bank. It will be developed to ensure the main
surface water catchments are def ined and u nderstood, and appropriate management
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initiatives identified to ensure appropriate functioning and maintenance of the drainage
infrastructure. Key considerations to be built into the DMP include:

e Definition and linkage to community outcomes in terms of environmental, social and
economic outcomes;

o Define key legislation and relevant policies;

e Overlay of theknownandp rojected growth, demand and sustainabilit y
aspirations/objectives of the city;

¢ Define the key challenges and opportunities for stormwater drainage per catchment,
and define focus areas, actions and associated outcomes;

o Define performance expectations for these actions in cluding levels of service,
performance measures and cost effectiveness;

e Define relevant long-term infrastructure st rategies; significant infrastructure issue s
(e.g. climate change, aging networks, urban development etc.) and relevant significant
planned projects;

e Provide operations, maintenance and renewals expectations; and

¢ Define cost implications for implementation.

Capacity Building Plan

79.

80.

81.

In order to ensure stre ngthened awareness and ownership of adaptation and climate risk
process by the GoS and other re levant stakeholders, a capacity building plan will also be
developed and implemented. The aim of the plan will be to build capacity across the GoS
stakeholders responsible for decision making in Paramaribo to ensure strong implementation
and enforcement of the Adaptation Plan; dev elopment and implementation of Knowledge
Management Plan and carry out training to te  chnical and managerial staff on adaptation
planning and management. The Knowledge Management Plan will capture information, data
and lessons learned and ensure that it is appropriately managd and stored so that it is readily
accessible and understandable to the appropriate stakeholders. This plan will be reviewed
and evaluated in to ensure an effective data ma nagement process that evolves as the data
and information sets develop.

At least three technical workshops to technical and managerial staff on the implementation of
the Adaptation Plan will be undertaken, and special emphasis will be made to ensurea gender
balance participation in the workshops.

The plan will include a n evaluation, in conjunction with the GoS, of existing capacities,
knowledge and understanding, and this gaps analysis will be used to define focus areas and
needs, which may include:

o Need for focused training and education of relevant GoS officers and other identified
stakeholders;

o As part of t he plan im plementation, provide supporting resource to work with a nd
shadow GoS officers as part of their capacity building;

) Ensure that the plan is sequential and logical to ensure early successes;
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ding basic introduction to adaptation

82. All of the engagement activities shall be conducted in Dutch and where necessary other
relevant local languages.

The Proposed Project Components

83. Table 9 below describes the proposed pr

contribute to climate resilience.

oject components and details how these will

Table 9: Summary of the components forming the Proposed Project

Project Description Contribution to Climate Resilience
Component
City Develop a city-wide Adaptation -The adaptation plan will provide a framework
Adaptation Plan including the dissemination of | for managing, prioritizing and implementing
Framework lessons learned that could be used | adaptation and resilience measures along
and Plan in identifying strategies and with a standardized approach.
programs that can be applied to
future resilience programs -Local vulnerable communities increase their
knowledge about: (i) the evolution of floods
Establish a framework for and sea level rise associated-risks under
managing knowledge and climate change in Paramaribo and
disseminating lessons learned that | metropolitan areas and (ii) potential
could be used in future resilience adaptation measures to cope with observed
programs for the city of and anticipated changes in the local
Paramaribo and that could be part | hydrology.
of a city-level Adaptation Plan
Downtown Implement adaptation measures These measures will provide:
Adaptation comprising (i) Construction of a - Flood protection through physical
Measures new flood protection wall; (ii) adaptation measures along the west
Sommelsdijck Canal pump station bank of the Suriname River;
and sluice gates rehabilitation; (iii) - Erosion control measures to minimize
Enhancement of mangroves; and impacts in the subtidal zone;
(iv) development of a surface - Data knowledge and exchange with a
water DMP (as shown in Figure greater understanding and data sets
30). regarding hydrological and sediment
transport in the Suriname River; and
Sympathetic flood control measures through
complementary green infrastructure
measures.
Capacity Build capacity across the GoS -Strengthened institutional capacity of GoS on
Building stakeholders responsible for adaptation;
decision making in Paramaribo to
ensure strong implementation and | -Access to the use of materials and tools that
enforcement of the Adaptation facilitate the management, dissemination and
Plan transfer of knowledge on climate change
adaptation issues for the city of Paramaribo
and its metropolitan area.
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implemented, monitored and
evaluated

Component Contribution to Climate Resilience
Monitoring Ensure there is a robust plan and -Stepwise methodology/procedure to monitor
and implementation structure to allow and evaluate the successful implementation of
Evaluation the Proposed Project to be proposed measures while building local

capacity to monitor long term effectiveness of
implemented measures to cope with observed

and anticipated climate change impacts on
floods and sea level rise.

A. Describe how the project / programme prov ides economic, social and environmental
benefits, with particular reference to the most vulnerable communities, and vulnerable
groups within communities, inc luding gender considerations. Describe how the
project / programme will avoid or mitigat e negative impacts, in complianc e with the
Environmental and Social Policy of the Adaptation Fund.

84. With respect to Benefits, the proposed project will provide several prominent social, economic
and environmental benefits as shown in Table 10:

Table 10: Summary of Proposed Benefits

Benefits Contribution to Climate Resilience
Prevention of damage and business interruption from flooding events;
Economic Increase interest and use of the waterfront area; and
Facilitation of rehabilitation of the Downtown Historic Area, which in turn will
attract more visitors and residents to the area as well as investment.
Social Reduced flooding impacts to homes and personal wellbeing;

Increased income and job opportunities in the waterfront area;

Facilitation of rehabilitation of the Downtown Historic Area which will increase
the protection of the country’s cultural heritage;

Improve safety of the waterfront area;

Improved public health through maintenance of drainage systems; and

The Downtown area is used by vulnerable populations such lower-income
traders, and the measures will provide them with greater certainty on
continuity of trading activities.

Environmental

Protection of the Suriname River through sediment and erosion control; and
Better knowledge of the dynamics and parameters of the Suriname River.

85. In support of the Proposed Project, and Environmental and Social Impact Assessment (ESIA)
has been prepared to align with local regulatory requirements, the IDB’s environmen tal and
social policies, and the Adaptation Fund’s Environmental and Social Policy. The detail of this
assessment is contained in the ESIA in Annex E. While the Proposed Project is anticipated
to deliver benefits as d escribed above, itis also acknowledged that the Proposed Project
could also potentially lead to environmental and social impacts. Potential environmental and
social impacts resulting from Project-related activities include:

o Emissions and noise from construction vehicles and equipment;
. Loss or disturbance of vegetation and wildlife;
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Wildlife injury or mortality;

Habitat alteration (mangroves and aquatic);

Loss of income for transport businesses and workers;

Loss of view of the water (i.e., visual impacts);
Disproportionate impacts on vulnerable groups;

Decreased pedestrian and traffic safety;

Increased traffic congestion and disruption;

Decreased access to critical facilities, shopping, bus stops efc., resulting in the decrease
of tourism;

Loss of cultural heritage site authenticity and site value; and
Damage to undiscovered archaeological sites.

In summary, the ESIA determined that the Proposed Project would likely result in some
environmental and social impacts, but these inpacts could be readily mitigated and maraged,
and the Proposed Project should ensure the actions identified in the ESMP are effectively
implemented. In addition to implementing measuresto minimize or avoid the potential adverse
impacts of the ProposedProject, measures to enhance the positive effects of Project ativities,
as described in the ESMP, could be implemented (e.g., maximizing local constru ction jobs,
increased intergovernmental coordination and institutiona | strengthening, etc.) to maxi mize
the short- and long-term benefits of the Project. Ultimately, implementation of the Proposed
Project would result in positive environmental and socia | outcomes because the Project
components would address the significant flood and climate-change r elated risks that the
historic city of Para maribo and its residents face and this, in turn, would improve
environmental and social conditions in the area. Table 11 summarizes the ESIA.

Table 11: ESIA Summary - Paramaribo Climate Change Adaptation Fund Project

Impact Significant Ratings

Negligible

Minor

Moderate

Positive

Resource/
Receptor and
Impact

Project Phase

Pre-Mitigation
Impact
Significance

Mitigation Measures

Residual
Impact
Significance

Air Quality

Emissions from
construction
vehicles and
equipment

Construction

Minor

e Maintain all construction equipment
in accordance with manufacturer’s
specifications.

e  Suppress dust as needed in unpaved
areas.

¢ Avoid burning non-vegetative wastes
(refuse, etc.) at construction sites.

e Avoid unnecessary idling of
construction equipment or delivery
trucks when not in use.

Negligible
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Resource/ Pre-Mitigation Residual
Receptor and Project Phase |Impact Mitigation Measures Impact
Impact Significance Significance
Noise
Noise generated Construction Minor e Maintain all construction equipment | Negligible
by construction in accordance with manufacturer’s
equipment and specifications.
activities e  Schedule construction and
rehabilitation work during daylight
hours when increased noise levels
are more tolerable.
e Schedule construction and
rehabilitation work to minimize
activity during peak periods of
tourism and recreation (weekends,
holidays, etc.).
e Develop and implement a
Construction Communications Plan
to inform adjacent receptors (e.g.,
commercial businesses, churches,
and tourists) of construction activities.
e Use vibratory or press-in piling
instead of impact piling during shore-
based construction activities to avoid
generating impulsive noise and
vibrations.
Waste
Waste generated | Construction | Minor * Provide appropriate waste bins, Negligible
by construction type, volume and ser.v?ce frequency
to accommodate anticipated waste
equipment and streams.
activities ® Allloads arriving or leaving the site
will be appropriately secured.
®  Provide information regarding waste
management in site specific
inductions, including waste
separation and importance of
securing vehicle loads.
® Ensure licensed contractors are
used to collect controlled wastes
Biodiversity
Loss or Construction Minor e  When designing and planning work Negligible
disturbance of elements, minimize temporary and
vegetation permanent construction footprints

e Demarcate work area with fencing to
minimize disturbance or removal of
natural vegetation
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Resource/ Pre-Mitigation Residual
Receptor and Project Phase |Impact Mitigation Measures Impact
Impact Significance Significance
Wildlife injury or Construction Minor . Proper disposal of dredged material | Negligible
mortality to avoid wildlife exposure
Disturbance and/or | Construction Moderate e Conducting canal- and mangrove- Negligible
displacement of related works outside the waterbird
wildlife breeding season (April — Sept)
e  Minimize lighting
e Implement above measures to

minimize noise and air pollution
Habitat alteration — | Construction Positive e Seasonal restriction (work to be done |Positive
mangroves Operation outside of bird breeding season

which occurs from April-September)
Habitat alteration — | Construction Positive e Implement sediment control Positive
aquatic Operation procedures during in-water works to

minimize the release of fine

sediments to downstream waterways,

particularly the Suriname River
Social
Loss of income for | Construction Moderate e Execute construction activities from | Minor

transport
businesses.

the water side to reduce impacts on
land-based businesses.

Temporarily relocate land and water-
based businesses to adjacent
locations in the immediate Project
Area.

Develop and implement a Traffic
Management Plan (see Appendix H
of the ESIA in Annex E).

Develop and implement a Livelihood
Restoration Plan (see Appendix D of
the ESIA in Annex E) for potentially
Affected Persons.

Continue stakeholder engagement
through Project implementation
through the use of the Stakeholder
Engagement and Communications
Plan (see Appendix A of the ESIA in
Annex E).

Implement a Grievance Mechanims
to receive and respond to grievances
(see Appendix A of the ESIA in
Annex E).
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Resource/ Pre-Mitigation Residual
Receptor and Project Phase |Impact Mitigation Measures Impact
Impact Significance Significance
Loss of view of the | Construction Negligible e Develop and implement a Negligible
water (i.e., visual Stakeholder Engagement and
impacts) Communications Plan to keep

stakeholders informed of Project-

related activities (see Appendix A of

the ESIA in Annex E).
Loss of tourism Construction Negligible e Develop and implement a Negligible

Stakeholder Engagement and

Communications Plan to keep

stakeholders informed of Project-

related activities (see Appendix A of

the ESIA in Annex E).
Impacts on Construction Negligible e Implement a Grievance Mechanims | Negligible
Vulnerable groups, to receive and respond to grievances
including women (see Appendix D of the ESIA in
patrons and a Annex E).
disabled patron e Install proper lighting in the Project

Area for early-morning and late-

evening commuting;Ensure safe

conditions for mooring, including

boardwalk with railings;

e Ensure adequate ground surfaces for
patron mobility (e.g., high heels and
crutches); and
e Conduct Gender Awareness Training

for contractors and their staff.
Boost to the local | Construction Positive e Implement job quotas for local Positive
economy through employment and sourcing
provision of jobs to requirements for construction
local companies contractors based on the size and
and workers and scope of the Project
locally sourced
materials
Traffic
Decreased Construction Minor ¢ Implement Traffic Management Plan | Negligible
pedestrian and to include early notification of road
traffic safety closures, detour signage, and safety

programs and measures for

pedestrians and bicyclists (see

Appendix H of the ESIA in Annex E).
Increased traffic Construction Minor e Incorporate public transportation Negligible
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Resource/ Pre-Mitigation Residual
Receptor and Project Phase |Impact Mitigation Measures Impact
Impact Significance Significance
congestion and alternatives (e.g., pedestrian and
disruption bus) into Traffic Management Plan
Decreased access | Construction Minor Implement Access Management Plan | Negligible
to critical facilities, to maintain continuous access
shopping, bus through careful staging and
stops etc. sequencing of construction activities
and provision of alternatives where
needed
Cultural
Resources
Loss of cultural Construction Minor Consult with the relevant cultural Negligible
heritage site Operation heritage stakeholders and develop
authenticity due to management plans and measures to
construction of avoid or minimize short-term and
Project permanent Project impacts to the
Paramaribo WHS.
Loss of cultural Construction Minor Consult with the relevant cultural Negligible
heritage site value | Operation heritage stakeholders and develop
due to Project management plans and measures to
components avoid or minimize short-term and
changing the permanent Project impacts to the
historic landscape Paramaribo WHS.
of the Paramaribo
WHS and
diminished site
view from historic
buildings
Damage to Construction Minor Implement a Project Chance Finds Negligible
undiscovered Procedure during all Project ground
archaeological work (see Appendix F of the ESIA in
sites due to Annex E).
construction of
subsurface Project
components
Health and Safety
Impacts on health | Construction Minor Develop and implement a Negligible

and safety of
workers and public

Construction Health and Safety Plan
(see Appendix E of the ESIA in
Annex E).

Disaster Risk
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Resource/ Pre-Mitigation Residual
Receptor and Project Phase |Impact Mitigation Measures Impact
Impact Significance Significance
Flood risk due to Operation Moderate ¢ Implementation of the Project itself. Positive

current layout of
locality and also
projections for
future changes in

climate

Specific to vulnerable communities and vulne rable groups within communities, the ESIA
includes a social impact assessment on potential social receptors including the following:

o Loss of income for businesse s in the transp ort industry in the Project Area during
construction;

. Loss of view of the water (i.e., visual impacts);

. Loss of tourism;

o Adverse and disproportionate impacts on vulnerable groups;

o Negative health and safety consequences;

. Reduced flooding; and

. Job creation.

As described in the ESIA, the sign ificance of potential social impacts was evalu ated by
determining the magnit ude of each change, including considerations of the typ e (direct,
indirect, induced, or cumulative), nature of change, extent and scale (size of the change), and
duration (temporary, short term, long term, or permanent) of each pote ntial impact, and the
sensitivity of the social receptor. These are summarized below.

Loss of Income for Tra nsportation Businesses: The construction of a new flood protection
wall, which is expected to last between 4 to 8 months, could directly impact businesses in the
transport and hospitality industries in the Project Area. Although Waterkant Street will remain
open, land-based transportation businesses limited to the two bus lines—PG and LIJN—and
taxicabs would not be able to contin ue loading/unloading/parking immediately in front of the
existing flood protection wall due to safety concerns during construction. Similarly, water-
based transportation businesses (i.e., watertaxis)w ould not be able to continue
loading/unloading/docking at their current dock due to the same safety concerns. R iverside
Bar/Terrace, the only identified restaurant in the hospitality industry in the Project Area, would
be able to remain open and operational. Given the concentration of and the short duration of
the potential impact, the magnitude has been determined to be small to medium

A small portion of the potentially Affected Persons identified in the census/socio-e conomic
survey whose income could be imp acted have low annual income levels (e.g., wate r taxis),
an attribute associated with medium to high vulnerability. However, other Affected Persons
far exceed the minimum wage in Suriname and have low vulnerability. In order to minimize
the impacts to minor to moderate, the mitigations that follow below are recommended. It is
important to note that these mitigations measures were developed taking into account the
results of the stakeholder engagement activities carried out from November 2017 to Ma y
2018. They were further consultedin three meaningful stakeholder engagements  conducted
in July 2018 to engage in two-way exchange on specific Project information and the planned
mitigation measures.
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The maijority of construction activities will be executed from the water sid e. Buses that park
along Waterkant Street remain in the general area and be temporarily relocated to the Bus
Terminal, which is expected to remain open, 2 00 meters west of their existing location and
100 to 200 meters east and west along Knuffelsgracht Street. Water taxis will remain in the
general area and be te mporarily relocated to the “old steel jetty” 100 meters east of their
existing location, and the old pier’s current con dition be improved in order to be of equal or
better quality than their existing loca tion. A Traffic Management Plan will be developed and
implemented to help facilitate busing routes and alternative stops in the immediate study area
as appropriate. In addition, a Livelihood Restoration Plan (LRP) has  been developed and
implemented for any stakeholder that is potentially impacted during co nstruction in order to
make them whole, alth ough this is not expected after implementing the other mitigation
measures.

A Stakeholder Engagement and Communication Plan has also been developed and will
continue to be implemented, in additiontoa  Grievance Mechanism. This mechanism is
designed to receive, facilitate in vestigation, and respond to grievances from Project
stakeholders and Affected Persons; and it will be managed by design ated personnel (e.g.,
Community and Social Coordinator for the GoS).

After construction, both land- and water-based businesses in the tran sport industry are
expected toreturnto their preconstruction locations as proposed by each respective
stakeholder group.

Loss of Water View: The new flood protection wall along Waterkant Street may temporary
obstruct residents and tourists’ view of the water during consfruction as a result of equipment,
vehicles and construction fencing. This impact is concentrated between Knuffelsgracht Street
and SMS Pier along Waterkant Street and there will remain water views outside of this small
area. The disruption will be temporary ind uration (i.e., 4 to 8 mo nths); therefore, the
magnitude has been determined to be ne gligible. This impact would equally and
discriminatorily affect residents and tourists of ranging vulnerabilities.

After construction, and based on e ngineering plans, the new flood protection wall will be
comparable to the existing flood protection wall north of the Site; and it will not impede
residents or tourists’ view. The location of the floodwall extension is also at a lower elevation
than its surroundings, hence the reason for continual flooding. This impact is determined to
be negligible and no mitigations are necessary.

Vulnerable Groups: As part of the census, a total of four individuals self-identified as Maroon
or Indigenous, both of which can be labeled as Indigenous People in accordance with the
IDB’s policy OP-765. These Indigenous People are fully integrated into urban life in

Paramaribo as identified in the baseline. The Project does not disproportionately impact them
as a result of their identity, e xclude them from participation, impede on their rights or claims
to territorial or culturally significant lands, or prevent them from fulfilling traditional ways of life.
As such, it is expected they will enjoy equal access to the Project’s overall benefits, and that
the Project’s mitigation measures and ESMP will extend to them without discrimination.

Similarly, only two women were ide ntified in the census and occupy roles in the transport
industry similar to men. However, with relation to transport patrons, at a rdio of approximately
3:2, more women than men take water taxis an d buses in the Project Area. It is important to
highlight that women will not be disproportionately adversely impacted. Finally, only one

patron in the Project Area was identified as having a physical disability at the time of baseline
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studies, but he had physical mobility and could Iad/offload the water taxis without assistance.
Despite not expecting disproportionate impacts for these groups, the Project will include the
following measures to ensure that any potential risks are fully mitigated:

o Proper lighting in the Project Area for early-morning and late-evening commuting;

) Adequate ground surfaces to ensure patrons have ease of mobility (e.g., high heels or
crutches); and

o Gender Awareness Training for contractors and their staff.

98. No additional mitigations are necessary. Vulnerable groups will have equal access to the
Project and associated safeguards (e.g., entittements as part oft he LRP, gr ievance
mechanism as defined in the Stakeholder Engagement and Communications Plan).

99. Reduced Flooding: Presently, flooding is a severe problem during rainfall and high tide in the
Project Area, especially near and around Knuffelsgracht Street. The Project, as a result of the
three selected components will re duce flooding, thereby improving hygiene, sa fety, and
accessibility. This is consequently a positive impact.

100. Job Creation: Construction activities for all thre e components will likely provide jobs to
local construction companies and workers, and the Project would likely source some materials
from the local economy. This would have a positive impact on the Suriname economy.

101.  The positive impact will be enhanced in the following ways:

o Adopt preferential contracting for local companies with capacity.
o Require international contractors to partner with local engineering firms.
o Require contractors to source locally where possible.

102. ltis estimated that the construction of the project will utilize approximately 12 local laborers
on average day and approximately 20 local laborers on peak periods.

B. Describe or provide an analysis of the co st-effectiveness of the proposed project /
programme.

103. As summarised in paragraphs 55 and 56, and in Figure 29, a detailed benefit cost analysis
(BCA) has been undertaken. The detail behind the BCA is contained in the full Benefit Cost
Analysis report (dated July 2018) is contained in Annex C. The BCA demonstrated that
the selected projects had the largest positive value againstthe options considered and yielded
good cost-effectiveness.

C. Describe how the project / programme is  consistent with natio nal or sub-national
sustainable development strategies, incl uding, where appropriate, national or sub-
national development plans, poverty reduction strategies, national communications,
or national adaptation programs of action, or other rele vant instruments, where they
exist.

104. This project is fully alig ned with Suriname’s Multi-Annual Development Plan (Nationaal
Ontwikkelingsplan) of 2012-2016, which calls for action to address the negative impacts of
climate change and prioritizes the protection of Suriname’s vulnerable coastal zone from sea
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level rise through the effective implementation of adaptatio n measures, as highlig hted in
Suriname’s Second National Communication to the United Nations Framework Co nvention
on Climate Change. Proposed actions are also in line with priorities set forth in the National
Climate Change Policy, Strategy and Action Plan and Suriname’ s Intended National
Determined Contribution (INDC).

As previously emphasized, downtown adaptation measures will directly reduce flooding in
Paramaribo’s historical center (due to rising sea level). In addition, the project will enhance
the GoS’ capacity to properly identify and pr epare climate change adaptation projects
compatible with the Multi-Annual Development Plan.

Describe how the project / programme meet s relevant national technical standards,
where applicable, such as standards for environmental assessment, building codes,
etc., and complies with the Environmental and Social Policy of the Adaptation Fund.

106.

The Proposed Project will fully comply with the following applicable standards:

o Relevant Suriname legislation and policies as described and presented in the ESIA in

Annex E;

o The IDB’s social and environmental policies; and
o The Adaptation Fund’s Environmental and Social Policy Statement.

107.

Specific to the Adaptation Fund’s Policy, Table 12 provides a summary of alignment.

Table 12: Project Compliance with Applicable Adaptation Fund Policies and Safeguards

Principle

Requirements for Funding

Applicability to the Paramaribo Project

1 - Compliance
with the Law

Projects shall be in
compliance with all applicable
domestic and international
law.

This Project would be conducted in
compliance with all applicable local
Surinamese regulations, international
agreements, and IDB safeguards and
policies as discussed previously in this
Section.

2 - Access and
Equity

Projects shall provide fair and
equitable access to benefits in
a manner that is inclusive and
does not impede access to
basic health services, clean
water and sanitation, energy,
education, housing, safe and
decent working conditions,
and land rights.

This Project is an infrastructure project
designed to protect and enhance
downtown Paramaribo by reducing flood
risk and vulnerability to climate change. Its
benefits are distributed across all users of
the area equally and once construction
activities are finalized, it would not
negatively impact any of the stakeholders
in the Area of Influence (see Section 5 of
the ESIA).
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Principle

Requirements for Funding

Applicability to the Paramaribo Project

3 - Marginalized
and Vulnerable
Groups

Projects shall avoid imposing
any disproportionate adverse
impacts on marginalized and
vulnerable groups.

This ESIA analyzes Project-related impacts
in relations to Indigenous People and
women; however, neither group is
expected to be disproportionately impacted
in any way due to the magnitude of
impacts. Preventative measures have been
proposed to address any issues (e.g.,
Grievance Mechanism) as part of the
Project’'s ESMP (see Section 6 of the
ESIA).

4 - Human Projects shall respect and This Project is an infrastructure project
Rights where applicable promote designed to protect and enhance
international human rights. downtown Paramaribo by reducing flood

risk and vulnerability to climate change.
Human rights issues are not anticipated as
a result of this Project.

5 - Gender Projects shall be designed and | This ESIA analyzes Project-related impacts

Equality and implemented in such a way in relations to Indigenous People and

Women’s that both women and men 1) women; however, neither group is

Empowerment have equal opportunities to expected to be disproportionately impacted

participate as per the Fund
gender policy; 2) receive
comparable social and
economic benefits; and 3) do
not suffer disproportionate
adverse effects during the
development process.

in any way due to the magnitude of
impacts. Preventative measures have been
proposed to address any issues (e.g.,
Grievance Mechanism) as part of the
Project’'s ESMP (see Section 6 of the
ESIA).

6 - Core Labor
Rights

Projects shall meet the core
labor standards as identified
by the International Labor
Organization.

ILO’s Core Conventions deal with freedom
of association and right of collective
bargaining (No. 87 and 98), forced labor
(No. 29 and 105), child labor (No. 138 and
182), and equal remuneration (No. 100 and
111). Suriname has ratified all of these
Conventions and has domestic laws to
uphold such labor principles. The Project
will incorporate contractual language to
ensure Contractors meet this requirements
and this will be monitored.
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Principle

Requirements for Funding

Applicability to the Paramaribo Project

7 - Indigenous
Peoples

Projects shall be consistent
with the rights and
responsibilities set forth in the
UN Declaration on the Rights
of Indigenous Peoples and
other applicable international
instruments relating to
indigenous peoples.

This ESIA analyzes Project-related impacts
in relations to Indigenous People and
women; however, neither group is
expected to be disproportionately impacted
in any way due to the magnitude of
impacts. Preventative measures have been
proposed to address any issues (e.g.,
Grievance Mechanism) as part of the
Project’'s ESMP (see Section 6 of the
ESIA).

8 - Involuntary
Resettlement

Projects shall be designed and
implemented in a way that
avoids or minimizes the need
for involuntary resettlement.

No involuntary physcial resettlement would
occur as a result of the implementation of
this Project. The Project could result in
economic displament of those in the
transport and hospitality industries in the
immediate Project Area; however, this risk
has been mitigated by the Project's ESMP
and related Livelihood Restoration Plan
contained in the ESIA.

9 - Protection of
Natural Habitats

The Fund shall not support
projects that would involve
unjustified conversion or
degradation of critical natural
habitats.

There are no critical natural habitats in the
Area of Influence of the Project. Biological
resources impacts and mitigation measures
are discussed in Sections 5 and 6 of the
ESIA.

10 - Projects shall be designed and | No significant adverse impact to
Conservation of | implemented in a way that biodiversity would occur as a result of
Biological avoids any significant or implementation of this Project, as
Diversity unjustified reduction or loss of | discussed in Sections 5 and 6 of the ESIA.
biological diversity or the
introduction of known invasive
species.
11 - Climate Projects shall not result in any | Project activities are only expected to result
Change significant or unjustified in insignificant increases to GHGs during

increase in greenhouse gas
emissions (GHGs) or other
drivers of climate change.

the construction phase. Relevant
mitigation measures are discussed in
Sections 5 and 6 of the ESIA.
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Principle Requirements for Funding Applicability to the Paramaribo Project
12 - Pollution Projects shall be designed and | The Project’'s ESMP and related plans
Prevention and implemented in a way that provide mechanisms to ensure Project
Resource meets applicable international | conformance with this policy. (see Section
Efficiency standards for maximizing 6 of the ESIA).
energy efficiency and
minimizing material resource
use, the production of wastes,
and the release of pollutants.
13 - Public Projects shall be designed and | As with Policy 2 above, this Project is an
Health implemented in a way that infrastructure project designed to protect
avoids potentially significant and enhance downtown Paramaribo and
negative impacts on public once construction activities are finalized,
health. would not negatively impact any of the
stakeholders in the Area of nfluence (see
Sections 5 and 6 of the ESIA).
14 - Physical Projects shall be designed and | Because downtown Paramaribo is a WHS,
and Cultural implemented in a way that Cultural Heritage is thoroughly discussed in
Heritage avoids the alteration, damage, | Sections 4 and 5 of the ESIA. Mitigation

or removal of any physical
cultural resources, cultural
sites, and sites with unique
natural values recognized as
such at the community,
national or international level.

measures relative to cultural resources are
presented in Section 6 of the ESIA.

15 - Lands and
Soil
Conservation

Projects shall be designed and
implemented in a way that
promotes soil conservation
and avoids degradation or
conversion of productive lands
or land that provides valuable
ecosystem services.

This Project will take place in the highly
developed landscape of downtown
Suriname. Soil conservation and land
conservation are not applicable to this
Project.

E. Describe if there is duplic ation of project / programme wit h other funding sources, if
any.

108. Thereis noduplication of projects with other funding sources.There is one complementary
project; IDB’s Parama ribo Urban Rehabilitation Program (SU-L10 46) which has been
approved January 25, 2017. The Urban Reha bilitation Program aims to revitalize the city
center and proposes the renovation of public spaces, restoraton and rehabilitation of heritage
buildings, creation of new housing projects to pr omote mixed-use, and the development of
new business strategies with private sector p articipation. Parts of the se interventions are
located along the wate rfront as is the Proposed Project. The urban interventions in this
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Proposed Project will pr otect the city center, its users and residents from flooding and the
effects of climate change while the Urban Rehabilitatio n Program focuses on spatial
interventions and the re use of heritage buildings. Close collaboration b etween IDB’s teams
responsible for the Proposed Proj ect and the Urban Reh abilitation Program will prevent
overlapping of the projects. Additionally, there are 3 IDB members participating in both teams
to assure that the projects are complementary.

In addition, the World Bank is currently preparing the Saramacca Canal System

Rehabilitation Project (SCSRP), aimed at reducing flood risk for the people living in the
Greater Paramaribo area and improve the operation of the Saramacca Canal System for flood
risk management and navigation. The Saramacca canal is located in an adjacent watershed
to the proposed project to the Adaptation Fund. The expected results of the SCSRP are: (a)
Improved capacity of the Saramacca Canal to discharge water efficiently into the Suriname
and Saramacca Rivers; and (b) Establishment of a functio ning monitoring, forecasting, and
operational management system for the overall Saramacca drainage system. This makes it
complementary to this proposed project by reducing the flood risk of Paramaribo.

F.

If applicable, describe the learning and knowledge management component to
capture and disseminate lessons learned.

110.

111.

A Knowledge Management Plan will be develo ped to capt ure information, dataa nd
lessons learned. This Plan will ensure that this information is:

Appropriately managed and stored so that it is readily accessible and understandable;

Appropriately shared among stakeholders; and

Reviewed and evaluated to ensure the data management process is working effectively and
also evolving as the data and information sets develop.

In addition, training to technical and managerial staff o n adaptation planning and
management will be del ivered via te chnical workshops. Special emphasis will be made to
ensure a gender balance participation in the workshops. Training plans and materials for key
stakeholders in Paramaribo in adaptation planning and management will also be delivered.

Describe the consultative process, includ ing the lis t of stakeholders consulted,
undertaken during project preparation, with particular reference to vulnerable groups,
including gender considerations, in comp liance with the Environmental and Social
Policy of the Adaptation Fund.

112.

The GoS and the IDB h ave undertaken a series of consultation exercises to assess the
potential impacts, gain views and insights from stakeholders and also to get technical inputs
on the likely adaptation measures. These consultation events have included:

o  Workshops with Government and n on-Government stakeholders on hazards and

risks and the potential impacts of climate change;
. A livelihoods survey of all businesses and traders in the waterfront area;
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° Focused engagements and meetings with potentially affected parties through end of
2017 to June 2018; and
e  Public consultation exercises.

Appendix A of the ESIA contained inAnnex E contains the project’s Stakeholder Engagement
and Communications Plan. This plan details the con sultation activities that have been
undertaken over the last 2 years. Further consultations will be carried out during preparation
stages associated with this project to guarantee that selected adaptation measures are
approved by the benefited communities.

. Provide justification for funding requested, focusing on the full cost of adaptation

reasoning.

113.

114.

As previously highlighted, Paramaribo is susceptible to natural disasters exacerbated by

climate change. One of main areas that get affected by these events is its city center including
the historic inner city. The historiccenter was designated by the UNESCO as a World Heritage
Site in 2002 and accommodates currently mainly governmental offices and institutes, banks,

educational facilities and tourist attractions. However, the area has been undergoing physical,

social, and economic deterioration, which has been a growing source of concern for the GoS,

given that this area concentrates hist orical and cultural heritage buildings, monuments, and

urban sites. In addition to the deterioration of theWHS, the area gets frequently flooded which
also contributes to the decay of historic buildings, pub lic spaces and exacerbates th e

accessibility from and to the city center. People residing, working in or traveling through this

area experience mayor difficulties. On the latter, it's important to underline that the city center

of Paramaribo is the city's mayor public transport hub.

As a result, the GoS asked for IDB’s support to address some of these challenges and is
currently executing a U S$20 million loan —ap proved in early 2017-- to contribut e to the
revitalization of the area by means of (i) renewal of urban spaces and restoration of key
heritage buildings; (ii) i mprovement in urban mobility; (iii) promotion of economic and
residential activities; and (iv) strengthening the irstitutional framework for managing the area’s
sustainable development.

115. Therefore, funding for the adaptatio n measures included in this proposal is critical, as it

would help deliver co mplementary interventions to those set forth inthe ID B’s Urban
Rehabilitation Program for Paramaribo. In absence of funding from the Adaptation Fund, the
GoS, which is currently under macro-fiscal stre ss, would need to resort to other sources of
funding to invest in climate change adaptation in the downtown area.

Describe how the sustainability of the pr oject/programme outcomes has been taken
into account when designing the project / programme.

116.

Sustainability of the Proposed Project has been a core element of the development of the
project. The ESIA has assessed both the risks and benefits of the Proposed Project, and the
fact the pro ject itself focuses on climate adaptation, it nat urally builds resilien ce when
implemented. The main identified actions that need to be enforced during project preparation
and execution to guarantee sustainability of project outcomes are:
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e Build capacity across the GoS stakeholders: The Proposed Project will allow the GoS
stakeholders responsible for decision making in Paramaribo to develop capacity to design,
implement and monitor climate change adaptation measures. This build capacity will also
allow the ownership of the project by GoS and local communities. Long term sustainability
of project outcomes is guaranteed as long as these are aligned with current and planned
strategies to urban development plans prepared for Paramaribo metropolitan area.

e Prevent floods: The Proposed Project will minimize and, in some cases eliminate flooding
risk areas within the wat erfront representing reductions in economic losses and create
resilience against natural hazards and climate change. Also, the proposed project will
improve the existing physical conditions of the west bank of the Suriname River and the
Sommeldijckse drainage canal. The proposed project includes the incorporation of green
infrastructure that will make the hard measures being more sympathetic and preserve its
sustainable balance.

e Contribute to different sectors in Paramaribo. The Proposed Project will develop a more
detailed picture of the vulnerabilities to floods of the different socio-economic sectors in
Paramaribo urban area, particularly within the waterfront area. It also co ntributes to the
national climate change policy and raise awareness of the issue of climat change among
policy makers and the general public.

e Maintenance of infrastructure (drainage and protection): The cent ral GoS has a
maintenance program that provides resource s to the Ministries. The Ministry of Pu blic
Works is responsible for the maintenance of the waterways, the dikes and river protection
structures. A part of the team of the Ministry of Public Worksin charge of maintenance will
be trained and the Mi nistry will b e equipped with the r equired machinery if special
maintenance is needed.

e The involvement of the local communities: The GoS is r esponsible for informing and
consulting the inhabitants that could be affected by large (infrastructural) constructions.
Workshops, information sessions and consultation meetings are commonly used to gain
ownership by the community. These events wi Il be organized by the GoS during the
preparation, design and implementation phase of the Proposed Project.

J. Provide an overview of th e environmental and social impacts an d risks identified as
being relevant to the project / programme.

117. The environmental and social impacts and risks of the project have been presented in the
previous sections. The following Table 13 presents the environmental and social impacts and
risks of the project.

Table 13: Project Environmental and Social Impacts and Risks

Checklist of Potential impacts and risks —

: No further assessment further assessment and
environmental and ; ; .
social principles required for compliance management_reqwred for
compliance
Compliance with the Law | Will be compliant n/a

Access and Equity
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Marginalized and
Vulnerable Groups

Human Rights

Gender Equity and
Women’s Empowerment

Will be fair and equitable and
respectful of
marginalized/vulnerable
groups, human rights and
gender

The potential impacts are deemed
to be at worst minor and at best
positive. The Project's ESMP,
including a Stakeholder and
Engagement and Consultation Plan
and a LRP will ensure any
potentially affected party has due
recourse

Core Labour Rights

Will be compliant

n/a

Indigenous Peoples

No significant impacts on
Indigenous Peoples

The potential impacts on
indigenous peoples is deemed
negligible. The Project's ESMP,
including a Stakeholder and
Engagement and Consultation Plan
and an LRP will ensure any
potentially affected party has due
recourse

Involuntary Resettlement

No physical resettlement will
occur; however some
temporary relocation of
businesses will happen

The Livelihoods Restoration Plan
drafted by the IDB includes a
mechanism for ensuring that for the
unavoidable temporary relocation of
some businesses and potential
associated economic displacement,
due process is observed so that
affected persons shall be informed
of their rights, consulted on their
options, and offered technically,
economically, and socially feasible
temporary resettlement alternatives
or fair and adequate compensation

Protection of Natural
Habitats

The Proposed Project will not
involve unjustified conversion
or degradation of critical
natural habitats, and through
the adoption of green solutions
as part of the flood protection
measures, it is the intent to
enhance the biodiversity
benefit of the Proposed Project

Biodiversity impacts have been
assessed as negligible, and through
the proposed mangrove restoration,
positive benefits will accrue.

Conservation of
Biological Diversity

No further assessments
required

Biodiversity impacts have been
assessed as negligible, and through
the proposed mangrove restoration,
positive benefits will accrue.

Water resources

Design and implement
Environmental and
Management Plans (ESMPs)

The Proposed Project will develop a
Soil Erosion and Sediment Control
Plan, including erosion controls
such as minimizing the extent of
disturbed areas and
stabilizing/revegetating disturbed
areas as soon as possible, and
sediment controls such as hay
bales, silt fences. Develop a Waste
Management Plan that identifies
acceptable methods for handling
and disposing of solid and
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hazardous wastes, including any
contaminated soils. Provide
designated areas for fuelling and
maintenance that have containment
and spill control capabilities

benefit through the drainage
improvement measures. No
impacts are expected

Climate Change No significant GHG emissions | n/a
are expected

Pollution Prevention and | The project will have a net n/a

Resource Efficiency benefit through the drainage
improvement measures. No
impacts are expected

Public Health The project will have a net n/a

Physical and Cultural
Heritage

The project will have a net
benefit on cultural heritage. No
impacts are expected

Implementation of the Project’s
Cultural Heritage Management Plan

Lands and Soil
Conservation

Design and implement
Environmental and
Management Plans (ESMPs)

Develop a Soil Erosion and
Sediment Control Plan, including
erosion controls such as minimizing
the extent of disturbed areas and
stabilizing/revegetating disturbed
areas as soon as possible, and
sediment controls such as hay
bales, silt fences. Develop a Waste
Management Plan that identifies
acceptable methods for handling
and disposing of solid and
hazardous wastes, including any
contaminated soils. Provide
designated areas for fuelling and
maintenance that have containment
and spill control capabilities

PART Il

IMPLEMENTATION ARRANGEMENTS

A. Describe the arrangements for project / programme implementation.

Summary of Implementation Arrangements

118.

Project Execution. The beneficiary will be the Republic of Suriname. The Ministry of Public

Works, Transport and Communication (MPW) th rough the Department of Civil Water Works
(DCWW) will be responsible for the execution. The specific implementation arrangements will be
as follows:

119. A Program Implementation Unit (PIU) will be e stablished within the existing institu tional
structure of the DCWW. To this end, the DCWW will be strengthe ned through the hiring of
qualified and specialized personnel dedicated t o the program, including, inter alia, a program
coordinator and specialists in procu rement, financial management, social, and environmental,

which will be financed with resources from the grant. Considering that the entire program will be
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executed through a redu ced number of contracts to be carried out during the first two years of
execution, all specialists will be hired on a part- time basis, except the program coordinator who
will be on a full-time contract.

120. The PIU will be re sponsible for carrying out all the operational and fiduciary obligations
(including procurement, financial management and social and environmental safeguards)
necessary for program execution and for maintaining all fo rmal communication with the Bank.
Among other responsibilities, the PIU will be: (i) peaforming technical and operational coordination
of the prog ram; (ii) pr ogramming, approving and f inancing all projects and activities; (iii)
supervising the formul ation, execution, and evaluation all interventions; (iv) preparing and
updating the Pluri-annual Execution Plan (PEP), Annual Operational "Plan (AOP), Procurement
Plan (PA), Risk Matrix (RM), and the Progre ss Monitoring Report (PMR);  (v) submitting
disbursement requests and preparing financial statements; and (vi) contracting and supervising
the program’s mid-term and final evaluation. The detail ed responsibilities of the PIU will be
presented in the POM, which will define the rule s, eligibility criteria, procedures and
responsibilities during execution.

121. The establishment of th e Project Implementation Unit (PIU), including the selection or
appointment of the specialized personnel, namely, project coordinator, financial management
officer, procurement specialist, social specialist and environmental specialist; and the approval
and entry into effective of the Program Operations Manual (POM), in the terms previously agreed
with the Bank, is a special contractual clause prior to the first disbursement.

122. The undertaking of activities of Component |l and lll (related to d evelopment of the
Adaptation Management Plan and Capacity Building, respectively) will be carried out with the
support of the National Environme ntal Unit (NEU). To that end, atle ast one member of its
technical personnel will be assigned to provide the necessary technical support to the PIU in
matters concerning the effective implementation of such Components. Init s capacity as the
advisory body to the government to formulate and enforce a National Environmenta | Policy, the
NEU will be also responrsible for convening other government institutions and ministries in matters
related to the plan development and capacity bu ilding activities. The signing of a collaboration
agreement between the Ministry of Public Works, Transport and Communication and the National
Environmental Unit, establishing t heir responsibilities during project execution is a special
contractual clause prior to the disbursement of Component | and Il

123. Given the nature of the construction works to be executed in Component Il (including the
new flood wall located immediately east of the Knuffelsgracht Street and Waterfront), external

supervision will be contracted. The fulfilment of conditions related to so cial and environmental
matters, which will be d etailed in the ESMR; and the evidence of non-objection on the part of
UNESCO, or one of its designated advisory bodies, to the corresponding project’s final designs,
is a special contractual clause prior to the bidding of works in Component 1.

124. Procurement and contracting. It will follow the Policies for the procurement of works and
goods financed by the Bank (GN-2349-9), and the Policies for selection and contracting of
consultants financed by the Bank (GN-2350-9), as well as the fiduciary arrangements included in
Annex IlI.

125. Disbursement and financial management. The disbursement period is four years. The
Bank will make disbursements in accordance with program liquidity needs as evi denced by its
current and anticipat ed commitments and obligation s following the adva nce of funds
methodology. These advances, which will cover liquid ity needs for a period not exceeding six
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months, will be calculat ed based on the semi-annual cash flow projections for the period.
Subsequent advances may be disbursed once 80% of th e total accumulated balance pending
justification has been submitted and accepted by the Bank.

The external audit of the program will be performed by an independent audit firm acceptable to
the Bank. Audits will be performed in accordance with the Bank’s guidelines for financial reporting
and external audit. The PIU will b e responsible for contracting of an eligible auditing firm to
perform the program audit as follows: (i) annual financial audit reports to be submitted within 120
days of the end of each fiscal year; and (ii) one final financial audit report to be submitted within
120 days after the date of last disbursement.

B. Summary of Arrangements for Monitoring Results

The program’s monitoring is based on the standard Bank instruments: (i) the PEP a nd AOP; (ii)
the PA,; (iii) the Results Matrix and Monitoring Plan (MP); and (iv) the PMR. Semi-annual progress
reports will be presented within thirty (30) days after the end of the corresponding semester and
should include the outcomes and outputs ach ieved in the correspon ding execution period
according to the Annual Operation Plan (AOP), the Pro curement Plan, the Results Matrix, a
description of the status of compliance of the environmental and social obligations, all according
to the terms and con ditions of the ESMM and this C ontract. The PIU will maintain an
administrative information system to register all relevant events in program implementation. This
system will furnish all the required information for complet ing the financial and administrative
reports and will be a key instrument for program monitoring.

Evaluation. Two evaluations will be performed: a midterm and a final evaluation. The midterm

report will include: (i) the outcomes of the physical-financial execution; (ii) the degree of fulfillment
of targets in the Results Matrix; (iii) the degree of fulfilment of environmental requirements; (iv) a
summary of the results of the audits and of the improvement plans; and (v) a summary of the

main lessons learned.

The final evaluation will adopt a reflexive appro ach, comparing the status of indicators in the
Results Matrix before and after the program’s interventions. In addition, an ex post economic

analysis will be conducted to verify whether the program actually achieved the economic rates of
return estimatede x ante (See Monitoring and Evaluation Arrangemen ts).

B. Describe the measures for financial and project / programme risk management.

126. Following table presents project’s identified risks and prop osed mitigation activities for
those classified as medium.
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Expanded Risk Assessment for the project*

Risk
Type of : Probability Impact Classification L s . :
Risk * R Classification | Classification | (High, Medium HEETS o (e ComplERes e sy
or Low)
IEZl?r:g&Cthéw;mgzin 1. (i) Livelihood Rehabilitation
Disaster Risk | Plan prepared; (ii) Disaster
Management and Risk Management Plan
Stakeholder Engagement prepared; (iii) Stakeholder
and Consultation Plans Engagement and Consultation
Civil works may be . : ’ Plan prepared; (iv)

; designed to improve both o .
delayed, so it communication with Communication seminars
increases concerns stakeholders and executed; (v) Mitigation

. raised by residents, : . . measures included at the
Environmental ; reduction of risks in the
) business owners and L ESMP to reduce expected
and Social . historical center area. .
. . public transport " e impacts to users executed.
Sustainability . . Additionally, mitigation N .
users during the 2 2 Medium measures have been 2. (vi) Hiring a Social
construction phase. included in the Specialist is part of the
Environmental and Social (cj:gr;)dltlons for f|rsf
Management Plan to o ur§ement, (vii) :
reduce expected impacts Compliance of the estimated
to public tfansport uzers timing for the construction
during construction phase works (from 6 to 12 months).
Infrastructure The interventions of this
investments could be project form part of a
affected by long-term series of interventions
Environmental flooding given that that_ the G(_)vernmer_ﬂ of (i) City-level Adaptation Plan
. the area of Suriname is executing . .
and Social ; S . o developed; and (ii) World
intervention is a low- 1 3 Medium with different sources of

Sustainability

lying territory,
vulnerable to climate-
related risks. The
project may not be

financing, i.a. own
resources and World
Bank. These investments
will be part of the City-

Bank project approved.

4 Summary from the expanded risk assessment in accordance with the GRP procedures guide:
5 The principal means of mitigation defined with the Client will be included.
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Expanded Risk Assessment for the project*

Risk
Type of : Probability Impact Classification L . :
Risk * R Classification | Classification | (High, Medium Means of Mitigation® ComplERes e sy
or Low)
able to fully address level Adaptation Plan that
flooding in the area. will be financed with this
project.
The poor
g(rjgn;lnnif;tc?otlr:/zystem A F_’rojgct Implementation
of the Ministry of .Un|t will be createq to
Public Works !mplemerl]tl the perJect gnd
Transport anéj is a condition prior to first
Communication may ,(’?\Islzt’)rléii{n gngrations
Management influence the internal Manujal will Ee adopted (i) Project Implementation Unit
and governance controls 2 > Medium where the organizational created; and (ii) Project
Governance in relation to the truct ibilit Operations Manual approved.
independency of structure, responsibilities
specific functions and authorities W|II_b_e
and corresponding presented gmphasmng
separation and on the chain of command,
delegation of span of con_trol_and lines
authority and of communication.
responsibilities.
- A Project Implementation
-I!’:(ta)l:\c/;“\rl]\llzt:lzls()f Unit \_NiII be .createc_i that_
Transport anc,i consists of i.a. a F|r_1ar10|al
Communication Management Spc_amahst.
. A Project Operations
current staffing levels Manual will be developed | (i) Project Implementation
and capacity may be anual witl be develope "10) .p " .
Fiduciary insufficient to Medium with clear financial Unit created; and (ii) Project
efficiently manage 2 2 management procedures | Operations Manua2|

the infrastructure
works and provide
proper oversight on
fiduciary
responsibilities.

considering the project’s
fiscal space, separation of
duties, cash
management, bank
reconciliation, accounts
payable, threshold signing

approved.
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Expanded Risk Assessment for the project*

Risk
Type of : Probability Impact Classification L . :
Risk * R Classification | Classification | (High, Medium Means of Mitigation® ComplERes e sy
or Low)
rights, authorized
signatures on bank
accounts etc. Also, an
accounting software
complying with the Bank’s
policies will be procured.
Additionally, staff of the
execution unit will be
trained in the Bank’s
financial management
procedures and policies
and reporting
requirements.
The existing internal
control system The project will
related to monitoring incorporate a monitoring
and evaluation and and evaluation plan that (i) Project Implementation
communication and will be developed and Unit created that consists of
social engagement managed by the Project i.a. a Project Coordinator and
. of the Ministry of Coordinator. Also, a a Social Specialist;
Monitoring and Public Works strategic and pragmatic (ii) Monitoring and Evaluation
Accountability ' 2 2 Medium

Transport and
Communication may
be not sufficient for a
critical success of the
execution and
management of the
project

stakeholder
communication and
engagement strategy will
be developed and
deployed by the Social
Specialist.

Plan approve; (ii) ESMR and
Livelihood Rehabilitation Plan
approved.

* De velopment; Public Management and Go vernance; Macroeconomic and Fiscal Sustain ability; Environmental and Social
Sustainability (According to IDB Policie s OP-703; OP-704; OP-710; OP-765; and GN-2531-10); Reputation; Monitoring an d
Accountability; Fiduciary.
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C. Describe the measures for environmental and social risk management, in line with
the Environmental and Social Policy of the Adaptation Fund.

127.

The ESIA in Annex E contains a detailed assessment of the potential environmental and

social risks, and Table 15 (which is taken from the ESIA) summarizes the approach that the
Project proponent and other involved parties (e.g., local contractors) would follow to manage,
mitigate, and monitor the potential impacts of the Project. It includes the Project commitments
and mitigation measures as identified in the E SIA, and also reference s a series of relevant
management plans that have been prepared and are contained in the appendices.

Table 15: ESMP Measures and Related Management Plan and Monitoring Recommendations

manufacturer’s specifications.
Schedule construction and
rehabilitation work during
daylight hours and to minimize
activity during peak periods of
tourism and recreation (weekends,
holidays, etc.).

Develop and implement a
Construction Communications
Plan to inform adjacent receptors
(e.g., commercial businesses,
churches, and tourists) of
construction activities.

Use vibratory or press-in piling
instead of impact piling during
shore-based construction to avoid

. Monitorin
Resource/Receptor Project Phase Mitigation Measures Execut}o_n . M.ea.ns (.)f and °
and Impact Responsibility | Verification R .
eporting
Air Quality
Emissions from Construction |See Appendix C for a Construction Construction Site Monthly
construction Environmental Management Plan, contractor inspection progress
vehicles and which includes the following;: during reports
equipment ¢ Maintain all construction construction |during
equipment in accordance with construction
manufacturer’s specifications.
e Suppress dust as needed in
unpaved areas.
e  Avoid burning non-vegetative
wastes (refuse, etc.) at construction
sites.
¢ Avoid unnecessary idling of
construction equipment or
delivery trucks when not in use.
Noise
Noise generated by |Construction |See Appendix C for a Construction Construction Site Monthly
construction Environmental Management Plan, contractor inspection progress
equipment and which includes the following;: during reports
activities ¢ Maintain all construction construction |during
equipment in accordance with construction
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. Monitorin
Resource/Receptor Project Phase Mitigation Measures Execut.10_11 . M.ea.ns (.)f and ®
and Impact Responsibility | Verification R .
eporting
generating impulsive noise and
vibrations.
e  Limit construction noise levels to
applicable standards such as BS
5228-1:2009+a1:2014 (British
Standards Institution 2014), or
FTA-VA-90-1003-06 (U.S. Federal
Transportation Authority (FTA))
Waste
Waste generated by |Construction |See Appendix C for a Construction Construction Site Monthly
construction Environmental Management Plan, contractor inspection progress
activities which includes the following;: during reports
e  Provide appropriate waste bins, construction |during
type, volume and service construction
frequency to accommodate
anticipated waste streams.
e  Allloads arriving or leaving the
site will be appropriately secured.
e  Provide information regarding
waste management in site specific
inductions, including waste
separation and importance of
securing vehicle loads.
¢  Ensure licensed contractors are
used to collect controlled wastes
Biodiversity
Biodiversity Construction |See Appendix C for a Construction Construction Site Monthly
management in Environmental Management Plan, contractor inspection progress
general including which includes the mitigation during reports
the items below measures below. construction |during
construction
Loss or disturbance |Construction (¢  When designing and planning Construction Site Monthly
of vegetation work elements, minimize contractor inspection progress
temporary and permanent during reports
construction footprints construction |during
e  Demarcate work area with fencing construction
to minimize disturbance or
removal of natural vegetation
Wildlife injury or  |Construction |Proper disposal of dredged material to |Construction Site Monthly
mortality avoid wildlife exposure contractor inspection  |progress
during reports
construction |during
construction
Disturbance and/or |Construction ¢  Conducting canal- and mangrove- |Construction  |Site Monthly
displacement of related works outside the contractor inspection  |progress
wildlife waterbird breeding season (April - and reports
Sept) interview of |during
e  Minimize lighting construction |construction
e Implement above measures to contractor

minimize noise and air pollution

79




Amended in November 2013

. Monitorin
Resource/Receptor Project Phase Mitigation Measures Execut.10_11 . M.ea.ns (.)f and ®
and Impact Responsibility | Verification R .
eporting
Habitat alteration - |Construction [Seasonal restriction (work to be done |Construction  |Site Monthly
mangroves Operation outside of bird breeding season which |contractor inspection  |progress
occurs from April-September) reports
during
construction
Habitat alteration - [Construction (Implement sediment control Construction  |Site Monthly
aquatic Operation procedures during in-water works to  |contractor inspection progress
minimize the release of fine sediments reports
to downstream waterways, particularly during
the Suriname River construction
Social
Loss of income for |Construction e  Execute construction activities Construction Interviews  |Monthly
transport from the water side to reduce Contractor - with progress
businesses impacts on land-based businesses. |Community construction |reports
e  Temporarily relocate land and Liaison Officer |contractor during
water-based businesses to adjacent and affected |construction
locations in the immediate Project parties
Area.
e Develop and implement a Traffic
and Pedestrian Management Plan
(Appendix H).
e  Develop and implement a
Livelihood Restoration Plan (see
Appendix D) for potentially
Affected Persons.
e  Continue stakeholder engagement
through Project implementation
through the use of the Stakeholder
Engagement and Communications
Plan (see Appendix A).
Implement a Grievance
Mechanims to receive and respond
to grievances (see in Appendix A).
Loss of water view |Construction |  See mitigations for “loss of income |Construction Interviews  |Monthly
for transport businesses.” No Contractor - with progress
additional mitigations are Community construction |reports
necessary. Liaison Officer |contractor during
and affected |construction
parties
Loss of tourism Construction |e  See mitigations for “loss of income |Construction Interviews  |Monthly
for transport businesses.” No Contractor - with progress
additional mitigations are Community construction |reports
necessary. Liaison Officer |contractor  |during
and affected |construction
parties
Provision of Construction |Implement job quotas for local employment|Construction Records Monthly
construction jobs to and sourcing requirements for construction|contractor review and  |progress
local companies contractors based on the size and scope of interview of |reports
and materials the Project construction
sourced from the contractor

local economy
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. Monitorin
Resource/Receptor Project Phase Mitigation Measures Execut.10_11 . M.ea.ns (.)f and ®
and Impact Responsibility | Verification R .
eporting
Potential vulnerable Construction [e  Install proper lighting in the Construction Records Monthly
groups (gender or |Operation Project Area for early-morning contractor review and  |progress
disability related) and late-evening commuting; interview of |reports
¢  Ensure adequate ground surfaces construction
and associated infrastructure (such contractor
as ramps) for patron mobility (e.g.,
high heels and crutches) at both
the temporary unloading dock and
the rehabilitated location post
construction; and
e  Conduct Gender Awareness
Training for contractors and their
staff.
Traffic
Decreased Construction |Implement Traffic and Pedestrian Construction Site Monthly
pedestrian and Management Plan to include early contractor inspection  |progress
traffic safety notification of road closures, detour during reports
signage, and safety programs and construction
measures for pedestrians and bicyclists
(Appendix H).
Increased traffic Construction |Incorporate public transportation Construction Site Monthly
congestion and alternatives (e.g., pedestrian and bus) |contractor inspection  |progress
disruption into Traffic and Pedestrian during reports
Management Plan (Appendix H) construction
Decreased access to |Construction |Implement — Traffic  and  Pedestrian|Construction Site inspection|Monthly
critical facilities, Management Plan to maintain continuous|contractor during progress
shopping, bus stops access through carefl_JI stagi_ng and construction  |reports
etc. sequencing of construction activities and
provision of alternatives where needed
(Appendix H)
Cultural Resources
Loss of cultural Construction |Consult with the relevant cultural Construction Interviews  |Monthly
heritage site Operation heritage stakeholders and develop and |contractor with relevant |progress
authenticity due to implement Cultural Heritage stakeholders, |reports
Project Management Plan (see Appendix F) to site
implementation avoid or minimize short-term and inspection
permanent Project impacts to the
Paramaribo WHS.
Loss of cultural Construction |Consult with the relevant cultural Construction Interviews  |Monthly
heritage site value |Operation heritage stakeholders and develop contractor with relevant |progress
due to Project management plans and measures to stakeholders, |reports
changing the avoid or minimize short-term and site
historic landscape permanent Project impacts to the inspection
of the Paramaribo Paramaribo WHS (see Cultural
WHS and Heritage Management Plan in
diminished site Appendix F).
view from historic
buildings
Damage to Construction |Implement a Project Chance Finds Construction Interviews  |Monthly
undiscovered Procedure (CFP) during all Project contractor with progress
archaeological sites ground work (see Cultural Heritage construction |reports

due to construction

Management Plan in Appendix F).
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. Monitoring
Resource/Receptor Project Phase Mitigation Measures Execut.10_11 . M.ea.ns (.)f and
and Impact Responsibility | Verification .
Reporting
of subsurface workers, site
Project components inspection
Health and Safety
Management of Construction |Develop and implement a Construction Construction Records Monthly
health and safety of Health and Safety Plan (see Appendix E)  |contractor review and  |progress
both construction interview of |reports
workers and the construction
public contractor
Climate Change and Natural Hazards
Climate change and |Construction |Implement a Construction Construction Interviews  [Monthly
natural hazards Operation Environmental Management Plan and |contractor with progress
a Health and Safety Plan construction |reports
workers, site
inspection

D. Describe the monitoring and evaluation arrangements and provide a budgeted M&E

plan.

|.  Monitoring

128. The purpose of monitoring activities is to follow up program progress in achieving the

expected results, as expressed in the Results Matrix (RM) and identify issues and problems
during execution that can be corrected in due time. The monitoring program will be based on
the RM, on the of activities described in the Annual Operating Plan (AOP), on the Multiyear
Execution Plan (PEP), in the detail of the physical and financial performance of the products
contained in the semiannual progress reports, and on the procurement, procedures contained
in the Procurement Plan (PP). The beneficiary will submit semiannual progress reports to the
Bank. The beneficiary agreed to use the RM and the activities defin ed in the Program
Monitoring Report (PMR), as the b asis to monitor the program’s implementation. Monitoring
activities include also annual financial audits to verify the compliance with finan cial and
administrative procedures required by the Bank.

A. Indicators

129. Monitoring activities will be guided by the indicators expressed in the program’s Results

Matrix, specifically those classified as output indicators. The following table includes these
indicators, frequency of measurement and source of verification.

Table 16: Output Indicators

. Unit of Frequency of Means of
Indicator P
measure Measurement Verification

Component 1 - City-level Adaptation Framework and Plan

City-wide  Adaptation Plan for Plan Annually, Year 2 - 3 Acceptance by

Paramaribo developed Program
Implementation Unit
(PIV).
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] Unit of Frequency of Means of
[XEEHE measure Measurement Verification
Final version of the
Adaptation Plan
available on the web
page of the MPW
Dissemination Strategy designed Strategy Annually, Year 3 -4 | Acceptance by PIU.
Final version of the
Dissemination
Strategy and copies
of  the training
materials available
on the web page of
the MPW.
Component 2 - Downtown Adaptation Measures
Flood protection wall from mts. Annually, Year 3 -4 | Acceptance of Work
Knuffelsgracht Street to SMS Pier with (AW) by PIU
roadside drainage improvements, built Field reports from
external supervision
activities.
Van Sommelsdijck pumping station | Pumping Annually, Year 3—-4 | AW by PIU.
rehabilitated station Field reports from
external supervision
activities.
Mangroves restored in the outlet of Van | Ha. Annually, Year 2 -3 AW by PIU.
Sommelsdijck canal Field reports from
external supervision
activities.
Drainage Management Plan for urban | Plan Annually, Year 3—-4 | AW by PIU.
Paramaribo, designed and Field reports from
implemented external supervision
activities.
Component 3 - Capacity Building
Knowledge Management Plan | Plan End of Year 1 Acceptance by PIU.
developed On-line training
modules operational.
Capacity Building Plan on adaptation | Training Annually, Year 2-3 - | AW by PIU.
planning and management developed 4 Workshops’ list of
and implemented. participants.
Table 17: Output Annual Costs (in US$000)
Output Yelar Cost Y‘;ar Cost | €| cost Y‘Zar Cost Erl?e%ft Cost
City-wide
Adaptatlc_)n Plan for y 275 1 275
Paramaribo
developed
Dissemination
Strategy designed ! 275 1 275
Flood protection
wall from
Knuffelsgracht 250 | 3,964 250 3,964
Street to SMS Pier
with roadside
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Year Year Year Year End of
Output 1 Cost 5 Cost 3 Cost 4 Cost project Cost

drainage
improvements, built
Van Sommelsdijck
pumping station 1 [2,7415 1 2,741.5
rehabilitated
Mangroves restored
in the outlet of Van 0.16290.5 0.16 | 290.5
Sommelsdijck canal
Drainage
Management Plan
for urban
Paramaribo,
designed and
implemented
Knowledge
Management Plan 1 150 1 150
developed

Training to technical
and managerial staff
on adaptation
planning and
management
carried out.

1 576 1 576

1 77 1 77 1 76 3 230

B. Data Collection Instruments

130. The data on the program outputs will be coll ected as indicated inthe Table 18. The
Coordinator of the PIU, that will also be responsible for the planning and monitoring activities
of the program, will prepare a Program Monitoring Plan (P MP) that will detail the source of
information, data, indicators, statistics and methodology to be used for the supervision of each
one of the activities of the program. It will also prepare semiannual progress reports for review
by the Bank. The information for monitoring pr ogram progress will be pr ovided to the Bank
following the formats and indicators included in the Result s Matrix (RM), Acquisitions Plan
(AP), Multiyear Execution Plan (PEP) and Annual Operative Plan (AOP).

131. Mostinformation will begenerated by either: (a) acceptance of works documents presented
by contractors to the PIU; (b) direct inspection visits by PIU personnel; and (c) certification of
field reports from external supervision activities presented by consultants to the PIU for their
corresponding payment. This information will be consolidated by the PIU in the program’s MP
and reported semi-annually to the Bank. Annually, the information will be included in the AOP
presentation and discussion proce ss with the B ank. This will allow per iodic evaluations to
compare progress in achieving RM goals, including explanations whenever any distortion is
identified.

132. The expected cost for data collection is $USD98.000°, covered by the Program.

6 Thisis the estimated costs for the Program Coordinator who will also be responsible for the planning and monitoring

activities of the program.
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Table 18: Data Collection Activities and Schedule

Monitoring Activities Year 1 Year 2 Year 3 Year 4 Responsible
112|13|14|1[2|3[4[1]2]3/4|1]2]|3|4

Collection of Indicators PIU

City-wide Adaptation P lan for PIU

Paramaribo developed’

Dissemination Strategy designed?® PIU

Flood protection wall from PIU

Knuffelsgracht Street to SMS Pier,

with roadside drainage

improvements. constructed

Van Sommelsdijck pumping station PIU

rehabilitated

Mangroves restored in the outlet of PIU

Van Sommelsdijck canal

Drainage Management Plan for PIU

urban Paramaribo, designed and

implemented

Knowledge Management Plan PIU

developed

Trainings on adaptation planni ng PIU

and management implemented.

C. Progress Reporting

133. The PIU will present periodic monitoring reports, based on consolidated information
gleaned from the program’s AlS. Reports based on this information will be used to update the
Semi-Annual Progress Report and the Bank’s Program Monitoring Report (PMR). A midterm
evaluation will be undertaken. It will include: (i) the outcomes of the physical-financial
execution; (ii) the degree of fulfil Iment of targe ts in the re sults matrix; (iii) the degree of
fulfillment of environmental requirements and works maintenance; (iv) a summary of the
results of the audits and of the improeement plans; (v) a summary of themain lessons learned.
The midterm evaluation will be conducted in the second six months of the second year of
implementation. The costs of preparingt  hese products are included in the Program
Administration Costs, used to pay for PIU personnel, auditing and program evaluation.

134. The benéeficiary shall submit to the Bank annual Audited Financial Statements (EFA) within
120 days of the close of each fiscal year, duly audited by an independent auditing firm and
semiannual progress reports prepared by the auditing firm hired.

135. The PIU will prepare and send to the Bank a final evaluation report which will serve as input
for the Completion Rep ort Project (Project Completion Report-PCR), 90 days counted from
the date 90% of the loan has been disbursed.

D. Coordination and Monitoring Work plan

136. The MPW will hire a systems operations and program monitoring specialist as program
coordinator, who will be responsible for monitoring program activities, which include: (i) to

7 This will include the development of a survey before the formulation of the Plan, with the aim to identify and include
the concerns of the population in the Adaptation Plan ($25,000).

8  This will include the development of a survey after the dissemination process to verify if the main concerns raised
during the consultations with the population have been included to the Plan ($25,000).
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develop, maintain and update the data regarding monitoring indicator s; (ii) coordinate the
collection and processing of information on program actions and prepare semiannual progress
reports; (iii) identify problems, delays and external factors affecting the program proposing,
where appropriate, remedial measu res; and (iv) support monitoring internal meetings and
program evaluation and supervision missions and evaluation of the Bank.

137. The Bank and the PIU will hold meetings twice a year to monitor jointly the progress in
implementing the operation. Also, t he PIU, in conjunctio n with the Bank, will hold  official
inspection visits at least twice a year to assess the progress of the program.

138. When inspection visits identify delays in physical and financial implementation, appropriate
measures will be established to identify: (i) the main difficulties in implementation, (ii) actions
to overcome the difficulties; and (iii) the time and costs thereof.

Table 19: Monitoring Work Plan

Source
Monitoring Year 1 Year 2 Year 3 Year 4 Responsible Cost
Activities (US$000)

/

11213|/4|11]12|3|4]1]2]3]4|1]2|3|4

Program Monitoring
Plan (PMP) is PIU Coordinator
established

Program/
UsS$100.8°

Information
Collection and PIU
updating of the PMP

Inspection Visits to
ongoing works by PIU
PIU personnel

Consolidation of
Information and
presentation of semi-
annual reports

PIU

Annual Operation
Plan discussion with PIU/IDB
IDB Staff

Meeting with IDB

staff PIU/IDB

Survey before the
formulation of the
Adaptation Plan for
Paramaribo, with the
aim to identify and
include the concerns
of the population in
the Adaptation Plan

Program/

PIU US$2510

Survey after the
dissemination
process to verify if PIU
the main concerns
raised during the

Program/
us$25"

9  Corresponds to the Program Coordinator’s remuneration. Included in the Personnel costs.
0 Included in the Activity 1.1; Component 1, budget.
" Included in the Activity 1.2; Component 1, budget.
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Source /
Monitoring Year 1 Year 2 Year 3 Year 4 Responsible Cost
Activities (US$000)
11213[4|1(2]3[4]|1]2]3|4(1]2]|3|4
consultations with
the population have
been included to the
Adaptation Plan
Financial Audits
PIU/ Program/
consultancies Us$100
Total Costs
Program/
US$250.8

I[I. Evaluation

139. The evaluation of the program will be done once the program has been completed in order
to determine if its objectives have been achiev ed. The questions the evaluation will answer
are listed below.

A. Evaluation Questions

140. The evaluation will answer the following questions:

¢ Did awareness of the Paramaribo citizens related to predicted adverse impacts of climate
change on flooding increased after program completion?

¢ Was there significant participation on women in consultation activities of the Cit y-wide
Adaptation Plan?

o Was the modeled expected coastal and inland inundation area in the Paramaribo Historic
center reduced after the interventions?

o Were the modeled expected annual economic losses from flooding in the waterfront area
reduced after the interventions?

e Did the selected in stitutions increased their capacity to minimize exposure to climate
change from flooding in the historic area of Paramaribo?

¢ Was there significant completion of trainings from women (technical and managerial staff)
across GoS stakeholders?

B. Evaluation’'s Outcome Indicators.

141. The following indicators are used for the evaluation:
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. : Means of

Indicator Unit Frequency ViErT Tresino
Paramaribo citizens living or working | Surveyed End of year 1 Results of baseline
in the historic area aware of citizens with and 4 and end of project
predicted adverse impacts of climate | appropriate surveys available on
change on flooding, and of responses / the Web page of the
appropriate responses over the Surveyed MPW. Acceptance
number of unaware citizens. citizens by PIU
Women participating in consultation Female End of year 1 Gender participation
activities of the City-wide Adaptation | participants / and end of lists of consultation
Plan over number of total Total project activities
participants. participants

Reduction in modeled expected

Square meters

End of year 1

Model developed for

coastal and inland inundation area in and end of the project will be
the Paramaribo Historic area. project run using a
specialized software
package to assess
flooding risks.
Reduction in modeled expected Surinamese Model Model developed for
annual economic losses from Dollar developed for | the project will be
flooding per square meter in the (2018) per the project will | run using a

waterfront area.

square meter

be run using a

specialized software

specialized package to assess
software flooding risks.
package to

assess

flooding risks.

Institutions with increased capacity to | Number of Years 2, 3 and | List of institutions
minimize exposure to climate change | Institutions 4. participants
induced flooding in the historic area Acceptance by PIU
of Paramaribo

Number of female technical and Female End of project. | Lists of participants
managerial staff across GoS participants that by gender

stakeholders that completed the
trainings over number of total training
participants.

completed the
trainings / Total
participants that
completed the
trainings

Acceptance by PIU

142. The program’s evaluation will determine if the program’s objectives were achieved by
answering the evaluation questions. This will be done by analyzing if the outcome indicators
in the results matrix achieved their expected targets. In addition, an economic ex pos t cost-
benefit analysis will be carried out at the end of tle program, to determine the actual economic
rate of retum of the program and establish whether the program generated more benefits than
costs to Suriname.

143. In order for the survey to measure the results indicator 1 (awareness), the sample size (n)
should be at of at least 384 effective surveys. This sample size was estimated using a 95
percent confidence level and a 5 percent sample error (e):
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. ZZNp(1 —p)
e?(N-1)+Zip(1-p)
Where:
N: 250.000 (Paramaribo’s population)
Z:1.96
p: 0.5
e: 0.05

C. Reflexive Evaluation:

144. A reflexive evaluation will be undertaken to answer the evaluation questions and thus if the
program achieved its d evelopment objectives. This will be done by comparing the outcome
indicator before and after the program and determining whether each outcome reached their
expected targets. The data on the outcome indicators will b e collected as specified in table
above.

145. The outcome indicators related to awareness of climate associated risks require a survey
of Paramaribo citizens at the end of the project. The survey will the | evel of awareness of
predicted adverse impacts of climate change on flooding after the program and compare it to
the time prior to the program intervention.

146. The reduction for both inundation a rea and annual economic losses will be derives from
flood risks models, which will be updated with the end of project delivered downtown
adaptation measures and complemented with an ex-post economic analysis (se e ex-ante
economic analysis in the following link).

D. Economic Ex Post Evaluation

147. The aim of the ex post evaluation is to verify i f the estimated economic rate of return
(ERR) and the Net Present Value (NPV) as well as the assumptions used in the ex-ante cost
benefit analysis were robust and accrued after progeam implementation. The results of the ex-
ante analysis yielded the following: Using a discount rate of 12%, the program generated a
Net Present Value (NPV) of US$25.8 millions.

148. The ex post cost benefit analysis will use the same methodology employed in the ex-ante
analysis and is described below. For the ex-post cost-benefit analysis, a new ERR and NPV
will be calculated using the investment costs and maintenance costs incurred. Likewise, the
economic benefit will be the property value differential that accrued in the historic city center
after the program interventions were completed.

E. Coordination and Evaluation Work Plan

149. The final evaluation will be conducted in the final six months of program implementation. It
will combine the ex post economic analysis and the evaluation of the results indicators of the
Results Matrix. These evaluations will be contracted to an independent consultant who may
hire a re search team to conduct specific data collection activities related to the mobility
component and to the property valuation data.
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150. The evaluation activities by the consultant will be carried out in direct coordination with the
Bank and the PIU and will include:
e Collect the information on the outcome indicators included in the results matrix.

o Collect all information necessary to answer the evaluation questions an d undertake the
ex-post cost benefit analysis.

o Undertake the cost-benefit economic analysis of the program following the methodology
used in the ex-ante analysis and presented above.

o Write an evaluation rep ort that answers the evaluation que stions substantiated by data
and presents the ex post cost benefit analysis of the program.

¢ Hold meetings with Bank / PIU and the main actors involved in the design and execution
of the operation to obtainthe necessary information to carry out the evaluation and to kep
them informed of the its progress, results and findings.

F. Data Collection and Evaluation

151. The information will be compiled based on the Results Matrix and the ex-ante Economic
Analysis. Table 21 presents the evaluation activities schedule.

Table 21: Evaluation Activities and Schedule

Activities Year 1 Year 2 Year 3 Year 4 Responsibilities
1/2/3[4|1]2[3]4]1]2 3/4/1]2] 3 4]|/Cost

Hiring of Consultant to undertake PIU/ US$20.000

midterm evaluation

Hiring of Consultant to undertake PIU/ US$25.000

final evaluation inclu ding data

collection.

Hiring of Consultant to undertake PIU/ US$35.000

PCR (includes CBA ex post)

Total US$80.000

G. Presentation of Evaluation Reports

152. The PIU will prepare a nd submit to the Bank an evaluation report based on th e two
(2) assessment methodologies at the end of the program. Once they have been accepted by
the Bank, these two evaluation reports willb e made available to th e public thr ough the
websites of the PIU. Th ese evaluations will be conducted b y consulting firms, which will be
hired by the PIU and financed with investment grant proceeds.

153. The beneficiary has agr eed with the methodologies for all the evaluat ions and ex post
economic evaluation. The budget of US$80.00 0 is included in the program as pa rt of the
program administrative costs.

E. Include a results framework for the project proposal, including milestones, targets
and indicators.

154. Table 22 presents a results matrix for the project.
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Results Matrix

Project objective

The main objective of the project is to contribute to increasing the adaptive capacity of communities living in Paramaribo city and in particular
historic downtown vulnerable areas to cope with observed and anticipated impacts of climate change on floods and sea level rise.

OUTCOMES

Component 1: City-level Adaptation Framework and Plan

Outcome 1: Strengthened awareness of climate associated risks and ownership of adaptation process by Paramaribo citizens including the

metropolitan area

Indicator

Unit of
measure

Baseline

Baseline year

Year 1

Year 2

Year 3

Year 4

End of
project

Comments/ Means of
verification

Paramaribo citizens living or
working inthe historic area
aware of predicted adverse
impacts of clim ate change on
flooding, and of appropriate
responses over the number of
unaware citizens.

Surveyed
citizens with
appropriate
responses /

Surveyed

citizens

TBD

2018

Comments: (i) Aware citizens will be those
that understand flooding inundation hazard
land risk maps for the historical area and
are able to use this information to
recognize critical levels of risks; (ii)
baseline data will be obtained through a
survey before starting project
implementation. At the end of the project a
second survey will be carried out together
with a simple test. (iii) Country official
population data for the historic area will be
used to estimate targeted population.

Means of verification: Results of baseline

land end of project surveys.

\Women participating in
consultation activities of the City-
wide Adaptation Plan over
number of total participants.

Female
participants /
Total participants

0.0

2018

40

0.0

0.0

0.0

40

Comments: (i) The Adaptation Plan (AP)
will cover all the city of Paramaribo and its
metropolitan area. (ii) the AP is a dynamic
document that will need to be revised
periodically and should be connected to
the national priorities established in the
country’s National Determined Contribution
(NDC) and the National Adaptation Plan;
(iii) At least 40% of women participation is
considered to be a “gender-balanced” for
UN/EU.

Means of verification: Participation lists of

consultation activities.
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Component 2: Downtown adaptation hard measures

Outcome 2: Population and businesses serving historic downtown Paramaribo reduce their exposure to flood events

Indicator

Unit of
measure

Baseline

Baseline year

Year 1

Year 2

Year 3

Year 4

End of
project

Comments/ Means of
verification

Reduction in modeled expected
coastal and inland inundation
area in the Paramaribo Historic
area.

Square meters

473,472

2018

471,584

470,472

Comments:

(i) Results from flood risk models,
considering the effect of project
mitigation work at the w aterfront area
using historical storms data  but also
including future storms and h ydrographs
with data extracted fromthe R CP 6.0
climate change scenario.

(iiy Paramaribo Historic area re fers to
protected areas within the historic center
adjacent toth e waterfront and the
Sommelsdijck Canal.

Means of Verification: Model developed
for the pr oject will ber un using a
specialized software package to assess
flooding risks.

Reduction in modeled expected
annual economic losses from
flooding per square meter in the
waterfront area.

U.S. Dollars
(2018) per
square meter

330

2018

343
(347 expected
without
project)

Comment: (i) Results from flood risk
models, considering the effect of project
mitigation work at the waterfront area
using historical storms data  but also
including future storms and hydrographs
with data e xtracted fromthe R CP 6.0
climate change scenario. (ii) Ha bitants
and business projections will  be
concentrated to the areas adjacent to the
waterfront and Sommelsdijck Canal.

Means of Verification: Model developed
for the pr oject will ber un usinga
specialized software package to assess
flooding risks.

Outcome 3: Strengthened GoS institutional capacity to reduce risks associated with climate-induced socioeconomic and environmental losses

caused by flooding and sea level rise.

IComments: (i) Priority will be given to the
Ministry of Public Wor ks given its key
leading role du ring implementation; (ii)
Increased capacity is understood as
participants completing the training;

Institutions with increased
capacity to minimize exposure to
climate change induced flooding
in the historic area of Paramaribo

Number of

Institutions 0.0

2018 0.0 1.0 0.0 2.0 3.0

Means of verification: Lists of participants.
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Number of female technical and
staff across GoS
istakeholders that completed the
trainings over n umber oft otal
training participants.

managerial

Female
participants that
completed the
trainings / Total
participants that
completed the
trainings

0.0

2018

0.0

0.0

0.0

40

40

Comments: (i) Main objective of training
lactivities will be to build capacity across
the GoS stakeholders responsible for
decision making in Paramaribo to ensure
strong implementation and enforcement of
the Adaptation Plan; (ii) Trainings will be
customized to the types of users and their
needs for what a Knowledge Management
Plan will be developed.

Means of verification: List of pa rticipants

that completed the trainings.

Products

Component 1: City-level Adaptation Framework and Plan

Product

Unit of
measure

Associated
results

Cost (US$)

Baseline

Year 1

Year 2

Year 3

Year 4

End of
project

Comments/ Verification means

City-wide Adaptation Plan
for Paramaribo developed

Plan

275.000

0.0

0.0

1.0

0.0

0.0

1.0

Comments: (i) “ Developed” means that
there is a w ritten version that h as been
consulted and isread y for major's
consideration for approval and  further
dissemination. (ii) The Adaptation Plan will
provide afra mework form anaging,
prioritizing and implementing adaptation
and resilience measures along with a
standardized approach. It will be
socialized with local vulnerable
communities and shall be endorsed by city
major before it is presented forapproval to
the ministries’ council. (iii) Itw ill also
include a part icipatory process with
consultation to civil society.

Means of Verification: Final version of the

lJAdaptation Plan

Dissemination Strategy of
Adaptation  Plan and

knowledge generated by
its development designed

Strategy

275.000

0.0

0.0

0.0

1.0

0.0

1.0

Comments: (i) The dissemination strategy
will include differentme ans to share
lessons learned from thedevelopment and
implementation of the Adaptation Plan
such as broch ures, videos,t echnical
notes, workshops, among others; (ii) The
workshops will have a focus on gender-
lequality and local vulnerable communities
in the metropolitan area.

Means of verification; Final version of the

Strategy and copies ofthe training

materials.
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Component 2: Downtown Adaptation measures

Comments: (1) Wall made from steel

sheet piles w ith coverage of bricks or
iconcrete. Use of stone in the embankment

Flood protection wall from to avoid debris accumulation.
Knuffelsgracht Street to (2) Includes: walkway of 2- 4 me ters and
SMS Pier w ith roadside mts 2 3.964.000 0.0 0.0 0.0 250 0.0 250 road side drainage and add trees/green.
drainage improvements, (3) Historic landing for small boa ts to be
built rehabilitated.

(4) Old steel jetty to be used by boat taxis
during execution to be rehabilitated.
Means of Verification: Field report

Comments: (i) The rehabilitation of the Van
Sommelsdijck pumping station entails: 1)
the acquisition of a new 4.5 m"3/seg
pump; 2) the repair of two existing pumps
that are not currently operational; 3) Sluice
gates rehabilitated and automate control in
2 2.741.500 0.0 0.0 0.0 1.0 0.0 1.0 loperational condition; 4) restoration of the
Van Sommelsdijck pumping basin upstream of the canal before

station rehabilitated lentering the pumping station. Activities to
restore the basin are aimed at increasing
lexisting water storage capacity to act as a
buffer area.

Means of Verification: Field Report

Pumping
station

Comments: (i) Restoration activities relates|
to those that aim at assisting the recovery
of resilience and adaptive capacity of
lecosystems that have been degraded,
Mangroves restored inthe damaged or destroyed; (ii) Mangroves to
outlet of Van Sommelsdijck Ha 2 290.500 0.0 0.0 0.16 0.0 0.0 0.16  |act as a buffer area and to catch

canal sediments; (ii) restoration activities will
include also the planting of new plants and
sediments catchment.

Means of Verification: Field reports from
Isupervision activities.

IComments: (i) The design of the plan will
cover all the city, but the implementation
will cover only the historic center; (ii) The
Plan will include roles, responsibilities and
Drainage Management Plan frequency of actions; (iii) It must be

for urban P aramaribo, Plan 2 576.000 0.0 0.0 0.0 1.0 0.0 1.0 synchronized with existing and future
designed and implemented urban development plans and storm and
lwater management activities and plans
conducted by the Ministry of Public Works.
Means of Verification: Final version of the
Plan and field reports.
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Component 3: Capacity Building

Comments: (i) “Developed” means that the|
document is ready to be used and contains
the following sections: definition of target
audience, identification of K&L needs and
organization and prioritization of those
needs; (i) The Knowledge Plan (KMP) will
help customize training modules so that
they respond to the needs of identified main
users of clima te riskanda daptation
information as well as lessons learned from
Plan 3 150.000 0.0 1.0 0.0 0.0 0.0 1.0 the implementation of this pr oject; (iii) In
laddition, the K MP will also include an
Institutional Capacity Assessment which is|
l@aimed at identifying

specific actions to enhance the GoS
capacity to mainstream climate change
ladaptation into policies, regulations and
development planning at the city level.

Knowledge = Management
Plan developed

Means of verif ication: On-line training
modules operational.

Comments: (i) Based upon the final
structure of the Paramaribo Adaptation
Plan, the Kno wledge Management Plan
and the Instituti onal Evaluation, the ke y
need for capacity building within the GoS
will be identified; (ii) Special emphasis will
be made to ensure a gender balance
participation in the workshops; (iii) It is
Training 3 230.000 0.0 0.0 1.0 1.0 1.0 3.0 lenvisioned that the training  will include
lamong other topics, data and information
of climate change p rojections and
lexpected impacts for Suriname, flood
hazard and risk maps, methods and tools
to assess flooding risks among others.
Means of verification: Trainings’ list of
participants.

Training to technical and
managerial staff on
ladaptation planning and
management carried out.
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F. Demonstrate how the project / programme aligns with the Results Framework of the
Adaptation Fund

155. Table 23 below also provides relevant commentary against the Adaptation Fund’s results

matrix.

Table 23: Adaptation Fund Results Matrix

Project Project Objective Fund Fund Outcome | Grant
Objective(s)'? Indicator(s) Outcome Indicator Amount
(USD)
City-level City-wide Adaptation Plan | Outcome 3: 3.1. Percentage 275,000
Adaptation for Paramaribo developed | Strengthened of targeted
Framework and awareness and | population aware
Plan ownership of of predicted
adaptation and | adverse impacts
climate risk of climate
reduction change, and of
processes at appropriate
local level responses
Dissemination Strategy of | Outcome 3: 3.1.1 No. and 275,000
Adaptation Plan and Strengthened type of risk
knowledge generated by awareness and | reduction actions
its development designed ownership of or strategies
and implemented adaptation and | introduced at local
climate risk level
reduction
processes at
local level
Downtown Flood protection wall from Outcome 4: 4.1.2. No. of 3,964,000
Adaptation Knuffelsgracht Street to Increased physical assets
measures SMS Pier, with roadside adaptive strengthened or
drainage improvements. capacity within constructed to
constructed relevant withstand
development conditions
and natural resulting from
resource climate variability
sectors and change (by
asset types)
Van Sommelsdijck Outcome 4: 4.2. Physical 2,741.5
pumping station Increased infrastructure
rehabilitated adaptive improved to
capacity within | withstand
relevant climate change
development and variability-
and natural induced stress
resource
sectors
Mangroves restored in the | Outcome 5: 5.1. No. and type | 290,500
outlet of Van Sommelsdijck | Increased of natural
canal ecosystem resource assets

2 The AF utilized OECD/DAC terminology for its results framework. Project proponents may use different terminology but the overall
principle should still apply
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resilience in
response to
climate change
and variability-
induced stress

created,
maintained or
improved to
withstand
conditions
resulting from
climate variability
and change (by
type of assets)

Drainage Management Outcome 3: 3.1. Percentage 576,000
Plan for urban Paramaribo, | Strengthened of targeted
designed and implemented | awareness and | population aware
ownership of of predicted
adaptation and | adverse impacts
climate risk of climate
reduction change, and of
processes at appropriate
local level responses
Capacity Building | Knowledge Management Outcome 2: 2.1.2. Capacity of | 150,000
Plan developed Strengthened staff to respond
institutional to, and mitigate
capacity to impacts of,
reduce risks climate-related
associated with | events from
climate-induced | targeted
socioeconomic | institutions
and increased
environmental
losses
Trainings on adaptation Outcome 2: 2.1.1. No. of staff | 230,000
planning and management | Strengthened trained to respond
implemented institutional to, and mitigate
capacity to impacts of,
reduce risks climate-related
associated with | events
climate-induced
socioeconomic
and
environmental
losses
Project Project Outcome Fund Output | Fund Output Grant
Outcome(s) Indicator(s) Indicator Amount
(USD)
Outcome 1. Paramaribo citizens living Output 3: 3.1.1 No. and 500,000
Strengthened or working in the historic Targeted type of risk
awareness of area aware of predicted population reduction actions
climate adverse impacts of climate | groups or strategies

associated risks
and ownership of
adaptation
process by
Paramaribo
citizens including

change on flooding, and of
appropriate responses
over the number of
unaware citizens.

Women participating in
consultation activities of
the City-wide Adaptation

participating in
adaptation and
risk reduction
awareness
activities

introduced at local
level
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the metropolitan
area.

Plan over number of total
participants.

Outcome 2. Reduction in modeled Output 6: 6.1.1. No. and
Population and expected coastal and Targeted type of adaptation
businesses inland inundation area in individual and assets (physical
serving historic the Paramaribo Historic community as well as
downtown area. livelihood knowledge)
Paramaribo Reduction in modeled strategies created in support
reduce their expected annual economic | strengthened in | of individual or
exposure to flood | losses from flooding per relation to community-
events square meter in the climate change | livelihood
waterfront area. impacts, strategies
including
variability
Outcome 3. Institutions with increased | Output 2.1: 2.1.1. No. of staff
Strengthened capacity to minimize Strengthened trained to respond
GoS institutional exposure to climate capacity of to, and mitigate
capacity to reduce | change induced flooding in | national and impacts of,
risks associated the historic area of regional centres | climate-related
with climate- Paramaribo and networks to | events
induced respond rapidly
socioeconomic to extreme
and weather events
environmental Number of female Output 2.2: 2.1.2. Capacity of
losses caused by | technical and managerial Targeted staff to respond
flooding and sea staff across GoS population to, and mitigate
level rise. stakeholders that groups covered | impacts of,
completed the trainings by adequate climate-related
over number of total risk reduction events from
training participants. systems targeted
institutions
increased

G. Include a detailed budget with budget notes, a budget on the Implementing Entity
management fee use, and an explanation and a breakdown of the execution costs.

156.

Table 24 — Project Budget

Table 24 presents the budget details for the proposed Project.

Project Components Cost

1. City-Level Adaptation Framework and Plan

USD 550,000.00

2. Downtown Adaptation Measures

UsSD 7,572,000.00

3. Capacity Building

USD 380,000.00

4. Project Administration
Auditing costs
Monitoring and evaluation

USD 400,000.00

uUSD 100,000.00

USD 80,000.00

Project Cycle Management Fee
Total

98

USD 768,000.00
USD 9,850,000.00
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1. Total Project Cost (TPC) - Total of (1) to (3) and monitoring and evaluation
above
2. Total Project Management (TPM) Cost — total of Project Administration and

Audit costs (max. 9.5% of TPC)

$8,582,000

$500,000

3. Project Cycle Management Fee charged by the Implementing Entity (max.
8.5% of TPC + TPM))

Amount of Financing Requested $9,850,000

$768,000

H. Include a disbursement schedule with time-bound milestones.

157. The Project Execution Plan which details the disbursement schedule as well as the time-
bound milestones is included as Annex F. A recap of the disktursement is provided in the table
below.

Table 25 — Disbursement Schedule

TOTAL PER YEAR

YEAR 1 $660,500
disbursement 1 $112,500
disbursement 2 $558,000

YEAR 2 $4,936,400
disbursement 3 $1,796,300
disbursement 4 $3,140,100

YEAR 3 $3,140,100
disbursement 5 $2,773,400
disbursement 6 $366,700

YEAR 4 $345,000
disbursement 7 $130,000
disbursement 8 $215,000

Total (excluding Project Cycle Management Fee) $9,082,000
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1.0

INTRODUCTION

The IDB, in conjunction with the Government of Suriname, prepared and
submitted a concept note proposal to the Adaptation Fund to finance the
development of a series of projects that would contribute towards increasing the
adaptive capacity of communities living in Paramaribo city and the adjacent
metropolitan areas to cope with observed and anticipated impacts of climate
change on floods and sea level rise. The main objectives of this proposal were to
implement a group of strategic and cost-effective hard adaptation measures in
the historic downtown area of Paramaribo that illustrate the benefits of building
climate resilience as part of a long-term planning strategy for the city and its
metropolitan area. It will also establish a framework for managing knowledge
and disseminating lessons learned that could be used in future resilience
programs for the city of Paramaribo and that could be part of a city-level
Adaptation Plan.

As part of this overall strategy, an extensive site-specific risk analysis related to
flooding in the historic center of Paramaribo (the Study Area as shown in Figure
1) was conducted. ERM evaluated the physical hazards due to flooding from
extreme climate events and assessed vulnerability based on asset, population
density, and land use information (See Figure 2). Maximum water levels and
precipitation for 10-, 25-, 50-, and 100-year return periods were used to inform
this analysis as well as future climate change projections. The physical hazards
from flooding were evaluated using high resolution numerical modelling of the
Study Area and estimating risk using analytical approaches developed by ERM
along with a geospatial data analysis (GIS) system. In addition to the baseline
flood assessment of the Study Area, a flood modelling study was conducted by
applying infrastructure improvement alternatives to evaluate the effectiveness of
these alternatives as well as assess the need for additional flood management
measures.
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2.0

Figure 1: Study Area

Figure 2: Study Area showing monumental assets and social receptors

HISTORICAL FLOODS

According to the Environment Statistics (2016), Suriname experiences frequent
floods in the coastal plain and rivers. Floods at the Study Area occur when sea
level rises during spring tide and during tropical storms by impacting low-lying
riverine development and infrastructure. In addition, flooding is caused by
rainfall-induced accumulation of water due to its outdated and insufficient
drainage system. The UNDP considers Suriname in the list of the ten vulnerable
countries with low-lying coastal plains that are threatened by Sea Level Rise
(SLR) in this century. According to Environmental Statistics (2016) and NCCR'

' NCCR - National Coordination Center for Disaster Relief is a disaster management
organization of Suriname.
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Situation Analysis, 31 flood disasters have occurred in Suriname between 2004-
2015 and 50% of them affected the city of Paramaribo and neighboring districts.

The urban area of Paramaribo is considered highly vulnerable to
floods due to sea level rise and increasing of intensity of precipitation (see
Source: Adapted from MOGP, 2001

Figure 3); loss of land due to coastal and riverbank erosion; longer and frequent
severe dry periods; and uncontrolled urbanization towards the North area
(Noordam, 2007). At the east side of Paramaribo City flows the Suriname River,
which is a tidal influenced river with a catchment area of 16,500 square
kilometers (km?2). Its waters are discharged into the Atlantic Ocean and its flow
has been regulated by the hydropower Afobaka Dam (Prof. van Blommenstein
reservoir) since 1964 located approximately 194 km upstream of Paramaribo.

According to Karijokromo (2011), before the flood of May 2006, natural disasters
were not frequent in Suriname. There were some historical normal floods
produced by an outdated drainage system in different areas of Paramaribo City.
The impacts of these normal floods were not as damaging as the flood that
occurred on 2006. The Preventionweb (2016) reports that flooding represent an
Average Annual Loss (AAL) of USD $53.81M for Suriname.

Inland and coastal flooding in urban areas of Paramaribo is produced from high
volume of precipitation, poor drainage, and rising sea and river water levels.
According to MOGP (2002), in 2002, approximately 13% of the total urban area of
Paramaribo was affected by this hazard causing economic damage and health
conditions associated with stagnant water. The most recent severe floods in
Paramaribo occurred in 2006 and 2008 but no records of economic or lives losses
were available. Floods in Paramaribo are principally caused because large parts
of the city were built on low-lying lands and the lack of an updated storm water
drainage system (see Figure 2). The Study Area is prone to floods because it is
located at low-lying lands and it is part of the left bank of the Suriname River.
This river is tidal influenced and when high water level of the Suriname River is
combined with runoff from, impermeable areas produce floods affecting
properties within the Study Area.

Most of the floods in the Study Area occur during spring tide. Breaching or
overtopping of defensive structures, results in tidal flooding by saline or brackish
water. At the mouth of Suriname River, the mean tidal range is 1.8 m between
neap tide and spring tide. A slightly positive increase of +0.6 mm/year on water
levels in the Suriname River has been observed based on historical annual water
level measured at Paramaribo station located at km 52 in Suriname River
(Amatali, 2012). The inhabited areas along Suriname River banks, the land level
is lower than the 10-year return water level (Refer to HHWL Table 4) producing
potential risk for inundation from the river. Some of these flooding areas are
shown in Figure 4, which also includes frequent inland flooding areas in
Paramaribo.
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Source: Adapted from MOGP, 2001

Figure 3: Frequent flood prone regions in the city of Paramaribo (in red)
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Source: Amatali, 2007

Figure 4: Frequent and Seasonal Inundated Areas in Paramaribo based on Data from

Masterplan Study Ontwatering Groot Paramaribo
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3.0

4.0

4.1

NATIONAL STANDARDS ON FLOOD LIMITS

There are no legal and national standards allowable flood levels and duration for
Suriname. However, the Drainage Masterplan for Greater Paramaribo (accepted
by MPW) from 2001 defines some flood inundation levels for the main drainage
systems:

1) There should not be any water logging in and around the houses. The
ground floor should be about 20 to 25 cm above street level.

2) The water logging on any street (“Water on street”) should be up to a
maximum of 60 minutes

3) The design rainfall duration of 12 hours with a return period of one year
4) The rainfall duration curve during the greater rainy season is used. In

addition, the peak rainfall intensity is assumed to take place during high tide.

5) The discharge of collected rainfall in canals and basins should happen
within 12 hours (one tidal cycle)

If we consider that the normal road structures are made of side curbs, then one
can say that the level of flooding acceptable is 20 cm during maximum 1 hour for
rainfall with a return period of 1 year. However, there are no specific flood level
standards related to the high water levels in the river. New regulations related to
river flooding proposed in 2010 and accepted by the MPW is given below.

1) No flooding for a HHWL with 1: 50 years return period.

2) Overtopping is allowed, but should be drained within the same drainage
standards as above.

MODELLING METHODOLOGY FOR HAZARD ANALYSIS

SELECTION OF MODELS

The main factors that affect flooding in the Study Area are the water levels of the
Suriname River flow and runoff from neighboring watersheds and atmospheric
precipitation. The Suriname River flows, and hence water levels, are regulated by
the Brokopondo Reservoir and tides from the Atlantic Ocean, upstream and
downstream of Paramaribo, respectively. Other main inflows to the Study Area
are through a series of canals, which are used to route the storm water and
wastewater from the district which eventually discharge into the Suriname River
through a series of sluice gates and pumps at three locations.
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4.2

The water levels along the river bank adjacent to the Study Area were obtained
by using 1-D HEC-RAS* model for the Suriname River using Higher High Water
Levels (HHWLSs) for the baseline conditions at various return periods, obtained
using Government of Suriname water level monitoring data sets at various
locations along the Suriname River (Amatali, 2012). It is an integrated system of
software, designed for interactive use in a multi-tasking environment. The
system is comprised of a graphical user interface (GUI), separate hydraulic
analysis components, data storage and management capabilities, graphics and
reporting facilities. HEC-RAS model uses the Suriname River and its adjacent
flood plain geometrical data in the form of cross-sections and computes a single
water surface across each cross-section. As per the literature (HEC,2017) this one-
dimensional modelling procedure holds good for the main river system and
hence, addresses the objectives of the HEC- RAS Suriname model set up to
compute water levels along the shoreline adjacent to the Study Area.

However, HEC-RAS does not perform a higher level of hydrodynamic fidelity in
the Suriname River flood plain region where flow routing is affected by
obstructions due to buildings, infiltration and storm-water drainage. This
limitation was addressed by using the FLO-2D* model for the Suriname River
flood plain region. It is a volume conservation flood routing model on the U.S.
Federal Emergency Management Agency’s list of approved hydraulic models for
flood plain zoning analysis. This model is a valuable tool for delineating flood
hazards, regulating floodplain zoning or designing flood mitigation. In addition,
a HEC-RAS model was setup for the Sommeldijckse Canal to evaluate localized
flooding. These models provide detailed flooding information along the
Sommeldijckse Canal and at the riverine side (Suriname River) of the Study
Area. These models will also serve to evaluate the effects in the area for
upgrading the canal and designing adaptation measures such as extension of the
existing flood wall at the left bank of the Suriname River (See Figure 1 for a map
of the modelled region).

DEVELOPMENT OF BASELINE AND CLIMATE CHANGE SCENARIOS

The rainfall intensity and Suriname River water level are the primary factors that
are used to develop baseline scenarios using extreme event analysis.

>HEC-RAS is the U.S. Army Corps of Engineers’ River Analysis System developed by
the Hydraulic Engineering Center (HEC), California, USA.
www.hec.usace.army.mil/software/hec-ras/

3 FLO-2D is a flood routing model developed by FLO-2D Software, Inc., Arizona, USA.
www.flo-2d.com
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4.2.1 Baseline Rainfall Analysis

The rainfall information was obtained by developing Intensity-Duration-
Frequency (IDF) curves using historic multiyear data from meteorological
stations in the Study Area. According to Meteorologische Dienst Suriname, IDF
curves have not been created for any meteorological station located in
Paramaribo. IDF curves are developed using multiyear precipitation
hourly/daily data and Generalized Extreme Value (GEV) distributions. As part
of this project, ERM developed IDF curves for three stations in the vicinity of the
Study Area as shown in Figure 5Error! Reference source not found.. The data
statistics for these three stations are shown in Table 1.

Figure 5: Three Meteorological Stations in the Vicinity of the Study Area

Table 1: Rainfall Data availability at the Three Selected Meteorological
Stations

Meteorological Stations

Data Statistics
Cultuurtuin Jarikaba Proef Zorg en Hoop
Period 1981-1 to 2015-12 1969-01 to 1995-12 1981-1 to 2015-12
Data Missing 13 months of Missing data between Missing data between
Availability data between 1987-12 1988-01 and 1988-12 1987-10 and 1990-12
and 1988-12

Other Missing | Additional nonconsecutive missing data <2% of remaining data points
Data
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4211 Data Availability

The missing time series data from Table 1 was filled with various data sources
and are listed in Table 2. In addition to filling the observed data, satellite-based
multiyear precipitation data from PERSIANN*, and TRMM?® data were used as
standalone data in developing the IDF curves.

Table 2: List of Precipitation Data Sources used for the Current Study

Data Source

Time Period

Website

NCEP - CFSR

The Climate Forecast System Reanalysis (CFSR)
was designed and executed as a global, high
resolution, coupled atmosphere-ocean-land
surface-sea ice system to provide the best
estimate of the state of these coupled domains
over this period

1/1/1979 -
7/31/2014

https:/ /rda.ucar.edu/pub/cfs
r.html

PERSIANN

Precipitation Estimation from Remotely Sensed
Information using Artificial Neural Networks
and Climate Data Record

1/1/1983 -
12/31/2015

http:/ /chrsdata.eng.uci.edu/

NASA OpenNEX

The NEX-GDDP dataset includes downscaled
projections for RCP 4.5 and RCP 8.5 from the 21
models and scenarios for which daily scenarios
were produced and distributed under CMIP5.
Each of the climate projections includes daily
maximum temperature, minimum temperature,
and precipitation for the periods from 1950
through 2100.

1/1/1950 -
12/31/2100

https:/ /nex.nasa.gov/nex/stat
ic/htdocs/site/extra/opennex

L

AgMERRA

NASA Modern-Era Retrospective Analysis for
Research and Applications (MERRA).
AgMERRA corrects to gridded temperature and
precipitation, incorporates satellite precipitation,
and replaces solar radiation with
NASA/GEWEX SRB to cover the 1980-2010
period

1/1/1980 -
12/31/2010

https:/ /data.giss.nasa.gov/im
pacts/agmipcf/agmerra/

CCAFs

The Climate Change Agriculture and Food
Security (CCAFS) Climate data portal provides
global and regional future high-resolution
climate datasets that serve as a basis for
assessing the climate change impacts and
adaptation in a variety of fields including
biodiversity, agricultural and livestock

1/1/1970 -
12/31/2100

http:/ /ccafs-climate.org/

* PERSIANN is Precipitation Estimation from Remotely Sensed Information using
Artificial Neural Networks and Climate Data Record developed by developed by the
Center for Hydrometeorology and Remote Sensing (CHRS) at the University of

California, Irvine, USA.

® The Tropical Rainfall Measuring Mission (TRMM), a joint mission of NASA and the
Japan Aerospace Exploration Agency, was launched in 1997 to study rainfall for

weather and climate research
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Data Source Time Period |Website

production, and ecosystem services and

hydrology

TRMM 1/1/1998 - https:/ /disc.gsfc.nasa.gov/dat
The Tropical Rainfall Measuring Mission present asets/TRMM_3B42_V7/summ
(TRMM), a joint mission of NASA and the Japan ary?keywords=TRMM_3B42 0
Aerospace Exploration Agency, was launched in 07

1997 to study rainfall for weather and climate

research.

4.21.2 Generation of Synthetic Rainfall Data

For the present study, ERM used a non-parametric K-Nearest Neighbor (KNN)
weather generator algorithm (Sharif and Burn, 2007; Rajagoplan and Lall, 1999)
to synthetically create long time series of daily precipitation data based on the
historically available data described in the previous section for the three stations
located in the vicinity of the Study Area. The advantage of the KNN approach is
that unprecedented precipitation amounts can be generated that is important for
the simulation of extreme events. However, in the current analysis, KNN was
used such that they do not produce new values but merely restore the historical
data to generate realistic precipitation sequences. These updated precipitation
time series were used in combination with the GEV analysis tool to
recreate/update IDF curves that will serve as inputs for FLO-2D and HEC-RAS
models. The KNN method was applied using the nonparametric tool KNNCAD
(developed by Sohom et al. 2017). The nonparametric KNNCAD weather
generator simulates daily precipitation amounts by reshuffling the historical
daily values from within a temporal window centered on the current day (Eum
et al. 2010). A set of 10 synthetic scenarios were simulated using KNNCAD tool
and daily maximum value from this set was used in developing the final IDF
curve for a specific station.

4.21.3 Intensity-Duration-Frequency Curves (IDF)

The IDF curves developed using GEV method for Cultuurtuin, Jarikaba Proef
and Zorg en Hoop meteorological stations using synthetic multi-year rainfall
data obtained from KNN method are shown in Figure 6, Figure 7, and Figure 8,
respectively.
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Figure 6: IDF Curves for Cultuurtuin meteorological station

Figure 7: IDF Curves for Jarikaba Proef meteorological station

Figure 8: IDF Curves for Zorg en Hoop meteorological station
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The 24-hour maximum precipitation computed for all the three meteorological
stations at 5-, 10-, 25-, 50-, and 100-year return periods using GEV method is
shown in Table 3.

Table 3: 24-hour Maximum Precipitation Computed for the Three Meteorological
Stations Using GEV Method

Return Period 24-hour Precipitation Maximum, mm

(years) Cultuurtuin Jarikaba Proef Zorg en Hoop
5 120 121 102

10 139 145 114

25 165 174 130

50 183 196 141

100 202 218 153

For a certain frequency or return period, the mean rainfall intensity increases
over short durations for all the three meteorological stations. However, there is
not much change in the rainfall intensity for longer durations with varying
return periods for all the three meteorological stations. The daily computed
maximum precipitation is larger for the Jarikaba Proef station than the
Cultuurtuin and the Zorg en Hoop stations. This is due to large spread (high
standard deviation) of the historical daily maximum precipitation data from the
mean as compared to the other two stations.

4.2.2 Baseline Suriname River Water Levels

Amatali (2012) analyzed historic water levels at various locations along the
Suriname River and developed Higher High Water Levels (HHWLs) for various
return periods of 10-, 25-, 50-, and 100-years and is shown in Table 4.

Table 4: Higher High Water Level (HHWL) in Suriname River

Station Station Annual HHW in cm NSP

Tr = 10-years Tr = 25-years Tr = 50-years Tr = 100-years
Geleidelicht 185 198 207 216
New Amsterdam |193 203 210 217
Paramaribo 201 211 219 226
Domburg 198 203 207 212
Paranam 155 175 190 204

Tr = Return Period; HHW = Higher High Water; cm = centimeters; NSP = Normaal Surinaamse Peil.
Source: Adapted from Amatali, 2012

The HHWLSs available at Paramaribo were used in the Suriname River HEC-RAS
model to compute water level variations along the shoreline adjacent to the Stud
Area.
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4.2.3 Climate Change

The climate change scenarios were developed by superimposing future year
climate change projections for inland precipitation and water surface levels
(HHWLS) in the Suriname River. Future projected changes for 2050 and 2080s in
precipitation and sea level rise were used as the main climate change parameters
to conduct this evaluation. The projected changes in precipitation and sea level
were applied to baseline historical precipitation time-series to create climate
change adjusted precipitation IDF curves and adjusted High Water Level
Suriname River values for 25-, 50-, and 100-year return periods. ERM used
climate change projections available for Suriname published in the Second
National Communication to the United Nations Framework Convention on
Climate Change (SNC, 2013) which come from Regional Climate Models (driven
by HadAM3° and ECHAMY’) to evaluate how climate change projections can
influence on the level of flooding impacts on the Study Area.

4.2.3.1 Review of Selected RCM Climate Models

HadAMS3 is a Global General Circulation model (GCM) model of version 3,
developed by the Hadley Center for Climate Prediction and Research located at
Exeter in United Kingdom. HadAM3 is a grid point model that has a horizontal
resolution of 3.75 x 2.5 degrees in longitude x latitude. This corresponds to a
spacing between points of approximately 300 km. There are 96 x 73 grid points
on the scalar (pressure, temperature and moisture) grid; the vector (wind
velocity) grid is offset by 1/2 a grid box. There are 19 levels in the vertical using a
hybrid (sigma and pressure) coordinate system. The time step is 30 minutes
(with three sub-time steps per time step in the dynamics).

ECHAM4 is a General Circulation Model (GCM) of Version 4, developed by the
Max Planck Institute for Meteorology, one of the research organizations of the
Max Planck Society. The model is a spectral transform model with 19
atmospheric layers with a spatial resolution of about 2.8° longitude/latitude
resolution that corresponds to 300 to 500 km and spanning the entire earth with
64 latitudes and 128 longitudes. The semi-implicit time step of 20 to 40 minutes is
used with an inclusion of time filter to inhibit the growth of spurious
computational modes.

® Had AM3 (abbreviation for Hadley Centre Atmospheric Model, version 3) is a global
atmospheric model developed at the Hadley Centre in the United Kingdom. This is
the model behind PRECIS (Providing Regional Climates for Impacts Studies). It was
one of the major models used in the IPCC Third Assessment Report in 2001

7ECHAMA is a general circulation model (GCM), version 4, developed by the Max
Planck Institute for Meteorology, one of the research organizations of the Max Planck
Society. The model was given its name as a combination of its origin (the 'EC' being
short for 'ECMWF (European Centre for Medium-Range Weather Forecasts)') and the
place of development of its parameterization package, Hamburg.
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The skill of the selected climate models, HadAM3 and ECHAM4 (CCCRA, 2012)
to describe climatology with respect to the ensemble for the Study Area was
evaluated using the ClimateWizard® tool developed by the Nature Conservancy
in collaboration with the University of Washington and the University of the
Southern Mississippi. In CCCRA (2012) study, temperature and precipitation
data from RCM model was presented (Urrutia & Vuille, 2009). The RCM used
was PRECIS’ covering a domain over tropical South America and driven by the
HadAM3 GCM. Urrutia and Vuille (2009) presented only RCM model results for
temperature and precipitation since these two parameters are considered to be of
highest relevance to society, ecosystem integrity and glacier mass balance in the
tropical Andes. Combining the results of GCM and RCM experiments allows the
use of high-resolution RCM projections in the context of the uncertainty margins
that the 15-model GCM ensemble provides. However, there was no RCM model
developed for the tropical South America using ECHAM4 model (CCCRA, 2012).
RCM model driven by Had AM3 indicate large decreases in rainfall in all seasons;
up to a 34% decrease in mean annual rainfall by the 2080s (relative to the 1980-
1989 mean) under the A2 scenario. The HadAM3 RCM projected the maximum
decrease (of 74%) for the SON (September, October and November) season.

The climate change data for future years clearly show that there will be a
decrease in the rainfall intensity resulting in reduced inland flooding. However,
for the evaluation of flood risk, ERM used extreme precipitation as compared to
normal precipitation and based on extreme value theory, the impact will be most
severe when there is a combination of such extreme events with high tides, storm
surge and SLR. Extreme rainfall event sometimes referred as ‘Heavy rain” was
determined by the daily rainfall totals that exceeded on 5% of wet days in the
‘current’ climate or reference period, relative to the particular climate of a
specific region or season (CCCRA, 2012). The heavy rainfall event analysis was
not available for selected RCM models and so, we relied on data from GCM
projections since the normal precipitation analysis of selected RCM models show
similar trend as the GCM projections. The proportion of total rainfall that falls in
heavy events increases in most model projections, with an annual maximum of
+11% and a monthly maximum of +24% in the month of December, by the 2080s.

¥ ClimateWizard enables technical and non-technical audiences alike to access leading
climate change information and visualize the impacts anywhere on Earth. The first
generation of this web-based program allows the user to choose a state or country and
both assess how climate has changed over time and to project what future changes are
predicted to occur in a given area. http:/ /www.climatewizard.org/

? PRECIS (Providing REgional Climates for Impacts Studies, pronounced pray-sea) is
developed at the Hadley Centre at the UK Met Office. PRECIS is a regional climate
modelling system designed to run on a Linux-based PC. PRECIS can be applied to
any area of the globe to generate detailed climate change projections.
https:/ /www.metoffice.cov.uk/research/applied/international-development/ precis
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This information is further examined on a monthly basis in the calculation of IDF
curves for climate change years in the next section.

4.2.3.2 Estimation of IDF Curves With Climate Change Projections

The seasonally varying extreme precipitation data for the SRES" Scenario A2
(Equivalent to RCP 8.5") computed from RCM models ECHAM4 and HadAM3
(CCCRA, 2012) is shown in Table 5 and presented graphically in Figure 9. The
monthly climate change projection of extreme precipitation was used along with
synthetic time-series precipitation data obtained from KNN weather generator to
develop IDF curves for future years of 2050 and 2080s. Extreme precipitation in
the current study refers to maximum percent change in rainfall intensity based
on 1-day rainfall total from an ensemble of GCM projections.

Table 5: Precipitation Change in % for Climate Change Scenario A2 (= RCP 8.5)

% Change in Precipitation for Climate Change Scenario A2 (~ RCP 8.5)
Month Climate Change 2050 Climate Change 2080
Jan 10

Feb 10

Mar 9 13

Apr 9 13

May 7 13

Jun 7 16

Jul 7 16

Aug 7 16

Sep 21 24

Oct 21 24

10 SRES refers to the Special Report on Emissions Scenarios is a report published in 2000
by the Intergovernmental Panel on Climate Change (IPCC). The greenhouse gas
emissions scenarios described in the Report have been used to make projections of
possible future climate change. SRES emission scenarios were used until the 4t IPCC
Assessments. Scenario A2 describes a very heterogeneous world. The underlying
theme is self-reliance and preservation of local identities. Fertility patterns across
regions converge very slowly, which results in continuously increasing global
population. Economic development is primarily regionally oriented and per capita
economic growth and technological change is more fragmented and slower than in
other SRES Scenarios.

! Representative Concentration Pathways (RCPs) are four greenhouse gas concentration
(not emissions) trajectories adopted by the IPCC for its fifth Assessment Report (AR5)
in 2014. RCP 8.5 refers to “Business as Usual” scenario that combines assumptions
about high population and relatively slow income growth with modest rates of
technological change and energy intensity improvements, leading in the long term to
high energy demand and GHG emissions in absence of climate change policies
resulting in rising radiative forcing pathway leading to 8.5 W/m? in 2100.
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% Change in Precipitation for Climate Change Scenario A2 (= RCP 8.5)

Month Climate Change 2050 Climate Change 2080
Nov 21 24
Dec 10 8

Figure 9: Monthly Variation of Extreme Precipitation Climate Change
Projection for the Years 2050 and 2080.

The IDF curves computed for the year 2050 using the climate change projections
listed in Table 5 are shown in Figure 10, Figure 11, and Figure 12 for Cultuurtuin,
Jarikaba Proef and Zorg en Hoop meteorological stations, respectively. The 24-hr
maximum precipitation for the year 2050 is shown in Table 6. Also shown in the
same table is the increase in precipitation (shown in brackets) for each return
period compared to the baseline shown in Table 3.

ERM
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Figure 10: Year 2050 IDF curves for Cultuurtuin meteorological station

Figure 11: Year 2050 IDF curves for Jarikaba Proef meteorological station

Figure 12: Year 2050 IDF curves for Zorg en Hoop meteorological station

ERM 17 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Table 6: Year 2050 daily maximum precipitation and increase over the baseline
data shown in brackets for all the three selected meteorological stations
computed using GEV method

Return Period 24-hour Precipitation Maximum, mm

(years) Cultuurtuin Jarikaba Proef Zorg en Hoop
5 131 (10) 140 (19) 113 (11)

10 153 (14) 168 (23) 127 (13)

25 180 (15) 205 (31) 144 (14)

50 200 (17) 232 (36) 157 (16)

100 220 (18) 258 (40) 170 (18)

The IDF curves computed for the year 2080 using the climate change projections
listed in Table 5 are shown in Figure 13, Figure 14 and Figure 15 for Cultuurtuin,
Jarikaba Proef and Zorg en Hoop meteorological stations, respectively. The 24-hr
maximum precipitation for the year 2080 is shown in Table 7. Also shown in the
same table is the increase in precipitation (shown in brackets) compared to the
baseline data shown in Table 3.

Figure 13: Year 2080 IDF curves for Cultuurtuin meteorological station
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Figure 14: Year 2080 IDF curves for Jarikaba Proef meteorological station

Figure 15: Year 2080 IDF curves for Zorg en Hoop meteorological station

Table 7: Year 2080 daily maximum precipitation and increase over the baseline
data shown in brackets for all the three selected meteorological stations
computed using GEV method

Return Period 24-hour Precipitation Maximum, mm

(years) Cultuurtuin Jarikaba Proef Zorg en Hoop
5 134 (14) 143 (22) 116 (14)

10 155 (16) 172 (27) 130 (16)

25 182 (17) 208 (34) 148 (19)

50 202 (19) 235 (39) 161 (20)

100 222 (20) 262 (44) 174 (21)

The maximum daily precipitation computed using the GEV method, increases
for all the three meteorological stations compared to the baseline data shown in
Table 3 for both the years 2050 and 2080 due to climate change. For the year 2050,
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the maximum GEV computed daily precipitation increases in the range of 10 mm
to 19 mm, 19 mm to 40 mm, and 11 mm to 18 mm for the Cultuurtuin, Jarikaba
Proef, and Zorg en Hoop, respectively. For the year 2080, the maximum GEV
computed daily precipitation increases in the range of 14 mm to 20 mm, 22 mm
to 44 mm, and 14 to 21 mm for the Cultuurtuin, Jarikaba Proef, and Zorg en
Hoop, respectively. However, the increase is much larger at the Jarikaba Proef
station than the other two stations. This is due to the increase in the spread (high
standard deviation) of the climate change adjusted synthetically derived rainfall
data for the Jarikaba Proef station as compared to the other two stations. The
comparison among all the three meteorological stations for the GEV computed
daily precipitation and the corresponding increase over the baseline precipitation
for the years 2050 and 2080 due to climate change is shown in Figure 16.

Figure 16: Comparison of GEV computed daily precipitation of all the three
meteorological stations and the corresponding increase in precipitation over the
baseline for the years 2050 and 2080 due to climate change.

Since Cultuurtuin meteorological station is in close proximity to the Study Area
as compared to other two stations (See Figure 5), IDFs generated for this station
were used for all the models used in the current study. For inland flood
modeling analysis, only the years 2050 and 2080 climate change scenarios were
considered since there is no climate change projection data for precipitation
available for the year 2020.
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4.2.3.3 Estimation of the Suriname River Water Levels With Climate Change
Projections

The water surface elevation changes due to storm surge and sea level rise (SLR)
are usually added linearly to the baseline water surface elevation to obtain future
climate change scenarios. In this study, however, the Suriname River HHWL
extreme event analysis performed by Amatali (2012) already includes storm
surge effects. Therefore only SLR is added to the baseline Suriname River HWL
to develop climate change scenarios for coastal flooding analysis. SLR was
evaluated from various sources that include the CARIBSAVE report (CCCRA,
2012) and the CLIMSystems online sea-level rise tool (www.Climsystems.com).
The CARIBSAVE report provides SLR projection only for 2100. Consequently,
SLR data for every 2 decades were obtained from the CLIMsystems online tool
and is shown in Figure 17. A regression analysis was performed to obtain yearly
variation so that SLR for future years can be estimated correctly. The SLR values
for 2020, 2050 and 2080 are shown in Figure 18.

Source. http://www.climsystems.com/slr-cities-app/

Figure 17: SLR for the City of Paramaribo
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4.3

Figure 18: Regression Analysis for SLR Variation with Future Years

Table 8: SLR for the Years 2020, 2050, and 2080

Year SLR, cm
2020 9.0

2050 323

2080 70.0

Both the modified IDFs and SLR obtained for the climate change years 2020,
2050, and 2080 were then used to evaluate associated flooding inundation and
risk maps for subsequent impact assessment.

HYDROLOGICAL MODELLING OF SURINAME RIVER USING HEC-
RAS

The HEC-RAS model was used to predict the water surface elevation along the
Suriname River adjacent to the Study Area and this serves as input to FLO-2D
flood routing model.

4.3.1 Model Setup

The major inputs needed for the HEC-RAS model setup are the Suriname River
bathymetry and associated flood plain and flow data. Bathymetry data were
obtained from the Suriname River cross-sectional information provided by the
Maritieme Autoriteit Suriname (MAS) and flood plain data were obtained from
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the 2m Digital Elevation Model (DEM). HEC-GeoRAS" was used to prepare the
Suriname River geometric data for import into HEC-RAS. Since the measured
river bathymetry data was only available at discrete cross-section locations, a
continuous bathymetry data was obtained by interpolating linearly in ArcGIS
using an inverse distance weighting method and is shown in Figure 19.

Figure 19: Suriname River bathymetry refined using measured cross-sectional
data

The flood plain elevation data on either side of the Suriname River were
obtained from the Study Area high resolution 2 m resolution DEM and combined
with continuous bathymetry data shown in Figure 19 to obtain a continuous
integrated geometric data as shown in Figure 20.

2 HEC-GeoRAS is a set of procedures, tools, and utilities for processing geospatial data
in ArcGIS using a graphical user interface (GUI). The interface allows the preparation
of geometric data for import into HEC-RAS and processes simulation results exported
from HEC-RAS. It is developed by the Hydraulic Engineering Center of the U.S.
Army Corps of Engineers, USA.
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Figure 20: The Suriname River synthesized geometry data used in HEC-RAS

The Suriname River geometric information that was entered into the HEC-RAS
model included 1) river reach and station identifiers; 2) cross-sectional cut lines;
3) cross-sectional bank stations; 4) downstream reach lengths for the left
overbank, main channel and the right overbank; and 5) cross-sectional roughness
coefficient. Figure 21 and Figure 22 shows cross-sectional cut lines and an
example cross-section graphic obtained from the HEC-RAS model.

Figure 21: HEC-RAS Suriname River cross-sectional cut lines
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Figure 22: Example Suriname River cross-sectional data display

Flow data available at the outlet of the Afobaka Dam for the Brokopondo
Reservoir, obtained from the Hydraulic Research Division of the Suriname
Ministry of Public Works are presented in Figure 23. The HHW levels in the
Suriname River were obtained from Amatali (2012) which is shown in Table 4.
The Suriname River is tidally influenced in the downstream portion including
adjacent to the Study Area and the Brokopondo Reservoir regulates the flow in
the upstream reaches.

Figure 23: Historical Brokopondo Reservoir daily mean flows

Initially, the Brokopondo Reservoir maximum discharge was defined in the
HEC-RAS model as the upstream flow boundary condition. The Paramaribo
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water level location data (see Table 4Error! Reference source not found.) were
used to calibrate the upstream flow in the HEC-RAS model for 10-, 25-, 50-, and
100-year return periods. A total of 16 scenarios were performed using four return
periods for the following: 1) baseline, 2) climate change 2020 (SLR available, see
Table 8 and Figure 18 ), 3) climate change 2050 and 4) climate change 2080 for
coastal flooding analysis.

4.3.2 Analysis of Model Results

A steady state® hydraulic analysis was performed using the HEC-RAS model for
both the baseline and climate change induced sea level rise scenarios for all
return periods. HEC-RAS was set up using geometrical and flow data as
mentioned in the previous sections for various return time periods.

The water surface elevation predicted by the HEC-RAS model along the Study
Area, which was examined to provide as input to the FLO-2D model. The spatial
location of the HEC-RAS model cross-sections along the FLO-2D model extent
are shown in Figure 24 and the corresponding water surface elevations are
shown in Figure 25 for a 100-year return period baseline simulation.

Figure 24: HEC-RAS cross-sections along the Suriname River adjacent to the
Study Area

1 Steady state HEC-RAS modeling refers to water surface profile computations for
steady gradually varied flow or using constant flow.
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Figure 25: HEC-RAS water surface elevation for 100-year baseline return period
along the FLO-2D model domain.

For all return period scenarios, the water level varies by 2 to 3 cm along the 3 km
long section of the Suriname River that is adjacent to the Study Area. The HEC-
RAS water surface elevation data was saved as shapefiles which were then
embedded into the FLO-2D model for detailed coastal and inland flooding
analysis in the Study Area.

4.3.3 Assumptions and Limitations

The following assumptions and limitations were made during the application of
HEC-RAS model for the computation of water surface elevation in the Suriname
River.

* HEC-RAS is a one-dimensional hydraulic analysis model with steady and
subcritical flow regime and was used to compute the water surface
elevation along the shoreline of the Suriname River adjacent to the Study
Area. This assumption typically holds for the peak flood scenario in
Suriname River because the flow is steady, gradually varying, and one-
dimensional in nature.

* Measured flow/discharge rate in the Suriname River were not available
near the Study Area. Hence the Brokopondo Reservoir flow was used as
the initial condition for the upstream boundary condition in the HEC-
RAS model. The Brokopondo Reservoir is located about 132 km upstream
of the Study Area. Therefore, the area between the reservoir and the
Study Area contributes significant runoff to the Suriname River. The
upstream flow was calibrated with the available water level data at
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4.4

Paramaribo for all return periods, thus reducing the uncertainty
associated with the initial flow assumption at the upstream boundary.

* Standard Manning's coefficient (n) values for Suriname River and its
adjacent flood plain were assumed to be 0.04 and 0.030 respectively.
These values are obtained from the HEC-RAS manual.

¢ The HEC-RAS model domain for the Suriname River extends from Jules
Wijdenboschbrug Bridge (upstream of the study area) to a location near
the Posisi Straat (downstream of the Study Area).

*  HEC-RAS model uses the river and its adjacent flood plain geometrical
data in the form of cross-sections and computes a single water surface
across each cross-section. As per the literature (HEC,2017) this one-
dimensional modelling procedure holds good for the main river system
and hence, addresses the objectives of the HEC- RAS Suriname River
model set up. However, HEC-RAS does not perform a higher level of
hydrodynamic fidelity in the Suriname River flood plain region where
flow routing is affected by obstructions due to buildings, infiltration and
storm-water drainage. This limitation was addressed by using the Flo-2D
model for the Suriname River flood plain region.

FLOOD MODELLING OF THE STUDY AREA USING FLO-2D

The Study Area flood depths and hazards were modeled using FLO-2D model. It
is an effective model for evaluating flood hazards by simulating flow routing
through channels, unconfined over lands, and streets over complex topography.
The model also routes flood hydrographs and rainfall runoff with many rural
and urban detail features including levees, walls, and hydraulic structures.

FLO-2D simulates two-dimensional overland flow across a floodplain by
conducting volume conservation. Flow within stream channels is modelled as
one-dimensional. The model is set up with uniform, square grid elements. Inflow
to the model occurs at inflow nodes with a specified hydrograph. Water surface
elevations, velocities and flow rates are computed for each grid element based on
inflow water surface elevation, ground surface elevation, and Manning’s
roughness coefficient. The transfer of water mass between grid elements occurs
in eight directions: E, S, W, N, NE, SE, SW, and NW. The details of setting up the
FLO-2D model are given in the following sections.

4.4.1 Model Setup

The FLO-2D model domain along with the Study Area and existing flood wall is
shown in Figure 26. The input data to setup the FLO-2D model are listed in Table
9. The Study Area was discretized with a 2-D rectangular grid with a constant
width of 4 m. The discretized FLO-2D model grid shown in Figure 27 and Figure
28 provides highly detailed information about flooding and is the best practical
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resolution for the Study Area. The several types of data listed in Table 9 were
imported into the Study Area model grid. The digital terrain model (DTM) with

2 m resolution defines the land surface elevation. The DTM vertical datum was
adjusted by +0.22 m to account for the conversion from EGM96 to NSP"*
(Patandin, 2017) was made to the final DTM. Elevations typically range from 0 m
at the shoreline to 4 m further inland.

Figure 26: FLO-2D model grid domain. Also shown in the same figure are the
Study Area and the existing wall

Table 9: Data Inputs for the FLO-2D model

Data Input

Purpose

Data Source

Topography

Water flow routing in the Study Area

2 m Digital Terrain Model
(DTM) Data from

TRIMBLE

(https:/ / geospatial.trimble.co
m/where-to-buy/ gissat)

Urban City Layout

Flow obstruction due to buildings and
levees

OpenStreetMap
(http:/ /www.openstreetmap.o

1g/)

Drainage Layout

Storm water routing in the Study Area

CAD diagram from Suriname
Public Works Department

Land Cover/Use

flow resistance due to friction

GISSat and ESRI
(http:/ /surinameonline.maps.a
rcgis.com/home/index.html)

" N.S.P. is a uniform datum referred to as the Normal Suriname Datum, being mean sea
level, as measured at the mouth of the Suriname River in 1956 (Rijkscommissie voor
Geodesie, 1983). The conversion between EGM96 and NSP depends on how much sea
level rise has occurred since 1956. The estimated SLR from 1961-2003 is 1.8 (+/- 0.5)
mm/year (CCCRA 2012), resulting in +0.11 m from EGM96 to NSP.

ERM
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Data Input Purpose Data Source
FLO-2D Reference Manual
(FLO-2D, 2004)

Soil Infiltration Van der Eyk (1958)

Climate IDF curves and SR HHWLs Meteorologische Dienst
Suriname
(http:/ /www.meteosur.sr/)
and Amitas (2012)

Climate Change Future projections of IDF curves and SR CCCRA (2012) and

HWLs www.Climsystems.com

Figure 27: FLO-2D model grid covering the Study Area with a high resolution of
4 m cell size
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Figure 28: 4 m grid cell resolution at the waterfront capturing all details of the
buildings in the Study Area

Buildings in the downtown area will affect and be affected by flooding. The
building footprints shapefile was obtained from OpenStreetMap website. As
obstructions, buildings cause reduced area for flood waters, while increasing
depths and flow velocities. The combination of high depths and velocities is a
hazard to buildings and can cause significant damage.

Land use also affects flooding. Flood water moves at a higher velocity along
paved surfaces, however highly vegetated areas can absorb some of the impacts
of flooding. Land use data was obtained from the Suriname Online Portal” and
incorporated in the FLO-2D model grid. For this study, the SCS Curve Number
method (USDA, 1986) was selected to represent rainfall infiltration into the soil.
Areas with a higher curve number (CN) have reduced infiltration due to greater
impermeability, and therefore have a higher potential for flooding. A CN was
assigned to each grid cell based on soil type and land use in the Study Area. The
land use and soil type determine the curve number and Manning’s roughness
parameters which are shown in Table 10 . Greater vegetative cover will have a
lower curve number, faster infiltration.

15 Suriname Online Portal (http:/ /surinameonline.maps.arcgis.com/home/index.html) is
a joint initiative of GISSat and ESRI. Suriname Online is a so-called “one stop
window” where spatial digital and geographical data from various stakeholders from
the GIS community in Suriname are available for public use.
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Table 10: Land use parameters for the FLO-2D application of the Study Area

Land Use Manning's n Curve
value Number

Low Density Residential 0.12 90
Medium Density Residential 0.12 90
High Density Residential 0.12 90
High Density Housing - Low Income 0.12 90
Agriculture and Livestock 0.35 86
Medium/Low Density farmstead 0.12 90
residential

Commercial 0.08 95
Institutional (Schools, Government, etc.) 0.08 95
Industrial 0.05 93
Park/Reserve/Roundabout 0.40 79
Cultural Heritage 0.08 92
Cemetery 0.40 79
Open Field Some Vegetation 0.40 79
Field Where Development is Prevalent 0.12 90
Dense Vegetation and Forest 0.40 77
Water - Includes Larger Canals 0.04 98

The downtown flood wall was incorporated into the FLO-2D model grid as
shown in Figure 26. Design drawings, aerial imagery, and shapefiles delineated
the extent and height of the flood wall. It is approximately 0.5 km in length and
has a top elevation of 3.25 m NSP. In addition, land elevation along the shoreline
of the Suriname River adjacent to the Study Area within the model domain was
ground truthed based on information gathered during site visits and from other
published information related to prior flooding in the Study Area.

Based on the site visit, we identified that the sluice gate and pumping station at
Knuffelsgracht Street does not work. Similarly, the sluice gate near Central
Market (no pumps) also does not work. Because of this, they were not included
in the baseline and climate change scenarios for the Study Area existing
conditions. Only the sluice gates and pumps for the Van Sommeldijckse Canal
were included in the Flo-2D model setup. We assumed that the entire canal
system within the Study Area is fully functional for the baseline and climate
change scenarios. Since FLO-2D model cannot handle head controlled operation
of sluice gate and pump, we assumed continuous operation of two pumps with a
total capacity of 9.0 m3/sec in the Van Sommeldijckse Canal. However, FLO-2D
model limits the pump operating capacity when Suriname River water level is
larger than the operating head of the pump and hence the model indirectly
emulates the head controlled gate and pump operating mechanisms. However,
in the detailed flooding analysis of the Van Sommeldijckse Canal, the actual
operating mechanism of sluice gates and pumps were implemented in the HEC-
RAS model that was described in Section 4.5.
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FLO-2D model simulations were performed using two methods 1) coastal
flooding; and 2) inland flooding. We adopted this approach to understand the
individual contribution to flooding in the Study Area instead of combining them
together. Based on our previous metropolitan Paramaribo city side hazard risk
assessment study (ERM, 2017), we identified the flooding in different regions can
be clearly distinguished between coastal flooding due to storm surges and inland
flooding due to rainfall. Further, we found that the coastal flooding is
predominately high near the riverbank of the Suriname River. Therefore, in the
site specific flood hazard risk analysis report we described in detail the coastal
flood modeling analysis in the main section and moved the inland flood
modelling results to the Appendix section. In both these methods, the driving
force was applied only to evaluate the maximum flood impact. This approach
also helped us to evaluate the as which driving forces are the major contributor
to the Study Area flooding. The model was not run to evaluate the time it takes
to drain after the completion pf an extreme flood or rainfall event. However, it
can be approximately estimated from the model predicted flood inundation
maps.

For coastal flooding, the Suriname River HEC-RAS model computed HHWLs
along the shoreline adjacent to the Study Area for baseline and climate change
scenarios at 10-, 25-, 50-, and 100- year return periods. We adopted extreme value
theory approach to get the worst case conditions. The HHWLs (See Table 4) for
various return periods were obtained by the statistical analysis of long time
period of available data on water levels at various locations along the Suriname
River. This approach includes the effect of spring tide, waves and surge heights
due to various storms that would have occurred during the long time horizon
used for the statistical analysis. A 12-hour linear flood hydrograph derived from
HHWLS (Table 4) was applied along the riverbank boundary of the model
domain (Figure 26). In coastal flood modelling, rainfall hydrographs were not
included so that we can predict the impact of flooding solely due to the river
flood hydrograph.

Similarly, for inland flooding, IDF curves were generated using the methodology
described in Section 4.2.1.3 and 4.2.3.2 for baseline and climate change scenarios
at 10-, 25-, 50-, and 100- year return periods, respectively. Rainfall hydrograph of
24-hour SCS Type III storm with various intensities (IDF analysis) and return
periods were used to represent the worst-case rainfall events. For inland flood
modelling, we applied only rainfall hydrographs while keeping the river stage
using typical tide hydrograph.

A delineated watershed map of the Study Area is shown in Figure 29. The water
flow directions shown in Figure 29 depicts the drainage direction of storm/flood
water from the Study Area into the Suriname River. The modeling domain
(highlighted in yellow color) was extended on all the inland boundaries of the
Study Area to take into account additional run off coming from neighboring
watersheds. We performed sensitivity analysis to obtain the present optimized
hydrological model boundaries of the Study Area. We used this approach to
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reduce the computation time due to the usage of very high-resolution model grid
(2 m grid cell size).

Figure 29: Delineated watershed domains in and around the Study Area. Also
shown is runoff flow directions

Water depth and velocity at each model grid cell was obtained as output from
FLO-2D model simulations and were used for hazard calculations and impact
analysis. Table 11 summarizes the criteria used to determine flood hazard levels
by considering water depth and velocity parameters.

Table 11: Definitions of flood intensity used for developing hazard flood maps

Flood Intensity I(\I/Ine;ximum depth [h] r:::;l:ﬁ ‘Clleell:)tc};t;l R,r]nes Hazard Level
(m?/s)

High h>15m OR v*h>15m?/s High

Medium 0.5m<h<15m OR 0.5m2/s<v*h<15m?/s Medium

Low 01m<h<05m AND |0.1m2/s<v*h<0.5m2/s Low

h=water depth; m= meters; m?/s= square meters per second; v=water velocity.
Source: Adapted from FLO-2D Reference Manual, 2004
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4.4.2 Implementation of Canal Drainage System in the Study Area

The Flo-2D model setup described in previous sections was linked with the U. S.
EPA’s Storm water Management Model, SWMM'" (EPA 2014) to determine the

capacity of the drainage system. This approach allows the FLO-2D to predict the
extent and depth of ponded areas caused by overflow from the drainage system.

The SWMM (EPA, 2014) model is routinely used to determine the drainage
system capacity and flood hydrographs for a storm water analysis of an urban
region. SWMM model routes rainfall through the storm water drainage system
by simulating rainfall-runoff from primarily developed areas and routes the
runoff through pipes, storage/treatment devices, and other components of a
system. In addition, the SWMM model tracks the quantity of runoff generated
within each sub catchment, and the flow rate and depth of water in each pipe of
the drainage system. Flow through pipes may be simulated as steady flow,
utilizing Manning’s equation, or as dynamic wave, utilizing the Hazen-Williams
or Darcy-Weisbach equations. The drainage network area is divided into small
sub catchments each containing various amounts of pervious and impervious
surfaces. The runoff from each sub catchment feeds into a series of nodes
representing manholes and links representing pipes connecting the nodes.

The storm water drainage network was input to SWMM model with information
from design drawings supplied to us in AutoCAD format by the Suriname
Public Works Department. Details about pipe sizes, invert elevations, and outfall
locations were included in the diagram as annotations. The CAD design drawing
was in an unknown coordinate system and it was converted to the right
coordinate system using ArcGIS after several tryouts. Because of the large
number of manholes and pipes in the Study Area, only major junctions were
included in the SWMM model. A map of the drainage network that was
imported into SWMM is shown in Figure 30.

16 SWMM refers to Storm Water Management Model, developed by U. S. EPA (United
States Environmental Protection Agency) is a dynamic rainfall-runoff simulation
model used for single event or long-term (continuous) simulation of rainfall runoff
from primarily urban areas.

ERM 35 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Figure 30: Drainage system network improvised in GIS for SWMM model

Results from SWMM were used to model the extent and depth of ponded areas
in FLO-2D. Storm sewer overflow hydrographs at various nodes in the drainage
system were computed in SWMM. The 10-, 25-, 50-, and 100-yr event overflow
hydrographs were used as input in the FLO-2D model. Drainage inlets which are
not flooded are set as outflow cells in FLO-2D. Water entering these inlet cells
from the inlet sub catchment will go out of the system. Some of that water is
returned to the surface through inlets that are flooded, and the rest through
outfalls. Flooded inlets are given a 1-hr inflow hydrograph equal to the total
volume of flooded water. Outfalls are given a 24-hr inflow constant hydrograph
equal to the total volume of outfall water loading.

Results show that the drainage system will overflow at certain locations. The
flooding at these locations caused by low elevation points in the Study Area.
Figure 31 to Figure 34 show drainage pipe flow rate and inlet flooding for the
baseline scenario at 10-, 25-, 50- and 100- year return periods. In all these figures,
red nodes and pipes indicate that the system has insufficient capacity. The invert
elevation of the most flooded inlet is -0.4 m NSP. Flow rates at this location are
provided in Table 12. The invert elevation in that area is below sea level and
unable to efficiently drain without any pumping.

Based on the site visit, we identified that the sluice gate and pumping station at
Knuffelsgracht Street does not work. Similarly, the sluice gate near Central

Market (no pumps) also does not work. Because of this, they were not included
in the baseline and climate change scenarios for the Study Area as-is conditions
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(no adaptation alternatives). The outfalls discharge directly goes through the
gates as open sluice. Adaptation alternatives 5 and 6 refers to the rehabilitation of
these two locations (See Adaptation Alternatives report).

Figure 31: Pipe flow and inlet flooding for a baseline 10-year event. Flow rate in
cubic meters per second (CMS)

Figure 32: Pipe flow and inlet flooding for a baseline 25-year event. Flow rate in
cubic meters per second (CMS)
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Figure 33: Pipe flow and inlet flooding for a baseline 50-year event. Flow rate in
cubic meters per second (CMS)

Figure 34: Pipe flow and inlet flooding for a baseline 100-year event. Flow rate in
cubic meters per second (CMS)
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Table 12: Drainage flooding flow rate for the Baseline Scenario

Return Period Maximum Flooding Rate
(m®/s)
10 7.41
25 9.02
50 10.23
100 11.43

4.4.3 Analysis of the Study Area Flood Modelling Results

The flooding impacts in the study region was analyzed in terms of inland
flooding due to rainfall and inefficient drainage systems and coastal flooding due
to the HHWLs in the Suriname River due to the combined action of river inflows,
tides, waves and storm surges. These two flooding scenarios were run separately
to evaluate individual maximum impacts. This approach though highly
conservative, it is a good practice so that localized adaptation measures can be
identified for the Study Area. A detailed description of all the coastal and inland
flood modelling scenarios for the Study Area with the existing flood wall is
provided in Appendix Al and A2.

In order to understand as where flooding occurs in the Study Area, an aerial
satellite image of the Study Area along with key assets locations is shown in
Figure 35. The coastal flood modelling results show that most of the flooding
occurs in the vicinity of the Water Taxi and Fort Zeeland regions and along the
Van Sommeldijckse Canal. The inland flood modelling results show that most of
the flooding occurs in the vicinity of Hotel Palacio, CetrumKerk and Roopram
Rotishop and watershed regions on either side of the Van Sommeldijckse Canal
adjacent to the shoreline of the Suriname River. To illustrate how the intensity of
flooding changes for different return periods and how climate change further
exacerbates the situation, two critical areas in the Study Area were chosen to
evaluate flood impacts. The first area is the Water Taxi area along the Suriname
River and the second is the Fort Zeelandia area also along the Surinam River but
adjacent to the Van Sommeldijckse Canal. These areas are of economic and
historic importance and both are outside the existing flood wall in the Study
Area. These two areas were used to analyze the results for all coastal flooding
scenarios.

In section 4.4.3.1, the coastal flooding inundation results were described for the
Study Area baseline configuration. Coastal flooding inundation due to Climate
Change Scenarios (2050 and 2080) were discussed for the Study Area in section
4.43.2. In section 4.4.3.3 and 4.4.4.4, the corresponding flooding hazard results
were described for the Study Area baseline and climate change scenarios,
respectively.

Flooding Inundation — Baseline (
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4.4.3.1 Figure 36)

As discussed previously, FLO-2D was used to model higher level hydrodynamic
fidelity in the Suriname River flood plain region where flow routing is affected
by obstructions due to buildings, infiltration and storm-water drainage.
Maximum water levels and precipitation for 10-, 25-, 50-, and 100-year return
periods were used to inform the baseline analysis.

In the Water Taxi Area (See Figure 35 for location identification), the elevation of
Waterkant Street is above the 10-year flood level and consequently little, if any
flooding occurs inland. In the 25-year return period, however, the flood
elevation is greater than the elevation of Waterkant Street and flooding occurs
from the Paramaribo Central Market to the Water Taxi area. This area is
approximately 750 m long by approximately 100 m wide at its widest point.
Flood elevations in this area range from < 0.1 m to 2.0 m with the majority of the
area flooded to depths ranging from 0.1 m to 0.5 m. The area of impact related to
the 50-year return period is only slightly greater than that area impacted in the
25-year return period, with a small area inundated at the intersection of Keizer
Street and Waterkant Street where flood depths range from 0.1 m to 0.5 m. The
flooding impact in this area ranges from 0.1 m to 1.0 m. For the 100-year return
period, flooding continues to increase to the east and west of the Water Taxi
Area. Inundation occurs in an area at the southern end of Jodenbree Street with
flood levels ranging from 0.1 m to 1.0 m. A small area near the western end of the
flood wall is also impacted with flood levels ranging from 0.1 m to 1.0 m. In
summary, the elevations along Waterkant Street tended to be greater than the
flood levels for the 10-year return period. However, the increasing flood
elevations in the 25-, 50-, and 100-year return periods exceeded the elevations
along Waterkant Street, resulting in flooding that first spreads inland and then
expands east and west of the Water Taxi Area.

Around Fort Zeelandia (See Figure 35 for location identification) to the east of the
Water Taxi Area, the elevation of the area is higher and generally above the 10-
year flood level; consequently little, if any flooding occurs inland. The only
flooding occurs in a small wooded area near the mouth of the Van
Sommeldijckse Canal. For the 25-, 50-, and 100-year return periods flooding in
the area is essentially that same as the 10-year return period. The ground
elevation in the area of Fort Zeelandia, therefore, is sufficient to withstand even a
100-year event.
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Figure 35: Study area with historic assets and cultural heritage areas
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Figure 36: Comparison of coastal flooding at the Water Taxi and Fort Zeelandia regions for the baseline scenario at 10-, 25-, 50-, and 100-
year return periods
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4.4.3.2 Flooding Inundation - Climate Change

The impacts from climate change were then evaluated for the years 2020, 2050,
and 2080. However, because climate change impacts for the year 2020 are
relatively small, the years 2050 and 2080 are evaluated below to demonstrate
how climate change will likely impact the Study Area.

2050 Climate Change Scenario (
Figure 37)

In the western portion of the Study Area near the Water Taxi area (See Figure 35
for location identification), the 2050 climate change scenario significantly
exacerbates flooding along the bank of the Suriname River above the baseline.
The elevation of Waterkant Street is below the 10-year flood level for the 2050
climate change scenario and significant flooding occurs along this region of the
Suriname River. The area from the Paramaribo Central Market to the western
end of the existing flood wall is inundated with water depths ranging from 0.1 m
to 2.0 m. In addition, flood levels for the 10-year return period under the 2050
climate change scenario also are high enough to flood low lying areas
immediately behind the existing flood wall. For the 25- and 50-year return
periods, flooding inundation occurs over a larger area with flooding extending to
the north of Keizer Street and into the southern portion of Kromme Elleboog
Street in the 50-year return period. The area surrounding Bodega & Grill De
Waag is inundated with 0.1 m - 0.5 m of water. As expected, some additional
areas are inundated for the 100-year return period; however, increase in the area
of impact is small. The main difference is an increase in general water depths
along the riverfront area.

In the eastern portion of the Study Area, near Fort Zeelandia (See Figure 35 for
location identification), the 2050 climate change scenario with a 10-year return
period leads to flooding along the western side of the Sommeldijckse Canal. The
elevation at Fort Zeelandia, however, is still above the HHWL and little or no
flooding occurs. For the 25-year return period additional areas are inundated,
particularly along the Sommeldijckse Canal immediately to the northeast of Fort
Zeelandia. These areas are inundated with 0.1 m to 1.0 m of water. Of particular
note is that flood waters also occur in the inland side of the existing flood wall at
depths ranging from < 0.1 m to 2.0 m. For the 50- and 100-year return periods,
the area impacted by flooding increases significantly. Most prominent is the
flooding that occurs along the Sommeldijckse Canal. Flooding occurs along both
bank of the canal and extends inland approximately 150 m west of the canal with
depth ranging from 0.1 m to 1.0 m. Along the Suriname River, the area
immediately surrounding Fort Zeelandia (See Figure 35 for location
identification) is inundated by 0.1 m to 2.0 m of water. The elevation of the Fort
itself, however, is above the HHWL for the 100-year return period. The area of
flooding on the land side of the existing flood wall also increases with increasing
return period. In summary, although the elevation of Fort Zeelandia places it out
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of harm for the 100-year return period, a substantial area in the eastern portion of
the Study Area will be impacted by both 50- and 100-year flooding event.
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Figure 37: Comparison of coastal flooding at the Water Taxi and Fort Zeelandia regions for the climate change 2050 scenario at 10-, 25-, 50-,
and 100-year return periods
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2080 Climate Change Scenario (Figure 38)

As expected, the 2080 climate change scenario for the 10-year return period
exacerbates flooding above the baseline 10-year return period. The areas along
the bank of the Suriname River in the western portion of the Study Area near the
Water Taxi Area are particularly impacted. To put these impacts into context, the
affected area of impact for the 2080 climate change scenario for the 10-year return
period is approximately double the area impacted under the 2050 climate change
scenario for the 10-year return period in the western portion of the Study Area.
For the 25-, 50-, and 100-year return periods, there is some increase in the
affected area in the western portion of the Study Area at the HHWL for these
events. What is significant is that the primary increase in the area affected by
flooding occurs with the 10- and 25-year return period, with only marginal
increases occurring during the 50- and 100-year return periods.

In the eastern portion of the Study Area (See Figure 35 for location
identification), extreme flooding impacts above the baseline occur with the 2080
climate change scenario for the 10-year return period. Whereas essentially no
flooding in the Fort Zeelandia Area occurs with the baseline 2050 climate change
with a 10-year return period, significant flooding occurs in the majority of the
eastern portion of the study area. Flooding extends from the area around the
Walter Amo Sporthal on Koninginne Street to the mouth of the Sommeldijckse
Canal. Although the areal extent of flooding increases for the 25-, 50-, and 100-
year return periods, the areal increases associated with these events are relatively
small compared to the change that occurs above the baseline for the 10-year
return period.
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Figure 38: Comparison of coastal flooding at the Water Taxi and Fort Zeelandia regions for the climate change 2080 scenario at 10-,
25-, 50-, and 100-year return periods
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Flooding Hazard — Baseline (

4.4.3.3 Figure 39)

Flood hazard levels were determined based on water depth and velocity
obtained as output from the FLO-2D model. As noted previously, the elevation
of Waterkant Street in the Water Taxi Area (See Figure 35) is above the baseline
10-year flood level and consequently little, if any flooding occurs inland.
Therefore, flood hazards are high only along the bank of the Suriname River in
the western portion of the Study Area. Small areas with a medium hazard level
can be seen on the immediately to the west of the Water Taxi Area. For the 25-,
50-, and 100-year return periods, hazard levels essentially mirror inundation
levels in this region of the Study Area. Areas inundated with 0.0 m to 0.5 m of
water correspond to low hazard; areas inundated with 0.5 m to 1.0 m of water
correspond to medium hazard and areas inundated with greater than 1.0 m of
water tend to correspond to high hazard levels.

Because the elevation of the Fort Zeelandia area (See Figure 35 for location
identification) to the west of the Water Taxi Area is generally above the baseline
10-year flood level, medium and high hazard levels are associated only with the
bank of the Suriname River and the mouth of the Sommeldijckse Canal. The
hazards associated with the 25-, 50-, and 100-year return periods with the
existing flood wall generally mirror inundation levels in this region of the Study
Area with medium hazards associated with shallower water along the bank and
deeper water in the mouth of the Sommeldijckse Canal.
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Figure 39: Comparison of coastal flooding hazard at the Water Taxi and Fort Zeelandia regions for the baseline scenario at 10-, 25-,
50-, and 100-year return periods
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4434 Flooding Hazard - Climate Change

The impacts from climate change are evaluated for the years 2050 and 2080.

2050 Climate Change (Figure 40)

As noted above, in the western portion of the Study Area near the Water Taxi
Area (See Figure 35 for location identification), the 2050 climate change scenario
significantly exacerbates flooding along Waterkant Street and the bank of the
Suriname River above baseline. With the elevation of Waterkant Street below the
10-year flood level for the 2050 climate change scenario with a 10-year return
period, significant flooding occurs along this region of the Suriname River. Low
hazard levels are generally found where flood water levels are less than 0.1 m
deep, with the exception of a narrow low hazard band in an area inundated with
0.5 m - 1.0 m of water located along Waterkant Street immediately adjacent to
the Water Taxi Area. A small high hazard area can be found immediately
adjacent to this low hazard area. Medium hazards are generally located in areas
with 0.5 m - 1.0 m of water. Flood hazards associated with the 25-year return
period do not change appreciably from those seen with the 10-year return
period. For the 50- and 100-year return period, the extent of medium hazard
areas increases appreciably above that for the 25-year return period. The area of
high hazard does not increase significantly with the 50- and 100-year return
period.

In the eastern portion of the Study Area, flooding occurs almost exclusively
along the western side of the Sommeldijckse Canal with the 2050 climate change
scenario with a 10-year return period. Medium hazards are seen mainly in this
area. Small pockets of low hazard areas are associated with shallow flooded
areas (< 0.1 m) and relatively larger pockets of medium hazard are found
associated with areas between 0.5 m and 2.0 m deep. The only high hazard areas
were found in the Suriname River at the mouth of the Sommeldijckse Canal. For
the 25-year return period additional areas are inundated, particularly along the
Sommeldijckse Canal immediately to the northeast of Fort Zeelandia (See Figure
35). These areas are associated with medium hazards; however, several small
high hazard areas are found in areas with flood depths of 1.0 m to 2.0 m. This
pattern grows in areal extent with 50 and 100-year return periods. In addition, as
noted above, flood waters also extend to the inland side of the existing flood
wall. The extent of medium and high hazard areas increases significantly above
baseline in the 25-, 50-, and 100-year return periods.

2080 Climate Change (Figure 41)

2080 climate change scenario for the 10-year return period exacerbates flooding
above the baseline 10-year return period, as noted above. In the western portion
of the Study Area near the Water Taxi Area (See Figure 35 for location
identification), the areas along the bank of the Surname River are particularly
impacted. The area is characterized primarily as a medium hazard area a few
pockets characterized as high hazard. Medium hazard areas generally occur

ERM 50 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



along Waterkant Street (See Figure 35) and immediately inland where water
depths are range from 0.1 m 1.0 m. The high hazard areas are associated with
depths between 1.0 m and 2.0 m. One large area of high risk is located
immediately adjacent to the Bodega & Grill De Waag (See Figure 35 for location
identification). As discussed previously, the areas impacted by flooding from 25-,
50-, and 100-year events are not significantly different from that found with the
10-year return period climate change scenario. Likewise, flood hazards
associated with the 25-, 50-, and 100-year return periods were not appreciably
different from conditions found with the 10-year return period. Medium hazard
areas generally occur along Waterkant Street and immediately inland where
water depths are range from 0.1 m 1.0 m. The high hazard areas are associated
with depths between 1.0 m and 2.0 m.

In the eastern portion of the Study Area, extreme flooding impacts above
baseline occur with the 2080 climate change scenario for the 10-year return
period, whereas essentially no flooding in the Fort Zeelandia Area (See Figure 35
for location identification) occurs with the baseline 10-year return period. The
Sommeldijckse Canal and the area immediately adjacent to it are characterized as
high risk. Similarly, the Suriname River at the mouth of the Sommeldijckse
Canal and the area immediately behind the existing flood wall are also
characterized as high risk. The rest of the inundated area is characterized as
medium risk. Although the areal extent of flooding continues to increases for the
25-, 50-, and 100-year return periods, the areal increases associated with these
events is relatively small compared to the change that occurs above baseline for
the 10-year return period. Therefore, there is little change in the size of medium
and high hazard areas.
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Figure 40: Comparison of coastal flooding hazard at the Water Taxi and Fort Zeelandia regions for the climate change 2050 scenario
at 10-, 25-, 50-, and 100-year return periods
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Figure 41: Comparison of coastal flooding hazard at the Water Taxi and Fort Zeelandia regions for the climate change 2080 scenario
at 10-, 25-, 50-, and 100-year return periods
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Majority of the flooding in the study area appears to be from the Suriname River
(coastal flooding) than from precipitation/runoff from inland (inland flooding).
The inland flooding, rather than significantly occurring at any location, is
sparsely distributed throughout the study area, although the inland flooding
appears to be increasing along the river bank of both Suriname River and Van
Sommeldijckse canal (ultimate drainage outlets) as the storm return period
increases. Based on the modelling runs for both baseline and future scenarios,
there are two general locations that are comparatively more prone to flooding
than other locations of the study area. One area is the low spot along the bank of
Suriname River that is immediately east of Knuffelsgracht Street and Waterfront
(Waterkant) Street intersection. The second general area of concern is the Van
Sommeldijck canal, immediately upstream of Van Sommeldijckse Canal pump
station.

Landing for small boats and a steel jetty are located in this low area immediately
east of Knuffelsgracht Street and Waterfront (Waterkant) Street intersection (See
Figure 35 for location identification). This area is prone to significant coastal
flooding even for baseline conditions (See Appendix Al of this Report). As the
modelling progresses to climate change scenarios, coastal flooding is also
observed along the Van Sommeldijckse Canal (See Figure 35 for location
identification). Flooding starts to appear immediately at north of the inlet side of
the Van Sommeldijck pumping station, for climate change 2020 scenario, and
then progresses further upstream along the canal for 2050 and 2080 climate
chance scenarios.

The detailed flooding analysis described above suggests that the flood
adaptation measures are needed along the Suriname River shoreline to minimize
the influx of its water entering into the Study Area due to high water levels
caused by storm surge and sea level rise superimposed over tides. Additional
flood adaptation measures are also needed to deplete the runoff out of the Study
Area during high intensity rainfall periods and coastal flooding by
improving/enhancing the existing drainage system in the Study Area.

4.4.4 Dynamics of Flooding in the Study Area

The dynamics of flooding in any place follows the principle of least resistance.
The driving forces are intensity, duration and frequency of precipitation events,
storm surge over high tides, waves and SLR. The resistance to flooding comes
from physical configuration (elevation and slope), infiltration (soil and land
configuration) into the ground and natural and constructed drainage system
(holding and draining capacity) of a region.

4441 Coastal Dynamic Characterization

Coastal flooding occurs when the sea water level rises during tropical storms and
hurricanes have the potential to severely impact low-lying coastal settlements
such as cities, villages and infrastructures. The United States National Oceanic
and Atmospheric Administration (NOAA) identifies the rise in sea water level
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during storm conditions as storm surge, which is defined as an abnormal rise of

water generated by a storm, over and above the predicted astronomical high tide
(NOAA, 2015). The raised sea water can inundate the coastal land via two major

paths:

¢ Direct inundation, where the sea level exceeds the elevation of the land;
or

* Overtopping of a barrier, where the sea level overtops or breaches a
natural or artificial barrier.

Coastal flooding is largely a naturally occurring event. However, human
influence on the coastal environment can facilitate the sea level rise and
exacerbate the damage. For example, extraction of water from groundwater
reservoirs in the coastal zone can enhance subsidence and increase the risk of
flooding.

In Paramaribo, coastal flooding is a hazard of concern in particular when
downbursts from thunderstorms are experienced, and predictions of climate
change and global warming indicate an increase in flooding due to a rise in sea
level (USACE, 2001).

4.4.4.2 Processes Contributing to Total Storm Surge

Coastal flooding occurs mostly because of the storm surge created by hurricanes
and its backwater effects on inland rivers and stormwater systems. Other
processes also contribute to coastal flooding and each needs to be assessed
separately. These processes include:

1. Storm surge;

2. High tides;

3. Waves setup; and
4. Sea level rise (SLR).

These processes contributing to the total storm surge are shown in the following
Figure.

Source: Adapted from NOAA, 2015
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Storm surge is the combination of wind setup and pressure setup during
hurricanes and tropical storms. High tides depend on the combined effects of the
gravitational forces exerted by the Moon and the Sun and the rotation of the
Earth. Wave setup is the increase in mean water level due to the presence of
waves. Wave setup is largest during tropical storms and hurricanes. In general,
surges produced by wind are larger than surges due to pressure.

Tropical cyclones are rapidly rotating storm systems characterized by a low-
pressure center and a spiral arrangement of thunderstorms. These tropical
cyclones usually bring strong winds and produce heavy rain. Depending on the
storm intensity, tropical cyclones are classified as tropical depressions, tropical
storms, and hurricanes. The hurricane category is particularly dangerous and has
the potential of producing heavy coastal flooding.

Hurricanes gain their energy from warm waters as they move across the Atlantic
Ocean. At the system moves inland, the system loses strength and dissipates.
Hurricanes as well as tropical storms typically have enough moisture to cause
extensive flooding throughout a large geographical area. In addition to flooding,
hurricanes and tropical storms can bring severe winds, extensive coastal erosion,
extreme rainfall, thunderstorms, lightning, and tornadoes (USACE, 2008).

Higher ocean water levels can have devastating effects on coastal and near-shore
habitats. As seawater reaches farther inland, it causes destructive erosion,
flooding of wetlands, contamination of aquifers and agricultural soils, and lost
habitat for fish, birds, and plants. When tropical storms make landfall, higher sea
levels induce larger and more powerful storm surges that can propagate further
inland.

4.4.4.3 Study Area Flood Characterization

In the Study Area, most of the flooding occurs due to HWLs in the Suriname
River caused by storm surges occurring at spring high tide conditions. The
baseline simulations clearly show that flooding in the Study Area begins at the
low ground elevation level of the Waterkant Street and Paramaribo Central
Market, spreads inland and then expands east and west of the Water Taxi area
towards the existing flood wall. The ground elevation near the Fort Zeelandia
and the Van Sommeldijckse Canal area well above the 100-yr baseline HHWL
resulting in no flooding. Inland flooding in the Study Area is caused by
precipitation and water logging shows up in various regions, spread out
sporadically with more inundation occurring along the Van Sommeldijckse
Canal. The inland flooding happens due to overflow from the drainage system at
the Canal and various manholes in the street and non-operating condition of
sluice gates and pumps at Knuffelsgracht Steet and near Central Market (see
Section 4.4.2).

The maximum water level in the Study Area for a 100-yr event is 226 cm NSP.
The existing floodwall elevation is 325 cm NSP. Most of the Brokopondo
Reservoir regulates the flow in the upstream reaches of the Suriname River
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resulting in the influence of tides along the downstream portion including
adjacent to the Study Area. It has an average value of 312 m3/sec with two high
flows, one in 06/02/1972 (1080 m3/sec) and the other in 06/08/1976 (1190
m?3/sec) based on the time period 1966 to 1986 data. During HEC-RAS modelling,
the Suriname River flow used as upstream boundary condition was calibrated to
a value of 1150 m3/sec to obtain an water surface elevation of 226 cm at the
Paramaribo station for the 100 year return period (See Table 4). This clearly
shows that the discharge from Brokopondo Reservoir does not contribute to any
flooding in the Study Area. For the current existing conditions, most of the
flooding occurs very close to the shoreline in the vicinity of the Waterkant Street
for all return periods, which becomes more pronounced during spring tides.
During these conditions, most of the flooding will be caused by inland
precipitation with poor drainage system and existence of high water level at the
Suriname River inhibiting the runoff from the inland resulting in many areas in
the inland region of the Study Area getting flooded.

With climate change, coastal flooding occurs more frequently causing more
damage and disruption due to sea level rise. As sea level rises, coastal flooding
events will shift from being minor to more extensive, resulting in more damages.
Sea level rise occurrence is a slow, multi-decadal process that alone results in
gradual coastal erosion, subsidence and saline intrusion. However, when we use
extreme value theory to combine sea-level projections with wave, tide and storm
surge, the intensity and frequency of coastal flooding increases to a catastrophic
level (due to gradual destabilization of the coastal region by sea level rise being
impacted by extreme flood waves). Even regions with limited water-level
variability will be subjected to unusual flood events.

In the current study, projected SLR increase is 30 cm in 2050 and 70 cm in 2080.
The increase in SLR over baseline conditions results in most of the shoreline
region along the Suriname River in the Study Area will get flooded resulting in
large intrusion of coastal flood wave into the inland, thereby making much large
impact than from the inland rainfall flooding. The increase in SLR is much larger
than the increase in rainfall intensity for 2050 and 2080. In addition, the increase
in SLR further pushes the runoff and drainage water in canals into inland resulting
in much large flooding as compared to inland flooding due to rainfall. This can be
clearly seen in the hazard maps of the Study Area (see

Figure 37 and Figure 38) developed for climate change scenarios at various
return periods. The general flooding coastal flooding pattern remains the same
near the Water Taxi area for future years due to climate change. However, the
flooding spreads to a larger region on the east and west of the Water Taxi area
resulting in more inundation along the rear of the existing flood wall. In
addition, more flooding happens in the Fort Zealandia area and on either side of
the Van Sommeldijckse Canal for future years due to climate change. This
happens because of the limited storage and drainage capacity of the Canal,
small-sloped flood plain regions on either side of it. There is not much change in
the inland flooding for future years because of small percent increase in
precipitation due to climate change.
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Based on the current study, we can conclude that two important topographical
features of the riverbank controls the coastal flooding dynamics in the Study
Area: 1) the inland elevation and 2) the inland slope. The first one restricts the
onset of flooding and the second one restricts the spread of flooding. For inland
flood dynamics, slope initiates the flooding (run off) and low infiltration and
inefficient natural and constructed storm water drainage system spreads the
flooding resulting in human and property risks.

The current study results clearly show that the most of the flooding in the Study
Area is caused by the combined influence of storm surge, tides and sea level rise,
using extreme value theory. In addition, the increase in sea level rise, intensity
and duration of storm surge (See Section 4.2.3.3) is much larger than the
corresponding increase in extreme precipitation (see Section 4.2.3.2) resulting in
less inland flooding as compared to coastal flooding.

4.4.5 Flood Adapation Options for the Study Area

It is to be noted that there is no single solution to address various flooding
scenarios described in this report. A range of solutions should be selected to
address the different mechanism of flooding which occurs at various locations.
The adaption measures should address the two key critical areas that are
identified to be prone to flooding.

Various alternatives are considered for the adaption measures to address the two
main flood prone areas as identified through the modelling. The details of
adaptation options were included in a separate report submitted to IDB
(Alternatives Selection: Urban Investments for the Resilience of Paramaribo).
However, a brief description of various adaptation alternatives is included here.

44.5.1 Adaptation Alternatives Selection

The 14 site-specific alternatives identified in Section 2.2 of the alternative
selection report were evaluated in detail using scoring method on criteria that
were classified into four main categories: 1) Technological achievement, 2) Socio-
political achievement, 3) Environmental achievement and 4) Programmatic
achievement. Based on the scoring analysis, the following set of preferred
adaptation measures were considered for the development of alternative groups.

1) Alternative 2 - New flood wall immediately east of Knuffelsgracht Street
and Waterfront (Waterkant) Street intersection along the bank of
Suriname River to address both the baseline and future flooding in these
areas

2) Alternative 3 - Rehabilitate existing old retaining wall between Fort
Zeelandia and sluice gate in Van Sommeldijckse Canal to address both
the baseline and future flooding in these areas.

3) Alternative 4 - Rehabilitate Van Sommeldijckse pumping station and
sluice gates to increase discharge to the Suriname River. We assumed that
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with the suggested improvements, the entire canal system within the
Study Area will be fully functional.

4) Alternative 5 - Rehabilitate sluice gate and pumping station at
Knuffelsgracht Street

5) Alternative 7 - Rehabilitate Van Sommeldijckse Canal to increase water
storage capacity

6) Alternative 8 - Rehabilitate drainage system along Waterfront between
Knuffelsgracht and SMS Pier

7) Alternative 11 - Create buffer with enhanced mangrove plantings to
reduce the flood velocity and erosion

Formulation of the proposed adaptation measures consists of assembling the
seven highest-ranked alternatives (Alternatives 2, 3,4 5, 7, 8, and 11) listed above
into three groups as A, B and C, defined in Table 13 that represent options that
best address the critical components of the project, i.e., address the current and
amics future expected flooding in the project area. Flood walls are vulnerable to
erosion on a longer time horizon due to increase in hydraulic head and water
velocities from HHWLs due to sea level rise in a tidal system. The drainage canal
system fails over the years due to sedimentation resulting in an increased
flooding in the nearby floodplain regions. In addition, the flood modelling
results described in detail in Section 4.4.3 were used to identify the operational
and failure conditions (HHWLSs, return periods and future climate change years)
for the various adaptation alternatives identified for this study. Similar analysis
was performed on all the selected alternatives and determined functionality
threshold and related vulnerability scoring, which are discussed in detail in the
alternatives selection report. The three groups, along with projected cost,
benefits, and drawbacks of each group, are also presented in Table 13. Based on
the review of these benefits and drawbacks, including comparative analysis of
these groups, alternatives within Group A are identified as the preferred
adaptation measures; therefore, ERM proposes Group A alternatives to advance
to the pre-engineering design stage.

Table 13: Alternative Groups

Alternative Alternative Total
Group ID Alternative .. Projected Cost | Group |Benefits Drawbacks
Description
Cost
Alt2 New flood protection |$5.11 M e Strong o May obstruct
wall from measure view
Knuffelsgracht Street for coastal |4 tnland flood
Group A to SMS Pier $7.80 M flood :
p - . , contro
Alt4 Rehabilitate Van $2.33 M protection | requires
Sommelsdijck e Adaptive operation of

pumping station and
sluice gates

to future
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Alternative Alternative Total
Group ID Alternative . Projected Cost | Group |Benefits Drawbacks
Description
Cost

3 Alt11 Create buffer with $0.36 M by pump and
enhanced mangrove increasing | gates
plantings wall height | ¢ F1o0d wall

e Addresses | overlaps with
critical existing water
flood area tax business

e Address e Management
both of potentially
coastal and | impacted
inland sediment
flooding

1 Alt3 Rehabilitate existing |$2.19 M e Minimal e Critical flood
old retaining wall constructio | area not
between Fort n addressed
Zeelandia and sluice disturbanc .

te in Van e Only portion
ga lsdiick Canal eto of canal is
e rehabilitate | opapilitated

2 Alt4 Rehabilitate Van $2.33 M existing
Sommelsdijck wall ® Inlatndlﬂood
pumping station and e Added contro

. requires pum
sluice Sétes functionalit anc(li gatef P
Group B 3 Alt7 Rehabilitate Van $2.33 M $721M | Y along operation
(*reduced) |Sommelsdijck Canal canal for
(250 m) walkways ® Managerr}ent
- of potentially

4 Alt11 Create buffer with $0.36 M e Address impacted
enhanced mangrove both costal | sediment
plantings flood and

limited
(reduced
segment of
canal
improveme
nt)

1 Alt4 Rehabilitate Van $2.33 M e Noview e Critical flood
Somm.elsdijck. obstruction | area partially
pumping station and o Added addressed by
sluice gates . .| new pum

functionalit pump

2 Alt5 Rehabilitate sluice $2.55 M alon station (PS) -

: y 8
gatet and pumping canal for Alt5
station at walkways | Construction
Knuffelsgracht Street e Address disturbance at
Group C 3 Alt7 Rehabilitate Van $2.33 M $7.57 M both new PS - Alt5
(*reduced) |Sommelsdijck Canal coastal o Inland flood
(250 m) flood and control
4 Alt11 Create buffer with $0.36 M limited requires pump
enhanced mangrove (reduced and gates
segment of | operation
canal
improveme
nt)
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4.4.5.2 Description of Group A Alternatives

1. New Flood Protection Wall: The historic flood wall on the south side of
Waterfront Street will be replaced with a modern sheet pile wall extending
approximately 250 meters from Knuffelsgracht Street to the SMS Pier. The steel
sheet pile wall will be reinforced along the river side with locally available
riprap/stone and finished with a concrete/brick cap. A two- to four-meter wide
walkway will be installed on the street side with tree/shrub plantings. A
schematic of the proposed flood wall is presented in Figure 42. Additionally,
street side drainage improvements will be implemented, including storm drain
rehabilitation. The existing historic landing for small boats and a steel jetty
within the limits of the proposed flood protection wall will be rehabilitated
during the wall construction.

Figure 42: Flood Protection Sea Wall Detail

2. Rehabilitate Van Sommelsdijckse Pumping Station and Sluice Gates:
Currently, two of three pumps at the Van Sommelsdijckse Canal pump station
are operational. This alternative includes adding a new pump or refurbishing the
third pump to restore the original capacity of the pump station. Other
improvements include upgrading the outdated mechanical and electrical
systems, rehabilitating the sluice gate structures, and increasing the capacity of
the water storage area in front of the sluice gates by dredging accumulated
sediment.

3. Enhance Mangrove Plantings: The existing mangrove plantings at the
Van Sommelsdijckse Canal pump station outlet will be enhanced and expanded
to provide additional erosion protection. The enhancements will include
constructing wooden cribbing to facilitate sediment entrapment and natural
vegetation growth. Additional mangrove plantings will be made in this area as
well.

The existing flood model of the Study Area was rerun for the baseline and the
climate change 2020, 2050 and 2080 scenarios at 10-, 25-, 50- and 100-year return
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periods by adding alternative option 1 from Group A (referred in this report as
Alternative 2 for all modelling purposes) and option 1 from Group B (referred in
this report as Alternative 3 for all modelling purposes) as levees in the model
domain with top elevation set at 3.25 m NSP. We identified specific adaption
options and performed flooding hazard analysis using FLO-2D and HEC-RAS
models. The flood hazard analysis for the rest of the adaptation options were
derived from the existing flood modelling results. For example, the impact of the
implementation of mangrove fields (option 3 in Group A) as an adaption
alternative in the Fort Zeelandia area was derived from existing results by
reducing the flood inundation depths in the mangrove fields proportional to the
increase in the roughness and infiltration factors. Similar approach was
developed for other adaption options.

The cost of residual flooding for various alternatives was determined using
identified failure modes as described previously and then were included in the
coast benefit analysis report (Benefit Cost Analysis of Mitigation Alternatives for
Suriname) submitted to IDB.

4.4.6 Analysis of Coastal Flooding due to the Alternative 2 and 3 Flood
Adaptation Options

44.6.1 Flooding Inundation - Baseline (Figure 43)

Under the baseline conditions, the general elevation of the Water Taxi Area (See
Figure 35 for location identification) is above the 10-year flood level and
consequently little, if any flooding occurs inland. This is also the case with
proposed Alternatives 2 and 3 in place. For the baseline 25-, 50-, and 100-year
return periods, flooding begins to occur from the Paramaribo Central Market to
the Water Taxi area, expanding as the return period increased. With Alternatives
2 and 3 in place no flooding occurs for the 25-year return period and for the 50-
year return period, only very minor flooding is seen directly along the bank of
the Suriname River east of the Paramaribo Central Market. For the 100-year
return period with Alternatives 2 and 3 in place, more significant flooding
occurs. Minor flooding occurs along the bank of the Suriname River west of the
Water Taxi Area and extends into the Paramaribo Central Market area. Flooding
also occurs along Waterkant Street to the west of the proposed Alternative 2 and
extends behind the flood wall along Waterkant Street to the intersection of
Watermolen Street. Although flooding does occur in the western section of the
Study Area with Alternatives 2 and 3 for the 100-year return period, the affected
area is approximately less than half us the area affected under baseline condition.

In the western section of the Study Area near Fort Zeelandia (See Figure 35 for
location identification), little, if any, flooding occurs under baseline conditions
for the 10-, 25-, 50-, and 100-year return periods. As one would expect, with the
construction of Alternatives 2 and 3, there was no flooding of this area under for
the 10-, 25-, 50-, and 100-year return periods.
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Figure 43: Comparison of Coastal flooding inundation at the Water Taxi and Fort Zeelandia regions for the baseline scenario at 10-,
25-, 50-, and 100-year return periods and with Alternatives 2 and 3 options

ERM 63 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



4.4.6.2 Flooding Inundation - Climate Change

Flood inundation impacts from climate change with Alternatives 2 and 3 are
evaluated below for the years 2050, and 2080.

2050 Climate Change Scenario (Figure 44)

In the western portion of the Study Area near the Water Taxi Area (See Figure 35
for location identification), the elevation of Waterkant Street is below the 10-, 25-,
50-, and 100-year flood levels for the 2050 climate change scenario.
Consequently, significant flooding occurs along this region of the Suriname
River. The implementation of Alternatives 2 and 3 under the 2050 climate
change scenario, results in a smaller area impacted by flooding for the 10-year
return period. The area that benefits primarily under this specific scenario is the
area immediately surrounding Bodega & Grill De Waag, which remains in
unaffected. For the 25-, 50-, and 100-year return periods, however, Alternatives 2
and 3 have little or no impact on inundation in the western portion of the Study
Area.

In the eastern portion of the Study Area, near Fort Zeelandia (See Figure 35 for
location identification), the baseline 2050 climate change scenario leads to
flooding along the western side of the Sommeldijckse Canal for the 10-year
return period. Flooding expands to the area around Fort Zeelandia for the 25-
year return period and continues to move inlands for the 50- and 100-year return
periods. With the implementation of Alternatives 2 and 3, flooding is
significantly reduced for the 25- and 50-year return periods. In both of these
scenarios, flooding is limited to the area immediately adjacent to the
Sommeldijckse Canal. For the 100-year return period, however, Alternatives 2
and 3 are ineffective and the areal extent and depth profile of the flooding are
essentially the same at the baseline case for the 100-year return period.
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Figure 44: Comparison of coastal flooding inundation at the Water Taxi and Fort Zeelandia regions for the climate change 2050
scenario at 10-, 25-, 50-, and 100-year return periods and with Alternatives 2 and 3 options

ERM 65 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



2080 Climate Change Scenario (Figure 45)

As noted previously, the areas along the bank of the Suriname River in the
western portion of the Study Area near the Water Taxi Area (See Figure 35 for
location identification ) are particularly impacted for the 2080 climate change
scenario and the 10-, 25-, 50-, and 100-year return periods. The implementation
of Alternatives 2 and 3 under the 2080 climate change scenario, results in
flooding patterns similar to the baseline for all return periods. There appears to
be only a marginal decrease in areal extent of flooding.

In the eastern portion of the Study Area, near Fort Zeelandia (See Figure 35 for
location identification), extreme flooding impacts above baseline occur under the
2080 climate change scenario for all return periods. With the implementation of
Alternatives 2 and 3 under the 2080 climate change scenario and 10-year return
period, flooding is significantly reduced north and northwest of Fort Zeelandia.
The area around the Walter Amo Sporthal on Koninginne Street, which was
inundated under the baseline 2080 climate change scenario, is not impacted. In
general, for the 25-, 50-, and 100-year return periods, the implementation of
Alternatives 2 and 3 results in a somewhat smaller area of inundation, mostly
confined to small pockets north of Fort Zeelandia.
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Figure 45: Comparison of Coastal flooding inundation at the Water Taxi and Fort Zeelandia regions for the climate change 2080
scenario at 10-, 25-, 50-, and 100-year return periods and with Alternatives 2 and 3 options
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4.4.6.3 Flooding Hazard - Baseline (Figure 46)

As noted previously, the elevation of Waterkant Street in the Water Taxi Area
(See Figure 35 for location identification) is above the baseline 10-year flood level
and consequently little, if any flooding occurs inland. Flood hazards are high
only along the bank of the Suriname River in the western portion of the Study
Area. Small areas with a medium hazard level occur immediately to the west of
the Water Taxi Area. For the baseline 25-, 50-, and 100-year return periods,
hazard levels essentially mirror inundation levels in this region of the Study
Area. With the implementation of Alternatives 2 and 3, flooding in this part of
the Study Area is fairly small and is not considered a hazard under all return
periods.

Around Fort Zeelandia (See Figure 35 for location identification) to the west of
the Water Taxi Area, the elevation generally above the 10-year flood level;
consequently little, if any flooding occurs inland. The only flooding occurs in a
small wooded area near the mouth of the Sommeldijckse Canal. For the 25-, 50-,
and 100-year return periods flooding in the area is essentially that same as the
10-year return period. As such, medium and high hazard levels are associated
only with the bank of the Suriname River and the mouth of the Sommeldijckse
Canal. With the implementation of Alternatives 2 and 3, medium and high
hazard levels are also associated only with the bank of the Suriname River and
the mouth of the Sommeldijckse Canal.

ERM 68 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Figure 46: Comparison of coastal flooding hazard at the Water Taxi and Fort Zeelandia regions for the baseline scenario at 10-, 25-,
50-, and 100-year return periods and with Alternatives 2 and 3 options
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4.4.6.4 Flooding Hazard - Climate Change

Flood hazard impacts from climate change with Alternatives 2 and 3 are
evaluated below for the years 2050, and 2080.

2050 Climate Change Scenario (Figure 47)

As noted previously, in the western portion of the Study Area near the Water
Taxi Area (See Figure 35 for location identification), the 2050 climate change
scenario exacerbated flooding along Waterkant Street and the bank of the
Suriname River above baseline. The implementation of Alternatives 2 and 3
results in a reduction in the area of low risk for the 25-year return period,
particularly in the area on the land side of the Alternative 2 flood wall. Other
than this, the implementation of these alternatives has little impact on the
medium and high hazard areas for the 50- and 100-year return period in the part
of the Study Area.

In the eastern portion of the Study Area, the implementation of Alternatives 2
and 3 has little impact on the flood hazards identified for the baseline for 10-, 25-,
and 50-year return periods since there is only minor flooding in this area. For the
2050 climate change scenario with a 100-year return period, however,
Alternatives 2 and 3 result in a significant decrease in the area exhibiting
medium hazard, particularly to the west of the Sommeldijckse Canal. There is
also a significant reduction in the high hazard area directly along the canal.
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Figure 47: Comparison of coastal flooding hazard at the Water Taxi and Fort Zeelandia regions for the climate change 2050 scenario
at 10-, 25-, 50-, and 100-year return periods and with Alternatives 2 and 3 options
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2080 Climate Change Scenario (Figure 48)

2080 climate change scenario for all year return periods exacerbates flooding
above the baseline. In the western portion of the Study Area near the Water Taxi
Area (See Figure 35 for location identification), the areas along the bank of the
Suriname River are particularly impacted. In general, medium hazard areas
occur along Waterkant Street and immediately inland. One large area of high
risk is located near the Magic Island Casino. Implementation of Alternatives 2
and 3 has some impact on medium hazard areas, but appears to have little
impact on high hazard areas.

In the eastern portion of the Study Area, the implementation of Alternatives 2
and 3 results in a reduction in the area of medium hazard for all return periods.
These areas are mostly associated with areas inland from the Suriname River and
the Sommeldijckse Canal. Alternatives 2 and 3 also result in a reduction of some
small areas of high hazard, but the most significant reduction is associated with
medium hazard areas.
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Figure 48: Comparison of Coastal flooding hazard at the Water Taxi and Fort Zeelandia regions for the climate change 2080 scenario
at 10-, 25-, 50-, and 100-year return periods and with Alternatives 2 and 3 options
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In summary, for the baseline conditions, the implementation of the alternatives 2
and 3 flood walls are successful in reducing the flooding inundation and hazard
in the Water Taxi area for the 25-, 50-, and 100-year return periods. In the eastern
portion of the Study area, alternatives 2 and 3 have minimal impact on flooding
and hazard because the area is already mostly unaffected for all return periods
under baseline conditions. For the 2050 climate change scenario, flooding still
occurs in the Water Taxi area with the implementation of alternatives 2 and 3;
however, the overall area of flooding inundation decreases as does the areas
identified as low, medium and high hazard. In the eastern portion of the Study
Area, near Fort Zeelandia, alternatives 2 and 3 reduce flooding inundation and
hazard for low and medium return periods. While these alternatives have little
impact on the area of flooding in this area for the 100-year return period, they are
effective in reducing the flood hazard, however. For the 2080 climate change
scenario, alternatives 2 and 3 have little impact on flooding inundation and
hazard in the eastern portion of the Study Area along the Suriname River bank
and the Sommeldijckse Canal. They also have minimal impact on flooding
inundation in the western portion of the Study Area. There are only small
localized reductions in flooding inundation and in areas identified as low
hazard, Alternatives 2 and 3 have the most impact on flooding inundation and
hazard to the north of Fort Zeelandia.

Consequently, although alternatives 2 and 3 significantly improve flooding
conditions under the baseline scenario, their effectiveness is significantly reduced
under climate change conditions and, particularly, for long return periods. The
reduction in flood inundation and hazard is not sufficient to minimize the
socioeconomic risk associated with it, since the baseline hazard itself is high for
the years 2050 and 2080 due to climate change, especially for long return periods.
The proposed flood walls are effective to some extent, but in longer time
horizons with climate change flooding still happens but from other locations.
This means that they are effective for the specific locations it aims to manage, but
flooding from elsewhere happens and these would need to be addressed as part
of a program of adaption works.

4.4.6.5 Results for Other Adaptation Options

The flood hazard analysis for the rest of the adaptation options were derived
from the existing flood modeling results. For example, the impact of the
implementation of mangrove fields as an adaption option in the Fort Zeelandia
area was derived from existing results by reducing the flood inundation depths
in the mangrove fields (Alternative 11) proportional to the increase in the
roughness and infiltration factors. According to Spalding (2014), hundreds of
meters of mangrove fields are needed to significantly reduce waves (wave height
is reduced by 13-66% per 100m of mangroves). Sufficient mangrove forest width
needs to be present to maintain sediment balance. This can help to prevent
erosion and may encourage active soil build-up. Mangroves do not provide a
secure defense (nor do many engineered defenses). Thousands of meters are
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4.5

needed to reduce flooding impacts (storm surge height is reduced 5 - 50 cm/km).
However, developing a complex knitted root systems are effective wave energy
dissipaters, storm surge blockers and sediment trappers. A sustained mangrove
field needs a continuous supply of freshwater and sediments. The added value of
having mangrove fields is that it provides a strong biodiversity. Similar
approach was developed for other adaption options.

4.4.7 Assumptions and Limitations

For the coastal flooding analysis, ERM assumed that HHWL in the Suriname
River was constant for the entire period of simulation in the Study Area FLO-2D
model. In an actual event, however tides with maximum elevation of HWL
appear only two times in a day.

The FLO-2D model does not have a method to implement the automatic
operation of sluice gate and pump based on elevation difference between the
upstream and downstream of a hydraulic unit. ERM assumed continuous
operation of 2 pumps in the Sommeldijckse Canal for all the baseline and climate
change scenarios in the Study Area FLO-2D model.

ERM assumed that HHWLs obtained for the Suriname River were based on
many years of measured water levels that include the combined effect of tides,
waves and storm surges. So, HHWLs for climate change were obtained by
superimposing SLR on the baseline HHWLs.

The quality of the Study Area FLO-2D model results depends on the quality of
data since this model needs many spatial datasets at a reasonable resolution. The
ground truthing of digital elevation data is a very crucial process and is
performed by a detailed site survey.

HYDROLOGICAL MODELLING OF VAN SOMMELDIJCKSE CANAL
USING HEC-RAS

The FLO-2D model used for the Study Area cannot simulate the automatic
operation of the sluice gate and pump used to manage the flow of wastewater
(run off and other wastewater drains in to the Paramaribo canal system) in the
Van Sommeldijckse Canal to control flooding around its watershed regions
during normal and extreme climatic conditions. Because of this FLO-2D model
limitation, the flooding hazard associated with the Van Sommeldijkse Canal was
quantified by developing a hydrological /hydraulic/flood model for the Canal
and its surroundings. The hydrological model development was consisted of a
terrain analysis and hydrologic and hydraulic modelling. The Terrain analysis
was carried out using ArcGIS and HEC-GeoRAS. Hydraulic modelling was
carried out using the one-dimensional HEC-RAS unsteady state model and
hydrologic modelling was performed using the rational methodology. In the
terrain analysis, the 2 m flood plain digital elevation model and canal cross-
sectional data obtained from published reports (MPW, 2008) were used to
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develop the geometrical data for the HEC- RAS model and for the demarcation
of the catchment area. A detailed hydrologic analysis was conducted for the
catchment area using rational methodology in order to develop the Canal design
hydrograph associated with several return periods. Rational Equation is widely
used for urban drainage studies in order to design the peak flow and associated
hydrograph. Hydraulic analysis was performed with HEC-RAS software using
the canal/flood plain geometry and flow hydrograph.

4.5.1 Model Setup

The high resolution 2 m flood plain digital elevation data provided by the client
was used for the flood plain analysis. However, the flood plain DEM is not
representative of the Canal bathymetry in detail. In order to overcome this
limitation, Canal cross-sectional data available in the Sommeldijkse Creek
measurement report by Ministry of Public works (MPW, 2008) was used. Four
cross-sections were available along the Canal at an average spacing of 350 m.
Cross-section profiles and spatial location along the model domain are shown in
Figure 49 and Figure 50, respectively. These cross-sections were digitized in the
ArcGIS environment and linearly interpolated to create a continuous channel
digital elevation model. Later, channel DEM was combined with 2 m flood plain
DEM in order to develop a coherent integrated canal terrain model comprised of
the Canal and its adjacent floodplains. This integrated river terrain model serves
as input to HEC-GeoRAS and shown in Figure 51.

Figure 49: Available surveyed cross-sections for the Canal (MPW, 2008)
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Figure 50: Available surveyed cross-section locations along the Canal

Figure 51: Integrated Canal terrain model to process geometrical input in HEC-
GeoRAS
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HEC-GeoRAS is a geographic river analysis system developed using ArcGIS by
the U.S Army corps of engineers (HEC, 2009) to function as a pre-processor for
preparing the HEC-RAS geometric input data and a post-processor to delineate
flood plain using water surface profile results exported from HEC-RAS. HEC-
GeoRAS allowed the preparation of geometric data for import into HEC-RAS.
HEC-GeoRAS requires a digital terrain model in grid format. Hence, the
developed coherent integrated canal terrain model comprised of the main
channel and its adjacent floodplain in grid format was used to extract
geometrical description of canal. In HEC-GeoRAS, river geometry was
developed by digitizing and populating attribute of the following RAS themes:
stream centerline, bank lines, flow path centerlines and cross-sectional cut lines.
HEC-GeoRAS canal setup is shown below in Figure 52. Geometric file for import
into HEC-RAS contains river, reach and station identifiers; cross-sectional cut
lines; cross-sectional bank stations; downstream reach lengths for the left
overbank, main channel, the right overbank and cross-sectional roughness
coefficient. These geometrical characteristics exported in HEC-RAS are
represented below in Figure 53 and Figure 54.

Figure 52: Canal model setup in HEC-GeoRAS
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Figure 53: Schematic of Canal cross-sections layout in HEC-RAS

Figure 54: Schematic of canal cross-section in HEC-RAS

After the cross-sections were exported into HEC-RAS, existing pump (2 pumps
are currently in operation with individual capacity of 4.5 m3/sec) and sluice gate
structure (2 gates are current in operation) were added to HEC-RAS geometrical
setup. The schematic of setting up pump operation in HEC-RAS model is shown
in Figure 55. Sluice gate setup schematic is shown below in Figure 56. The sluice
gate characteristics are obtained from the Ministry of Public Works reports
(MPW, 2017) and field observations during the site visit.
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Figure 55: Setting up Canal pump operation in HEC-RAS. Two pumps are
currently in operation with a total capacity of 9.0 m%/sec

Figure 56: Setting up Canal sluice gate operation in HEC-RAS. Two sluice gates
are currently in operation.

Hydrologic analysis was carried out using the rational method in order to
develop Canal runoff hydrographs for 25-, 50-, and 100-year return periods. The
runoff hydrograph is another primary input for HEC-RAS in addition to the
geometrical cross-sectional data. Design hydrograph was derived for all the
baseline climate change 2050 and 2080 scenarios at 25-, 50-, and 100-year return
periods. Peak Flow was estimated using below rational equation:

ERM 80 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Q, = CIA

Where Q, is peak runoff rate (m3/s); C is runoff coefficient; I is the intensity of
rainfall (m/s); and A is area of catchment (m?2)

Catchment area of the Van Sommeldijckse canal was delineated using
hydrological spatial analyst tool of ArcGIS. In addition, the natural drainage
canal network was also delineated using the same tool. A digital elevation
model of 2 m resolution was used to delineate the catchment and associated
natural drainage network shown in Figure 57. With this approach, the
catchment area was determined based on the hydrological borders.

Figure 57: Delineated catchment region of the Van Sommeldijckse Canal

It is important to mention that the delineated catchment area (466 Hectare) was
not draining completely along the length of the Van Sommeldijckse canal. This is
due to the highly developed urban area where manmade drainage network
covering the topography does not allow the natural gravity drainage. In
addition, discussion with the local Suriname based sub-contractor revealed that
the catchment area of the Van Sommeldijckse Canal/Pump/Gate is about 700
hectare. This number looks reasonable to accommodate the manmade
neighboring canals draining into the Van Sommeldijckse Canal, which does not
fall within the GIS based delineated catchment. Hence, the catchment area of 700
Ha (conservative value) was used for peak storm flow calculation using the
rational approach.

Rainfall intensity was obtained by Intensity-Duration-Frequency (IDF) curves for
the baseline and the climate change return periods. The hydrological modelling
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(rainfall-runoff) of canal includes storm water from buildings as the area
associated with buildings falls within the catchment area. Rational approach
(CIA) uses the catchment area to calculate the peak storm flow in the Canal.
Wastewater discharge data was not available for the canal catchment and so, this
flow was not taken into consideration for runoff calculation. Runoff coefficient of
0.5 was used in the HEC-RAS model. It is the weighted runoff coefficient for the
entire canal catchment obtained by considering the building, street, garden, and
undeveloped area. In addition, discussion with Suriname based sub-contractor
reveals that the average paved /impervious percent (%) in the flood plains of the
Canal is nearly 50%. Hence, the specified runoff coefficient which includes the
effects of building structures aligns with field observation.

Once peak runoff was calculated, the design hydrograph was obtained by
assuming the design rainfall duration was equal to time of concentration as
shown in Figure 58. Time of concentration is defined as the time needed for
water to flow from the most remote point in a watershed to the watershed outlet.
Hence, Time of concentration is a fundamental watershed parameter for the
computation of the peak discharge of a watershed. Time of concentration is
derived from the Kirpich Equation (Soliman, 2010)

t;: Time of concentrstio
A tg: Storm Jduration

% Q! Peak flow

Y.

0
<t=4y—>»

Figure 58: Design Hydrograph Development Methodology

Design storm hydrograph for the 100-year baseline return period is shown in
Figure 59. This hydrograph was added to the Canal HEC-RAS model as the
upstream boundary condition. A 12-hour tidal hydrograph was given as
downstream boundary condition, which is shown n Figure 60.
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Figure 59: 100-year baseline return period design hydrograph

Figure 60: 100-year baseline return period tidal hydrograph
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For all canal scenarios, 12-hr duration was used as model simulation time period.
The design storm hydrograph was developed in such a way that the peak
catchment runoff in canal happens simultaneously with high tide in Suriname
River and so, depicts the worst case flooding scenario.

4.5.2 Analysis of HEC-RAS Modelling Results of the Van
Sommeldijckse Canal

A detailed analysis of HEC-RAS modelling of the Van Sommeldijckse Canal for
the existing configuration is provided in the Appendix C1. The analysis of all
flooding inundation maps of the Canal and its surroundings clearly shows that
the maximum inundation occurs near the entrance to the canal at Prinsessestraat,
in the vicinity of Jessurunstraat and Koninginne Straat and on either side of the
Canal near the discharge point to the Surinam River with more intense flooding
in the Palmtree Garden region. During the Canal gate/ pump operation, the
maximum flooding inundation does not happen at all times. The maximum
flooding occurs only during the high tide conditions in the Suriname River. At
other times, the flooded regions are controlled by the stage of the tide conditions
in the Suriname River. Most of the flooded regions in the Canal surroundings are
in the medium to low hazard levels for all the baseline scenarios. The flooded
regions become exacerbated with the climate change resulting in more high
hazard regions on either side of the canal with more intense flooding in the
Palmtree Garden and the Kleine Waterstraat regions.

Appendix C1 shows the Canal flooding results corresponds to 12-hr simulation
duration. The 100-yr baseline flood inundation Figure C1- 3 depicts the
maximum inundation (worst case) that occurs during the simulation that
corresponds to peak catchment flow in the Canal and simultaneous high tide in
the Suriname River. However, the flooding inundation in the Canal and its
surroundings changes with time during the time period of simulation due to the
time varying flow and tide hydrographs in the upstream and downstream side
of the Canal, respectively. Figure C1- 11 shows 100-yr baseline flood inundation
map at discrete hours during the simulation time.

ERM developed a series of 12-hr flood animations for 100-yr baseline scenario to
understand the flooding and draining of the flood plains. It showed that the
flood wave propagates slowly along the Study Area for the first 6-hour duration.
After that, peak flood occurs for the duration of around 6 to 8 hour and then the
flood wave drains rapidly for the remaining duration of around 8 to 12 hr. Based
on this analysis, It can be concluded that around 2-hr of peak flooding will have
most adverse effects on humans and infrastructure. This argument is typically
holds good for all baseline scenarios.

Canal climate change scenarios also follow relatively the same trend of flood
wave in terms of propagation and recession whereas the flood peak occurs
comparatively a larger duration of around 3 hour.
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One of the flood adaptation measures identified in section 4.4.5.1 is to improve
the Van Sommeldijckse Canal infrastructure (referred in this report as
Alternative 4). The existing HEC-RAS model for the Canal was rerun by adding
one more pump to increase its pumping capacity from 9.0 m3/sec to 13.5 m3/ sec.
The model was run only for the baseline scenario at various return periods to
evaluate its effectiveness in controlling the floods around the Canal. A detailed
analysis of the HEC-RAS modeling of the Canal with the Alternative 4 option
and the baseline scenario is provided in the Appendix C2. The results show that
the medium hazard regions on either side of the Canal at its confluence with the
Suriname River reduces considerably with the addition of one more pump to the
Canal infrastructure. However, with climate change, the change in the impact of
flooding around the Canal will be minimal as compared to the baseline
conditions similar to the arguments provided in the coastal flooding section
2.4.1.2 of this report.

4.5.3 Assumptions and Limitations

The following assumptions were made during the application of HEC-RAS
model for the Van Sommeldijckse Canal flood study.

* HEC-RAS one-dimensional hydraulic analysis with unsteady flow regime
was assumed to simulate flooding in the Van Sommeldijckse Canal and
its surroundings. This assumption typically holds true for the Canal
because the sluice gate and pump operation downstream of the Canal
makes the flow transient in nature. Transient flow represents the sudden
change in flow characteristics like depth, discharge, velocity and
pressure.

* Tidal cycle of 12-hour duration was assumed to simulate the Canal
hydraulics. This duration includes two-high and two-low tide stages in
the Suriname River.

* Sluice gate was assumed to be fully opened in the starting of simulation
time period. During other times of simulation, it was assumed a water
level difference of 10 cm between the Suriname River and the Canal
controls the opening and closing operations of the Canal sluice gates.
Similar control mechanism was implemented for the operation of two
pumps in the Canal.

e Standard Manning’s coefficient (n) values for the Canal and its adjacent
flood plain were assumed to be 0.04 and 0.035, respectively. These values
were obtained from the HEC-RAS manual.

* Detailed geometrical characteristics of drainage networks were not
available for the canal catchment; therefore, the widely used rational
methodology was used to calculate the runoff associated with the
catchment and the associated Canal hydrograph.
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5.0

* The HEC-RAS model domain for the Canal extended from its discharge
to the Suriname River to 1.5 km upstream of the discharge location (at
Prinsessestraat).

The following limitations were identified during the application of HEC-RAS
model for the Van Sommeldijckse Canal flood study.

* HEC-RAS does not perform the higher level of hydrodynamic
calculations in the canal flood plain region and provides only reasonable
estimation of flood inundation depth in the Canal’s surroundings. This
limitation can be addressed by linking the HEC-RAS Canal model to
another 2D hydraulic model for the Canal flood plain region.

* Only four surveyed cross-sections were available from the Canal 2008
survey report (MPW, 2008) along the study domain. These
measurements were taken in 2008, and so, there may be some bathymetry
changes in the Canal since that time.

¢ Due to data limitations, the HEC-RAS Canal model was not calibrated
with any observed flood event. In addition, the current catchment runoff
calculations did not consider waste water discharges that could enter into
the Canal.

RISK ASSESSMENT

Risk is defined as the combination of the probability of an event and its negative
consequences (UN, 2014). The components of risks for the Study Area, people
and environment are:

* Exposure (probability and intensity of natural disasters and the number of
people exposed or threatened by these disasters); and

* Vulnerability (considering susceptibility, coping capacity, and adaptive
capacity).

In the Study Area, baseline physical configuration and hydrological and
meteorological conditions provided the information to establish baseline hazard
and associated risks. Relevant climate change projections, which alter the
existing dynamic system, were used to predict future changes that could lead to
changes in the baseline hazard and risk profiles. By using all the data collected,
generated and analyzed in previous sections, ERM evaluated the damages to
assets associated to floods within the Study Area using the following
methodology:

* Development of flooding hazard maps (water depth and velocity);

* Assessment of vulnerability (exposed building characteristics and
population) using land use/cover, spatial economic and population
databases;
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* Estimates of economic and population risk and development of associated
maps;

Land costs were used to create the economic-based risk maps based on existing
land used data and costs obtained from the Suriname real estate websites while
population-based risk maps were created by using population density for
Paramaribo from 2012 demography data. The analytical methods used to
calculate economic- and population-related risks using computed flooding
hazard and socio-economic databases are described in detail in Appendix A2 of
the Hazard and Risk Study report (ERM, 2017) developed for the city of
Paramaribo in Suriname and selected by the Inter-American Development Bank
(IDB) to be part of its Emerging and Sustainable Cities (ESC) program.

When risks were estimated, we looked at the maximum elevation and
momentum in the study region due to the impact of maximum flooding at
various return periods for baseline and future scenarios for the combined impact
of storm surge and inland flooding due to rainfall. This was done by summing
the maximum impact at each grid cell from all the simulations described in the
previous sections and appendices. Though combined flood inundation maps
were not included in the report, they were created as interim results to develop
economic and population risk maps.

CALCULATION OF ECONOMIC RISK

A detailed discussion on land costs were included in Appendix A2 of the
Paramaribo Hazard & Risk Study final report submitted to IDB as part of
Emerging and Sustainable Cities program. A brief description of land costs used
to create the economic-based risk maps is discussed in this section. The inventory
of exposed assets involves understanding the distribution of people, buildings,
and infrastructure that may be affected by floods. Exposed assets are buildings
and infrastructure that are susceptible to damage given some hazard. Assets can
be residential, commercial, and industrial buildings, institutions such as
hospitals and schools, or infrastructure such as roads and bridges, electrical
systems, and telecommunication systems. Other potential exposed assets
include:

. Urban buildings

. Urban infrastructure (e.g., roads, bridges)
. Rural infrastructure

. Natural and regional infrastructure

. Human exposure

In Paramaribo Metropolitan, there was insufficient detailed information to carry
out a site-specific assessment of all buildings; therefore, the assessment starts
with estimated property values compiled through conversations with local real
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estate experts (See Table 14), ERM developed a two-step calibration or scaling
approach to use the information. First, the reported asset values per m2 are too
high, and second, using only asset values will underestimate avoided costs
because it excludes lost income and indirect effects. The calibration approach
adjusts for both of these effects.

The total value of the entire metropolitan area using these values is $172 billion.
The estimated GDP of the study region is $4.98 billion (World Bank Statistics
2018), which implies an asset to GDP ratio of 39.7. A recent study of global
wealth estimated that the value of physical assets are about 3.2 times larger than
annual GDP (Arcadis 2015). The study conducted an analysis of 32 countries
ranging in size from Ghana to China and included Brazil and Chile in South
America. The study found a fairly stable relationship for the asset/ GDP ratio.
Based on these calculations, ERM decided that the values could be useful for
relative asset values by type of land use, but should be scaled to reflect the
magnitude of values from the Arcadis (2015) study (see Figure 61: Land use
property values in US dollars estimated for the Paramaribo Metropolitan.
Therefore, the initial asset values were multiplied by 0.081 = 3.2/39.7. The costs
were obtained from Suriname Real Estate Websites.

Table 14: Summary of Land/Asset Values

Land Use Mean Value
(USD$/m?)
Low Density Residential $450
Medium Density Residential $350
High Density Residential $220
High Density Housing — Informal or Government $220
Agriculture and Livestock $35
Medium/Low Density Farmstead Residential $55
Commercial $550
Institutional (schools, government, etc.) $950
Industrial $550
Park/Reserve/Roundabout $400
Cultural Heritage $1500
Cemetery $85
Open Field (Some Vegetation) $32
Field where Development is Prevalent $85
Dense Vegetation and Forest $100
Water/Canals $55

For the second step, the damages to assets needed to be calibrated to reflect
losses in income and other indirect effects. This calibration requires a Total
Damage/ Asset Damage ratio. ERM reviewed numerous studies, which are
suitable for this purpose (ELEAC 2009). Despite employing different
methodologies and metrics and evaluating different types of climate events, the
studies show that the Total Damage/ Asset Damage ratio ranges between 1.05
and 1.71. No individual estimate is a perfect match for flooding in urban areas in
Suriname, therefore ERM used an average of all the estimates, 1.37, to reflect the
long-run ratio. This ratio is multiplied by the first calibration step, 0.081, for a
combined scaling factor of 0.11.
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Figure 61: Land use property values in US dollars estimated for the Paramaribo
Metropolitan Area

The Economic Risk Factor, ERF was calculated from the adjusted land costs
using Equation 1.

Equation 1:

Economic Risk Factor = EVI * Land Asset Economic Value per m?

Where EVI refers to Economic Vulnerability Index. EVI was estimated based on
five grouped land use type and hazard. EVI measures the percentage of total
value that would be lost from flooding levels with different hazard levels. It is
based on South America global damage functions reported in Huizinga (2007)
and calibrated with data from ECLAC Damage Assessment Reports. Similar
studies in the neighboring countries indicated that the percentage of damage to
asset value ranged from 15 to 32 percent. This information was used to scale the
normalized damage functions from Huizinga resulting in the EVI values that
varies between 0% and 32%. Table 15: Economic Vulnerability Index by land use
and hazardTable 15 shows the EVI assigned to each of the five grouped land use
categories and hazard levels (See Table 11).

Table 15: Economic Vulnerability Index by land use and hazard

Grouped Land use Land Uses Hazard
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none

low

medium

high

Residential

Commerce
Industry
Infrastructure

Agriculture

Informal,
High
Density
Residential
(HDR),
Medium
Density
Residential
(MDR),
Luxury (L),
Beach or
Waterfront
Park, Low
Density
Residential
(LDR)
Commerce
©),
Cultural
Heritage,
Institutional,
Recreation,
Golf,
Tourism (T)
Industrial
Airport
Agriculture,
unprotected
forest,
Mixed
Dwelling
Agriculture,
Protected
Forest,
Protected
Wetland,
Unprotected
Wetland,
Vacant
Vegetation.

0%

0%
0%
0%

0%

3.75%

2.25%
2.5%
3.75%

4.5%

8.25%

6.75%
6.0%
8.25%

9.75%

32%

32%
32%
32%

32%

Source: Adopted from Paramaribo Metropolitan from Huizinga, 2007

As an example, economic vulnerability index map for existing wall and climate

change 2050 scenario is shown in Figure 62 and the corresponding economic risk

map is shown in Figure 63.
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Figure 62: Economic-based vulnerability index map of the Study Area for the
climate change 2050 scenario at 100-year return period

Figure 63: Economic-based risk map of the Study Area for the climate change
2050 scenario at 100-year return period

Figure 62 shows clearly that economic vulnerability index maps looks
similar to the economic risk map shown in Figure 63 and hence only the
economic-based risk maps were developed using the approach described
above for the baseline and climate change scenarios for all selected return
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periods and are described in Sections 5.3, 5.4 and 5.5. However, the
economic and population vulnerability indices are very useful in
justifying the alternatives selected which are precisely oriented to protect
the most vulnerable areas of downtown or where important economic
assets exist.

CALCULATION OF POPULTION RISK

Population based risk refers to impact on human health which is quantified
using the spatial distribution of population density in the Study Area. Estimated
probable losses were determined from the exposed assets and flood hazards.
Estimations were made for either the economic losses from property damage or
for the risks posed to human health. Exposed assets are based on the distribution
of properties and populations, as described in earlier sections. Information on the
geographical distribution of population density was analyzed with geographic
information systems (GIS). A map of the population density by resort is
presented in Figure 64. Population density data was obtained from Paramaribo
2012 demography data. Paramaribo Metropolitan comprises a range of
population densities, from low in the agricultural sectors to high within the city.

Figure 64: Population density by resort

The large value of population density in the Study Area along the riverbank of
the Suriname River indicates that the 2012 census data takes into account the
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population related to waterfront recreation area and neighboring businesses.
Population Risk Factor (PRF) was calculated using Equation 2.

Equation 2:

Population Risk = PVI x Population Density (# people/m?)

Where PVI refers to Population Vulnerability Index (PVI) and population density
was obtained from 2012 demography data shown in Figure 64. PVI was assigned
based on hazard ratings. The index ranges from 0 to 1 where 0 indicates that
danger to persons is very low or non-existent, and 1 indicates a high or very high
danger to persons, as provided in Table 16. A scale of the population risk was
assigned ranging from very low to very high. The scale, provided in

Table 17, is based on a Gaussian distribution where each category is above or
below the mean risk by a number of standard deviations. Moderate risk is
between -0.5 to +0.5 standard deviations of the mean risk for a 100-year event;
high risk is +1.5 to +2.5 standard deviations above the mean; very high risk is
+2.5 to +3.5 standard deviations above the mean; low risk is -1.5 to -2.5 standard
deviations below the mean; and very low risk is -2.5 to -3.5 standard deviations
below the mean. Areas with a very low risk are least affected by inland and
coastal flooding, moderate areas are average (i.e. what most people will
encounter), and very high risk areas are heavily impacted.

Table 16: Population vulnerability index (PVI) by hazard

Hazard PVI
None 0

Low 0.25
Medium 0.50
High 1.0

Table 17: Population risk ratings for risk maps

Population risk

(persons in danger per km?) Risk

0 -350 Very Low
351 - 1050 Low

1051 - 1760 Moderate
1761 - 2461 High
2461 - 5505 Very High

km2 = square kilometers

As an example, population vulnerability index map for existing wall and climate
change 2050 scenario is shown in Figure 65 and the corresponding economic risk
map is shown in Figure 66.
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Figure 65: Population-based vulnerability index map of the Study Area for the
climate change 2050 scenario at 100-year return period

Figure 66: Population-based risk map of the Study Area for the climate change
2050 scenario at 100-year return period

Figure 65 shows clearly that population vulnerability index map looks similar to
the population risk map shown in Figure 66 and hence only the population-
based risk maps were developed using the approach described above for the
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baseline and climate change scenarios for all selected return periods and are
described in Sections 5.3, 5.4 and 5.5.

The approach used for this study presented the following limitations:

e Damage to properties was assessed based on the flood depth and
velocity, and the type of land use. Damages were applied uniformly
within each land use, without considering building age or construction.
Improved construction methods, such as a raised foundation, can reduce
damages to a building.

e Population risks have been evaluated on an average resort-wide basis.
The population distribution within a resort varies considerably, with
some areas of high population density, and other areas where there is no
population.

e Risks do not indicate fatality or the type of injury that may occur. It does
not consider people moving to higher ground or avoiding flooded areas.
Therefore, estimates of the population risk are considered a conservative
estimate of danger to persons, and are most useful in indicating the
relative danger that can occur across different areas of Paramaribo.

e In the estimation of population risk factor, length of time that people will
be exposed to flooding is not included in the risk analysis. We used a
conservative approach of using a value in the range 0 to 1 to define that if
a person is in the low hazard region, we apply PVI value of 0.25. This
approach includes only the intensity of exposure and not the length of
exposure. Though national standards recommends flooding threshold as
the maximum occurrence of water logging in the streets of 60 minutes,
and the minimum of 12 hours of discharge of rainfall, we kept the impact
evaluation as most conservative possible by looking at the maximum
inundation depth and the maximum momentum (product of velocity x
depth). This will provide most stringent information for the development
of any hard or soft adaptation measures. In addition, similar method was
implemented for the hazardous and risk assessment study of the district
of Paramaribo (ERM, 2017).

In conclusion, areas of very high risk occur due to the most severe flooding and
are concentrated in where there is low lying ground, many buildings, and a high
population density. Much of the inland and agricultural areas are a low or very
low population risk due to the low population density. Because population
density is assigned for each resort, the population risk within a neighborhood of
the resort can be greater than the average risk across the resort. A resort may
have an overall low density, but a neighborhood within it with a higher density.
In addition, economic losses will be largely impacted (an increase of 8-13%) by
climate change. Land use changes, either increases or decreases in urbanization,
can affect the flood losses, although to a lesser extent than climate change.
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ECONOMIC- AND POPULATION- RISK BASED MAPS OF THE
STUDY AREA WITH THE EXISTING FLOOD WALL

The economic-based risk maps for the Study Area are shown in Figure 67 to
Figure 70 for the baseline scenario at 10-, 25-, 50-, and 100-year return periods;
Figure 71 to Figure 74 for the climate change 2020 scenario at 10-, 25-, 50-, and
100-year return periods; Figure 75 to Figure 78 for the climate change 2050
scenario at 10-, 25-, 50-, and 100-year return periods; and Figure 79 to Figure 82
for the climate change scenario 2080 at 10-, 25-, 50-, and 100-year return periods.

Under baseline conditions, flooding in the western portion of the Study Area
near the Water Taxi area leads to moderate to high economic risk along the bank
of the Suriname River for all return periods (see Figure 67 to Figure 70). The
economic risk, however, drops off quickly as flood waters lessen directly inland.
For longer return periods, flood waters lead to localized areas of moderate
economic risk in interior sections of the Study Area. In the eastern portion of the
Study Area baseline conditions generally lead to low economic risk along the
Sommeldijckse Canal from the Suriname River inland to beyond the Walter Amo
Sporthal on Koninginne Street (see Figure 67 to Figure 70). The area of low
economic risk expands inland as the return period increases. For the 100-year
return period, high economic risk is seen along the bank of the Suriname River to
the east of Fort Zeelandia, with small pockets of high economic risk located
slightly inland.

Economic risks for the 2020 climate change scenario do not change noticeably
from baseline conditions for the same return periods (see Figure 71 to Figure 74).
For the 2050 climate change scenario, levels of economic risk mirror those seen in
the baseline scenario for all return periods; however, these areas expand in area
(see Figure 75 to Figure 78).

The situation changes considerably under the 2080 climate change scenario.
There is a general increase in the intensity of economic risk as well as the areal
extent of each risk category. The eastern portion of the Study Area near Fort
Zeelandia is particularly impacted economically (see Figure 79 to Figure 82).
Even for the 10-year return period (Figure 79), there are noticeable increases in
damages along the bank both east and west of the Study Area, compared to
either Figure 67 (Baseline, 10-year return) or Figure 71 (Baseline, 100-year return).
There are also significant increases in damages along the northern border of the
Study Area. Overall, it appears that the damages in the immediate area of the
Existing Wall damages do not change noticeably over the different climate
scenarios or return periods.
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Figure 67: Economic-based risk map of the Study Area for the baseline scenario
at 10-year return period

Figure 68: Economic-based risk map of the Study Area for the baseline scenario
at 25-year return period
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Figure 69: Economic-based risk map of the Study Area for the baseline scenario
at 50-year return period

Figure 70: Economic-based risk map of the Study Area for the baseline scenario
at 100-year return period
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Figure 71: Economic-based risk map of the Study Area for the climate change
2020 scenario at 10-year return period

Figure 72: Economic-based risk map of the Study Area for the climate change
2020 scenario at 25-year return period
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Figure 73: Economic-based risk map of the Study Area for the climate change
2020 scenario at 50-year return period

Figure 74: Economic-based risk map of the Study Area for the climate change
2020 scenario at 100-year return period
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Figure 75: Economic-based risk map of the Study Area for the climate change
2050 scenario at 10-year return period

Figure 76: Economic-based risk map of the Study Area for the climate change
2050 scenario at 25-year return period
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Figure 77: Economic-based risk map of the Study Area for the climate change
2050 scenario at 50-year return period

Figure 78: Economic-based risk map of the Study Area with the climate change
2050 scenario at 100-year return period
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Figure 79: Economic-based risk map of the Study Area for the climate change
2080 scenario at 10-year return period

Figure 80: Economic-based risk map of the Study Area for the climate change
2080 scenario at 25-year return period
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Figure 81: Economic-based risk map of the Study Area for the climate change
2080 scenario at 50-year return period

Figure 82: Economic-based risk map of the Study Area for the climate change
2080 scenario at 100-year return period

The population-based risk maps for the Study Area are shown in Figure 83 to

Figure 86 for the baseline scenario at 10-, 25-, 50-, and 100-year return periods,
respectively; Figure 87 to Figure 90 for the climate change 2020 scenario; Figure
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91 to Figure 94 for the climate change 2050 scenario at 10-, 25-, 50-, and 100-year
return periods, respectively; Figure 95 to Figure 98 for the climate change 2080
scenario at 10-, 25-, 50-, and 100-year return periods, respectively.

The population-based risk maps show the same general relative pattern as the
economic risk maps with respect to increasing return periods and climate change
severity. Most of the population risk is located along the bank, especially just
west of the existing flood wall. And as the return period increases or climate
change severity increases, the population risk increases east and west of the
Study Area, along the bank. Population risk increases along the northern border
of the study area as well.

Figure 83: Population-based risk map of the Study Area for the baseline scenario
at 10-year return period
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Figure 84: Population-based risk map of the Study Area for the baseline scenario
at 25-year return period

Figure 85: Population-based risk map of the Study Area for the baseline scenario
at 50-year return period
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Figure 86: Population-based risk map of the Study Area for the baseline scenario
at 100-year return period

Figure 87: Population-based risk map of the Study Area for the climate change
2020 Scenario at 10-year return period
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Figure 88: Population-based risk map of the Study Area for the climate change
2020 Scenario at 25-year return period

Figure 89: Population-based risk map of the Study Area for the climate change
2020 Scenario at 50-year return period
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Figure 90: Population-based risk map of the Study Area for the climate change
2020 Scenario at 100-year return period

Figure 91: Population-based risk map of the Study Area for the climate change
2050 scenario at 10-year return period
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Figure 92: Population-based risk map of the Study Area for the climate change
2050 Scenario at 25-year return period

Figure 93: Population-based risk map of the Study Area for the Climate Change
2050 Scenario at 50-year return period
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Figure 94: Population-based risk map of the Study Area for the Climate Change
2050 Scenario at 100-year return period

Figure 95: Population-based risk map of the Study Area for the Climate Change
2080 Scenario at 10-year return period
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Figure 96: Population-based risk map of the Study Area for the Climate Change
2080 Scenario at 25-year return period

Figure 97: Population-based risk map of the Study Area for the Climate Change
2080 Scenario at 50-year return period
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Figure 98: Population-based risk map of the Study Area for the Climate Change
2080 Scenario at 100-year return period

ECONOMIC- AND POPULATION- RISK BASED MAPS OF THE
STUDY AREA WITH THE ALTERNATIVE 2 AND 3 CONCEPTUAL
DESIGNS

The economic-based risk maps for the Study Area with the Alternative 2 and 3
conceptual designs are shown in Figure 99 to Figure 102 for the baseline scenario
at 10-, 25-, 50-, and 100-year return periods; Figure 103 to Figure 106 for the
climate change 2020 scenario at 10-, 25-, 50-, and 100-year return periods; Figure
107 to Figure 110 for the climate change 2050 scenario at 10-, 25-, 50-, and 100-
year return periods; and Figure 111 to Figure 114 for the climate change 2080
scenario at 10-, 25-, 50-, and 100-year return periods.

The implementation of alternatives 2 and 3 under baseline conditions does not
appear to result in a general lessening of economic risk throughout the Study
Area for all return periods. In comparing Figure 70 (Baseline, 100-year return,
with existing wall) and Figure 102 (Baseline, 100-year return, with existing wall
and alternatives 2&3) there are no visual benefits from the alternatives.

For the 2050 climate change scenario, the implementation of alternatives 2 and 3
result in a slight reduction in economic risk in the western portion of the Study
Area, near the Water Taxi area and on the inland side the existing flood wall,
particularly for long return periods. For the eastern portion of the Study Area,
alternatives 2 and 3 results in a reduction in the area of high economic risk near
Fort Zeelandia, particularly for long return periods. The implementation of
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alternatives 2 and 3 also results in a reduction in the area of low economic risk
north of Fort Zeelandia. In Figure 78 (2050 scenario, 100-year return, with
alternatives 2 and 3), the reduction in economic risk becomes evident.

For the 2080 climate change scenario, alternatives 2 and 3 have minimal impact
on economic risk in the western portion of the Study Area. There is no
discernable decrease in neither the level of economic risk nor the areal extent of
measurable economic risk. In the eastern portion of the Study Area, near Fort
Zeelandia, however, alternatives 2 and 3 result in improvement in economic risk
during all return periods. The most significant improvements in economic risk,
however, occur with short return periods. For instance, there is a significant
decrease in the areal extent of low economic risk just north of Fort Zeelandia for
the 10- and 25-year return periods. For the 10-year return period, economic risk
that exists near Walter Amo Sporthal to the north of Fort Zeelandia is mitigated
with the implementation of alternatives 2 and 3. By comparing Figure 82 (2080,
100-year return, baseline) and Figure 114 (2080, 100-year return, with alternatives
2 &3), the value of the proposed flood walls will be felt most along about half of
the northeast border of the Study Area starting with the Mangrove area.

Figure 99: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the baseline scenario at 10-year return period
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Figure 100: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the baseline scenario at 25-year return period

Figure 101: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the baseline scenario at 50-year return period
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Figure 102: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the baseline scenario at 100-year return period

Figure 103: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2020 scenario at 10-year return
period
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Figure 104: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2020 scenario at 25-year return
period

Figure 105: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2020 scenario at 50-year return
period

ERM 117 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Figure 106: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2020 scenario at 100-year return
period

Figure 107: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2050 scenario at 10-year return
period
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Figure 108: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2050 scenario at 25-year return
period

Figure 109: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2050 scenario at 50-year return
period
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Figure 110: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2050 scenario at 100-year return
period

Figure 111: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2080 scenario at 10-year return
period
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Figure 112: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2080 scenario at 25-year return
period

Figure 113: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2080 scenario at 50-year return
period
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Figure 114: Economic-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2080 scenario at 100-year return
period

The economic-based risk maps for the Study Area with the Alternative 2 and 3
conceptual designs are shown in Figure 115 to Figure 118 for the baseline
scenario at 10-, 25-, 50-, and 100-year return periods; Figure 119 to Figure 122 for
the climate change 2020 scenario at 10-, 25-, 50-, and 100-year return periods;
Figure 123 to Figure 126 for the climate change 2050 scenario at 10-, 25-, 50-, and
100-year return periods; and Figure 127 to Figure 130 for the climate change 2080
scenario at 10-, 25-, 50-, and 100-year return periods.

The population risk analysis shows a similar pattern found for the economic risk.
The implementation of alternatives 2 and 3 under baseline conditions does not
appear to result in a reduction of population risk levels throughout the Study
Area, for all return periods.

For the 2050 climate change scenario, the implementation of alternatives 2 and 3
does not result in a reduction in population risk in the western portion of the
Study Area for short return periods. For the 50- and 100-year return periods,
however, there is a reduction in the areal extent of low population risk near the
western portion of the existing flood wall. There is also a general reduction in
population risk eastward along the existing flood wall. In the Fort Zeelandia
area, the implementation of alternatives 2 and 3 also does not result in a
reduction in population risk for short return periods. For the 50-year return
period, however, alternatives 2 and 3 result in a reduction in population risk
adjacent to Fort Zeelandia and westward along the existing flood wall. For the
100-year return period, there is a decrease in area of low population risk
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immediately landside of proposed alternative 3. There is also a significant
decrease in the area of low population risk just north of proposed alternative 3.

For the 2080 climate change scenario, the implementation of alternatives 2 and 3
does not result in a reduction in population risk in the western portion of the
Study Area for any return periods. In the eastern portion of the Study Area,
alternatives 2 and 3 results in a decrease in the areal extent of low population risk
for all return periods; however, the effectiveness of these alternatives decreases
as the return period increases. The difference between Figure 130 (2080, 100-year
return, existing wall with Alternatives 2 &3) and Figure 98 (2080, 100-year return,
existing wall) indicates that the alternatives will protect areas with medium
population risk.

Figure 115: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the baseline at 10-year return period
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Figure 116: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the baseline at 25-year return period

Figure 117: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the baseline at 50-year return period
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Figure 118: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the baseline at 100-year return period

Figure 119: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2020 scenario at 10-year return
period
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Figure 120: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2020 scenario at 25-year return
period

Figure 121: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2020 scenario at 50-year return
period
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Figure 122: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2020 scenario at 100-year return
period

Figure 123: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2050 scenario at 10-year return
period
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Figure 124: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2050 scenario at 25-year return
period

Figure 125: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2050 scenario at 50-year return
period
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Figure 126: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2050 scenario at 100-year return
period

Figure 127: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2080 scenario at 10-year return
period
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Figure 128: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2080 scenario at 25-year return
period

Figure 129: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2080 scenario at 50-year return
period
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5.5

Figure 130: Population-based risk map of the Study Area with the Alternative 2
and 3 conceptual designs for the climate change 2080 scenario at 100 year return
period

In summary, the implementation of alternatives 2 and 3 under baseline
conditions does not appear to result in a general lessening of population or
economic risk throughout the Study Area. For the 2050 climate change scenario,
alternatives 2 and 3 result in a slight reduction in population and economic risk
in the Study Area, particularly for long return periods. For the 2080 climate
change scenario, alternatives 2 and 3 have minimal impact on either population
or economic risk in the western portion of the study area. In the eastern portion
of the Study Area, alternatives 2 and 3 results in a decrease in population risk for
all return periods; however, the effectiveness of these alternatives decreases as
the return period increases. These alternatives also result in an improvement in
economic risk during all return periods. The most significant improvements in
economic risk, however, occur with short return periods, presumably because
2080 climate change condition swamp the effectiveness of these alternatives for
long return periods.

ECONOMIC- AND POPULATION- RISK MAPS OF THE
SOMMELDIJCKSE CANAL

The economic-based risk maps of the Sommeldijckse Canal are shown in Figure
131 to Figure 133 for the baseline scenario at 25-, 50-, and 100- year return
periods; Figure 134 to Figure 136 for the climate change 2050 scenario at 25-, 50-,
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and 100- year return periods; and Figure 137 to Figure 139 for the climate change
2080 scenario at 25-, 50-, and 100- year return periods.

The population-based risk maps of the Sommeldijckse Canal are shown in Figure
140 to Figure 142 for the baseline scenario at 25-, 50-, and 100-year return
periods; Figure 143 to Figure 144 for the climate change 2050 scenario at 25-, 50-,
and 100-year return periods; and Figure 145 to Figure 148 for the climate change
2080 scenario at 25-, 50-, and 100-year return periods.

The economic risk is low for the existing Canal configuration with baseline
conditions at all return periods. For the 2050 climate change scenario, flooding
leads to medium risk downstream and on either side of the Canal (Palmentuin
area, Van Sommelsdijckstraat area for low return periods and spreads upstream
for long return periods. For the 2080 climate change scenario, flooding leads to
high economic risk north of the Canal in the Van Sommelsdijckstraat area,
Palmentuin area and in the vicinity of the Sports Complex area for long return
periods.

The population risk maps for the existing Canal configuration shows similar
trends like economic risk maps for the baseline and climate change scenarios.

Figure 131: Economic-based risk map of the Sommeldijckse Canal for the
baseline scenario at 25-year return period
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Figure 132: Economic-based risk map of the Sommeldijckse Canal for the
baseline scenario at 50-year return period

Figure 133: Economic-based risk map of the Sommeldijckse Canal for the
baseline scenario at 100-year return period
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Figure 134: Economic-based risk map of the Sommeldijckse Canal for the climate
change 2050 scenario at 25-year return period

Figure 135: Economic-based risk map of the Sommeldijckse Canal for the climate
change 2050 scenario at 50-year return period
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Figure 136: Economic-based risk map of the Sommeldijckse Canal for the climate
change 2050 scenario at 100-year return period

Figure 137: Economic-based risk map of the Sommeldijckse Canal for the climate
change 2080 scenario at 25-year return period
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Figure 138: Economic-based risk map of the Sommeldijckse Canal for the climate
change 2080 scenario at 50-year return period

Figure 139: Economic-based risk map of the Sommeldijckse Canal for the climate
change 2080 scenario at 100-year return period
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Figure 140: Population-based risk map of the Sommeldijckse Canal for the
baseline scenario at 25-year return period

Figure 141: Population-based risk map of the Sommeldijckse Canal for the
baseline scenario at 50-year return period
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Figure 142: Population-based risk map of the Sommeldijckse Canal for the
baseline scenario at 100-year return period

Figure 143: Population-based risk map of the Sommeldijckse Canal for the
climate change 2050 scenario at 25-year return period
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Figure 144: Population-based risk map of the Sommeldijckse Canal for the
climate change 2050 scenario at 50-year return period

Figure 145: Population-based risk map of the Sommeldijckse Canal for the
climate change 2050 scenario at 100-year return period
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Figure 146: Population-based risk map of the Sommeldijckse Canal for the
climate change 2080 scenario at 25-year return period

Figure 147: Population-based risk map of the Sommeldijckse Canal for the
climate change 2080 scenario at 50-year return period
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Figure 148: Population-based risk map of the Sommeldijckse Canal for the
climate change 2050 scenario at 100-year return period

The economic-based risk maps of the Sommeldijckse Canal with the Alternative
4 option (addition of one more pump) is shown in Figure 149 to Figure 151 for
the baseline scenario at 25-, 50-, and 100-year return periods.

The population-based risk maps of the Sommeldijckse Canal with the Alternative
4 option (addition of one more pump) is shown in Figure 152 to Figure 154 for
the baseline scenario at 25-, 50-, and 100-year return periods.

The comparison of Figure 131 (existing Canal configuration; baseline; 25-year
return period) with Figure 149(existing Canal configuration with alternative 4
option; baseline; 25-year return period) clearly shows that Palmentuin and Van
Sommelsdijckstraat regions downstream of the Canal shows low economic risk
with the addition of alternative 4 pump option for the 25-year return period. For
other return periods, the moderate risk area reduces considerably for long return
periods in the downstream section of the Canal. Similar trend exists for
population risk when alternative 4 pump option is added to the existing Canal
configuration.
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Figure 149: Economic-based risk map of the Sommeldijckse Canal with the
Alternative 4 conceptual design for the baseline scenario at 25-year return period

Figure 150: Economic-based risk map of the Sommeldijckse Canal with the
Alternative 4 conceptual design for the baseline scenario at 50-year return period
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Figure 151: Economic-based risk map of the Sommeldijckse Canal with the
Alternative 4 conceptual design for the baseline scenario at 100-year return
period

Figure 152: Population-based risk map of the Sommeldijckse Canal with the
Alternative 4 conceptual design for the baseline scenario at 25-year return period
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Figure 153: Population-based risk map of the Sommeldijckse Canal with the
Alternative 4 conceptual design for the baseline scenario at 50-year return period

Figure 154: Population-based risk map of the Sommeldijckse Canal with the
Alternative 4 conceptual design for the baseline scenario at 100-year return
period
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CONCLUSION

An extensive analysis of flooding hazard was performed for the Study Area
(Historic center of Paramaribo) to support the development of a Full Proposal
Document for submission to the Adaptation Fund for Urban Investments for the
Resilience of Paramaribo. The analysis was performed using HEC-RAS and FLO-
2D models, which are approved by the U.S. Federal Emergency Management
Agency for delineating flood hazards, regulating floodplain zoning and
designing flood mitigation in riverine as well as urban systems.

ERM estimated the likely occurrence of flooding hazards within the Study Area
for 25-, 50-, and 100- year return periods using site-specific data collected from
various Surinamese institutions, published reports and site visits. The
probabilistic flood hazard analysis was performed using historic climate
conditions (inland precipitation and Higher High Water Level in the Suriname
River) and also for future years (2020, 2050 and 2080) using climate change
projections for precipitation and sea level rise obtained from Regional Climate
Models driven by HadAM3 and ECHAMA4. A series of both inland and coastal
flooding hazard maps of the Study Area and the Canal were created for the
subsequent socio-economic risk analyses that resulted in the development
economic and population risk maps that quantified damages in terms of financial
loss and population affected in the Study Area.

The flood modelling study conducted for the current conditions was then
applied to flood wall (Alternatives 2 and 3) and Van Sommeldijckse Canal
infrastructure improvement (Alternative 4) alternatives identified as part of
Paramaribo downtown adaptation measures for flood management program.
The analysis of flood hazard maps from this study clearly shows that there is
significant improvement in the reduction of flood risk related to Alternatives 2
and 3 along the river waterfront and for Alternative 4 in the vicinity of the Van
Sommeldijckse Canal for small return periods. For future years of 2050 and 2080
with large return periods, effectiveness of flood control decreases due to the
routing of flood water from neighboring regions of the riverfront. A similar
analysis holds good for other alternatives (adaption measures) identified in the
conceptual design and impact scoping report related to green infrastructure
(absorption of flood wave energy) and drainage system (storm water removal
rate larger than rainfall intensity). A recent flooding event in Houston, Texas
showed that adding more flood walls, though they minimized flooding in
specific regions, increased flooding in other regions due to flood wave deflection.

Further review of similar flood adaption measures used in other regions of the
world shows that no single solutions can provide 100% flood control resulting
from climate change. Multiple solutions along the river front will be needed to
develop a sustainable solution for longer time horizons with climate change. The
initial adaptation proposals that have been made are a starting point to build an
adaptation and resilience strategy, but cannot succeed in isolation. Future
investment will be needed on current nearby projects as this combination of
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7.0

solutions progresses; this is where the Paramaribo can build its sustainable
adaptive ability. A multiphase approach to developing alternatives is essential so
that investment on initial phases provides a solid foundation for additional
phases of improvement using future monitoring of sensitive assets and climate
change.
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APPENDIX A1: FLO-2D COASTAL FLOODING MODEL RESULTS

The FLO-2D model predicted coastal flooding inundation of the Study Area with
the existing flood wall for the baseline scenario, which is shown in Figure Al-1
to Figure Al- 4 for 10-, 25-, 50-, and 100- year return periods. The areas of impact
at various flooding inundation depth levels for the same scenario are listed in
Table Al-1 and presented in Figure Al- 5. The corresponding flooding hazard
maps are shown in Figure Al- 6 to Figure A1l- 9 for 10-, 25-, 50-, and 100-year
return periods. The areas of impact at various flood hazard levels for the same
scenario are listed in Table Al- 2 and presented in Figure Al-10. The HHWLs
applied along the Suriname River adjacent to the Study Area during FLO-2D
model simulations were 2.02 m, 2.13 m, 2.21 m and 2.27 m for 10-, 25-, 50-, and
100-year return periods, respectively.

Figure Al1- 1: Coastal flooding inundation map of the Study Area with the
existing flood wall for the baseline scenario at 10 year return period

ERM 149 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Figure A1- 2: Coastal flooding inundation map of the Study Area with the
existing flood wall for the baseline scenario at 25 year return period

Figure A1- 3: Coastal flooding inundation map of the Study Area with the
existing flood wall for the baseline scenario at 50 year return period
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Figure Al- 4: Coastal flooding inundation map of the Study Area with the
existing flood wall for the baseline scenario at 100 year return period

Table Al- 1: Tabular comparison of coastal flooding inundation areas of impact
of the Study Area with the existing flood wall for the baseline scenario at 10-,
25-, 50-, and 100-year return periods

Flooding Hazard Area, km?
Flood Inundation
Depth Level, m EW Base EW Base EW Base EW Base
10Y 25Y 50Y 100Y

0.0to 0.1 0.02762 0.02099 0.02232 0.02941
0.1t0 0.5 0.06896 0.06896 0.11755 0.12394
0.5t0 1.0 0.01552 0.01552 0.02880 0.03531
1.0t0 3.0 0.03545 0.03545 0.03914 0.04037

EW - Existing Flood Wall; Base - Baseline
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Figure A1- 5: Graphical comparison of coastal flooding inundation area of
impact of the Study Area with the existing flood wall for the baseline scenario at
10-, 25-, 50-, and 100-year return periods

Figure A1- 6: Coastal flooding hazard map of the Study Area with the existing
flood wall for the baseline scenario at 10-year return period
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Figure A1- 7: Coastal flooding hazard map of the Study Area with the existing
flood wall for the baseline scenario at 25-year return period

Figure Al1- 8: Coastal flooding hazard map of the Study Area with the existing
flood wall for the baseline scenario at 50-year return period

ERM 153 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Figure A1- 9: Coastal flooding hazard map of the Study Area with the existing
flood wall for the baseline scenario at 100 year return period

Table Al- 2: Tabular comparison of coastal flooding hazard area of impact of
the Study Area with the existing flood wall for the baseline scenario at 10-, 25-,
50-, and 100-year return periods

Flooding Hazard Area, km?
Risk Level EW Base EW Base EW Base EW Base
10Y 25Y 50Y 100Y
Low 0.00061 0.00126 0.00187 0.00230
Medium 0.02606 0.03406 0.03958 0.04569
High 0.02405 0.02638 0.02837 0.02995

EW - Existing Flood Wall; Base - Baseline
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Figure A1- 10: Graphical comparison of coastal flooding hazard area of impact
of the Study Area with the existing flood wall for the baseline scenario at 10-,
25-, 50-, and 100-year return periods

The FLO-2D model predicted coastal flooding inundation of the Study Area with
the existing flood wall for the climate change 2020 scenario is shown in Figure
A1- 11 to Figure A1l- 14 for 10-, 25-, 50-, and 100- year return periods. The area of
impact at various flooding inundation depth levels for the same scenario is listed
in Table A1- 3 and presented in Figure A1l- 15. The corresponding flooding
hazard maps are shown in Figure A1l- 16 to Figure A1l- 19 for 10-, 25-, 50-, and
100- year return periods. The area of impact at various flooding hazard levels for
the same scenario is listed in Table Al- 4 and presented in Figure A1l- 20. The
HHWLSs applied along the Suriname River adjacent to the Study Area for this set
of FLO-2D model simulations were 2.11 m, 2.22 m, 2.30 m and 2.36 m for 10-, 25-,
50-, and 100-year return periods, respectively.
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Figure A1- 11: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2020 scenario at 10-year return period

Figure A1- 12: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2020 scenario at 25-year return period
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Figure A1- 13: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2020 scenario at 50-year return period

Figure Al- 14: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2020 scenario at 100-year return
period
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Table Al- 3: Tabular comparison of coastal flooding inundation areas of impact
of the Study Area with the existing flood wall for the climate change 2020
scenario at 10-, 25-, 50-, and 100-year return periods

Flooding Inundation Area, km?
Flood Inundation
Depth Level, m EW CC2020 EW CC2020 EW CC2020 EW CC2020
10Y 25Y 50Y 100Y

0.0t0 0.1 0.02710 0.02242 0.04670 0.06195
01t0 0.5 0.10323 0.11837 0.15390 0.20309
0.5t0 1.0 0.02178 0.02966 0.04394 0.07187
1.0t0 3.0 0.03709 0.03928 0.04106 0.04432

EW - Existing Flood Wall; Base - Baseline

Figure Al- 15: Graphical comparison of coastal flooding inundation area of
impact of the Study Area with the existing flood wall for the climate change
2020 scenario at 10-, 25-, 50-, and 100-year return periods
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Figure A1- 16: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2020 scenario at 10-year return period

Figure A1- 17: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2020 scenario at 25-year return period
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Figure A1- 18: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2020 scenario at 50-year return period

Figure A1- 19: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2020 scenario at 100-year return period
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Table A1- 4: Tabular comparison of coastal flooding hazard areas of impact of
the Study Area with the existing flood wall for the climate change 2020 scenario
at 10-, 25-, 50-, and 100-year return periods

Hazard Level EW CC2020 EW CC2020 EW CC2020 EW CC2020
10Y 25Y 50Y 100Y

Low 0.00114 0.00187 0.00275 0.00789

Medium 0.03290 0.04024 0.05437 0.08382

High 0.02597 0.02874 0.03059 0.03227

Figure A1- 20: Graphical comparison of coastal flooding hazard areas of impact
of the Study Area with the existing flood wall for the climate change 2020
scenario at 10-, 25-, 50-, and 100-year return periods

The FLO-2D model predicted coastal flooding inundation of the Study Area with
the existing flood wall for the climate change 2050 scenario is shown Figure Al-
21 to Figure A1l- 24 for 10-, 25-, 50-, and 100- year return periods. The areas of
impact at various flooding inundation depth levels for the same scenario are
listed in Table Al- 5 and presented in Figure A1- 25. The corresponding flooding
hazard maps were shown in Figure A1l- 26 to Figure A1l- 29 for 10-, 25-, 50-, and
100- year return periods. The areas of impact at various flooding hazard levels
for the same scenario is listed in Table Al- 6 and graphed in Figure Al- 30. The
HHWLSs applied along the Suriname River adjacent to the Study Area for this set
of FLO-2D model simulations were 2.35 m, 2.46 m, 2.54 m and 2.60 m for 10-, 25-,
50-, and 100- year return periods, respectively.
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Figure A1- 21: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2050 scenario at 10-year return period

Figure A1- 22: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2050 scenario at 25-year return period
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Figure A1- 23: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2050 scenario at 50-year return period

Figure Al- 24: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2050 scenario at 100-year return
period
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Table Al- 5: Tabular comparison of coastal flooding inundation areas of impact
of the Study Area with the existing flood wall for the climate change scenario
2050 at 10-, 25-, 50-, and 100- year return periods

Flood Inundation EW CC2050 EW CC2050 EW CC2050 EW CC2050
Depth Level, m 10Y 25Y 50Y 100Y

0.0to 0.1 0.06299 0.04894 0.04861 0.05352
01to 05 0.19637 0.22480 0.22950 0.24547
05t01.0 0.06587 0.12266 0.17130 0.21835
1.0t0 3.0 0.04326 0.05946 0.07382 0.09659

Figure A1- 25: Graphical comparison of coastal flooding inundation areas of
impact of the Study Area with the existing flood wall for the climate change
2050 scenario at 10-, 25, 50-, and 100-year return periods
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Figure A1- 26: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2050 scenario at 10-year return period

Figure A1- 27: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2050 scenario at 25-year return period

ERM 165 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Figure A1- 28: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2050 scenario at 50-year return period

Figure A1- 29: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2050 scenario at 100-year return period

Table A1- 6: Tabular comparison of coastal flooding hazard areas of impact of
the Study Area with the existing flood wall for the climate change 2050 scenario
at 10-, 25-, 50-, and 100- year return periods

Hazard Level EW CC2050 EW CC2050 EW CC2050 EW CC2050
10y 25y 50y 100y
Low 0.00664 0.01973 0.02557 0.03253
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Medium 0.07701 0.14154 0.20002 0.25875
High 0.03203 0.04067 0.04523 0.05611

Figure A1- 30: Graphical comparison of coastal flooding hazard areas of impact
of the Study Area with the existing flood wall for the climate change 2050
scenario at 10-, 25, 50-, and 100-year return periods

The FLO-2D model predicted coastal flooding inundation of the Study Area with
the existing flood wall for the climate change 2080 scenario is shown in Figure
A1- 31 to Figure A1l- 34 for 10-, 25-, 50-, and 100- year return periods. The areas of
impact at various flooding inundation depth levels for the same scenario are
listed in Table A1-7 and presented in Figure A1- 35. The corresponding flooding
hazard maps were shown in Figure A1- 36 to Figure Al- 39 for 10-, 25-, 50-, and
100-year return periods. The areas of impact at various flooding hazard levels for
the same scenario are listed in Table A1- 8 and presented in Figure A1- 40. The
HHWLs applied along the Suriname River adjacent to the Study Area for this set
of FLO-2D model simulations were 2.72 m, 2.83 m, 2.91 m and 2.97 m for 10-, 25-,
50-, and 100- year return periods, respectively.
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Figure A1- 31: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2080 scenario at 10-year return period

Figure A1- 32: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2080 scenario at 25-year return period
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Figure A1- 33: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2080 scenario at 50-year return period

Figure A1- 34: Coastal flooding inundation map of the Study Area with the
existing flood wall for the climate change 2080 scenario at 100-year return
period
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Table A1- 7: Tabular comparison of coastal flooding inundation areas of impact
of the Study Area with the existing flood wall for the climate change 2080
scenario at 10-, 25-, 50-, and 100-year return periods

Flood Inundation EW CC2080 EW CC2080 EW CC2080 EW CC2080
Depth Level, m 10Y 25Y 50Y 100Y

0.0t0 0.1 0.05106 0.04731 0.04400 0.04190
01t00.5 0.25488 0.22293 0.20686 0.19752
0.5t01.0 0.29627 0.33640 0.33811 0.33051
1.0t0 3.0 0.14483 0.20272 0.24784 0.28419

Figure A1- 35: Graphical comparison of coastal flooding inundation areas of
impact of the Study Area with the existing flood wall for the climate change
2080 scenario at 10-, 25-, 50-, and 100-year return periods
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Figure A1- 36: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2080 scenario at 10-year return period

Figure A1- 37: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2080 scenario at 25-year return period
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Figure A1- 38: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2080 scenario at 50-year return period

Figure A1- 39: Coastal flooding hazard map of the Study Area with the existing
flood wall for the climate change 2080 scenario at 100-year return period
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Table A1- 8: Tabular comparison of coastal flooding hazard areas of impact of
the Study Area with the existing flood wall for the climate change 2080 scenario
at 10-, 25-, 50-, and 100- year return periods

Risk Level EW CC2080 EW CC2080 EW CC2080 EW CC2080
10Y 25Y 50Y 100Y

Low 0.04104 0.04264 0.04331 0.04435

Medium 0.37566 0.46410 0.50144 0.52139

High 0.06558 0.07552 0.08533 0.09440

Figure A1- 40: Graphical comparison of coastal flooding hazard areas of impact
of the Study Area with the existing flood wall for the climate change 2080
scenario at 10-, 25-, 50-, and 100-year return periods

ERM

173 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018




APPENDIX A2: FLO-2D INLAND FLOODING MODEL RESULTS

The FLO-2D model predicted inland flooding inundation of the Study Area with
the existing wall for the baseline scenario is shown in Figure A2- 1 to Figure A2-
4 for 10-, 25-, 50-, and 100- year return periods. The areas of impact at various
flooding inundation depth levels for the same scenario are listed in Table A2-1
and presented in Figure A2- 5. The corresponding flooding hazard maps were
shown in Figure A2- 6 to Figure A2- 9 for 10-, 25-, 50-, and 100-year return
periods. The areas of impact at various flooding hazard levels for the same
scenario are listed in Table A2- 2 and graphed in Figure A2- 10. The 24-hr
maximum precipitation applied to the Study Area for this set of FLO-2D model
simulations were 139 mm, 165 mm, 183 mm and 201 mm for 10-, 25-, 50-, and
100- year return periods, respectively.

Figure A2- 1: Inland flooding inundation map of the Study Area with the existing
flood wall for the baseline scenario at 10-year return period
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Figure A2- 2: Inland flooding inundation map of the Study Area with the existing
flood wall for the baseline scenario at 25-year return period

Figure A2- 3: Inland flooding inundation map of the Study Area with the existing
flood wall for the baseline scenario at 50-year return period
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Figure A2- 4: Inland flooding inundation map of the Study Area with the existing
flood wall for the baseline scenario at 100-year return period

Table A2- 1: Tabular comparison of inland flooding inundation areas of impact
of the Study Area with the existing flood wall for the baseline scenario at 10-,
25-, 50-, and 100- year return periods

Flood Inundation |EW Base EW Base EW Base EW Base
Depth Level, m 10Y 25Y 50Y 100Y
0.0t0 0.1 0.84627 0.78477 0.74190 0.70085
0.1to0.5 0.34029 0.36272 0.36843 0.37136
0.5t01.0 0.09045 0.12045 0.14573 0.17504
1.0t0 3.0 0.05478 0.06386 0.07573 0.08454
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Figure A2- 5: Graphical comparison of flooding inundation area of impact of the
Study Area with the existing flood wall for the baseline scenario at 10-, 25-, 50-,
and 100-year return periods

Figure A2- 6: Inland flooding hazard map of the Study Area with the existing
flood wall for the baseline scenario at 10-year return period
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Figure A2- 7: Inland flooding hazard map of the Study Area with the existing
flood wall for the baseline scenario at 25-year return period

Figure A2- 8: Inland flooding hazard map of the Study Area with the existing
flood wall for the baseline scenario at 50-year return period
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Figure A2- 9: Inland flooding hazard map of the Study Area with the existing

flood wall for the baseline scenario at 100-year return period

Table A2- 2: Tabular comparison of inland flooding hazard areas of impact of
the Study Area with the existing flood wall for the baseline scenario at 10-, 25-,

50-, and 100-year return periods

Hazard Level EW Base EW Base EW Base EW Base
10Y 25Y 50Y 100Y
Low 0.00693 0.01133 0.01446 0.01660
Medium 0.11247 0.14755 0.18101 0.21523
High 0.21054 0.21472 0.21846 0.22218
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Figure A2- 10: Graphical comparison of inland flooding inundation areas of
impact of the Study Area with the existing flood wall for the baseline scenario at
10-, 25-, 50-, and 100-year return periods

The FLO-2D model predicted inland flooding inundation of the Study Area with
the existing flood wall for the climate change 2050 scenario is shown in Figure
A2-11 to Figure A2- 14 for 10-, 25-, 50-, and 100- year return periods. The areas of
impact at various flooding inundation depth levels for the same scenario are
listed in Table A2- 3 and presented in Figure A2- 15. The corresponding flooding
hazard maps are shown in Figure A2- 16 to Figure A2- 19 for 10-, 25-, 50-, and
100- year return periods. The areas of impact at various flooding hazard levels
for the same are listed in Table A2- 4 and presented in Figure A2- 20. The 24-hr
maximum precipitation applied to the Study Area for this set of FLO-2D model
simulations were 153 mm, 180 mm, 200 mm and 220 mm for 10-, 25-, 50-, and
100-year return periods, respectively.
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Figure A2- 11: Inland flooding inundation map of the Study Area with the
existing flood wall for the climate change 2050 scenario at 10-year return period

Figure A2- 12: Inland flooding inundation map of the Study Area with the
existing flood wall for the climate change 2050 scenario at 25-year return period
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Figure A2- 13: Inland flooding inundation map of the Study Area with the
existing flood wall for the climate change 2050 scenario at 50-year return period

Figure A2- 14: Inland flooding inundation map of the Study Area with the
existing flood wall for the climate change 2050 scenario at 100-year return
period
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Table A2- 3: Tabular comparison of inland flooding inundation areas of impact
of the Study Area with the existing flood wall for the climate change 2050
scenario at 10-, 25-, 50-, and 100- year return periods

Flood Inundation EW CC2050 EW CC2050 EW CC2050 EW CC2050
Depth Level, m 10Y 25Y 50Y 100Y

0.0t0 0.1 0.83482 0.77517 0.73293 0.69318
0.1t00.5 0.34830 0.36902 0.37381 0.37534
0.5t01.0 0.09286 0.12267 0.14824 0.17786
1.0t0 3.0 0.05581 0.06493 0.07682 0.08541

Figure A2- 15: Graphical comparison of inland flooding inundation areas of
impact of the Study Area with the existing flood wall for the climate change
2050 scenario at 10-, 25-, 50-, and 100-year return periods
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Figure A2- 16: Inland flooding hazard map of the Study Area with the existing
flood wall for the climate change 2050 scenario at 10-year return period

Figure A2- 17: Inland flooding hazard map of the Study Area with the existing
flood wall for the climate change 2050 scenario at 25-year return period
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Figure A2- 18: Inland flooding hazard map of the Study Area with the existing
flood wall for the climate change 2050 scenario at 50-year return period

Figure A2- 19: Inland flooding hazard map of the Study Area with the existing
flood wall for the climate change 2050 scenario at 100-year return period
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Table A2- 4: Tabular comparison of inland flooding hazard areas of impact of
the Study Area with the existing flood wall for the climate change 2050 scenario
at 10-, 25-, 50-, and 100- year return periods

Hazard Level EW CC2050 EW CC2050 EW CC2050 EW CC2050
10Y 25Y 50Y 100Y

Low 0.00696 0.01122 0.01450 0.01659

Medium 0.11574 0.15075 0.18416 0.21861

High 0.03267 0.03688 0.04083 0.04445

Figure A2- 20: Graphical comparison of inland flooding hazard areas of impact
of the Study Area with the existing flood wall for the climate change 2050
scenario at 10-, 25-, 50-, and 100-year return periods

The FLO-2D model predicted inland flooding inundation of the Study Area with
the existing flood wall for the climate change 2080 scenario is shown in Figure
A2- 21 to Figure A2- 24 for 10-, 25-, 50-, and 100-year return periods. The areas of
impact at various flooding inundation depth levels for the same scenario are
listed in Table A2- 5 and graphed in Figure A2- 25. The corresponding flooding
hazard maps are shown in Figure A2- 26 to Figure A2- 29 for 10-, 25-, 50-, and
100- year return periods. The areas of impact at various flooding hazard levels
for the same scenario are listed in Table A2- 6 and presented in Figure A2- 30.
The 24-hour maximum precipitation applied in the Study Area for this set of
FLO-2D model simulations were 155 mm, 182 mm and 222 mm for 10-, 25-, 50-,
and 100-year return periods, respectively.
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Figure A2- 21: Inland flooding inundation map of the Study Area with the
existing flood wall for the climate change 2080 scenario at 10-year return period

Figure A2- 22: Inland flooding inundation map of the Study Area with the
existing flood wall for the climate change 2080 scenario at 25 year return period
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Figure A2- 23: Inland flooding inundation map of the Study Area with the
existing flood wall for the climate change 2080 scenario at 50-year return period

Figure A2- 24: Inland flooding inundation map of the Study Area with the
existing flood wall for the climate change 2080 scenario at 100-year return
period
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Table A2- 5: Tabular comparison of inland flooding inundation area of impact of
the Study Area with the existing flood wall for the climate change 2080 scenario

at 10-, 25-, 50-, and 100-year return periods

Flood Inundation EW CC2080 EW CC2080 EW CC2080 EW CC2080
Depth Level, m 10Y 25Y 50Y 100Y

0.0to 0.1 0.83269 0.77387 0.73181 0.69218
01to 05 0.34904 0.36968 0.37446 0.37598
05t01.0 0.094016 0.12304 0.14840 0.17808
1.0t0 3.0 0.056048 0.06520 0.07712 0.08555

Figure A2- 25: Graphical comparison of inland flooding inundation areas of
impact of the Study Area with the existing flood wall for the climate change
2080 scenario at 10-, 25-, 50-, and 100-year return periods
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Figure A2- 26: Inland flooding hazard map of the Study Area with the existing
flood wall for the climate change 2080 scenario at 10-year return period

Figure A2- 27: Inland flooding hazard map of the Study Area with the existing
flood wall for the climate change 2080 scenario at 25-year return period
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Figure A2- 28: Inland flooding hazard map of the Study Area with the existing
flood wall for the climate change 2080 scenario at 50-year return period

Figure A2- 29: Inland flooding hazard map of the Study Area with the existing
flood wall for the climate change 2080 scenario at 100-year return period

ERM 191 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Table A2- 6: Tabular comparison of inland flooding hazard area of impact of the
Study Area with the existing flood wall for the climate change 2080 scenario at
10-, 25-, 50-, and 100-year return periods

Hazard Level EW CC2080 EW CC2080 EW CC2080 EW CC2080
10Y 25Y 50Y 100Y

Low 0.00694 0.01122 0.01453 0.01648

Medium 0.11723 0.15112 0.18446 0.21899

High 0.03269 0.03690 0.04090 0.04451

Figure A2- 30: Graphical comparison of inland flooding hazard areas of impact
of the Study Area with the existing flood wall for the climate change 2080
scenario at 10-, 25-, 50-, and 100-year return periods
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APPENDIX B: FLO-2D COASTAL FLOODING MODEL RESULTS FOR
THE PROPOSED FLOOD WALLS (ALTERNATIVE 2 AND 3)

A series of alternative conceptual designs were identified to control and
minimize flooding in the Study Area and were discussed in detail in a report
submitted to IDB on Paramaribo Phase 1 Alternative Selection. Alternative 2 and
3 described in the report were related to the flood wall conceptual design
framework as identified in the proposal. These two alternatives were modeled as
levees in the FLO-2D model along with the existing flood wall as shown in
Figure B -1 Error! Reference source not found.. The same set of baseline and
climate change scenarios were run for the 10-, 25-, 50- and 100-year return
periods by including both the alternatives instead of running them as individual
scenarios.

The FLO-2D model predicted coastal flooding inundation of the Study Area with
the Alternative 2 and 3 conceptual designs for the baseline scenario is shown in
Figure B- 1 to Figure B- 5 for 10-, 25-, 50-, and 100-year return periods. The areas
of impact at various flooding inundation depth levels for the same scenario are
listed in Table B- 1 and presented in Figure B- 6. The corresponding flooding
hazard maps were shown in Figure B- 7 to Figure B- 10 for 10-, 25-, 50-, and 100-
year return periods. The areas of impact at various flooding hazard levels for the
same scenario are listed in Table B- 2 and presented in Figure B- 11. The HHWLs
applied along the Suriname River adjacent to the Study Area during FLO-2D
model simulations were 2.02 m, 2.13 m, 2.21 m and 2.27 m for 10-, 25-, 50-, and
100-year return periods, respectively.
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Figure B- 1: Alternative 2 and 3 conceptual design layouts on either side of the
existing flood wall

Figure B- 2: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for baseline scenario at 10-year return
period
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Figure B- 3: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the baseline scenario at 25-year return
period

Figure B- 4: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the baseline scenario at 50-year return
period
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Figure B- 5: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the baseline scenario at 100-year
return period

Table B- 1: Tabular comparison of coastal flooding inundation areas of impact
of the Study Area with the Alternative 2 and 3 conceptual designs for the
baseline scenario at 10-, 25-, 50-, and 100-year return periods

Flood Inundation | Alt 23 Base Alt 23 Base Alt 23 Base Alt 23 Base
Depth Level, m 10Y 25Y 50Y 100Y
0.0t0 0.1 0.026512 0.026512 0.019824 0.02896
0.1t0 0.5 0.06888 0.06888 0.10688 0.115664
0.5t01.0 0.015488 0.015488 0.026048 0.032192
1.0t0 3.0 0.032688 0.032688 0.035632 0.036624
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Figure B- 6: Graphical comparison of coastal flooding inundation areas of
impact of the Study Area with Alternative 2 and 3 conceptual designs for the
baseline scenario at 10-, 25-, 50-, and 100-year return periods

Figure B- 7: Coastal flooding hazard map of the Study Area with the Alternative
2 and 3 conceptual designs for the baseline scenario at 10-year return period
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Figure B- 8: Coastal flooding hazard map of the Study Area with the Alternative
2 and 3 conceptual designs for the baseline scenario at 25-year return period

Figure B- 9: Coastal flooding hazard map of the Study Area with the Alternative
2 and 3 conceptual designs for the baseline scenario at 50-year return period
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Figure B- 10: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the baseline scenario at 100-year

return period

Table B- 2: Tabular comparison of coastal flooding hazard areas of impact of the
Study Area with the Alternative 2 and 3 conceptual designs for the baseline
scenario at 10-, 25-, 50-, and 100-year return periods

Hazard Level Alt 23 Base Alt 23 Base Alt 23 Base Alt 23 Base
10Y 25Y 50Y 100Y
Low 0.00061 0.00061 0.00094 0.00117
Medium 0.02562 0.02562 0.03501 0.04075
High 0.02260 0.02260 0.02672 0.02802
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Figure B- 11: Graphical comparison of coastal flooding hazard areas of impact
of the Study Area with the Alternative 2 and 3 conceptual designs for the
baseline scenario at 10-, 25-, 50-, and 100-year return periods

The coastal flooding inundation of the Study Area predicted by the model with
the Alternative 2 and 3 conceptual designs for the climate change 2020 scenario is
shown in Figure B- 12 to Figure B- 15 for 10-, 25-, 50-, and 100-year return
periods. The areas of impact at various flooding inundation depth levels for the
same scenario are listed in Table B- 3 and presented in Figure B- 16. The
corresponding flooding hazard maps were shown in Figure B- 17 to Figure B- 20
for 10-, 25-, 50-, and 100-year return periods. The areas of impact at various
flooding hazard levels for the same scenario are listed in Table B- 4 and
presented in Figure B- 21. The HHWLSs applied along the Suriname River
adjacent to the Study Area during FLO-2D model simulations were 2.11 m, 2.22
m, 2.30 m and 2.36 m for 10-, 25-, 50-, and 100-year return periods, respectively.
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Figure B- 12: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2020 scenario at
10-year return period

Figure B- 13: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2020 scenario at
25-year return period
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Figure B- 14: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2020 scenario at
50-year return period

Figure B- 15: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2020 scenario at
100-year return period
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Table B- 3: Tabular comparison of coastal flooding inundation areas of impact
of the Study Area with the Alternative 2 and 3 conceptual designs for the climate
change 2020 scenario at 10-, 25-, 50-, and 100-year return periods

Flood Inundation | Alt23 CC2020 Alt23 CC2020 Alt23 CC2020 Alt23 CC2020
Depth Level, m  [10Y 25Y 50Y 100Y

0.0to 0.1 0.02501 0.01957 0.04661 0.05930
01t005 0.09400 0.10771 0.14674 0.19387
05t01.0 0.01978 0.02678 0.04208 0.06958
1.0to3.0 0.03390 0.03574 0.03733 0.04346

Figure B- 16: Graphical comparison of coastal flooding inundation areas of
impact of the Study Area with the Alternative 2 and 3 conceptual designs for the
climate change scenario 2020 at 10-, 25-, 50-, and 100-year return periods
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Figure B- 17: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2020 scenario at
10-year return period

Figure B- 18: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2020 scenario at
25-year return period
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Figure B- 19: Coastal flooding hazard map for the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2020 scenario at
50-year return period

Figure B- 20: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2020 scenario at
100-year return period
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Table B- 4: Tabular comparison of coastal flooding hazard areas of impact of the
Study Area with the Alternative 2 and 3 conceptual designs for the climate

change 2020 scenario at 10-, 25-, 50-, and 100-year return periods

Hazard Level Alt23 CC2020 Alt23 CC2020 Alt23 CC2020 Alt23 CC2020
10Y 25Y 50Y 100Y

Low 0.00088 0.00097 0.00174 0.00682

Medium 0.02928 0.03558 0.05069 0.08142

High 0.02445 0.02699 0.02864 0.03155

Figure B- 21: Graphical comparison of coastal flooding hazard areas of impact
of the Study Area with the Alternative 2 and 3 conceptual designs for the climate
change 2020 scenario at 10-, 25-, 50-, and 100-year return periods

The coastal flooding inundation of the Study Area predicted by the model with
the Alternative 2 and 3 conceptual designs for the climate change 2050 scenario is
shown in Figure B- 22 to Figure B- 25 for 10-, 25-, 50-, and 100-year return
periods. The areas of impact at various flooding inundation depth levels for the
same scenario are listed in Table B- 5 and presented in Figure B- 26. The
corresponding flooding hazard maps are shown in Figure B- 28 to Figure B- 30
for 10-, 25-, 50-, and 100-year return periods. The areas of impact at various
flooding hazard levels for the same scenario are listed in Table B- 6 and
presented in Figure B- 31. The HHWLs applied along the Suriname River
adjacent to the Study Area during FLO-2D model simulations were 2.35 m, 2.46
m, 2.54 m and 2.60 m for 10-, 25-, 50-, and 100-year return periods, respectively.
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Figure B- 22: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2050 scenario at
10-year return period

Figure B- 23: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2050 scenario at
25-year return period
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Figure B- 24: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2050 scenario at
50-year return period

Figure B- 25: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2050 scenario at
100-year return period
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Table B- 5: Tabular comparison of coastal flooding inundation areas of impact
of the Study Area with the Alternative 2 and 3 conceptual designs for the climate
change 2050 scenario at 10-, 25-, 50-, and 100-year return periods

Flood Inundation | Alt23 CC2050 Alt23 CC2050 Alt23 CC2050 Alt23 CC2050
Depth Level, m  |10Y 25Y 50Y 100Y

0.0to 0.1 0.06195 0.04597 0.03813 0.03706

01to 05 0.18584 0.22030 0.20274 0.19580
0.5t01.0 0.06354 0.11976 0.15886 0.18206

1.0t0 3.0 0.04208 0.05224 0.06674 0.07962

Figure B- 26: Graphical comparison of coastal flooding inundation areas of
impact of the Study Area with the Alternative 2 and 3 conceptual designs for the
climate change scenario 2050 at 10-, 25-, 50-, and 100-year return periods
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Figure B- 27: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2050 scenario at
10-year return period

Figure B- 28: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2050 scenario at
25-year return period

ERM 210 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Figure B- 29: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2050 scenario at
50-year return period

Figure B- 30: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2050 scenario at
100-year return period
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Table B- 6: Tabular comparison of coastal flooding hazard areas of impact of the
Study Area with the Alternative 2 and 3 conceptual designs for the climate
change 2050 scenario at 10-, 25-, 50-, and 100-year return periods

Hazard Level Alt23 CC2050 Alt23 CC2050 Alt23 CC2050 Alt23 CC2050
10Y 25Y 50Y 100Y

Low 0.00562 0.01931 0.02520 0.03072

Medium 0.07435 0.13728 0.18837 0.21690

High 0.03122 0.03470 0.03731 0.04470

Figure B- 31: Graphical comparison of coastal flooding hazard areas of impact
of the Study Area with the Alternative 2 and 3 conceptual designs for the climate
change 2050 scenario at 10-, 25-, 50-, and 100-year return periods

The coastal flooding inundation of the Study Area predicted by the model with
the Alternative 2 and 3 conceptual designs for the climate change 2080 scenario is
shown in Figure B- 32 to Figure B- 35 for 10-, 25-, 50-, and 100-year return
periods. The areas of impact at various flooding inundation depth levels for the
same scenario are shown in Table B- 7 and presented in Figure B- 36. The
corresponding flooding hazard maps were shown in Figure B- 37 to Figure B- 40
for 10-, 25-, 50-, and 100-year return periods. The areas of impact at various
flooding hazard levels for the same scenario are shown in Table B- 8 and
presented in Figure B- 41. The HHWLs applied along the Suriname River
adjacent to the Study Area during FLO-2D model simulation were 2.72 m, 2.83
m, 2.91m and 2.97 m for 10-, 25-, 50-, and 100-year return periods, respectively.
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Figure B- 32: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2080 scenario at
10-year return period

Figure B- 33: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2080 scenario at
25-year return period
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Figure B- 34: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2080 scenario at
50-year return period

Figure B- 35: Coastal flooding inundation map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2080 scenario at
100-year return period
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Table B- 7: Tabular comparison of coastal flooding inundation areas of impact
of the Study Area with the Alternative 2 and 3 conceptual designs for the climate
change 2080 scenario at 10-, 25-, 50-, and 100-year return periods

Flood Inundation | Alt23 CC2080 Alt23 CC2080 Alt23 CC2080 Alt23 CC2080
Depth Level, m  [10Y 25Y 50Y 100Y

0.0to 0.1 0.04725 0.04648 0.04627 0.04848
01t005 0.21235 0.23552 0.22474 0.21477
05t01.0 0.23546 0.27648 0.29800 0.30547
1.0to3.0 0.12051 0.17454 0.21210 0.24213

Figure B- 36: Graphical comparison of coastal flooding inundation areas of
impact of the Study Area with the Alternative 2 and 3 conceptual designs for the
climate change 2080 scenario at 10-, 25-, 50-, and 100-year return periods
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Figure B- 37: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2080 scenario at
10-year return period

Figure B- 38: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2080 scenario at
25-year return period
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Figure B- 39: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2080 scenario at
50-year return period

Figure B- 40: Coastal flooding hazard map of the Study Area with the
Alternative 2 and 3 conceptual designs for the climate change 2080 scenario at
100-year return period
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Table B- 8: Tabular comparison of flood hazard area of impact of the Study Area
with the Alternative 2 and 3 conceptual designs for the climate change 2080
scenario at 10-, 25-, 50-, and 100-year return periods

Hazard Level Alt23 CC2080 Alt23 CC2080 Alt23 CC2080 Alt23 CC2080
10Y 25Y 50Y 100Y

Low 0.03520 0.03835 0.04027 0.04150

Medium 0.29765 0.38242 0.43448 0.46510

High 0.05840 0.06870 0.07620 0.08331

Figure B- 41: Graphical comparison of coastal flooding hazard areas of impact

of the Study Area with the Alternative 2 and 3 conceptual designs for the climate
change 2080 scenario at 10-, 25-, 50-, and 100- year return periods
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APPENDIX C1: HEC-RAS MODEL RESULTS OF THE VAN
SOMMELDIJCKSE CANAL WITH THE EXISTING CONFIGURATION

An unsteady state hydraulic analysis was performed in HEC-RAS for both the
baseline and the climate change scenarios for all return periods. HEC-RAS was
set up using geometrical and flow hydrograph data as mentioned in the above
paragraph for various return periods.

Using HEC-GeoRAS, flooding inundation maps based on the water surface
profile results exported from HEC-RAS were developed. Developing flood maps
using HEC-GeoRAS is based on the simple concept that the water level is
determined from hydraulic model HEC-RAS and then examined over the
topography of the ground surface in a Digital Elevation Model (DEM). This is
performed in two basic steps:

e Construction of the water surface TIN (Triangulated Irregular Network) from
the water surface elevations predicted at the cross section.

* Conversion of the water surface TIN into water surface grid. Thereafter, the
ground surface grid is subtracted from the water surface grid to obtain water
depth map.

The area with the positive values in the water-depth map provides the flooding
inundation map.

The flooding inundation of the Canal and its surroundings predicted by the
HEC-RAS model for the baseline scenario is shown in Figure C1- 1, Figure C1- 2,
and Figure C1- 3 for 25-, 50-, and 100-year return periods, respectively. The areas
of impact at various flooding inundation depth levels for the same scenario are
shown in Table C1- 1 and presented in Figure C1- 4. The corresponding flooding
hazard maps are shown in Figure C1- 5, Figure C1- 6 and Figure C1- 7 for 25-, 50-
, and 100-year return periods, respectively. The areas of impact at various
flooding hazard levels for the same scenario are shown in Table C1- 2 and
presented in Figure C1- 8. The maximum upstream discharges through the Canal
during the HEC-RAS model simulations were 31, 35 and 39 m3/sec for 25-, 50-,
and 100-year return periods, respectively. The maximum water surface level
specified for the downstream tide hydrograph during the HEC-RAS simulations
was 2.11 m, 2.19 m and 2.26 m for 25-, 50-, and 100-year return periods,
respectively. The flooding inundation figures depict the maximum inundation
that occurs during the simulation time that corresponds to peak catchment flow
in the Canal and the simultaneously high tide in the Suriname River. However,
the flooding inundation in the Canal and its surroundings changes with time
during the time period of simulation due to the time varying flow and tide
hydrographs in the upstream and downstream side of the Canal, respectively.
Figure C1- 10, Figure C1- 10 and Figure C1- 11 shows flooding inundation map
at discrete hours during the simulation time period for 25-, 50-, and 100-year
return periods, respectively.
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Figure C1- 1: Flooding inundation map of the canal and its surroundings for the
baseline scenario at 25-year return period
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Figure C1- 2: Flooding inundation map of the canal and its surroundings for the
baseline scenario at 50-year return period

Figure C1- 3: Flooding inundation map of the canal and its surroundings for the
baseline scenario at 100-year return period
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Table C1- 1: Tabular comparison of flooding inundation areas of impact of the
Canal and its surroundings for the baseline scenario at 25-, 50-, and 100-year

return periods

Flooding Inundation Area, km?2
Flood Inundation - ; .
Depth Level, m Baseline Baseline Baseline
25Y 50Y 100Y
0.0 to 0.25 0.1834 0.1680 0.1562
0.26 to 0.5 0.1523 0.1648 0.1708
0.51t00.75 0.0981 0.1274 0.1393
076 to 1 0.0316 0.0526 0.0690
1.01to1.25 0.0096 0.0165 0.0210
1.26to 1.5 0.0045 0.0056 0.0067
1.51to4.5 0.0195 0.0214 0.0224
0.3
0.25
E 0.2
5
g .
g_ 0.15 e m 25 yr Baseline
‘e m 50 yr Baseline
]
< 01 - - 100 yr Baseline
0.05
0 ‘__—__-_

0-0.25

Flood Depth Level (m)

0.26-0.5 0.51-0.75 0.76-1 1.01-1.25 1.26-1.5 1.51-45

Figure C1- 4: Graphical comparison of flooding inundation areas of impact of
the Canal and its surroundings for the baseline scenario at 25-, 50-, and 100-year

return periods

ERM

2.2.2 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018




Figure C1- 5: Flooding hazard map of the Canal and its surroundings for the
baseline scenario at 25-year return period

Figure C1- 6: Flooding hazard map of the Canal and its surroundings for the
baseline scenario at 50-year return period
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Figure C1- 7: Flooding hazard map of the Canal and its surroundings for the
baseline scenario at 100-year return period

Table C1- 2: Tabular comparison of flooding hazard areas of impact of the Canal
and its surroundings for the baseline scenario at 10-, 25-, 50-, and 100-year

return periods

Flooding Inundation Area, km?
Risk Level Baseline Baseline Baseline
25Y 50Y 100Y
Low 0.330 0.330 0.260
Medium 0.150 0.210 0.240
High 0.019 0.021 0.022
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Figure C1- 8: Graphical comparison of flooding inundation areas of impact of
the Canal and its surroundings for the baseline scenario at 25-, 50-, and 100-year

return periods

Figure C1- 9: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the baseline scenario at 25-year return

period
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Figure C1- 10: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the baseline scenario at 50-year return
period

Figure C1- 11: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the baseline scenario at 100-year return
period
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The flooding inundation of the Canal and its surroundings predicted by the
model for the climate change 2050 scenario is shown in Figure C1- 12, Figure C1-
13, Figure C1- 14 for 25-, 50-, and 100-year return periods, respectively. The areas
of impact at various flooding inundation depth levels for the same scenario are
shown in Table C1- 3 and presented in Figure C1- 16. The corresponding
flooding hazard maps are shown in Figure C1- 16, Figure C1- 17 and Figure C1-
18 for 25-, 50-, and 100-year return periods, respectively. The areas of impact at
various flooding hazard levels for the same scenario are shown in Table C1- 4
and presented in Figure C1- 19. The maximum upstream discharges through the
Canal during the HEC-RAS model simulations were 34, 38 and 42 m3/sec for 25-,
50-, and 100-year return periods, respectively. The maximum water surface level
specified for the downstream tide hydrograph during the HEC-RAS model
simulations was 2.43 m, 2.51 m and 2.58 m for 25-, 50-, and 100-year return
periods, respectively. The flooding inundation figures depict the maximum
inundation that occurs during the simulation time that corresponds to peak
catchment flow in the Canal and the simultaneously high tide in the Suriname
River. However, the flooding inundation in the Canal and its surroundings
changes with time during the time period of simulation due to the time varying
flow and tide hydrographs in the upstream and downstream side of the Canal,
respectively. Figure C1- 20, Figure C1- 21 and Figure C1- 22 shows flooding
inundation map at discrete hours during the simulation time period for 25-, 50-,
and 100-year return periods.

Figure C1- 12: Flooding inundation map of the Canal and its surroundings for
the Climate Change 2050 Scenario at 25-year return period
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Figure C1- 13: Flooding inundation map of the Canal and its surroundings for
the Climate Change 2050 Scenario at 50-year return period

Figure C1- 14: Flooding inundation map of the Canal and its surroundings for
the Climate Change 2050 Scenario at 100-year return period
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Table C1- 3: Tabular comparison of flooding inundation areas of impact of the
Canal and its surroundings for the climate change 2050 scenario at 25-, 50-, and
100-year return periods

Flooding Inundation Area, km?
Flood Inundation
Depth Level, m CC2050 CC2050 CC2050
’ 25Y 50Y 100Y

0.0 to 0.25 0.1428 0.1087 0.0735
0.26 to 0.5 0.1790 0.1512 0.1143
0.51to0 0.75 0.1473 0.1709 0.1655
0.76 to 1 0.0831 0.136 0.1656
1.01to 1.25 0.0261 0.0659 0.1184
1.26to 1.5 0.0084 0.0204 0.0459
1.51to 4.5 0.0234 0.0293 0.0423

0.3

0.25

0.2
E
3
s W25 yr - 2050 CC
§0.15
E B 50 yr - 2050 CC
§ 100 yr - 2050 CC
2 0.1 -

0.05 —+-
O .

0-0.25 0.26-0.5 0.51-0.75 0.76-1 1.01-1.25 1.26-1.5 1.51-45

Flood Depth Level (m)

Figure C1- 15: Graphical comparison of flooding inundation areas of impact of
the canal and its surroundings for the climate change 2050 scenario at 25-, 50-,
and 100-year return periods
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Figure C1- 16: Flooding hazard map of the Canal and its surroundings for the
climate change 2050 scenario at 25-year return period

Figure C1- 17: Flooding hazard map of the Canal and its surroundings for the
climate change 2050 scenario at 50-year return period
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Figure C1- 18: Flooding hazard map of the Canal and its surroundings for the

climate change 2050 scenario at 100-year return period

Table C1- 4: Tabular comparison of flooding hazard areas of impact of the Canal
and its surroundings for the climate change 2050 scenario at 25-, 50-, and 100-

year return periods

Flooding Hazard Area, km?
Risk Level CC2050 CC2050 CC2050
25Y 50Y 100Y
Low 031 0.28 0.023
Medium 0.26 0.41 0.029
High 0.19 0.51 0.043
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Figure C1- 19: Flooding hazard areas of impact of the Canal and its surroundings
for the climate change 2050 scenario at 25-, 50-, and 100-year return periods

Figure C1- 20: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the climate change 2050 scenario at 25-

year
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Figure C1- 21: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the climate change 2050 scenario at 50-
year return period

Figure C1- 22: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the climate change 2050 scenario at
100-year return period

The flooding inundation of the Canal and its surroundings predicted by the
HEC-RAS model for the climate change 2080 scenario is shown in Figure C1- 23,
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Figure C1- 24 and Figure C1- 25 for 25-, 50-, and 100-year return periods,
respectively. The areas of impact at various flooding inundation depth levels for
the same scenario are shown in Table C1- 5Error! Reference source not found.
and presented in Figure C1- 26. The corresponding flooding hazard maps are
shown in Figure C1- 27, Figure C1- 28 and Figure C1- 29 for 25-, 50-, and 100-year
return periods, respectively. The areas of impact at various flooding hazard
levels for the same scenario are shown in Table C1- 6 and presented graphically
in Figure C1- 30. The maximum upstream discharge through the Canal during
HEC-RAS model simulation was 35, 39 and 43 m3/sec for 25-, 50-, and 100-year
return periods, respectively. The maximum water surface level specified for the
downstream tide hydrograph during the HEC-RAS model simulations was 2.81
m, 2.89 m and 2.96 m for 25-, 50-, and 100-year return periods, respectively. The
flooding inundation figures depict the maximum inundation that occurs during
the simulation time that corresponds to peak catchment flow in the Canal and
the simultaneously high tide in the Suriname River. However, the flooding
inundation in the Canal and its surroundings changes with time during the time
period of simulation due to the time varying flow and tide hydrographs in the
upstream and downstream side of the Canal, respectively. Figure C1- 31, Figure
C1- 32 and Figure C1- 33 shows flooding inundation map at discrete hours
during the simulation time period for 25-, 50-, and 100-year return periods,
respectively.
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Figure C1- 23: Flooding inundation map of the Canal and its surroundings for
the climate change 2080 scenario at 25-year return period
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Figure C1- 24: Flooding inundation map of the Canal and its surroundings for
the climate change 2080 scenario at 50-year return period

Figure C1- 25: Flooding inundation map of the Canal and its surroundings for
the climate change 2080 scenario at 100-year return period
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Table C1- 5: Tabular comparison of flooding inundation areas of impact of the
canal and its surroundings for the climate change 2080 scenario at 25-, 50-, and
100-year return periods

Flooding Inundation Area, km?

Flood Inundation
Depth Level, m CC2080 CC2080 CC2080

’ 25Y 50Y 100Y
0.0t0 0.25 0.045 0.0445 0.0399
0.26 to 0.5 0.0546 0.0468 0.0438
0.51 to 0.75 0.0983 0.0724 0.0575
0.76 to 1 0.144 0.1176 0.102
1.01 to 1.25 0.1747 0.1693 0.1506
126 to 1.5 0.1441 0.1654 0.1741
1.51t0 4.5 0.1326 0.2017 0.2649

Figure C1- 26: Graphical comparison of flooding inundation area of impact of
the Canal and its surroundings for the climate change 2080 scenario at 25-, 50-,
and 100-year return periods
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Figure C1- 27: Flooding hazard map of the Canal and its surroundings for the
climate change 2080 scenario at 25-year return period

Figure C1- 28: Flooding hazard map of the Canal and its surroundings for the
climate change 2080 scenario at 50-year return period
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Figure C1- 29: Flooding hazard map of the Canal and its surroundings for the

climate change 2080 scenario at 100 year return period

Table C1- 6: Tabular comparison of flooding hazard areas of impact of the Canal
and its surroundings for the climate change 2080 scenario at 25-, 50-, and 100-

year return periods

Flooding Hazard Area, km?
Risk Level CC2080 CC2080 CC2080
25Y 50Y 100Y
Low 0.10 0.09 0.08
Medium 0.58 0.54 0.50
High 0.13 0.20 0.27
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Figure C1- 30: Graphical comparison flooding hazard area of impact of the
Canal and its surroundings for the climate change 2080 scenario at 25-, 50-, and

100-year return periods

Figure C1- 31: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the climate change 2080 scenario at 25-
year return period
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Figure C1- 32: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the climate change 2050 scenario at 50-
year return period

Figure C1- 33: Flooding inundation map of the Canal and its surroundings at
discrete hours during the simulation of the climate change 2080 scenario at 100-
year return period
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APPENDIX C2: HEC-RAS MODEL RESULTS OF THE VAN
SOMMELDIJCKSE CANAL WITH THE ADDITION OF THE
ALTERNATIVE 4 OPTION

One of the alternative conceptual design options (referred as Alternative 4)
identified in the Paramaribo Phase 1 Alternative selection report is adding an
additional pump with 4.5 m3/sec capacity to the already existing two pumps of
the same capacity in the Sommeldijckse Canal sluice gate operation complex. The
existing HEC-RAS model for the Sommeldijckse Canal was updated with
Alternative 4 option by increasing the total pumping capacity to 13.5 m3/sec. The
model simulations were then run for the baseline scenario only at 25-, 50- and
100-year return periods.

The flooding inundation of the Canal and its surroundings predicted by the
model for the baseline scenario is shown in Figure C2- 1, Figure C2- 2 and Figure
C2- 3 for 25-, 50- and 100-year return periods, respectively. The areas of impact at
various flooding inundation depth levels for the same scenario is shown in Table
C2- 1 and presented graphically in Figure C2- 4. The corresponding flooding
hazard maps are shown in Figure C2- 5, Figure C2- 6, Figure C2- 7 for 25-, 50-
and 100-year return periods, respectively. The areas of impact at various flooding
hazard levels for the same scenario is shown in Table C2- 2 and presented
graphically in Figure C2- 8. The flooding inundation figures depict the maximum
inundation that occurs during the simulation time that corresponds to peak
catchment flow in the Canal and the simultaneously high tide in the Suriname
River. However, the flooding inundation in the Canal and its surroundings
changes with time during the time period of simulation due to the time varying
flow and tide hydrographs in the upstream and downstream side of the Canal,
respectively. Figure C2- 9, Figure C2- 10 and Figure C2- 11 shows flooding
inundation map at discrete hours during the simulation time period for the
baseline scenario at 25-, 50- and 100-year return periods, respectively.
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Figure C2- 1: Flooding inundation map of the Canal and its surroundings for the
Alternative 4 option and the baseline scenario at 25-year return period

Figure C2- 2: Flooding inundation map of the Canal and its surroundings for the
Alternative 4 option and the baseline scenario at 50-year return period
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Figure C2- 3: Flooding inundation map of the Canal and its surroundings for the
Alternative 4 option and the baseline scenario at 100-year return period

Table C2- 1: Tabular comparison of flooding inundation areas of impact of the
Canal and its surroundings for the Alternative 4 option and the baseline
scenario at 25-, 50-, and 100-year return periods

Flood Flooding Inundation Area, km?

Inundation Baseline Alt4 Baseline Alt4 Baseline Alt4
Depth Level, m | 55y 50Y 100Y

0.0 to 0.25 0.185 0.183 0.178

0.26 to 0.5 0.134 0.154 0.163

0.51 to 0.75 0.065 0.102 0.117

0.76 to 1 0.020 0.034 0.043

1.01 to 1.25 0.005 0.010 0.013

1.26 to 1.5 0.004 0.005 0.005
1.51to4.5 0.017 0.020 0.021
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Figure C2- 4: Graphical comparison of flooding inundation areas of impact of
the Canal and its surroundings for the Alternative 4 option and the baseline
scenario at 25-, 50-, and 100-year return periods

Figure C2- 5: Flooding hazard map of the Canal and its surroundings for the
Alternative 4 option and baseline scenario at 25-year return period
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Figure C2- 6: Flooding hazard map of the Canal and its surroundings for the
Alternative 4 option and baseline scenario at 50-year return period

Figure C2- 7: Flooding hazard map of the Canal and its surroundings for the
Alternative 4 option and the baseline scenario at 100-year return period
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Table C2- 2: Tabular comparison of flooding hazard areas of impact of the Canal
and its surroundings for the Altenative 4 option and the baseline scenario at 25-,

50-, and 100-year return periods

Flooding Hazard Area, km?
Risk Level Baseline Alt4 Baseline Alt4 Baseline Alt4
25Y 50Y 100Y
Low 0.323 0.340 0.341
Medium 0.100 0.160 0.190
High 0.017 0.019 0.021

Figure C2- 8: Graphical comparison of flooding hazard areas of impact of the
Canal and its surroundings for the Alternative 4 option and the baseline
scenario at 25-, 50- and 100-year return periods
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Figure C2- 9: Flooding inundation map of the Canal and its surroundings for the
Alternative 4 option and the baseline scenario at 25-year return period

Figure C2- 10: Flooding inundation map of the Canal and its surroundings for
the Alternative 4 option and baseline scenario at 50-year return period
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Figure C2- 11: Flooding inundation map of the Canal and its surroundings for
Alternative 4 option and baseline scenario at 100-year return period
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APPENDIX C3: COMPARISON OF AREAS OF IMPACT BETWEEN THE
EXISTING CANAL CONFIGURATION AND WITH THE ADDITION OF
THE ALTERNATIVE 4 OPTION

The comparison of the areas of impact at various flood inundation depth levels
between the existing Canal configuration and with the addition of the
Alternative 4 option for the baseline scenario at 25-, 50- and 100-year return
periods are shown in Table C3- 1 and presented graphically in Figure C3- 1. The
area of impact at various flood hazard levels for the same scenario is shown in
Table C3-2 and presented graphically in Figure C3- 2.

Table C3- 1: Tabular comparison of flooding inundation area of the Canal and
its surroundings between the existing configuration and with the addition of the
Alternative 4 option at 25-, 50- and 100- year return periods

Flooding Inundation Area, km?
Flood
Inundation Baseline Baseline Baseline
Depth Level, | Baseline With Alt. 4 | Baseline | With Alt. 4 | Baseline With Alt. 4
m 25Y 25Y 50Y 50Y 100Y 100Y
0.0 to 0.25 0.1840 0.1850 0.1680 0.1830 0.1562 0.1780
0.26 to 0.5 0.1523 0.1340 0.1648 0.1540 0.1708 0.1630
0.51 to 0.75 0.0981 0.0650 0.1274 0.1020 0.1393 0.1170
0.76 to 1 0.0316 0.0200 0.0526 0.0340 0.0690 0.0430
1.01 to 1.25 0.0096 0.0050 0.0165 0.0102 0.0690 0.0430
1.26 to 1.5 0.0045 0.0040 0.0056 0.0045 0.0067 0.0048
1.51to 4.5 0.0195 0.0174 0.0214 0.0197 0.0224 0.0206
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Figure C3- 1: Graphical comparison of flooding inundation areas of impact of
the Canal and its surroundings between the existing configuration and with the
addition of the Alternative 4 option at 25-, 50- and 100-year return periods

Table C3- 2: Tabular comparison of flooding hazard areas of impact of the Canal
and its surroundings between the existing configuration and with the addition of
the Alternative 4 option

Flooding Hazard Area, km?
Baseline Baseline Baseline
Flood Hazard | Baseline With Alt. 4 | Baseline | With Alt.4 | Baseline | With Alt. 4
Level, m 25Y 25Y 50Y 50Y 100Y 100Y
Low 0.330 0.323 0.330 0.340 0.344 0.341
Medium 0.150 0.100 0.210 0.160 0.240 0.190
High 0.019 0.017 0.021 0.019 0.022 0.021
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Figure C3- 2: Graphical comparison of flood hazard areas of impact of the Canal
and its surroundings between the existing configuration and with the addition of
the Alternative 4 option at 25-, 50- and 100-year return periods

From the analysis of the flooding inundation areas of impact for the existing
Canal configuration and with the addition of the Alternative 4 option, it can be
concluded that the areas of impact associated with the various flood inundation
levels are typically decreasing with the addition of one additional pump as part
of the Alternative 4 option. This argument holds good for all the three return
periods. The climate change scenarios of 2050 and 2080 will also show similar
trends and hence are not modelled for this type of analysis. Similarly, from the
analysis of flooding hazard areas of impact for the existing Canal configuration
and with the addition of the Alternative 4 option, it can be concluded that the
areas of impact associated with the low and high hazard levels are not
significantly varying with the addition of the Alternative 4 option. However, the
medium hazard level areas of impact decreases with the addition of the
Alternative 4 option.

ERM 252 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



APPENDIX D: COMPARISON OF AREAS OF IMPACT BETWEEN THE
EXISTING FLOODWALL AND WITH THE ADDITION OF THE
ALTERNATIVE 2 AND 3 FLOOD WALLS

The comparison of coastal flooding inundation areas of impact within the Study
Area between the existing floodwall and with the addition of the Alternative 2
and 3 conceptual design floodwall options at 10-, 25-, 50- and 100- year return
periods for the baseline, climate change 2020, 2050 and 2080 scenarios in Figure
D- 1, Figure D- 2, Figure D- 3 and Figure D- 3, respectively. There is only a slight
reduction in the area of impact at all inundation depth levels for the baseline and
climate change 2020 scenarios at all the return periods. However, for the climate
change 2050 and 2080 scenarios, there is significant reduction in the inundation
areas of impact at large return periods.

Figure D- 1: Comparison of coastal flooding inundation areas of impact of the
Study Area between the existing floodwall and with the addition of the
Alternative 2 and 3 conceptual design floodwalls for the baseline scenario at 10-,
25-, 50- and 100- year return periods
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Figure D- 2: Comparison of coastal flooding inundation areas of impact of the
Study Area between the existing floodwall and with the addition of the
Alternative 2 and 3 conceptual design improvements for the climate change 2020
scenario at 10-, 25-, 50- and 100- year return periods

Figure D- 3: Comparison of coastal flooding inundation areas of impact of the
Study Area between the existing floodwall and with the addition of the
Alternative 2 and 3 conceptual design floodwalls for the climate change 2050
scenario at 10-, 25-, 50- and 100- year return periods
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Figure D- 4: Comparison of coastal flooding inundation areas of impact of the
existing Study Area between the existing floodwall and with the addition of the
Alternative 2 and 3 conceptual design floodwalls for the climate change 2080
scenario at 10-, 25-, 50-, and 100- year return periods

The comparison of coastal flooding hazard areas of impact of the Study Area
between the existing floodwall and with the addition of the Alternative 2 and 3
conceptual design floodwalls at 10-, 25-, 50- and 100- year return periods for the
baseline, climate change 2020, 2050 and 2080 scenarios are shown in Figure D- 5,
Figure D- 6, Figure D- 7, Figure D- 8, and respectively. There is a significant
reduction in the coastal flooding areas of impact for the medium hazard as
compared to other hazard levels for all the scenarios with the addition of the
Alternative 2 and 3 floodwalls for the Study Area.
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Figure D- 5: Comparison of coastal flooding hazard areas of impact within the
Study Area between the existing floodwall and with the addition of the
Alternative 2 and 3 conceptual design floodwalls for the baseline scenario at 10-,
25-, 50-, and 100- year return periods

Figure D- 6: Comparison of coastal flooding hazard area of impact of the Study
Area between the existing floodwall and with the addition of the Alternative 2

and 3 conceptual design floodwalls for the climate change 2020 scenario at 10-,

25-, 50-, and 100- year return periods
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Figure D- 7: Comparison of coastal flooding hazard area of impact within the
Study Area between the existing floodwall and the addition of the Alternative 2

and 3 conceptual design floodwalls for the climate change 2050 scenario at 10-,
25-, 50-, and 100- year return periods

ERM 257 PARAMARIBO ADAPTATION FUND PROJECT - JULY 2018



Figure D- 8: Comparison of coastal flooding hazard areas of impact of the Study
Area between the existing floodwall and with the addition of the Alternative 2
and 3 conceptual design floodwalls for the climate change 2080 scenario at 10-,
25-, 50-, and 100- year return periods
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1.0

2.0

2.1

INTRODUCTION

The purpose of this report is to document the screening, evaluation, and selection
of the preferred alternatives (adaptation measures) for preliminary design and
subsequent inclusion in the proposal to the Adaptation Fund for Urban
Investments for the Resilience of Paramaribo. The adaptation measures are being
developed to address the flooding in the urban area of Paramaribo; specifically
flooding caused by sea level rise and increased precipitation intensity. This
document has been prepared in accordance with the Phase 1 proposal to support
Inter-American Development Bank (IDB) in preparing the Full Proposal
Document to the Adaption Fund for Urban Investments for the Resilience of
Paramaribo.

The proposed alternatives (or adaptation measures) were selected based on a
systematic evaluation of several plausible alternatives. The identification of the
preferred alternatives was undertaken in two stages. The first stage consisted of
identifying a broader universe of technical solutions within the framework of
floodwall, green infrastructure, and drainage system improvements that may
function separately or as integrated solutions. Order-of-magnitude cost was also
developed and the relative evaluation of the alternatives was performed as a
means of reducing the alternatives to ones that can be implemented within the
available project budgetary limitations and that are most technically and socially
acceptable. The second stage consisted of grouping the most technically-
acceptable, cost-effective, and implementable of the first stage alternatives for
further consideration. The relative merits of the alternative groups in the second
stage were compared to support identifying the preferred group of alternatives.

DEVELOPMENT AND SCREENING OF ALTERNATIVES

INITIAL SCREENING OF ALTERNATIVES

Table 2-1 presents a wide range of potential technologies/alternatives that were
initially identified using a variety of sources, including previous experience, local
knowledge, and team brainstorming/consultation. Local past experiences on
similar projects was considered in determining what might work/ not work, and
was incorporated in the Table 2-1 below. These technologies were then evaluated
based on site-specific conditions, implementability, cost, and effectiveness.
Technologies that were deemed inappropriate based on comparison with these
criteria were eliminated from further consideration. Rather than involving the
universe of alternatives, the purpose of this initial screening of technologies was
to streamline the process and to limit the number of alternatives that will
undergo a more detailed evaluation. The focus was to include only those
alternatives with a reasonable potential to address the climate change issue,
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namely inland and coastal flooding. The technologies retained for further

evaluation are identified in Table 2-1.

Table 2-1: Initial Technology/Alternative Screening
Technology/Alternatives | Process Retained |Eliminated | Remarks
Regulation and Policies Governn_1ent Policy, Zoning and Land v Can be used for future
Use Options development
Relocate business/market along the - L
. . - . Livelihood and social impact,
Business Relocation shoreline and design the vacated area X . -
. public resistance, costly
for recreational use
New Elood Protection Wall Fl_ood protection wall (sheet piles v Effective, supported by flood
with brick or concrete cap) model
New Tidal Basin with Flow | Create new tidal basins with flow Limited space Wlthm city
. X center for new infrastructure,
Controls controls (tidal gates, pumps)
costly
Rehabilitate existing old Retrofit existing old retaining wall v Effective, supported by flood
retaining wall (sheet piles) model
Rehabilitation - Existing Rehabllltqte/retroﬂt existing tidal Effective, supported by flood
. gates, sluice gates, and other flood v
Flood Control Mechanicals model
controls
Rehabilitation - Drainage Rehabllltate/retroflt eX|st|ng v Effective, current status -
System stormwater mfrastrl_Jct_ure (improve poorly maintained
efficiency of the existing network)
a) Riprap/gabions/articulated concrete v Effective for erosion
blocks along shoreline protection
Shoreline Erosion b) Timber groins to promote sediment Space constraints, consider
Protection/ Stabilization accumulation and vegetative growth X using in combination with
in select areas mangrove establishment
c) Create buffer with enhanced v Proven technology in study
mangrove area
. Dredging to increase capacity of Likely little impact on flood
Dredging . . X - .
Suriname River elevation and velocity, costly
a) Install underground stormwater
retention system (retention vaults, v .
pipes) and release water at lower rate Secondary benefit to flood
mitigation, including source of
Stormwater Retention and b) Construct aboveground stormwater water for fire protection
Release retention and release system (swale, 4
ponds) in open spaces
Pervious pavement: Use alternative to Consider implementing in
impervious materials (permeable v select areas of city center to
pavements, vegetation, ) reduce runoff
Rainwater Retrofit building with storage tanks Difficult to implement on a
- . X large enough scale to have an
Harvesting/Reuse and reuse water for toilets, etc., .
impact
New Wastewater Treatment | Separate storm and sewer and install Although beneficial, Im_nted
X impact on flood protection,

Plant

WWTP for sewer

costly

2.2

ALTERNATIVE DESCRIPTION

The technology screening described in Section 2.1 resulted in selecting 14
targeted site-specific alternatives that represent viable options while preserving
the concept to mitigate climate change issues considering both inland and coastal

ERM

PARAMARIBO ADAPTATION FUND PROJECT - FEB2018



flooding. These 14 targeted site-specific alternatives are summarized in Table 2-2

and shown on Figure 1.

A stakeholder engagement was conducted on 8 November 2017 in Paramaribo to
present the project and solicit feedback on the identified alternatives. The
meeting included presentation of the identified alternatives as well as a
description of the criteria used to evaluate the alternatives and identify those that

are preferred.

Table 2-2: Site-Specific Alternative Description
Technology/ . ips . ..
Alternatives Site-Specific Alternatives | Description
Regulations Alternative 1: Government | Incorporates government interventions via poilicies, zoning, and

and Policies

policy, zoning, and land
use options

land use limitation with a goal of allowing more open space and
green in the city center, enforce built-up area restrictions, enhance
water management, update master plan, and implement
environmental policies (waste collection).

New Flood Alternative 2: New flood Includes a new flood protection wall, approximately 250 meters (m)
Protection Wall | protection wall from long, for a section from Knuffelsgracht Street to SMS Pier along
Knuffelsgracht Street to south side of Waterfront (IWaterkant) Street. The flood wall consists
SMS Pier of metal sheets pushed into the ground several feet below the
ground surface. The sheet pile will be reinforced along the
embankment side with riprap/stone. The sheet pile will be finished
with concrete/brick cap on top with a two- to four-meter wide
walkway. Roadside drainage along the wall will be impoved and
trees/plants will be planted. Existing historic landing for small
boats and a steel jetty that are within the limits of the proposed
flood protection wall will be rehabilitated during the wall
construction.
Rehabilitate Alternative 3: Rehabilitate |Includes replacing part of existing steel sheet piles between Van
Existing Old existing old retaining wall | Sommelsdijck Canal sluice gate and Fort Zeelandia; riprap stone
Retaining Wall | between Fort Zeelandia will be added in the embankment to increase passive pressure and
and sluice gate in Van bearing capacity of existing piles. Other components include
Sommelsdijck Canal reprofiling clay dike, increasing steel sheet pile wall crest level, and
making walkways for pedestrians.
Rehabilitation - | Alternative 4: Rehabilitate | The existing pumping station is old and only partially functioning.
Existing Flood | Van Sommelsdijck This alternative includes adding/refurbishing one pump capacity
Control pumping station and sluice | (4.5 m3/s), upgrading existing mechanical and electrical system,
Mechanicals gates upgrading sluice gates structures, widening the inland water

storage area, and automating operation.

Alternative 5: Rehabilitate
sluice gate and pumping
station at Knuffelsgracht
Street

This alternative will require new pumps and new sluice gates,
including new concrete structure and raising top level for high
water level (HWL) protection.

Alternative 6: Rehabilitate
Jodenbree Street sluice gate
near Central Market

Involves minor improvement of existing sluice gate near Central
Market, adding new gates, raising top level for HWL protection.
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Technology/

Alternatives Site-Specific Alternatives | Description
Rehabilitate Alternative 7: Rehabilitate | Van Sommelsdijck Canal will be rehabilitated starting from the
Drainage Van Sommelsdijck Canal canal pump station to a maximum of 700 meters up-gradient. The
System expansion includes removing sediments and debris from the
existing canal, profiling/regrading the canal to gain appropriate
capacity, lining the canal bottom with concrete, and installing
concrete/brick retaining wall on both sides of the canal. To add
functionality, walkways will be constructed on both sides of the
expansion with parking facilities at certain locations. This
component also includes rehabilitating drainage (culvert) at
Tourtonnelaan Street crossing (upgradient end of the canal
rehabilitation section).
Alternative 8: Rehabilitate |Includes improving existing stormwater and sewer drainage system
drainage system along including pipes and inlet for approximately 300-meter segment of
Waterfront between the Waterfront Street between Knuffelsgracht and SMS pier.
Knuffelsgracht and SMS Undersized/small diameter underground pipes and inlets/outlets
Pier will be removed and replaced with larger capacity pipes and
inlet/outlet structures. After the pipes and inlet/ outlet replacement,
the overlying road will be repaved. This upgrade will ensure better
collection and discharge through the Knuffelsgracht pump station
and sluice gate.
Alternative 9: Improve Use large culverts or open “U” concrete channel structure to
Viotte Kreek drainage improve discharge/reduce maintenance for approximately
system 350 meters between Zwartehovenburg Street and Klipstenen Street.
Shoreline Alternative 10: This alternative focuses on erosion control by using
Erosion Riprap/gabions/ riprap/ gabions/articulated concrete blocks for approximately
Protection/ articulated concrete blocks | 300 meters of shoreline.
Stabilization along shoreline
Alternative 11: Create The existing mangrove area immediately south of the Van
buffer with enhanced Sommelsdijck Canal pump station will be slightly expanded and
mangrove plantings enhanced by planting more trees and constructing other natural
features (trapping units/wooden quays) to facilitate growth,
sediment entrapment, and protection against erosion.
Stormwater Alternative 12: Install Installation of stormwater retention system such as vaults and large
Retention and | underground stormwater |diameter pipes to release water at a lower rate.
Release retention system

Alternative 13: Construct
aboveground stormwater
retention and release
system

Construction of swales, ponds, or similar features in open spaces.
Approximately four such aboveground units are assumed.

Alternative 14: Construct
permeable pavements or
similar alternatives to
impervious surfaces

Reduction in surface runoff from impervious surfaces by converting
existing surfaces to more permeable options. Permeable pavement is
assumed to be installed in Keizer Street, Knuffelsgracht bus
terminal, along Waterfront, along Viotte and other canals.
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LEGEND NOTES: F
1. FOLLOWING ALTERNATIVE ARE NOT DEPICTED BECAUSE ITISEITHER ~ ALTERNATIVES MAP |

Figure 2-1: The Fourteen Targeted Site-specific Alternatives
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3.0

3.1

3.2

ALTERNATIVE EVALUATION

EVALUATION CRITERIA

During the initial stage of the alternative formulation, a set of site-specific criteria
were developed to assist in evaluating the alternatives identified in Section 2.2.
These evaluation critera were broadly classfied into four main categories.

I.  Technological achievement
- Meeting flood protection through design life
- Technological approaches
- Integration of green technologies
- Compatibility with existing flood protection or drainage improvements
- Capital versus operation and maintenance (O&M)-intensive measures
- Long-term effectiveness

Il.  Socio-political achievement
- Social consideration
- Regulatory and government involvement
- Compatibility with UNESCO World Heritage Site restrictions

I1l. Environmental achievment
- Stabilization of the river and drainage systems
- Flood protection
- Naturalization of the river bank
- Ecosystem enhancment

IV.  Programmatic achievement
- Implementability
- Cost

These criteria have been detailed in previous reports/submittals and are not
repeated in this report.

ANALYSIS AND SCORING OF ALTERNATIVES

The 14 site-specific alternatives identified in Section 2.2 were evaluated in detail
against the evaluation criteria identified in Section 3.1. A multi-critera evaluation
(weighted sum model) was performed to identify the preferred alternatives as
discussed below.

First, a numerical value was assigned to each evaluation criteria such that the
sum of all numerical points (values) totaled 100. Higher numerical points (value)
were assigned to those criteria considered more important. Each alternative was
then scored against the evaluation criteria by providing percent weight based on
the ability/likelihood of a given alternative to meet that specific criterion. The
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allocation of percentage weight increases with the increase in ability /likelihood
of the alternative to meet the criteria based on the following scale:

If an alternative:

* Meets and/or has significant/numerous positive impact toward the criterion
=100 percent of the total points for that criterion

* Meets and/or has marginal/minor positive impact towards the criterion = 75
percent of the total points for that criterion

* eets and/or has mixed impacts towards the criterion = 50 percent of the total
points for that criterion

* Does not meet and/or marginally deviates from the criterion = 25 percent of
the total points for that criterion

* Does not meet and/or has several negative impacts towards the criterion = 0
percent of the total points for that criterion

A weighted sum score was calculated for each alternative, and the highest
weighed scored alternatives were selected as the preferred alternatives
(proposed adaption measures). A detailed multi-criteria decision matrix for
alternatives evaluation is provided in Appendix A.

Based on the method discussed, and as presented in Appendix A, the
alternatives that scored above 70 are considered a preferred adaptation measure,
and are identified in Table 3-1.

Table 3-1: High Ranked Site-Specific Alternative

Site-Specific Alternatives Scores

Alternative2  New flood protection wall from Knuffelsgracht Street to SMS Pier 73.25

Rehabilitate existing old retaining wall between Fort Zeelandia and

sluice gate in Van Sommelsdijck Canal 78.25

Alternative 3

Alternative4 Rehabilitate Van Sommelsdijck pumping station and sluice gates 70

Alternative 5 Rehabilitate sluice gate and pumping station at Knuffelsgracht Street 70

Alternative 7 Rehabilitate Van Sommelsdijck Canal 73.5
Alternative 8 Rehablhtat? drainage system along Waterfront between Knuffelsgracht 705
and SMS Pier
Alternative 11 Create buffer with enhanced mangrove plantings 76.5
4.0 ALTERNATIVES SELECTION
4.1 ALTERNATIVE GROUPS

Formulation of the proposed adaptation measures consists of assembling the
seven highest-ranked alternatives (Alternatives 2, 3,4 5, 7, 8, and 11) into three
groups that represent options that best address the critical component of the
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project, i.e., address the current and future expected flooding in the project area.
These three groups, along with projected cost, benefits, and drawbacks of each
group, are presented in Table 4-1.

Table 4-1: Alternative Groups
. . Total
Group Alternative Alterr}atl.ve Projected Group |Benefits Drawbacks
Description Cost
Cost
Alt2 Neﬁ’ffIOOd protection | $5.11 M e Strong measure for | e May obstruct view
wall from coastal flood R
Inland flood
Knéll\f/igl;g'racht Street protection control requires
t
° — i e Adaptive to future | operation of pump
Alt4 Rehabilitate Van $2.33 M by increasing wall | and gates
Sommelsdijck height « Flood wall
Group A pumping station and $7.80 M oodwa
sluice gates o Addresses critical overlaps with
flood area existing water tax
Alt11 Create buffer with $0.36 M Address both business
hanced o ress bo
Ie:)rllarzlitlil;;s mangtove coastal and inland | ¢ Management of
flooding potentially
impacted sediment
Alt3 Rehabilitate existing |$2.19 M o Minimal e Critical flood area
Eld retam};ng wall construction not addressed
etween Fort disturbance to i
. . e Only portion of
Zeela}ni;a and sluice rehabilitate cangl li:’s
gate In Van existing wall T
Sommelsdijck Canal Add dg rehabilitated
o ° e e Inland flood
Alt4 Rehablhtat? Van $2.33 M functionality along | ontrol requires
Sommelsdijck canal for walkways
Group B pumping station and $7.21 M pump and gates
sluice gates e Address both operation
= costal flood and o Management of
A*lt 7 Rehablhtat? Van $2.33 M limited (reduced potentgially
(*reduced) Szoslgmelsdl]ck Canal segment of canal impacted sediment
(250 m) improvement)
Alt11 Create buffer with $0.36 M
enhanced mangrove
plantings
Alt4 Rehabilitat? Van $2.33 M e No view e Critical flood area
SomWQISdIJCIf obstruction partially addressed
pur.nplng station and e Added by new pump
sluice gates functionality along station (PS) - Alt5
Alt5 Rehabilitate slu?ce $2.55M canal for walkways [¢ Construction
gate. and pumping e Address both disturbance at new
Group C ;:(tau?fnlat htS $7.57M coastal flood and PS - Alt5
t Street
n e. tc,grac ree limited (reduced |o Inland flood
Alt7 Rehablhtats Van $233 M segment of canal control requires
(*reduced) |Sommelsdijck Canal improvement) pump and gates
(250 m) operation
Alt11 Create buffer with $0.36 M
enhanced mangrove
* Canal improvement section reduced from 700 m to 250 m
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4.2

4.3

PROPOSED ADAPTATION MEASURES

As can be seen from Table 4-1, there are several benefits and drawbacks for each
group. The review of these benefits and drawbacks, including comparative
analysis of these groups, concludes that alternatives within Group A are the
preferred adaptation measures; therefore, ERM proposes Group A alternatives to

advance to the pre-engineering design stage. The following points were
considered for recommending Group A:

1.

Group A addresses the critical flood area (proposed new wall location). It
manages current and future climate-change-induced flooding. Modeling
indicates that the new flood wall prevents coastal flooding in the most flood
prone area for the 50-year return period (baseline condition) and for the
25-year return period for 2020 climate change conditions. Beyond 2020 and
higher return periods, the flooding is reduced as compared to non-existence
of the wall. The model flooding results are based on a wall elevation
equivalent to the elevation of the recently constructed flood wall (+3.25 NSP).
Flood Wall (+3.25 NSP) is based on a 50 years return period for High Water
Level, increased with sea level rise for 50 years, expected wave height and
free board. Currently there are no national design standards for flooding. The
flood depths and corresponding hazard rankings for different return periods
and climate change conditions are presented in the modeling results report.

Group A integrates different forms of alternatives; the floodwall to address
river front flooding, inland drainage system improvements to address inland
flooding, and green infrastructure for shoreline erosion protection and
stabilization.

These alternatives are spread out and not concentrated in one specific area.
The alternatives address both coastal and inland flooding.

The Van Sommelsdijck Canal and pumping station is one of the major inland
drainage systems in the targeted study area. Improving the operational
capacity of this system will have a large impact on inland flooding.

DESCRIPTION OF GROUP A ALTERNATIVES

1.

ERM

New Flood Protection Wall: The historic flood wall on the south side of
Waterfront Street will be replaced with a modern sheet pile wall extending
approximately 250 meters from Knuffelsgracht Street to the SMS Pier. The
steel sheet pile wall will be reinforced along the river side with locally
available riprap/stone and finished with a concrete/brick cap. A two- to
four-meter wide walkway will be installed on the street side with tree/shrub
plantings. A schematic of the proposed flood wall is presented in Figure 4-1.
Additionally, street side drainage improvements will be implemented,
including storm drain rehabilitation. The existing historic landing for small
boats and a steel jetty within the limits of the proposed flood protection wall
will be rehabilitated during the wall construction.
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Figure 4-1: Flood Protection Sea Wall Detail

2.

ERM

Rehabilitate Van Sommelsdijck Pumping Station and Sluice Gates -
Currently, two of three pumps at the Van Sommelsdijck Canal pump station
are operational. This alternative includes adding a new pump or refurbishing
the third pump to restore the original capacity of the pump station. Other
improvements include upgrading the outdated mechanical and electrical
systems, rehabilitating the sluice gate structures, and increasing the capacity
of the water storage area in front of the sluice gates by dredging accumulated
sediment.

Enhance Mangrove Plantings: The existing mangrove plantings at the Van
Sommelsdijck Canal pump station outlet will be enhanced and expanded to
provide additional erosion protection. The enhancements will include
constructing wooden cribbing to facilitate sediment entrapment and natural
vegetation growth. Additional mangrove plantings will be made in this area
as well.
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MULTI-CRITERIA ALTERNATIVE EVALUATION MATRIX

Technology/Alternatives Regulation and New Flood Protection Wall Rehabilitate existing old refaining, Rehabilitation - Existing Flood Control Mechanicals Rehabilitation - Drainage System Shoreline Erosion Protection/Stabilization Stormwater Retention and Release
Policies wall
aei=malizesiuntey Alternative 1 Alternative 2 Alternative 3 Alternative 4 L Alternative 5 Alternative 6 Alternative 7 Alternative 8 Alternative 9 Alternative 10 Alternative 11 Alternative 12 Alternative 13 Alternative 14
Site-specifc Alternatives Government policy,  |New flood wall by extending the _|Rehabilitate existing old sheet pile |Rehabilitate Van Isdijck habilitate sluice gate and Rehabilitate/ improve [Rehabilitate Van Isdij habilitate drainage system at |Improve Viotte Kreek Riprap/ gabions/ articulat| Create buffer with Install underground Construct above-ground |Construct permeable
zoning and land use  |existing sheet pile wall (old) from  [between Fort Zeelandia and sluice  [pumping station and sluice gates |pumping station at Kr sluice gate near  |canal Waterkant between drainage system (approx. [ed concrete blocks along [enhanced mangrove stormwater retention  [stormwater retention and  |pavements, sub-surface
options Knuffelsgracht street to SMS Pier,  [gate in Van Sommelsdijck canal street Central Market Knuffelsgracht and SMS Pier 350 m) between shoreline system release system infiltration box and similar
with roadside drainage Zwartehovenburgstr and alternatives to improve
improvements Klipstenen str surfaces
8
&
£ [Alternative Detail Description Allow more open space | Approx. 250 m length. Use of steel _|Replace part of existing steel sheet |1 x New Pump (4.5 m3/s), New pumps needed, incl E&M, | Minor imporvement of existing | Retaining structures both sides | Approx. 300 m length, ensure | Use large culverts or open |Riprap/ gabions/articulat|Enhance existing Install retention system | Construct swale, ponds, or |Reduce runoff from
2 and green in city center, |sheet piles with coverage of bricks or [piles, add rip rap in nt to ilitation and and new sluice gates are required, |sluice gate near central market,  [with brick wall finish, length better collection and discharge  |U concrete channel ed concrete blocks along |mangrove to facilitate such as vaults, large similar features in open  [impervious surfaces by
< enforce built up area  |concrete. Use of stone in the increase passive pressure and functioning. Check/refurbish including new concrete structure |new gates, raising top level for  [about 700 m each side, increased ~ |through the Knuffelsgracht structure to improve Suriname river bank.  [growth, entrapmentof  [diameter pipes and spaces. Assume 4 each  [converting existing
restrictions, enhance lembankment to avoid debris bearing capacity of existing piles. Rejother pumps. Rehabilitate sluice  [and raising top level for HWL HWL protection. The culverts in  |retention capacity, pump station and sluice gate.  |discharge/reduce  Assume 300 m of sediment, protection release water at lower with each approx, 2,000  |surfaces to more
water management,  |accumulation. Include walkway of 2- [profile clay dike, increase crest level,|gates/ structures, incl E&M and ~ |protection. Jodenbreestreet have recently been|improved,/hard structure canal  |Take out all exisiting small i e horeline. Exact location |against erosion (trapping  [rate. m3 capacity. Location to be [permeable options. Keizer
update masterplan, 4 meters. Improve road side make walk way for pedestrians. inlet/ outlet part of canal renewed. bottom to minimise mais e, |outlets in the dilapidated wall TBD units/wooden quays) 'TBDLocation TBD straat, Knuffelsgracht bus
impl, ge and add trees/ green. walkways both sides, restructure [along Waterkant terminal, along Waterkant,
environmental policies |Rehabilitate historic landing for road with parking facilities, (Knuffelsgracht)- see Alt2; along Viotte and other
waste collection small boats. Rehabilitate old steel including rehabilitation drainage |install large diam 1250 mm canals, etc
s 8 &
etty for use by boat taxis during crossing Tourtonnelaan pipes under new walkway
execution.
Weight
Technology Achievement
Meeting flood protection through design life 20 25% 100% 100% 75% 75% 50% 75% 75% 50% 25% 50% 75% 75% 75%
Technological approaches (Active/Passive) 4 75% 75% 75% 50% 50% 50% 75% 75% 75% 75% 75% 75% 50% 50%
Integration of green technologies 2 75% 50% 50% 50% 50% 50% 50% 50% 50% 50% 100% 50% 75% 50%
Compatibility with existing flood protection or 25% 75% 100% 75% 75% 75% 75% 75% 75%
drainage improvements 4 50% 75% 75% 25% 25%
Capital versus O&M- intensive measures 100% 75% 75% 50% 50% 50% 75% 75% 75% 75% 75% 75% 50% 50%
Long-term effectiveness 3 100% 75% 75% 50% 50% 50% 50% 50% 50% 50% 50% 75% 75% 50%
. |Socio-political Achievement
g Social consideration 14 50% 75% 100% 100% 100% 100% 75% 75% 75% 25% 100% 75% 25% 50%
5 latory and Gove 1 8 50% 50% 50% 75% 75% 75% 100% 100% 100% 50% 50% 50% 50% 25%
H Compatibility with UNESCO world heritage site 3 100% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
) restrictions
=
&
Environmental Achievement
Stabilization of the river and drainage systems 8 25% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 75% 75% 75%
Flood protection 8 25% 100% 75% 75% 75% 50% 75% 50% 50% 25% 50% 50% 50% 50%
Naturalization of the river bank 5 25% 25% 25% 25% 25% 25% 50% 25% 25% 25% 100% 25% 25% 25%
Ecosystem enhancement 4 50% 25% 25% 25% 25% 25% 50% 25% 25% 25% 100% 25% 75% 25%
Programmatic Achievement
Implementability 5 75% 100% 100% 75% 75% 100% 100% 75% 100% 100% 100% 75% 50% 50%
Capital Cost 7 100% 25% 50% 50% 50% 100% 50% 75% 75% 100% 100% 75% 50% 100%
O&M Cost 3 100% 50% 75% 50% 50% 100% 50% 75% 75% 100% 100% 75% 75% 100%
Total Score 100 50.5 73.3 78.3 70.0 70.0 69.3 73.5 70.5 66.8 50.3 76.5 65.3 54.3 56.8

Scoring Criteria: note:
If an alternative:

a) meets with significant positive impacts towards the criterion =100 % of the total points for that criteria

b) meets with marginal positive impacts towards the criterion = 75% of the total points for that criteria

(:
(
(c) meets the criterion =50% of the total points for that criteria
(
(

Preferred Alternatives

d) marginally deviates from the criterion =25% of the total points for that criteria
e) does not meet and/ or has negative impacts towards the criterion = 0% of the total points for that criterion
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BCA

1.0

INTRODUCTION

The Government of Suriname alongside the IDB have requested financing for a series of
projects for inclusion in the proposal to the Adaptation Fund for Urban Investments for
the Resilience of Paramaribo. The objective of the projects is to help Paramaribo city and
the surrounding areas in adapting to the projected incidents related to climate change in
the area. ERM, working closely with IDB and Suriname stakeholders, has developed
five alternative projects for consideration. This report provides a detailed Benefit Cost
Analysis (BCA) of the projects.

The alternative projects were developed using a two stage process. The first stage
identified a broad range of technical solutions such as floodwalls, green infrastructure,
and drainage systems that could function separately or as integrated solutions. These
alternatives were then screened based on preliminary costs, technical feasibility, and
social acceptance. This step resulted in 14 alternatives, which were discussed with
Suriname stakeholders at a workshop. These 14 alternatives were scored based on
specific criteria in the following achievement categories: technological, socio-political,
environmental, and programmatic achievement. Based on multi-criteria scoring, the
following alternatives were retained for consideration. In order to maintain consistency
with the Phase 1 Report, the BCA uses the same Alternative numbers.

The alternatives under consideration are:

e Alternative 2 - A new flood wall located immediately east of the Knuffelsgracht
Street and Waterfront (Waterkant) Street intersection along the bank of the Suriname
River to extend the existing sheet pile wall to address both the baseline and predicted
flooding in these areas.

e Alternative 3 - Rehabilitate the old sheet pile wall between Fort Zeelandia and sluice

gate in Van Sommeldijckse Canal to address both the baseline and predicted flooding
in these areas.
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e Alternative 4 - Rehabilitation of the Van Sommeldijck Canal pump station and sluice
gates to increase the pumping capacity of discharging from the canal to the Suriname
River. This alternative also includes mangrove planting to reduce the flood velocity
and erosion.’

e Alternative 5 - Rehabilitation of the sluice gate and pumping station at
Knuffelsgracht Street to improve flood control capabilities.

e Alternative 7 - Dredging the Sommeldijckse Canal at the pump inlet to increase
water storage capacity.

The final step was creating groups of Alternatives. The goal is create options that best
address current and future flooding in the project area. These alternatives have been
combined into 3 groups for evaluation:

. Group A: Alternatives 2 and 4
. Group B: Alternatives 3, 4 and 7
. Group C: Alternatives 4, 5 and 7

The results of the BCA show that the estimated net present value of benefits for Group A
are $25.8 million. For Group B, the net present value of benefits are $8.1 million. Group
C has estimated value of $1.0 million.

! The mangrove planting was originally a separate alternative; however, it is always included with Alternative 4, so they
are now considered a single alternative. The outlet of the Pumping Station Van Sommelsdijck is where the Mangrove area
starts. The proposal is to improve the outlet by excavating deposited sediments and constructing Sediment Trapping Units
(STU) along the outflow channel. These STUs in turn will facilitate the growth of mangrove tree, which provide flood
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2.0

2.1

ASSUMPTIONS AND METHODOLOGY

ERM conducted the BCA to assess which groups of projects provide the highest positive
net value. Benefits are principally measured as the reduction in total damages from
floods with the projects compared to the damages that would occur without the projects,
under the scenario where climate change increases the frequency and severity of floods
over time. Costs include both capital and operating costs.
PROJECT BENEFITS
The primary approach for measuring benefits of the alternatives is a standard analysis of
the avoided costs under climate change scenario. Only a single climate change scenario
is used in the analysis. The impact of climate change is measured at 3 different dates,
2020, 2050 and 2080. The impact of climate change is estimated using a linear
interpolation from these points.
Below are the specific components of the equation used.
Present Value of Benefits(PVB) = Avoided Costs = D,,, — D,,

Where:

Duwo = flooding costs without an alternative under climate change scenario

Dy = flooding costs with the alternative under climate change scenario

Damages are calculated using the following equation:

Dy, Dy, = Z Z Z (Valuey; * EVI;, x p,)/1.12t72018
t i r

Where:
t = year, from 2019 to 2090
i = parcel size measured in m? (same parcels used in the flood modeling)
r = return periods of 10, 25, 50 and 100 years.

pr =annual flooding probability for return periods (i.e. 10, 4%, 2%, 1%)
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Value:i = estimated value of the assets on each parcel. The values vary by type of
land use (see Section 3.1). Values vary by time t as well. The expected annual
growth rate in population of Suriname is 1.1 percent per year for the next 30 years
(ERM 2017b). The BCA uses this same growth rate for value for the entire 72-year
period. World Bank data indicates that the long term GDP growth rate has been
1.3 percent per year since 1970 (World Bank 2018).

EVIir = Economic vulnerability index is the percentage of maximum potentially
damaged asset value that will be lost if a flood of return period r occurs. EVI
varies by parcel to reflect the type of land use and the hazard level (i.e., low,
medium, high).

pr = the probability of flooding event occurring in year ¢ for return period r (e.g.,
pr = 0.10 for a 10 year flood and 0.01 for a 100 year flood). The damages in any
year is the sum of the probability weighted damages for all return periods.

1.12+2018 = the discount factor to convert each future year’s average annual
damages into 2018 dollars. The 12 percent discount rate is the standard rate used
by IDB for all of its projects.

2.2 CAPITAL COSTS

The capital costs are the direct and indirect construction costs. Direct construction costs
are based on unit rates derived from similar projects. The unit rate is inclusive of all
direct labor, materials, and transportation®. Multiplying unit rates by associated
quantities required for construction yields the total direct construction cost. Labor costs
are converted to economic costs by removing transfer payments, namely taxes, from
skilled labor costs and accounting for relative employment of unskilled laborers
following the method in Roche 2016. The final conversion factor is 0.92.°

Indirect construction costs include Design, Construction Management, Permits and
Regulations, and a Contingency allocation. These costs were derived as a percentage of
economic construction costs as follows, based on industry expertise:

e Design: 12%

? Derived from ERM industry experience.

3 For skilled labor: 1+(1+tr), where tr = 0.27 and is comprised of a 4% payroll tax and a 23% income tax (Roche 2016). For unskilled
labor: 0.712 reported in Roche 2016 is scaled by the ratio of 20-year average unemployment rate, 22.2%, to the 2016
unemployment rate used by Roche 2016, 20%. Roche 2016 reports labor cost as 40% of total construction costs; 25% unskilled
and 15% skilled labor.
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. Construction Management: 16%
. Contingency: 12%
Additionally, Alternatives 4 and 5 require replacing capital equipment in the pumps and

sluice gates. Replacement is assumed to start and finish during project years 25 and 50*.
Capital replacement is estimated to cost 50 percent of initial capital costs.

2.3  OPERATING AND MAINTENANCE COSTS
Operating and Maintenance (O&M) costs were calculated for all alternatives for 72 years,
which is the useful life of Alternative 2. For Alternatives 4 and 5, annual O&M costs are
4 percent to account for maintenance related to pumps and sluice gates. For all other
alternatives, annual O&M costs are estimated at 2 percent of direct construction costs’.
Figure 10 shows the present value of the annual O&M costs for each project alternative
computed as:

PV(OM); = 3, OM;, * DF,

Where,

PV(OM) = Present value O&M cost for project alternative i

OM = Annual O&M cost for project alternative i in year ¢

DF = Discount factor in year t = ——
(1.12)

4 1n this instance large vertical pumps in steel housing are being used where the housing will last for 25- 30 years. The impeller of the
pump may have shorter life, however as the pumps are not being used on a continuous basis and the sluice gates are acting as
the primary control mechanism, ERM has assumed the pumps will last for 25- 30 years.

5 For most of the civil works presented in the alternative analysis, the O&M cost will be very low - mainly related to clean-up and minor
repair as there are no moving parts. As such, ERM used 2% for comparative analysis based on industry experience.
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3.0

3.1

ECONOMIC BENEFITS

This section describes the results for calculating the discounted present value of the
benefits of the alternatives. Valuey is uncertain; therefore, the BCA combines data from
a variety of sources in order to provide a robust estimate. The Value; is estimated using
a two-step process. Section 3.1 describes the first step of estimating the assets that are at
risk. Section 3.2 describes the process that adjusts for the fact that the sole use of asset
values underestimates avoided costs. This is because asset values exclude lost income
and indirect effects.

It is important to note that the benefits from the projects only include income and built
asset value. The value of reducing injuries and fatalities are not included in the benefits,
which results in an underestimate of the benefits and net present value of the projects.
The fatalities from flooding can be significant. For example, the 2005 floods in nearby
Guyana killed 34 people (ECLAC 2009). Therefore, although not quantified, it is quite
possible that in the absence of the proposed alternatives, floods may cause fatalities over
the next 72 years and that implementing the projects would reduce the number of
fatalities. Similarly, Alternative 4 would reduce flooding risk at two hospitals.
Although the benefits include the avoided damage to the structures, they do not include
the benefits to the local population of being able to maintain operations at the hospitals.

ASSET VALUE AT RISK

The starting point for the value per parcel is the information provided by local realtors
and summarized in Figure 1 (ERM 2017a). This data was used for the Hazard and Risk
Assessment (HRA) for Paramaribo. However, these values do not represent the total
value at risk from flooding and need to be scaled. The total value of all land in the HRA
study area using the Figure 1 values is $172 billion, according to ERM calculations. The
estimated GDP of the HRA study region is $4.98 billion (World Bank Statistics 2018),
which implies an asset to GDP ratio of 39.7. A recent study of global wealth estimated
that the value of physical assets are about 3.2 times larger than annual GDP (Arcadis
2015). The study conducted an analysis of 32 countries ranging in size from Ghana to
China and included Brazil and Chile in South America. The study found a fairly stable
relationship for the asset/ GDP ratio. Implied by this study is that initial asset values
should be multiplied by a scalar of 0.08 =3.2/39.7.

Value at risk can also be estimated using regression equations developed by H-M-S 2017.
The regressions provide information to estimate construction cost per m? of the physical
structure footprint. The value per m? of land area at risk is calculated by removing
depreciation and the portion of value comprised of material undamaged by flooding
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(e.g., brick, masonry). The value at risk using this approach averaged 0.19 times the
values in Figure 1 across all land use types.®

IDB’s 2016 cost-benefit analysis of the Paramaribo Urban Rehabilitation Program
provides a third source of information of value at risk. It reports market values of
commercial and residential structures based on an onsite survey of buildings. The value
m? land area remaining after removing the value of bare land and the portion comprised
of flood-resistant material averaged 0.51 times the values in Figure 1 across all land use

types.

Based on these calculations, ERM decided that the Figure 1 values could be useful for
relative asset values by type of land use, but should be scaled to reflect the magnitude of
values from the Arcadis 2015, H-M-S 2017 and Roche 2016 studies. In the final analysis,
initial asset values derived by ERM were multiplied by the average of the land use
value-weighted average from each study, 0.26 = (0.08 + 0.19 + 0.51) + 3.

Figure 1: Summary of Land/Asset Values

Land Use Mean Value
(USD$/m?)
Low Density Residential $450
Medium Density Residential $350
High Density Residential $220
High Density Housing — Informal or Government $220
Agriculture and Livestock $35
Medium/Low Density Farmstead Residential S55
Commercial $550
Institutional (schools, government, etc) $950
Industrial $550
Park/Reserve/Roundabout $S400
Cultural Heritage $1500
Cemetery $85
Open Field (Some Vegetation) $32
Field where Development is Prevalent $85
Dense Vegetation and Forest $100
Water/Canals S55

Source: ERM. 2017a. This is a list of all potential land use values. Not all of these land use types are
affected in the study area for this analysis.

6 Land uses other than residential, commercial and industrial were treated as residential land.

BCA
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3.2

TOTAL DAMAGES

For the second step, the physical asset damages needed to be calibrated to reflect losses
in income and other indirect effects. This calibration requires a total damage/asset
damage ratio. ERM reviewed numerous studies which are suitable for this purpose
(Figure 2, ECLAC 2009; ECLAC 2010; World Bank). Despite employing different
methodologies and metrics and evaluating different types of climate events, the studies
show that the total damage/asset damage ratio ranges between 1.02 and 1.97. No
individual estimate is a perfect match for flooding in urban areas in Suriname, therefore
ERM used an average of all the estimates, 1.46, to reflect the long-run ratio. This measure
took into account a relevance weight assigned by ERM to reflect studies most applicable
to this study, with a strong focus on urban flooding.” The total damage/asset ratio of
1.46 is multiplied by asset value scalar, 0.26, for a combined scaling factor of 0.38.

Figure 2: Estimates of Total Damages/Asset Damage Ratios

Total Damage / | Relevance | Relative | Weighted
Nation Event
Asset Damage Weight Weight Ratio
Anguilla Hurricane Luis (1995) 1.22 2 0.03 0.04
Hurricane Frances and
Bahamas 1.57 1 0.02 0.03
Jeanne (2004)
Belize Hurricane Dean (2007) 1.88 1 0.02 0.03
Belize Hurricane Keith (2000) 1.33 4 0.07 0.09
Belize Tropical Depression 16 1.71 4 0.07 0.12
Belize Tropical Depression 16 1.14 4 0.07 0.08
Cayman Islands | Hurricane lvan (2004) 1.21 4 0.07 0.08
Cayman Islands | Hurricane Paloma (2008) 1.19 1 0.02 0.02
Dominica Hurricane Dean (2007) 1.29 3 0.05 0.07
Dominican Hurricane Frances &
1.97 4 0.07 0.13
Republic Jeanne (2004)
Grenada Hurricane Ivan (2004) 1.12 2 0.03 0.04
Guyana Floods (2005) 1.10 4 0.07 0.07
Haiti Hurricane Jeanne (2004) 1.84 4 0.07 0.12
Haiti Tropical Storm Fay (2008) 1.88 3 0.05 0.10

7 Relevance weight: 4 = flood in urban area, 3 = flood in rural, 2 = natural disasters other than floods in urban areas, 1 = natural disasters
other than floods in rural area

BCA
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Jamaica Hurricane lvan (2004) 1.65 4 0.07 0.1
Jamaica Hurricane Michelle (2001) 1.02 3 0.05 0.05
Netherlands
Hurricane Luis (1995) 1.79 2 0.03 0.06
Antilles
St. Lucia Hurricane Dean (2007) 1.58 3 0.05 0.08
Suriname Floods (2006) 1.05 3 0.05 0.05
Turks and
) Hurricane Hanna (2008) 1.74 1 0.02 0.03
Caicos
World Bank Typical Values Used 1.70 2 0.03 0.06
59 1.00 1.46

Notes: Tropical Depression 16 included two estimates; 1.71 based on estimated damages in Belize and 1.14 based on modeled impact on

capital costs.

Source: ECLAC 2009; ECLAC 2010; World Bank 1.

BCA

Most of the estimates in Figure 2 are produced by the Economic Commission for Latin
America and the Caribbean (ECLAC), which prepares damage and loss assessments for
climate related disasters in the Caribbean. ECLAC measures the costs resulting from
natural disasters such as hurricanes and floods, in four categories: economic (e.g.,
national output and GDP), social (e.g., housing, health), infrastructural (e.g., roads,
bridges, power, water, telecommunications), and environmental (e.g., ecosystems and
natural resources). Impacts are further broken down into direct or primary damages and
indirect or secondary damages. ERM calculated the total damage/asset damage ratio for
individual events by dividing the total damages (which is the sum of direct and indirect
impacts) by the direct damages.

A 2010 ECLAC report shows the results for 18 events from 1990 to 2008, primarily
hurricanes and tropical storms, but also two floods, in Guyana in 2005 and in Suriname
in 2006. The total damage/asset damage ratios for the floods are 1.10 and 1.05,
respectively. ERM also calculated the overall ratio for the other 16 events by calculating
the ratio for each event and then taking the median of the ratios over 16 events. The
median is used as the measure of central tendency rather than the average because there
are a few outlier observations that heavily influence the mean. Further, because this
study includes damage types that are uncommon in Suriname (e.g., social and
agriculture), ERM also calculated a weighted ratio. The average annual losses for each
type of impact for which data is available (i.e., agriculture, commerce and industry,
infrastructure, and residential (social)) were used to create weights that were applied to
the median ratio for each category to calculate the overall weighted median.

In addition, a 2009 ECLAC report measures the impact of Tropical Depression 16 on

Belize. Although this was a storm event, most of the impact of was due to flooding. The
study shows an overall total damage/asset damage ratio of 1.71. Finally, a third study
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provides a comprehensive assessment of sea level rise on the Caribbean economies
(Simpson et al. 2010). Results for individual companies are provided, as well as overall
results for the impact on GDP and capital costs for reconstruction. Therefore, the total
damage/asset damage ratio can be estimated as (GDP + Capital Costs) / (Capital Costs).
The report provides results for mid-range and high sea level rise scenarios for 2050 and
2080. Finally, the model also includes the value 1.7, which is typically used by IDB.

After applying the scalars for assets at risk and total damages, ERM estimates that
present value of the average annual losses from flooding over the 72 year period range
from just under $1,400 million under current conditions (i.e., baseline) to about $1,700
million under climate change conditions. Figure 3 shows the magnitude of these
damages graphically. These damages are calculated assuming that none of the
alternatives are implemented. However, if the alternatives are undertaken, some of
these damages will not occur. The avoided damages from project implementation form
the basis for the benefits measured in this section.

Figure 3: Flooding Damages under Baseline and Climate Change Scenarios
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Figure 4 shows the percentage of total damages from climate change (in absence of the
projects) by land use type. Damages are predominantly in the Commercial and
Industrial sectors, with only a small portion of impacts in the Agriculture and
Residential sectors.

Figure 4: Flooding Damages by Land Use Type

3.3 SUMMARY

Figure 5 shows the present value of the avoided costs of the alternatives. The data
shows that Alternative 2 provides the highest level of benefits, while Alternative 5
provides the lowest. Figure 6 shows that Group A, which includes Alternative 2,
provides the highest estimated benefits.
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Figure 5: Present Value of Benefits, by Alternative, $mil

Project Alternative | Alternative | Alternative | Alternative | Alternative
Alternative 2 3 4 5 7
PV Avoided
Costs, SM 29.0 7.6 4.8 1.2 3.9

Figure 6: Present Value of Benefits, by Group
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4.0 ECONOMIC COSTS

Economic Costs were calculated using the assumptions from Sections 2.2 and 2.3. This
section summarizes the results of the calculations. Figure 7 summarizes the detailed
capital costs for each project alternative, while Figure 8 summarizes the results for the

O&M costs.

Figure 7: Capital Costs of Project Alternatives, $mil

Alternative | Alternative | Alternative | Alternative | Alternative
Cost Component 2 3 4 5 7
Construction 2.8 1.4 2.0 1.6 1.5
Design 0.3 0.2 0.3 0.2 0.2
CM 0.4 0.2 0.3 0.3 0.2
Contingency 0.5 0.2 0.4 0.2 0.2
Total Capital Costs 3.9 2.0 3.0 2.3 2.1

Notes: a/ ERM incorporated the cost associated with temporary relocation of the water taxis into Alternative 2, which is the only
alternative that obstructs the waterfront. b/ ERM reduced capital costs on Alternative 7 by 50 percent based on the reduction of the effective

area of the alternative.

Figure 8: Annual and Present Value Operating and Maintenance Costs, $mil

Alternative | Alternative | Alternative | Alternative | Alternative
Cost Component 2 3 4 5 7
Present Value O&M 0.46 0.25 0.60 0.58 0.27
Annual O&M 0.06 0.03 0.08 0.07 0.03

Totaling the capital costs and present value annual O&M costs yields the total present
value cost of each project alternative. Figure 9 shows present value costs of each
alternative broken down by capital and O&M components. As shown in Figure 10, by
design, each group of alternatives has similar costs, ranging from $8.0 to $8.9 million.

15
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Figure 9: Present Value of Costs of Each Alternative

Notes: ERM reduced capital costs on Alternative 7 by 50 percent based on the reduction of the effective area of the alternative.

Figure 10: Present Value Cost of Alternatives Groups
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5.0

ECONOMIC RETURNS

This section provides the net present value (NPV) of the alternatives (and alternative
groups). The NPV shown in Figure 11 and Figure 12 is calculated as:

NPV = Total Present Value of Benefits - Total Present Value of Costs

Figures 11 and 12 also include the economic rate of return (ERR), which is the discount
rate at which the NPV becomes zero. Figure 11 shows that four of the alternatives have
a positive NPV, with Alternative 2 having the highest value of $24.7 million. Similarly,
Figure 12 shows that all Groups have a positive NPV, with Group A having the largest

positive value at $25.8 because Group A includes Alternative 2. For all of the

alternatives (and groups) that have a positive NPV, the ERR is above the discount rate
being used in the analysis (12 percent).

Figure 11: Net Present Value of Alternatives ($millions)

Alternative | PV Total Benefits | PV Total Costs | PV Net Benefits ERR
2 $29.0 S4.4 $24.7 36.5%
3 $7.6 S2.2 $5.4 15.3%
4 $4.8 $3.6 $1.2 14.7%
5 $1.2 $2.9 $(1.7) 5.8%
7 $3.9 S2.4 $1.5 14.7%
Figure 12: Net Present Value by Group of Alternatives ($millions)
Group Name | PV Total Benefits | PV Total Costs | PV Net Benefits ERR
Group A (2,4) $33.9 $8.0 $25.8 27.3%
Group B (3,4,7) $16.3 $8.2 $8.1 15.0%
Group C (4,5,7) $9.9 $8.9 $1.0 12.8%
17
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6.0  SENSITIVITY ANALYSIS

Uncertainty exists about the value for several key variables describing the economic
costs and benefits of the climate risk reduction projects. Monte Carlo simulation is used
to quantify the impact of this uncertainty on the estimated economic returns for each of
the three project sites. This section details ERM’s construct of the Monte Carlo
simulation and presents findings for the robustness of the estimated economic returns.

6.1  SENSITIVITY TO DISCOUNT RATE

Although the discount rate is fixed at 12 percent, it is worth noting the impact it has on
net present values. Figure 13 demonstrates the impact of the 12 percent discount rate
over time. After 15 years, about 20 percent of annual damages are included in the
present value of damages. By year 30, only about 3 percent of annual damages affect the
present value. Because climate change impacts are stronger in the later years, using the
12 percent discount rate to calculate present value significantly reduces the impact of
climate change and the future average annual losses and avoided costs from the projects.

Figure 13: Impact of Annual Damages on Present Value of Damages using a 12 Percent
Discount Rate

Impact of Annual Damages on Present Value of Damages
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6.2

MONTE CARLO ANALYSIS

ERM’s Monte Carlo analysis includes variables whose range of potential values could
have an impact on NPV. The variables cover all of the significant aspects of capital and
O&M costs and benefits. ERM selected the probability distributions for each of the
variables except two, based on professional judgement. For the total damage/asset
damage ratio and unemployment rate, there was sufficient data to use maximum
likelihood estimation to select a distribution. The mean values from each of the
distributions are generally close to, but not identical to the values used in the main
report, because of the shape of the distributions. As a result, the mean NPV values from
the Monte Carlo do not equal the NPV in the main report.®

The Monte Carlo model comprised 10,000 trials.’ Each trial yielded an estimate of the
net benefits of each of the three climate risk reduction projects based on a different
random draw from the probability distributions for the variables (see Figure 14).

Figure 14: Probability Distributions for Economic Returns Model Variables

Category / Variable Units Distribution Min Mean/Likely Max

Asset Values

Asset Value Scalar % Triangular 0.0805 0.2604 0.5128

Total Damage/Asset Damage % Uniform* 1.00362 1.495 1.98638
Project Costs

Contingency / Construction & Indirect % Triangular 0.10 0.17 0.25

Indirect Cost / Construction Cost % Triangular 0.23 0.27 0.32

Labor Cost / Construction Cost % Beta Pert 0.33 0.42 0.60

O&M Cost / Construction Cost - % Triangular 0.010 0.027 0.050
Alternatives 2,3,7

8 For the purposes of a more inclusive sensitivity analysis, additional factors that may affect the costs are included for some

BCA

alternatives (e.g., capital replacement cost, unemployment rate).
° ERM used the Palisade Corporation’s @RISK 6.2
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Category / Variable Units Distribution Min Mean/Likely Max
0O&M Cost / Construction Cost — 0 )

Alternatives 4 and 5 % Triangular 0.020 0.043 0.070
Capital Replacement Cost % % Triangular 0.42 0.51 0.60
Unemployment Rate % Exponential* 14.64 21.81 400
Skilled Labor Economic Cost Factor % Uniform 1.120 1.270 1.420

(1/ Tax Rate)

6.3 PROBABILITY DISTRIBUTION OF NET BENEFITS

Figures 15 and 16a-c show the probability and cumulative probability density functions
for the NPV from the climate risk reduction projects in Groups A, B and C generated by
the Monte Carlo analysis. The key result is that despite all of the uncertainty, the
probability that economic returns exceed $0 is 99.9 percent for Group A and 70 percent
for Group B. For Group C, there is a 45 percent chance of a positive NPV. The graphs
also show that the 90 percent confidence interval does not include 0 for Group A, while
it does include 0 for Groups B and C.

BCA
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Figure 15: Cumulative Distribution Functions of Net Benefits for Groups A, B, C
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Figure 16a: Probability Distribution of Net Present Value for Group A
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Figure 16b: Probability Distribution of Net Present Value for Group B
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Figure 16c: Probability Distribution of Net Present Value for Group C
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6.4  SENSITIVITY OF NET BENEFITS TO KEY VARIABLES

Figure 17 shows the value for each variable (and the percentage change in the variable
from its mean value) that would be required to drive the net present value to zero (all
other variables are held constant at their mean). For example, in the Monte Carlo model
the mean value for the asset value scalar is 1.5. In order for the NPV for Group A to be
$0, the Damage/ Asset scalar would need to be 0.39, or decline by 74 percent from its
mean value. In fact, the lowest practicable value for Damage/ Asset scalar is 1.0, which
further suggests that the Group A results are robust.

The sensitivity of the results to the variables is also summarized in the tornado diagrams
in Figures 18 a-c. The tornado diagram shows the impact of the range of each model
variable on the overall mean net present value. The asset value scalar and total
damage/asset damage scalar have the most significant potential impact on the results.

Figure 17: Sensitivity of the Probability of Positive Economic Returns to Model
Variables

Group A Group B Group C
Monte Carlo Variable Mean NPV=50 | %Change | NPV=S0 %Change | NPV=S0 | %Change
Damage/Asset Ratio 1.50 0.39 -74% 1.08 -28% 0.34 -77%
Asset Value Ratio 0.26 0.07 -74% 0.19 -28% 0.06 -77%
Contingency Cost 0.17 4.59 2651% 0.72 335% 4.63 2678%
O&M Cost (Alt 2,3,7) 0.03 1.06 3898% 0.15 473% 1.08 3974%
O&M Cost (Alt 4,5) 0.04 1.49 3350% 0.23 439% 1.50 3371%
Indirect Cost/
Construction Cost 0.27 4.83 1668% 0.88 221% 4.88 1686%
Capital Replacement
Cost % 0.51 39.11 7636% 8.70 1621% 39.59 7732%
Labor/Construction
Cost 0.42 -9.63 N/A -1.07 N/A -9.75 N/A
Unemployment 21.81 293.21 1245% 58.40 168% 296.14 1258%
Skilled Labor CF 1.27 -29.12 N/A -2.40 N/A -29.41 N/A
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Figure 18a: Tornado Diagram, Group A
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Figure 18b: Tornado Diagram, Group B
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Figure 18c: Tornado Diagram, Group C
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1. General/ Project area

The project area is at the Waterkant of Paramaribo, from Heiligenweg/Knuffelsgracht to the existing
Parking for Public Transport at the bar/restaurant Riverside.
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2. Existing condition

The total area under consideration is part of Waterkant, the waterfront of Paramaribo, stretching from
Knuffelsgracht up to the Fort Zeelandia. The project area,
Knuffelsgracht until Riverside, is considered the lowest
section of the entire Waterkant area.

The present shore protection consists of a brick retaining
wall and has collapsed at several sections, mainly due to
erosion and wear and tear over time (probably more than
80 years old). The crest level height or side of the asphalt
road varies between NSP +1.90 m and NSP +2.35 m,
which is not sufficient for a permanent long term flood
protection against high water levels.

The river shore area is filled with debris and partly
overgrown by grass/low trees. These sections apparently
are silted up by sediment from the river during high tide.

The area adjacent to the front wall is predominantly used for public purposes. There is a Landing Place
for Water Taxis that transport passengers and light weight
goods from Paramaribo to Meerzorg and vice versa.
Furthermore, there is a parking for Public Transport. A
jewelry/gold trading shop is located at the western end of the
project area and a bar/restaurant Riverside at the eastern end.

A jewelry shop, medical doctor’s office and small grocery
shop are located at the opposite of the water taxi landing
across the road.

There are currently three (3) public toilet facilities in the area
(walking distance max. 200 m from the water taxi landing).

It is noted that some fish boats/trawlers often also are parked for overnight stay in the river in front of the
section.
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3. Design criteria

The following water levels are used for the designs:

Water level/height Value Remarks

Mean Sea level (MSL) NSP+0.22 m

Low Water Spring (LWS) | NSP-1.30 m To check stability sheet pile

High Water Level (HWL) | NSP+2.53 m(*) 1:50 years return period

Sea level rise (SLR) 0.08 m (*) 1.5 mm/year, so 0.08 m in 50 years

Design HWL NSP+2.61 m (*)

Design wave height 0.50-0.60 m Estimated. The wave height further downstream at the
river mouth is about 0.8 m. It was estimated in 2011 that
the wave height would be reduced further upstream.

(*) Source: Wave and water level heights for Coronie (sea dike) and Suriname River defense project by WL-Delft
Hydraulics, 2005

Other design aspects:

In the designs of the proposed flood protection works, the following is taken into account:
- use similar structure as in other sections for similar maintenance program;

- use of erosion control measures;

- maintain open view to/from river;

- maintain existing Landing (water taxi) at the Waterkant

- avoid negative impact on existing buildings and structures

The existing flood wall at Waterkant (near food stalls/Parliament and Fort Zeelandia) has been designed
in 2011 for a crest level of NSP +3.25 m, based on the same conditions and water levels mentioned
above. Therefore, the same crest level will be used for the new flood wall at Knuffelsgracht-Riverside.
The crest level can be easily raised in the future if deemed necessary (e.g. higher rate of SLR).

The floodwall is designed to allow an overtopping of 3 I/s/m. This means that a drainage system has to be
present behind the flood wall to discharge surplus water.

The technical design life of the flood wall should be at least 75 years, same as the flood wall as in the
other sections. The steel sheet piles need to be coated to protect against immediate corrosion. It is
assumed that the design life can be extended with minimum extra maintenance.

The expected maximum river flow velocity in the section of the flood wall is about 2 m /s. The flow
velocity in this section will probably be lower as the section lies between structures that go further into
the river and impose an obstruction for the flows.

The rip-rap will be designed with a slope not steeper than 1(V):3(H).

For the execution of works, the following is taken into account:

- Works can be executed from land and/or water, depending on accessibility;

- Working in sections to minimize hindrance;

- There is an option to temporarily close the south part of the road (period: few weeks/months) in
consultation with the ministry of Public Works and Traffic police

- Minimize impacts on temporary re-location of water taxis

- Temporarily re-locate busses nearby parking or re-organize current bus-stop
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4, Design of Flood Wall Waterkant

4.1 Steel sheet pile retaining wall

The proposed flood wall consists of a steel sheet piling wall, protected by a bed of rip-rap rocks grade 10-
60 kg upon a geotextile with PP fabric. The steel sheet piles are not anchored. The rip rap is not only for
future erosion control, but also for sufficient passive pressure to keep the steel sheet piles stable.

See Appendix 1 for the stability and geotechnical analysis of the steel sheet pile flood wall.

This type of structure has already been successfully applied in the other parts of the Waterkant flood wall,
in Nieuw Amsterdam (District Commewijne) and at Domburg (District Wanica).

The existing shore bed level is rather high due to sedimentation with silt from the river, so part of the
shore must be excavated to enable the placement of the geotextile and rocks.

The existing grass/low trees on the embankment (west side) will be removed. It is expected that
grass/small trees may grow again as sedimentation will continue after construction.

The intention is to maintain most of the existing trees on the east side near Riverside restaurants as much
as possible. It is not sure how many trees can be saved, as this depends on the hindrance the trees will
impose for driving the piles into the ground. After completion, this area will be landscaped with green and
trees.

4.2 Footpath

The current footpath will be rehabilitated and extended in the new situation (new flood wall is about 3 m
from the existing retaining wall). The rehabilitation will include new pavement.

4.3 Drainage

Along the flood wall, under the new footpath, a new rain water sewer will be placed. The existing
rainwater inlets will be connected to the new sewer. This sewer will discharge collected water to the river
through few (2-3) outlets with non return valves to protect inflow during high water level.

4.4 Landing for Water Taxis

The landing, including its roof/shed structure, will be rehabilitated and the entrance will be made suitable
to enter after construction of the new flood wall.

The edge between street and ramp will be raised to protect against high water level. The new structure
will include stairs and ramp to overcome the height differences. The rehabilitation and upgrading works
will be further detailed in the detailed design stage.

The waiting area may require some seats/bench, will be determined in the detailed design stage.
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4.5 Old jetty (ferry to Meerzorg)

The old jetty, a Bailey type bridge, lies about 100 meters west of the Landing for the water taxis. It is part
of the abandoned Roll-on Roll-off ferry going to Meerzorg on the other side of the Suriname river. The
remains (deck and some structural parts) of the jetty shall be rehabilitated for temporary use by the Water
Taxis during the construction period of the new flood wall and rehabilitation of the landing. The end part
(water side) of the old jetty will be equipped with a temporary floating pontoon structure to allow
passengers off and on loading during different tides.

It is noted that the construction of the new flood wall may be executed in two distinct sections: east and
west of the existing landing for the water taxis. This means that the water taxis may continue their
operations on one side of the landing, while works are executed on the other side. The rehabilitated jetty
may then be used only for a short period so that relocation of water taxis is minimized.

Further details of such operation will be determined in the execution phase, depending on the contractor’s
equipment and works sequence. It shall be discussed with the selected Contractor to ensure that proper
safety measures are included and that this work method does not impact the work progress.

4.6 Parking area for Public Transport

Part of the existing parking will be used during construction of the flood wall. This may take few months.
The parking area will be rehabilitated afterwards, including improvement of the drainage.

A re-arrangement of the parking of busses will be required. During construction the buses will be
relocated to the parking in the general area along Riverside/Broki and along the main road in close
cooperation with the Traffic Police. One section of the main road can be closed temporarily, if required.
In addition, extra temporary parking space during day time may be rented from private property owners
nearby. However, this resource will be only needed in case other options are not sufficient.

47 Other facilities

Other facilities to be included are to be determined in close cooperation with the Ministry of Public
Works. This includes, e.g. street lights, waste bins, trees/green areas, etc.
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Appendices
1 Design flood wall Waterkant: Knuffelsgracht-Riverside (sheet pile stability analysis)

2 Drawings
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2 Summary

2.1 Overview per Stage and Test

Stage Verification Displace- Moment Shear force | Mob. perc. | Mob. perc. Vertical
nr. type ment moment resistance balance
[mm] [kNm] [kN] [%] [%]

1 | EC7(NL)-Step 6.3 -4.85 -2.06 0.0 38.0 | --
1 | EC7(NL)-Step 6.4 -2.58 -1.59 0.0 379 | -
1 | EC7(NL)-Step 6.5 0.0 0.06 0.04 0.0 28.6 | --
1 | EC7(NL)-Step 6.5 * 1.20 0.07 0.05
2 | EC7(NL)-Step 6.3 -14.46 -10.60 0.0 40.6 | ---
2 | EC7(NL)-Step 6.4 -9.08 -9.24 0.0 404 | ---
2 | EC7(NL)-Step 6.5 1.1 -2.19 -1.45 0.0 29.8 | --
2 | EC7(NL)-Step 6.5 * 1.20 -2.62 -1.75
3 | EC7(NL)-Step 6.3 -244.46 81.47 0.0 51.3 | -
3 | EC7(NL)-Step 6.4 -198.67 74.38 0.0 51.6 | --
3 | EC7(NL)-Step 6.5 63.5 -137.23 43.42 0.0 39.0 | ---
3 | EC7(NL)-Step 6.5 * 1.20 -164.68 52.10
4 | EC7(NL)-Step 6.3 -137.06 45.76 0.0 494 | -
4 | EC7(NL)-Step 6.4 -133.25 44.50 0.0 49.3 |
4 | EC7(NL)-Step 6.5 64.6 -127.90 38.75 0.0 385 | --
4 | EC7(NL)-Step 6.5 * 1.20 -153.48 46.50
5 | EC7(NL)-Step 6.1 -342.23 113.16 0.0 76.1 | ---
5 | EC7(NL)-Step 6.2 -342.23 113.35 0.0 76.0 | --
5 | EC7(NL)-Step 6.3 -342.23 113.16 0.0 76.1 | ---
5 | EC7(NL)-Step 6.4 -342.23 113.35 0.0 76.0 | --
5 | EC7(NL)-Step 6.5 63.0 -127.97 -52.19 0.0 50.0 | --
5 | EC7(NL)-Step 6.5 * 1.20 -153.56 -62.63

| Max | 646 |  -342.23 | 113.35 | 0.0 | 76.1 | -
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2.2 CUR Verification Steps
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step 6.1

step 6.4

step 6.5 step 9.1
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3 Input Data for all Stages

3.1 General Input Data

Verification according to National Annex of Eurocode 7 in the Netherlands (NEN 9997-1:2016)

Model Sheet piling
Check vertical balance No
Number of construction stages 5
Unit weight of water 9.81 kN/m3
Number of curves for spring characteristics 3
Unloading curve on spring characteristic No
Elastic calculation Yes
3.2 Sheet Piling Properties
Length 14.00 m
Level top side 3.25m
Number of sections 1
3.2.1 General properties
Section From To Material Acting
name type width
[m] [m] [m]
AZ 19 -700 -10.75 3.25 | Steel 1.00
3.2.2 Stiffness El (elastic behaviour)
Section Elastic Red. factor |Corrected elas. Note to
name stiffness El on El stiffness El reduction factor
[KNmz/m'] [] [kNm?]
AZ 19 -700 8.2698E+04 1.00 | 8.2698E+04
3.2.3 Maximum allowable moments
Section Mr;char;el Modification Material Red. factor Mr;d;el
name factor factor allow. moment
[KNm/m’] [l [] [l [kNm]
AZ 19 -700 664.00 1.00 1.00 1.00 664.00
3.3 Calculation Options
First stage represents initial situation Yes
Calculation refinement Fine
Reduce delta(s) according to CUR Yes

Verification EC7 NA NL - method B: Partial factors (design values) in verifie
Eurocode 7 using the factors as described in the

National Annex of the Netherlands. It is basically

design approach 1.

Verification of stage 1: Current surface

Used partial factor set RC1
Factors on loads

- Permanent load, unfavourable 1.00
- Permanent load, favourable 1.00
- Variable load, unfavourable 1.00
- Variable load, favourable 0.00
Material factors

- Cohesion 1.15
- Tangent phi 1.15
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- Delta (wall friction angle)
- Modulus of low representative subgrade reaction

Geometry modification

- Increase retaining height

- Maximum increase retaining height

- Reduction in phreatic line on passive side
- Raise in phreatic line on passive side

- Raise in phreatic line on active side

Verification of stage
Used partial factor set

Factors on loads

- Permanent load, unfavourable
- Permanent load, favourable

- Variable load, unfavourable

- Variable load, favourable

Material factors

- Cohesion

- Tangent phi

- Delta (wall friction angle)

- Modulus of low representative subgrade reaction

Geometry modification

- Increase retaining height

- Maximum increase retaining height

- Reduction in phreatic line on passive side
- Raise in phreatic line on passive side

- Raise in phreatic line on active side

Verification of stage
Used partial factor set

Factors on loads

- Permanent load, unfavourable
- Permanent load, favourable

- Variable load, unfavourable

- Variable load, favourable

Material factors

- Cohesion

- Tangent phi

- Delta (wall friction angle)

- Modulus of low representative subgrade reaction

Geometry modification

- Increase retaining height

- Maximum increase retaining height

- Reduction in phreatic line on passive side
- Raise in phreatic line on passive side

- Raise in phreatic line on active side

Verification of stage

Used partial factor set

Factors on loads

- Permanent load, unfavourable
- Permanent load, favourable

- Variable load, unfavourable

- Variable load, favourable

Material factors

1.15
1.30

10.00 %
0.50 m
0.20m
0.20m
0.05m

2: Installation loads

RC1

1.00
1.00
1.00
0.00

1.15
1.15
1.15
1.30

10.00 %
0.50 m
0.20m
0.20m
0.05m

3:Fill

RC1

1.00
1.00
1.00
0.00

1.15
1.15
1.15
1.30

10.00 %
0.50 m
0.20m
0.20m
0.05m

4: Life time
RC 2
1.00
1.00

1.10
0.00

12/7/2017

C:\..\Prelim design sheet pile Knuffelsgracht

Page 7



Royal HaskoningDHV

D-Sheet Piling 17.1

- Cohesion

- Tangent phi

- Delta (wall friction angle)

- Modulus of low representative subgrade reaction

Geometry modification

- Increase retaining height

- Maximum increase retaining height

- Reduction in phreatic line on passive side
- Raise in phreatic line on active side

Verification of stage
Used partial factor set

Factors on loads

- Permanent load, unfavourable
- Permanent load, favourable

- Variable load, unfavourable

- Variable load, favourable

Material factors

- Cohesion

- Tangent phi

- Delta (wall friction angle)

- Modulus of low representative subgrade reaction

Geometry modification

- Increase retaining height

- Maximum increase retaining height

- Reduction in phreatic line on passive side
- Raise in phreatic line on active side

1.25
1.18
1.18
1.30

10.00 %

0.50 m

0.00 mUser defined
0.00 mUser defined

5: Sudden drop

RC 2

1.00
1.00
1.10
0.00

1.25
1.18
1.18
1.30

10.00 %

0.50 m

0.00 mUser defined
0.00 mUser defined
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4 Outline Stage 1: Current surface

Outline - Stage 1: Current surface

0N |

CLAY (soft)

BB

SAND

CLAY (moderate) CLAY (moderate)
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5 Outline Stage 2: Installation loads

Outline - Stage 2: Installation loads

Crane 20 kPa

0N |

CLAY (soft)

BB

SAND

CLAY (moderate) CLAY (moderate)
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6 Outline Stage 3: Fill

2.00

Outline - Stage 3: Fill

Crane 20 kPa

f-§-tarésubmerged)
v A I T
_5.00 CLAY (soft) (undr)
00
SAND
CLAY (moderate) CLAY (moderate)
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7 Outline Stage 4: Life time

Outline - Stage 4: Life time

2.00 y K
sy 5N i 9 -
§-§-mrsubmerg
2. iy T
-5.00 CLAY (soft)
SAND -8.0C
CLAY (moderate) CLAY (moderate)
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8 Step 6.5 Stage 4: Life time

8.1 Input Data Left

8.1.1 Calculation Method

Calculation method: C, phi, delta

8.1.2 Water Level

Water level: 0.22 [m]

8.1.3 Surface

X[m] Y [m]
0.00 2.50
2.50 2.50
4.00 2.00

8.1.4 Soil Material Properties in Profile: CPT Sondering 10-12

Layer Level Unit weight Cohesion Friction angle Delta
name Unsat Sat. phi friction angle
[m] [KN/m?3] [KN/m?3] [KN/m?] [degree] [degree]
Fill 2.50 18.00 20.00 0.00 32.50 16.60
CLAY (soft) 0.00 14.00 14.00 5.00 17.50 8.75
SAND -5.00 18.00 20.00 0.00 30.00 20.00
CLAY (moderate) -7.00 16.00 16.00 5.00 20.00 10.00
Layer Level Shell factor OCR Grain type
name [m] [-] [-]
Fill 2.50 1.00 1.00 | Fine
CLAY (soft) 0.00 1.00 1.00 | Fine
SAND -5.00 1.00 1.00 | Fine
CLAY (moderate) -7.00 1.00 1.00 | Fine
Layer Level Earth pressure coefficients Additional pore pressure
name Active Neutral Passive Top Bottom
[m] [-] [-] [] [KN/m?] [KN/m?]
Fill 2.50 n.a. n.a. n.a. 0.00 0.00
CLAY (soft) 0.00 n.a. n.a. n.a. 0.00 0.00
SAND -5.00 n.a. n.a. n.a. 0.00 0.00
CLAY (moderate) -7.00 n.a. n.a. n.a. 0.00 0.00
8.1.5 Modulus of Subgrade Reaction (Secant)
Layer Level Branch 1 Branch 2
name Top Bottom Top Bottom
[m] [KN/m3] [KN/m?3] [KN/m?3] [KN/m3]
Fill 2.50 20000.00 20000.00 10000.00 10000.00
CLAY (soft) 0.00 2000.00 2000.00 800.00 800.00
SAND -5.00 12000.00 12000.00 6000.00 6000.00
CLAY (moderate) -7.00 4000.00 4000.00 2000.00 2000.00
Layer Level Branch 3
name Top Bottom
[m] [KN/m3] [KN/m?3]
Fill 2.50 5000.00 5000.00
CLAY (soft) 0.00 500.00 500.00
SAND -5.00 3000.00 3000.00
CLAY (moderate) -7.00 800.00 800.00
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8.1.6 Surcharge Loads

Name Distance Load Favourable / Unfavourable Permanent / Variable
[m] [KN/m?]
Walkway 5 kPa 0.00 5.00 | Unfavourable (D-Sheet Piling) Variable
4.00 5.00
Road 4.00 10.00 | Unfavourable (D-Sheet Piling) Variable
10.00 10.00
8.2 Calculated Earth Pressure Coefficients Left

Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [KN/m?] [kN/m?] [l [l []
1 2.37 1.9 43.2 0.26 0.68 5.84
2 2.23 2.6 57.2 0.26 0.51 5.84
3 2.10 3.2 71.2 0.26 0.42 5.85
4 1.97 3.8 85.3 0.26 0.36 5.85
5 1.83 4.3 95.8 0.26 0.34 5.86
6 1.83 4.6 102.8 0.26 0.34 5.86
7 1.70 5.1 90.3 0.26 0.32 4.68
8 1.57 5.7 90.6 0.26 0.31 4.18
9 1.43 6.3 95.8 0.26 0.30 3.99
10 1.30 6.9 107.9 0.26 0.29 4.10
11 1.17 7.4 119.0 0.26 0.29 4.24
12 1.17 7.7 127.2 0.26 0.29 4.35
13 1.03 8.2 140.9 0.26 0.29 4.54
14 0.90 8.8 161.7 0.26 0.29 4.85
15 0.77 9.4 185.8 0.27 0.29 5.21
16 0.63 10.1 202.7 0.27 0.29 5.34
17 0.50 10.5 213.1 0.27 0.30 5.37
18 0.50 10.8 218.1 0.27 0.30 5.38
19 0.44 11.0 222.4 0.27 0.29 5.40
20 0.39 11.2 228.3 0.27 0.29 5.41
21 0.33 115 234.1 0.27 0.29 5.42
22 0.28 11.8 240.0 0.27 0.29 5.44
23 0.22 11.9 244.4 0.27 0.29 5.45
24 0.22 12.0 246.5 0.27 0.29 5.45
25 0.18 12.1 248.5 0.27 0.29 5.46
26 0.13 12.2 251.1 0.27 0.29 5.46
27 0.09 124 253.7 0.27 0.28 5.47
28 0.04 12.5 256.3 0.27 0.28 5.48
29 0.00 12.6 258.2 0.27 0.28 5.51
30 0.00 16.3 116.7 0.35 0.35 2.48
31 -0.13 16.6 117.2 0.35 0.50 2.47
32 -0.26 16.9 118.0 0.35 0.50 2.47
33 -0.39 17.2 118.7 0.36 0.50 2.46
34 -0.52 175 119.5 0.36 0.50 2.45
35 -0.65 17.8 120.1 0.36 0.50 2.44
36 -0.65 17.9 120.5 0.36 0.50 2.44
37 -0.78 18.1 121.1 0.36 0.50 2.44
38 -0.91 18.4 123.2 0.37 0.50 2.46
39 -1.04 18.7 129.6 0.37 0.50 2.56
40 -1.17 18.7 115.4 0.37 0.50 2.26
41 -1.30 18.8 95.2 0.37 0.50 1.85
42 -1.30 18.9 95.5 0.36 0.50 1.85
43 -1.42 19.0 96.0 0.36 0.50 1.85
44 -1.55 19.1 96.7 0.36 0.50 1.84
45 -1.67 19.2 97.4 0.36 0.50 1.84
46 -1.79 194 98.0 0.36 0.50 1.84
47 -1.92 19.5 98.6 0.36 0.49 1.84
48 -1.92 19.6 98.9 0.36 0.49 1.83
49 -2.04 19.7 99.4 0.36 0.50 1.83
50 -2.16 19.8 100.2 0.36 0.50 1.83
51 -2.29 19.9 100.9 0.36 0.50 1.83
52 -2.41 20.1 101.6 0.36 0.50 1.83
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Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
53 -2.53 20.2 102.2 0.36 0.50 1.83
54 -2.53 20.3 102.5 0.36 0.50 1.82
55 -2.66 20.4 103.1 0.36 0.50 1.82
56 -2.78 20.5 103.9 0.36 0.50 1.82
57 -2.90 20.6 104.6 0.36 0.51 1.82
58 -3.03 20.8 105.4 0.36 0.51 1.82
59 -3.15 20.9 106.0 0.36 0.51 1.82
60 -3.15 21.0 107.3 0.36 0.51 1.83
61 -3.27 21.1 111.5 0.36 0.51 1.90
62 -3.40 21.2 117.1 0.36 0.51 1.97
63 -3.52 214 122.4 0.36 0.51 2.05
64 -3.64 21.8 127.8 0.36 0.51 2.12
65 -3.77 23.0 131.8 0.38 0.52 2.18
66 -3.77 23.0 1345 0.38 0.52 2.21
67 -3.89 23.1 138.0 0.38 0.52 2.26
68 -4.01 23.2 1394 0.38 0.52 2.26
69 -4.14 23.4 140.5 0.38 0.52 2.26
70 -4.26 23.5 1415 0.38 0.52 2.26
71 -4.38 23.6 142.3 0.38 0.52 2.26
72 -4.38 23.7 142.8 0.37 0.52 2.26
73 -4.51 23.8 143.6 0.37 0.53 2.26
74 -4.63 23.9 144.6 0.37 0.53 2.26
75 -4.75 24.0 145.7 0.37 0.53 2.26
76 -4.88 24.2 146.8 0.37 0.53 2.26
77 -5.00 24.3 147.6 0.37 0.53 2.24
78 -5.00 16.8 379.8 0.25 0.53 5.72
79 -5.13 17.1 383.9 0.25 0.34 5.70
80 -5.27 17.4 389.7 0.25 0.34 5.68
81 -5.40 17.7 396.0 0.25 0.35 5.66
82 -5.53 18.0 402.6 0.25 0.35 5.65
83 -5.67 19.1 407.7 0.26 0.35 5.64
84 -5.67 19.3 411.1 0.26 0.35 5.64
85 -5.80 19.6 416.3 0.27 0.35 5.63
86 -5.93 20.0 422.1 0.27 0.36 5.61
87 -6.07 20.4 421.7 0.27 0.36 5.51
88 -6.20 20.8 420.5 0.27 0.36 5.40
89 -6.33 21.0 419.6 0.27 0.36 5.33
90 -6.33 21.2 419.0 0.27 0.36 5.28
91 -6.47 21.5 435.0 0.27 0.37 541
92 -6.60 21.9 446.3 0.27 0.37 5.46
93 -6.73 22.3 453.9 0.27 0.37 5.47
94 -6.87 22.7 461.4 0.27 0.37 5.47
95 -7.00 23.0 467.1 0.27 0.37 5.50
96 -7.00 31.1 218.9 0.36 0.37 2.57
97 -7.13 314 220.3 0.37 0.53 2.57
98 -7.25 317 222.2 0.37 0.53 2.57
99 -7.38 32.0 224.0 0.37 0.53 2.57
100 -7.50 32.4 225.8 0.37 0.53 2.57
101 -7.63 32.6 227.2 0.37 0.54 2.57
102 -7.63 32.8 228.1 0.37 0.54 2.57
103 -7.75 33.1 229.5 0.37 0.54 2.57
104 -7.88 33.4 231.5 0.37 0.54 2.57
105 -8.00 33.8 237.5 0.37 0.54 2.61
106 -8.13 34.1 245.2 0.37 0.54 2.68
107 -8.25 34.4 251.0 0.37 0.54 2.72
108 -8.25 34.5 254.8 0.37 0.63 2.75
109 -8.38 34.8 260.5 0.37 0.63 2.80
110 -8.50 35.2 258.2 0.38 0.63 2.75
111 -8.63 35.7 239.5 0.38 0.63 2.53
112 -8.75 36.1 226.1 0.38 0.63 2.37
113 -8.88 36.5 227.4 0.38 0.63 2.37
114 -8.88 36.7 228.3 0.38 0.63 2.38
115 -9.00 37.1 229.7 0.38 0.63 2.38
116 -9.13 37.5 231.4 0.39 0.63 2.38
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Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [kN/m?] [kN/m?] [] [] [-]
117 -9.25 38.0 233.2 0.39 0.63 2.38
118 -9.38 38.5 235.0 0.39 0.63 2.38
119 -9.50 38.8 236.3 0.39 0.63 2.38
120 -9.50 39.1 237.2 0.39 0.63 2.38
121 -9.63 39.4 238.6 0.39 0.63 2.38
122 -9.75 39.9 240.4 0.39 0.63 2.38
123 -9.88 40.4 242.1 0.40 0.63 2.38
124 | -10.00 40.9 243.9 0.40 0.63 2.38
125 -10.13 41.2 245.3 0.40 0.63 2.38
126 -10.13 415 246.2 0.40 0.63 2.38
127 -10.25 42.4 247.5 0.41 0.63 2.38
128 -10.38 40.4 249.3 0.39 0.64 2.38
129 -10.50 41.3 251.1 0.39 0.64 2.38
130 -10.63 41.6 252.9 0.39 0.64 2.38
131 -10.75 41.8 254.2 0.39 0.64 2.38
8.3 Calculated force from a layer Left
Name Force
Fill 32.99
CLAY (soft) 124.60
SAND 48.97
CLAY (moderate) 212.23

8.4 Input Data Right

8.4.1 Calculation Method

Calculation method: C, phi, delta
8.4.2 Water Level

Water level: 0.22 [m]

8.4.3 Surface

X [m] Y [m]

0.00 0.00
11.00 -1.00
20.00 -2.00
25.00 -3.00
28.00 -4.00
32.00 -5.00
41.00 -7.00
45.00 -8.00

8.4.4 Soil Material Properties in Profile: CPT Sondering 10-12

Layer Level Unit weight Cohesion Friction angle Delta
name Unsat Sat. phi friction angle
[m] [KN/m3] [KN/m3] [KN/m2] [degree] [degree]
Fill 2.50 18.00 20.00 0.00 32.50 16.60
CLAY (soft) 0.00 14.00 14.00 5.00 17.50 8.75
SAND -5.00 18.00 20.00 0.00 30.00 20.00
CLAY (moderate) -7.00 16.00 16.00 5.00 20.00 10.00
Layer Level Shell factor OCR Grain type
name [m] [-] [-]
Fill 2.50 1.00 1.00 | Fine
CLAY (soft) 0.00 1.00 1.00 | Fine
SAND -5.00 1.00 1.00 | Fine
CLAY (moderate) -7.00 1.00 1.00 | Fine
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Layer Level Earth pressure coefficients Additional pore pressure
name Active Neutral Passive Top Bottom
[m] [-] [-] [] [kN/m?] [kN/m?]
Fill 2.50 n.a. n.a. n.a. 0.00 0.00
CLAY (soft) 0.00 n.a. n.a. n.a. 0.00 0.00
SAND -5.00 n.a. n.a. n.a. 0.00 0.00
CLAY (moderate) -7.00 n.a. n.a. n.a. 0.00 0.00
8.4.5 Modulus of Subgrade Reaction (Secant)
Layer Level Branch 1 Branch 2
name Top Bottom Top Bottom
[m] [KN/m?3] [KN/m3] [KN/m?3] [KN/m3]
Fill 2.50 20000.00 20000.00 10000.00 10000.00
CLAY (soft) 0.00 2000.00 2000.00 800.00 800.00
SAND -5.00 12000.00 12000.00 6000.00 6000.00
CLAY (moderate) -7.00 4000.00 4000.00 2000.00 2000.00
Layer Level Branch 3
name Top Bottom
[m] [KN/m3] [KN/m?3]
Fill 2.50 5000.00 5000.00
CLAY (soft) 0.00 500.00 500.00
SAND -5.00 3000.00 3000.00
CLAY (moderate) -7.00 800.00 800.00
8.4.6 Surcharge Loads
Name Distance Load Favourable / Unfavourable Permanent / Variable
[m] [KN/m?]
Rubble 0.8 m (submerged) 0.00 9.10 | Favourable (D-Sheet Piling) Permanent
15.00 9.10
8.5 Calculated Earth Pressure Coefficients Right
Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [KN/m?] [kN/m?] [l [l []
1 -0.13 0.0 33.3 0.00 0.86 3.59
2 -0.26 0.0 34.4 0.00 0.88 3.55
3 -0.39 0.0 35.4 0.00 0.91 3.48
4 -0.52 0.0 36.5 0.00 0.95 341
5 -0.65 0.0 37.2 0.00 0.97 3.36
6 -0.65 0.0 37.8 0.00 0.97 3.33
7 -0.78 0.0 38.6 0.00 1.00 3.29
8 -0.91 0.0 39.6 0.00 1.02 3.24
9 -1.04 0.0 40.6 0.00 1.04 3.19
10 -1.17 0.0 41.7 0.00 1.06 3.15
11 -1.30 0.0 42.5 0.00 1.08 3.12
12 -1.30 0.0 43.0 0.00 1.08 3.10
13 -1.42 0.0 43.7 0.00 1.09 3.07
14 -1.55 0.0 44.7 0.00 1.10 3.04
15 -1.67 0.0 45.7 0.00 1.10 3.00
16 -1.79 0.0 46.7 0.00 1.11 2.97
17 -1.92 0.0 47.5 0.00 1.11 2.95
18 -1.92 0.0 48.0 0.00 1.11 2.94
19 -2.04 0.0 48.7 0.00 1.12 2.92
20 -2.16 1.0 49.7 0.06 1.12 2.89
21 -2.29 2.3 50.7 0.13 1.12 2.87
22 -2.41 2.5 51.7 0.14 1.12 2.85
23 -2.53 2.7 52.4 0.15 1.12 2.83
24 -2.53 2.8 52.9 0.15 1.12 2.82
25 -2.66 3.0 53.7 0.16 1.11 2.81
26 -2.78 3.2 54.6 0.16 1.11 2.79
27 -2.90 35 55.6 0.17 1.11 2.77
28 -3.03 3.7 56.6 0.18 1.10 2.75
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Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
29 -3.15 3.9 57.4 0.18 1.10 2.74
30 -3.15 4.0 57.9 0.19 1.10 2.73
31 -3.27 4.2 58.6 0.19 1.09 2.72
32 -3.40 4.4 59.6 0.20 1.09 2.71
33 -3.52 4.6 60.6 0.21 1.08 2.69
34 -3.64 4.9 61.6 0.21 1.07 2.68
35 -3.77 5.0 62.3 0.22 1.07 2.67
36 -3.77 5.2 62.8 0.22 1.07 2.66
37 -3.89 5.3 63.6 0.22 1.06 2.65
38 -4.01 5.6 64.5 0.23 1.05 2.64
39 -4.14 5.8 65.5 0.23 1.05 2.63
40 -4.26 6.0 66.5 0.24 1.04 2.62
41 -4.38 6.2 67.3 0.24 1.03 2.61
42 -4.38 6.3 67.8 0.24 1.03 2.61
43 -4.51 6.5 68.5 0.25 1.03 2.60
44 -4.63 6.7 69.5 0.25 1.02 2.59
45 -4.75 7.0 70.5 0.25 1.01 2.58
46 -4.88 7.2 71.5 0.26 1.01 2.57
47 -5.00 7.4 72.2 0.26 0.98 2,51
48 -5.00 7.9 177.8 0.27 0.98 6.06
49 -5.13 8.2 175.6 0.27 0.82 5.79
50 -5.27 8.6 177.1 0.27 0.80 5.59
51 -5.40 9.0 177.9 0.27 0.79 5.39
52 -5.53 9.3 182.8 0.27 0.77 5.33
53 -5.67 9.6 186.9 0.27 0.76 5.30
54 -5.67 9.8 189.7 0.27 0.76 5.28
55 -5.80 10.1 194.2 0.27 0.75 5.26
56 -5.93 10.5 191.1 0.27 0.74 5.00
57 -6.07 10.8 186.4 0.27 0.73 4.71
58 -6.20 11.2 193.3 0.27 0.72 4.73
59 -6.33 11.5 198.4 0.27 0.71 4.74
60 -6.33 11.7 201.9 0.27 0.71 4.75
61 -6.47 12.0 207.1 0.28 0.70 4.76
62 -6.60 12.3 214.0 0.28 0.70 4.77
63 -6.73 12.7 220.9 0.28 0.69 4.79
64 -6.87 13.1 227.8 0.28 0.68 4.80
65 -7.00 134 233.0 0.28 0.68 4.85
66 -7.00 15.3 114.8 0.32 0.68 2.37
67 -7.13 15.5 116.1 0.32 0.81 2.37
68 -7.25 15.8 117.8 0.32 0.81 2.37
69 -7.38 16.2 118.0 0.32 0.81 2.34
70 -7.50 16.5 118.5 0.32 0.80 2.32
71 -7.63 16.7 119.7 0.32 0.80 2.32
72 -7.63 16.9 120.5 0.32 0.80 2.32
73 -7.75 17.1 121.7 0.33 0.80 2.31
74 -7.88 17.5 123.3 0.33 0.79 2.31
75 -8.00 17.8 124.9 0.33 0.79 2.31
76 -8.13 18.1 126.4 0.33 0.79 2.31
77 -8.25 18.4 1275 0.33 0.78 2.31
78 -8.25 18.5 128.3 0.33 0.78 2.30
79 -8.38 18.8 129.4 0.33 0.78 2.30
80 -8.50 19.1 70.5 0.34 0.78 1.24
81 -8.63 19.4 82.6 0.34 0.77 1.43
82 -8.75 19.7 93.4 0.34 0.77 1.60
83 -8.88 20.0 108.3 0.34 0.77 1.84
84 -8.88 20.1 107.1 0.34 0.77 1.81
85 -9.00 20.4 107.5 0.34 0.77 1.80
86 -9.13 20.7 108.8 0.34 0.76 1.80
87 -9.25 21.0 110.8 0.34 0.76 1.81
88 -9.38 214 112.8 0.34 0.76 1.82
89 -9.50 21.6 1145 0.35 0.76 1.83
90 -9.50 21.8 115.5 0.35 0.76 1.84
91 -9.63 22.0 117.6 0.35 0.76 1.85
92 -9.75 22.3 120.4 0.35 0.75 1.88
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Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [kN/m?] [kN/m?] [] [] [-]

93 -9.88 22.7 123.4 0.35 0.75 1.90

94 | -10.00 23.0 126.6 0.35 0.75 1.93

95 -10.13 23.2 129.4 0.35 0.75 1.96

96 -10.13 23.4 1314 0.35 0.75 1.98

97 -10.25 23.6 134.2 0.35 0.75 2.00

98 -10.38 24.0 138.0 0.35 0.74 2.04

99 -10.50 24.3 143.2 0.35 0.74 2.09

100 -10.63 24.6 146.3 0.36 0.74 211

101 -10.75 24.9 147.6 0.36 0.74 2.12

8.6 Calculated force from a layer Right

Name Force
Fill 0.00
CLAY (soft) 156.82
SAND 88.53
CLAY (moderate) 173.50

8.7 Calculation Results
Number of iterations: 3

8.7.1 Charts of Moments, Forces and Displacements

Moments/Forces/Displacements - Stage 4: Life time

Step 6.5 - Partial factor set: RC 2

Bending Moments [kNm] } Shear Forces [kN] ) Displacements [mm]
] V2N 27 PN 27
v 0:7777?77‘, oo °’
CLAY (soft) 2; : -zé
SAND e: ] 5:
CLAY (moderate) 9, h _gé
-400 72,\:‘;)(: oo ’:“n: -127.9200 400 -150 -100 Ma::DSBB -DMin: -35:.0 100 150 -600 -400 VZOOMaX: (;4.6 200 400 600
8.7.2 Moments, Forces and Displacements
Segment Level Moment Shear force Displacement
number [m] [KNm] [kN] [mm]
1 3.25 0.00 0.00 64.6
1 2.88 0.00 0.00 61.3
2 2.88 0.00 0.00 61.3
2 2.50 0.00 0.00 57.9
3 2.50 0.00 0.00 57.9
3 1.83 -0.47 -1.82 52.1
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Segment Level Moment Shear force Displacement
number [m] [KNm] [kN] [mm]
4 1.83 -0.47 -1.79 52.1
4 1.17 -3.03 -6.81 46.2
5 1.17 -3.02 -6.80 46.2
5 0.50 -11.22 -19.05 40.3
6 0.50 -11.22 -19.05 40.3
6 0.22 -17.56 -26.38 37.8
7 0.22 -17.56 -26.38 37.8
7 0.00 -24.07 -32.95 35.9
8 0.00 -24.07 -32.95 35.9
8 -0.65 -45.83 -32.83 30.4
9 -0.65 -45.83 -32.82 30.4
9 -1.30 -66.46 -30.25 25.0
10 -1.30 -66.46 -30.25 25.0
10 -1.92 -84.11 -27.11 20.3
11 -1.92 -84.11 -27.12 20.3
11 -2.53 -99.30 -22.14 15.9
12 -2.53 -99.30 -22.15 15.9
12 -3.15 -111.38 -17.01 12.0
13 -3.15 -111.38 -17.00 12.0
13 -3.77 -120.19 -11.62 8.6
14 -3.77 -120.19 -11.60 8.6
14 -4.38 -125.76 -6.36 5.8
15 -4.38 -125.76 -6.37 5.8
15 -5.00 -127.90 -0.71 3.6
16 -5.00 -127.89 -0.84 3.6
16 -5.67 -120.34 21.38 1.8
17 -5.67 -120.33 21.44 1.8
17 -6.33 -101.45 34.06 0.6
18 -6.33 -101.45 34.04 0.6
18 -7.00 -76.70 38.75 0.0
19 -7.00 -76.70 38.74 0.0
19 -7.63 -53.52 34.86 -0.2
20 -7.63 -53.52 34.86 -0.2
20 -8.25 -33.26 30.00 -0.1
21 -8.25 -33.26 30.00 -0.1
21 -8.88 -17.45 20.72 0.1
22 -8.88 -17.45 20.71 0.1
22 -9.50 -7.16 12.42 0.4
23 -9.50 -7.16 12.42 0.4
23 -10.13 -1.64 5.48 0.8
24 -10.13 -1.64 5.48 0.8
24 -10.75 0.00 0.00 1.1
Max -127.90 38.75 64.6
Max, minor nodes incl. -127.90 38.75 64.6
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8.7.3 Charts of Stresses

8.7.4 Stresses

Depth [m]

Water Pressure

CLAY fmoderate)

[kN/m?]

CLAY (soft)

Stress States - Stage 4: Life time

Depth [m]

Resulting Stress [kKN/m?]

/

Effective Stress

Depth [m]

[kN/m?]

150

100 50 00 50 1

Maximum left:
Maximum right:

-50 0

Max. eff. stress: 46.0
Max. tot. stress: 46.0

50 100

al T
150 150 100 50

Maximum left:

Maximum right:

Node Level Left Right
number Effective stress | Water stress | Stat* | Mob* | Effective stress | Water stress | Stat* | Mob*
[m] [kN/m?] [kN/m?] [%] [kN/m?] [kN/m?] [%0]
1 3.25 0.00 0.00 0.00 0.00 -
1 2.88 0.00 0.00 - 0.00 0.00 -
2 2.88 0.00 0.00 - 0.00 0.00 -
2 2.50 0.00 0.00 - 0.00 0.00 -
3 2.50 0.00 0.00 A 0.00 0.00 -
3 1.83 4.28 0.00 A 0.00 0.00 -
4 1.83 4.59 0.00 A 0.00 0.00 -
4 1.17 12.42 0.00 1 10 0.00 0.00 -
5 1.17 12.76 0.00 1 10 0.00 0.00 -
5 0.50 23.76 0.00 1 11 0.00 0.00 -
6 0.50 23.99 0.00 1 11 0.00 0.00 -
6 0.22 28.32 0.00 1 12 0.00 0.00 -
7 0.22 28.42 0.00 1 12 0.00 0.00 -
7 0.00 31.39 2.16 1 12 0.00 2.16 -
8 0.00 18.24 2.16 1 16 0.00 2.16 A
8 -0.65 27.04 8.53 1 22 29.20 8.53 2 78
9 -0.65 27.15 8.53 1 22 29.46 8.53 2 78
9 -1.30 24.44 14.91 1 29.94 14.91 2 70
10 -1.30 24.55 14.91 1 30.20 14.91 2 70
10 -1.92 26.59 20.96 1 30.68 20.96 2 65
11 -1.92 22.82 20.96 1 30.93 20.96 2 65
11 -2.53 23.41 27.01 1 31.47 27.01 2 60
12 -2.53 23.48 27.01 1 31.72 27.01 2 60
12 -3.15 23.87 33.06 1 32.35 33.06 2 56
13 -3.15 23.94 33.06 1 32.60 33.06 2 56
13 -3.77 25.50 39.11 1 33.37 39.11 2 54
14 -3.77 25.57 39.11 1 33.62 39.11 2 54
14 -4.38 25.60 45.16 1 34.56 45.16 2 51
15 -4.38 25.66 45.16 1 34.81 45.16 2 51
15 -5.00 27.76 51.21 1 34.57 51.21 1 49
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Node Level Left Right
number Effective stress | Water stress | Stat* | Mob* | Effective stress | Water stress | Stat* | Mob*
[m] [KN/m?] [KN/m?] [%0] [KN/m?] [KN/m?] [%]

16 -5.00 24.48 51.21 1 70.52 51.21 1 41
16 -5.67 23.14 57.75 1 47.48 57.75 1 26
17 -5.67 23.34 57.75 1 47.98 57.75 1 26
17 -6.33 23.00 64.29 1 36.69 64.29 1 19
18 -6.33 22.80 64.29 1 37.16 64.29 1 19
18 -7.00 31.42 70.83 1 32.72 70.83 1 14
19 -7.00 31.74 70.83 1 32.93 70.83 1 29
19 -7.63 48.13 76.96 1 21 40.43 76.96 1
20 -7.63 48.37 76.96 1 21 40.72 76.96 1
20 -8.25 50.35 83.09 1 20 42.72 83.09 1
21 -8.25 58.52 83.09 1 23 43.00 83.09 1
21 -8.88 59.90 89.22 1 45.64 89.22 1 42
22 -8.88 60.13 89.22 1 45.92 89.22 1 43
22 -9.50 61.17 95.35 1 48.91 95.35 1 43
23 -9.50 61.40 95.35 1 49.19 95.35 1 43
23 -10.13 62.31 101.48 1 52.34 101.48 1 41
24 -10.13 62.54 101.48 1 52.61 101.48 1 40
24 -10.75 63.42 107.62 1 55.82 107.62 1 38

*

Stat Status (A=active, P=passive, Number is branche, 0 is unloading)

Mob Percentage passive mobilized

8.7.5 Percentage mobilized resistance
Horizontal soil pressure Left Right
[kN] [kN]

Effective 418.8 418.9

Water 590.3 590.3

Total 1009.1 1009.1

Considered as passive side Right

Maximum passive effective resistance 1088.55 kN

Mobilized passive effective resistance 418.85 kN

Percentage mobilized resistance 38.5 %
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9 Outline Stage 5: Sudden drop

Outline - Stage 5: Sudden drop

N
=}
S

.| Walkway 5
888 wL
AL/ ) -1.30
-5.00 CLAY (soft) ——
.00V A
SAND SAND "~ -8.00
CLAY (moderate) CLAY (moderate)
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10 Step 6.3 Stage 5: Sudden drop

10.1 Input Data Left

10.1.1 Calculation Method
Calculation method: C, phi, delta
10.1.2 Water Level
Water level: 0.50 [m]

10.1.3 Surface

X[m] Y [m]
0.00 2.50
2.50 2.50
4.00 2.00

10.1.4 Soil Material Properties in Profile: CPT10-12 drop left

Layer Level Unit weight Cohesion Friction angle Delta
name Unsat Sat. phi friction angle
[m] [KN/m?3] [KN/m?3] [KN/m?] [degree] [degree]
Fill 2.50 18.00 20.00 0.00 28.47 18.39
CLAY (soft) 0.00 14.00 14.00 4.00 15.02 7.51
SAND -5.00 18.00 20.00 0.00 26.17 17.45
CLAY (moderate) -7.00 16.00 16.00 4.00 17.21 8.61
Layer Level Shell factor OCR Grain type
name [m] [-] [-]
Fill 2.50 1.00 1.00 | Fine
CLAY (soft) 0.00 1.00 1.00 | Fine
SAND -5.00 1.00 1.00 | Fine
CLAY (moderate) -7.00 1.00 1.00 | Fine
Layer Level Earth pressure coefficients Additional pore pressure
name Active Neutral Passive Top Bottom
[m] [-] [-] [] [KN/m?] [KN/m?]
Fill 2.50 n.a. n.a. n.a. 0.00 0.00
CLAY (soft) 0.00 n.a. n.a. n.a. 0.00 -2.80
SAND -5.00 n.a. n.a. n.a. -2.80 -2.80
CLAY (moderate) -7.00 n.a. n.a. n.a. -2.80 -2.80
10.1.5 Modulus of Subgrade Reaction (Secant)
Layer Level Branch 1 Branch 2
name Top Bottom Top Bottom
[m] [KN/m3] [KN/m?3] [KN/m?3] [KN/m3]
Fill 2.50 15384.62 15384.62 7692.31 7692.31
CLAY (soft) 0.00 1538.46 1538.46 615.38 615.38
SAND -5.00 9230.77 9230.77 4615.38 4615.38
CLAY (moderate) -7.00 3076.92 3076.92 1538.46 1538.46
Layer Level Branch 3
name Top Bottom
[m] [KN/m3] [KN/m?3]
Fill 2.50 3846.15 3846.15
CLAY (soft) 0.00 384.62 384.62
SAND -5.00 2307.69 2307.69
CLAY (moderate) -7.00 615.38 615.38
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10.1.6 Surcharge Loads

Name Distance Load Favourable / Unfavourable Permanent / Variable
[m] [KN/m?]
Walkway 5 kPa 0.00 5.50 | Unfavourable (D-Sheet Piling) Variable
4.00 5.50
10.2 Calculated Earth Pressure Coefficients Left

Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [KN/m?] [kN/m?] [l [l []
1 2.37 2.4 39.2 0.30 0.73 4.96
2 2.23 3.1 51.1 0.30 0.57 4.97
3 2.10 3.8 63.0 0.30 0.49 4.97
4 1.97 4.5 74.9 0.30 0.44 4.97
5 1.83 5.1 83.9 0.30 0.40 4.98
6 1.83 5.4 89.8 0.30 0.40 4.98
7 1.70 6.0 79.7 0.30 0.38 4.02
8 1.57 6.7 74.7 0.30 0.36 3.37
9 1.43 7.4 79.6 0.30 0.35 3.25
10 1.30 8.1 88.1 0.30 0.34 3.28
11 1.17 8.7 94.7 0.30 0.34 3.32
12 1.17 9.0 99.2 0.30 0.34 3.34
13 1.03 9.6 106.2 0.30 0.34 3.38
14 0.90 10.3 115.7 0.30 0.33 3.43
15 0.77 11.0 125.6 0.31 0.33 3.49
16 0.63 11.7 135.7 0.31 0.33 3.54
17 0.50 12.3 143.4 0.31 0.33 3.59
18 0.50 12.5 146.5 0.31 0.33 3.60
19 0.44 12.6 148.1 0.31 0.33 3.61
20 0.39 12.8 150.2 0.31 0.32 3.61
21 0.33 13.0 152.4 0.31 0.32 3.62
22 0.28 13.1 154.6 0.31 0.31 3.63
23 0.22 13.3 156.4 0.31 0.31 3.64
24 0.22 13.3 157.4 0.31 0.31 3.64
25 0.18 134 158.8 0.31 0.31 3.65
26 0.13 13.6 160.7 0.31 0.31 3.66
27 0.09 13.7 162.5 0.31 0.31 3.67
28 0.04 13.8 164.5 0.31 0.31 3.68
29 0.00 13.9 165.9 0.31 0.31 3.70
30 0.00 19.1 53.1 0.43 0.43 1.18
31 -0.10 194 53.6 0.43 0.49 1.19
32 -0.20 19.6 54.2 0.43 0.49 1.19
33 -0.30 19.9 54.8 0.43 0.48 1.19
34 -0.40 20.2 55.5 0.44 0.48 1.20
35 -0.50 20.4 55.9 0.44 0.48 1.20
36 -0.50 20.5 56.2 0.44 0.48 1.20
37 -0.58 20.7 56.6 0.44 0.48 1.21
38 -0.66 20.9 57.0 0.44 0.48 1.21
39 -0.74 21.1 58.2 0.45 0.48 1.23
40 -0.82 21.3 61.7 0.45 0.48 1.29
41 -0.90 21.3 64.4 0.44 0.48 1.34
42 -0.90 21.2 66.2 0.44 0.48 1.38
43 -0.98 21.3 68.7 0.44 0.48 1.42
44 -1.06 21.4 72.0 0.44 0.48 1.48
45 -1.14 215 75.1 0.44 0.48 1.54
46 -1.22 21.7 78.1 0.44 0.49 1.59
47 -1.30 21.8 80.3 0.44 0.49 1.63
48 -1.30 21.8 82.2 0.44 0.49 1.66
49 -1.42 22.0 90.9 0.44 0.49 1.82
50 -1.55 22.2 98.3 0.44 0.49 1.96
51 -1.67 22.3 99.3 0.44 0.49 1.96
52 -1.79 225 100.3 0.44 0.50 1.96
53 -1.92 22.7 101.0 0.44 0.49 1.96
54 -1.92 22.7 101.5 0.44 0.49 1.96

12/7/2017 C:\..\Prelim design sheet pile Knuffelsgracht Page 25




Royal HaskoningDHV

D-Sheet Piling 17.1

Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
55 -2.04 22.9 102.2 0.44 0.49 1.97
56 -2.16 23.1 103.2 0.44 0.50 1.97
57 -2.29 23.3 104.2 0.44 0.50 1.97
58 -2.41 234 105.3 0.44 0.50 1.97
59 -2.53 23.6 106.0 0.44 0.51 1.98
60 -2.53 23.7 106.5 0.44 0.51 1.98
61 -2.66 23.8 107.3 0.44 0.51 1.98
62 -2.78 24.0 108.4 0.44 0.51 1.98
63 -2.90 24.2 109.4 0.44 0.52 1.98
64 -3.03 24.4 110.4 0.44 0.52 1.99
65 -3.15 24.5 111.2 0.44 0.52 1.99
66 -3.15 24.6 111.8 0.44 0.52 1.99
67 -3.27 24.7 112.5 0.44 0.53 1.99
68 -3.40 24.9 113.6 0.44 0.53 1.99
69 -3.52 25.1 114.7 0.44 0.53 2.00
70 -3.64 25.2 115.7 0.44 0.53 2.00
71 -3.77 25.3 116.5 0.43 0.54 2.00
72 -3.77 25.2 117.1 0.43 0.54 2.00
73 -3.89 25.1 117.9 0.43 0.54 2.00
74 -4.01 24.9 119.0 0.42 0.55 2.01
75 -4.14 24.7 120.1 0.41 0.55 2.01
76 -4.26 24.7 121.1 0.41 0.55 2.01
77 -4.38 24.8 122.0 0.41 0.56 2.01
78 -4.38 24.9 1225 0.41 0.56 2.01
79 -4.51 25.1 123.3 0.41 0.56 2.01
80 -4.63 25.3 124.4 0.41 0.56 2.02
81 -4.75 25.5 125.5 0.41 0.56 2.02
82 -4.88 25.7 126.6 0.41 0.57 2.02
83 -5.00 25.8 127.4 0.41 0.57 2.00
84 -5.00 17.7 275.1 0.28 0.57 4.28
85 -5.13 17.9 278.9 0.28 0.39 4.28
86 -5.27 18.3 284.2 0.28 0.39 4.28
87 -5.40 18.6 289.5 0.27 0.40 4.28
88 -5.53 18.9 294.9 0.27 0.40 4.28
89 -5.67 19.2 299.0 0.27 0.40 4.28
90 -5.67 19.4 301.7 0.27 0.40 4.28
91 -5.80 19.6 305.9 0.27 0.41 4.28
92 -5.93 20.0 311.4 0.27 0.41 4.28
93 -6.07 21.0 315.7 0.28 0.41 4.26
94 -6.20 20.8 316.7 0.28 0.42 4.21
95 -6.33 20.8 317.3 0.27 0.42 4.16
96 -6.33 20.8 317.7 0.27 0.42 4.13
97 -6.47 20.9 318.3 0.27 0.42 4.09
98 -6.60 20.8 3125 0.26 0.43 3.95
99 -6.73 20.0 312.7 0.25 0.43 3.89
100 -6.87 21.3 318.5 0.26 0.43 3.90
101 -7.00 21.7 322.8 0.26 0.43 3.92
102 -7.00 30.3 164.2 0.37 0.43 1.99
103 -7.13 30.6 165.4 0.37 0.58 1.99
104 -7.25 31.1 166.9 0.37 0.59 1.99
105 -7.38 315 168.4 0.37 0.59 1.99
106 -7.50 31.9 170.0 0.37 0.59 1.99
107 -7.63 32.3 171.2 0.38 0.59 1.99
108 -7.63 32.5 171.9 0.38 0.68 1.99
109 -7.75 32.8 173.1 0.38 0.68 2.00
110 -7.88 33.2 174.6 0.38 0.68 2.00
111 -8.00 33.6 176.4 0.38 0.69 2.00
112 -8.13 34.0 180.6 0.38 0.69 2.03
113 -8.25 34.4 184.2 0.38 0.69 2.06
114 -8.25 34.6 186.6 0.38 0.69 2.08
115 -8.38 34.9 190.2 0.39 0.69 2.11
116 -8.50 35.3 195.0 0.39 0.69 2.14
117 -8.63 35.7 199.3 0.39 0.69 2.17
118 -8.75 36.1 213.3 0.39 0.69 2.31
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Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [kN/m?] [kN/m?] [] [] [-]
119 -8.88 36.5 214.6 0.39 0.69 2.31
120 -8.88 36.8 2154 0.39 0.69 2.31
121 -9.00 37.2 216.7 0.40 0.69 2.31
122 -9.13 37.7 218.3 0.40 0.69 2.31
123 -9.25 38.3 220.0 0.40 0.69 2.31
124 -9.38 38.8 221.7 0.40 0.69 2.31
125 -9.50 39.2 222.9 0.41 0.69 2.31
126 -9.50 39.5 223.7 0.41 0.69 2.31
127 -9.63 39.9 225.0 0.41 0.69 2.31
128 -9.75 40.4 226.7 0.41 0.69 2.31
129 -9.88 41.0 228.3 0.41 0.69 2.31
130 -10.00 41.5 230.0 0.42 0.70 2.31
131 -10.13 41.9 231.3 0.42 0.70 2.31
132 -10.13 42.2 232.1 0.42 0.70 2.31
133 -10.25 42.6 233.3 0.42 0.70 2.31
134 -10.38 43.2 235.0 0.42 0.70 2.31
135 -10.50 44.8 236.7 0.44 0.70 2.31
136 -10.63 45.1 238.4 0.44 0.70 2.31
137 -10.75 45.3 239.6 0.44 0.70 2.31
10.3 Calculated force from a layer Left
Name Force
Fill 20.58
CLAY (soft) 116.69
SAND 39.48
CLAY (moderate) 231.24
10.4 Input Data Right
10.4.1 Calculation Method
Calculation method: C, phi, delta
10.4.2 Water Level
Water level: -1.30 [m]
10.4.3 Surface
X [m] Y [m]
0.00 -0.50
11.00 -1.50
20.00 -2.50
25.00 -3.50
28.00 -4.50
32.00 -5.50
41.00 -7.50
45.00 -8.50
10.4.4 Soil Material Properties in Profile: CPT10-12 drop right
Layer Level Unit weight Cohesion Friction angle Delta
name Unsat Sat. phi friction angle
[m] [KN/m3] [KN/m3] [KN/m2] [degree] [degree]
Fill 2.50 18.00 20.00 0.00 28.47 18.39
CLAY (soft) (un... 0.00 14.00 14.00 16.00 0.00 0.00
SAND -5.00 18.00 20.00 0.00 26.17 17.45
CLAY (moderate) -7.00 16.00 16.00 4.00 17.21 8.61
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Layer Level Shell factor OCR Grain type
name [m] [-] [-]
Fill 2.50 1.00 1.00 | Fine
CLAY (soft) (un... 0.00 1.00 1.00 | Fine
SAND -5.00 1.00 1.00 | Fine
CLAY (moderate) -7.00 1.00 1.00 | Fine
Layer Level Earth pressure coefficients Additional pore pressure
name Active Neutral Passive Top Bottom
[m] [-] [-] [] [kN/m?] [kN/m?]
Fill 2.50 n.a. n.a. n.a. 0.00 0.00
CLAY (soft) (un... 0.00 n.a. n.a. n.a. 0.00 15.20
SAND -5.00 n.a. n.a. n.a. 15.20 15.20
CLAY (moderate) -7.00 n.a. n.a. n.a. 15.20 15.20
10.4.5 Modulus of Subgrade Reaction (Secant)
Layer Level Branch 1 Branch 2
name Top Bottom Top Bottom
[m] [KN/m?3] [KN/m?3] [KN/m3] [KN/m?3]
Fill 2.50 15384.62 15384.62 7692.31 7692.31
CLAY (soft) (un... 0.00 1538.46 1538.46 615.38 615.38
SAND -5.00 9230.77 9230.77 4615.38 4615.38
CLAY (moderate) -7.00 3076.92 3076.92 1538.46 1538.46
Layer Level Branch 3
name Top Bottom
[m] [KN/m?3] [KN/m?3]
Fill 2.50 3846.15 3846.15
CLAY (soft) (un... 0.00 384.62 384.62
SAND -5.00 2307.69 2307.69
CLAY (moderate) -7.00 615.38 615.38
10.4.6 Surcharge Loads
Name Distance Load Favourable / Unfavourable Permanent / Variable
[m] [KN/m?]
Rubble 0.8 m (above WL) 0.00 12.35 | Favourable (D-Sheet Piling) Permanent
15.00 12.35
10.5 Calculated Earth Pressure Coefficients Right
Segment | Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [KN/m?] [kN/m?] [l [l []
1 -0.58 0.0 39.8 0.00 0.99 3.51
2 -0.66 0.0 40.6 0.00 0.82 341
3 -0.74 0.0 41.4 0.00 0.84 3.27
4 -0.82 0.0 42.2 0.00 0.87 3.13
5 -0.90 0.0 42.7 0.00 0.89 3.04
6 -0.90 0.0 43.1 0.00 0.89 2.98
7 -0.98 0.0 43.7 0.00 0.91 2.90
8 -1.06 0.0 44.5 0.00 0.92 2.80
9 -1.14 0.0 45.2 0.00 0.94 2.71
10 -1.22 0.0 46.0 0.00 0.95 2.63
11 -1.30 0.0 46.6 0.00 0.96 2.57
12 -1.30 0.0 46.8 0.00 0.96 2.55
13 -1.42 0.0 46.8 0.00 0.97 2.55
14 -1.55 0.0 46.7 0.00 0.97 2.54
15 -1.67 0.0 46.7 0.00 0.98 2.53
16 -1.79 0.0 46.7 0.00 0.98 2.53
17 -1.92 0.0 46.7 0.00 0.99 2.52
18 -1.92 0.0 46.7 0.00 0.99 2.52
19 -2.04 0.0 0.8 0.00 0.04 0.04
20 -2.16 0.0 0.8 0.00 0.04 0.04
21 -2.29 0.0 0.8 0.00 0.04 0.04
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Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
22 -2.41 0.0 0.8 0.00 0.04 0.04
23 -2.53 0.0 0.8 0.00 0.04 0.04
24 -2.53 0.0 0.8 0.00 0.04 0.04
25 -2.66 0.0 0.8 0.00 0.04 0.04
26 -2.78 0.0 0.8 0.00 0.04 0.04
27 -2.90 0.0 0.8 0.00 0.04 0.04
28 -3.03 0.0 0.8 0.00 0.04 0.04
29 -3.15 0.0 0.8 0.00 0.04 0.04
30 -3.15 0.0 0.8 0.00 0.04 0.04
31 -3.27 0.0 0.8 0.00 0.04 0.04
32 -3.40 0.0 0.8 0.00 0.04 0.04
33 -3.52 0.0 0.8 0.00 0.04 0.04
34 -3.64 0.0 0.8 0.00 0.04 0.04
35 -3.77 0.0 0.8 0.00 0.04 0.04
36 -3.77 0.0 0.8 0.00 0.04 0.04
37 -3.89 0.0 0.8 0.00 0.04 0.04
38 -4.01 0.0 0.8 0.00 0.04 0.04
39 -4.14 0.0 0.8 0.00 0.04 0.04
40 -4.26 0.0 0.8 0.00 0.04 0.04
41 -4.38 0.0 0.8 0.00 0.04 0.04
42 -4.38 0.0 0.8 0.00 0.04 0.04
43 -4.51 0.0 0.8 0.00 0.04 0.04
44 -4.63 0.0 0.8 0.00 0.04 0.04
45 -4.75 0.0 0.8 0.00 0.04 0.04
46 -4.88 0.0 0.8 0.00 0.04 0.04
47 -5.00 0.0 0.8 0.00 0.04 0.04
48 -5.00 0.0 96.0 0.00 1.17 4.63
49 -5.13 0.0 98.2 0.00 0.88 4.52
50 -5.27 0.0 100.5 0.00 0.87 4.38
51 -5.40 0.0 103.0 0.00 0.85 4.25
52 -5.53 0.0 105.6 0.00 0.83 4.15
53 -5.67 0.0 107.2 0.00 0.80 4.06
54 -5.67 0.0 108.8 0.00 0.80 4.02
55 -5.80 0.0 110.8 0.00 0.79 3.96
56 -5.93 0.0 113.2 0.00 0.78 3.87
57 -6.07 0.0 116.1 0.00 0.77 3.80
58 -6.20 0.0 118.7 0.00 0.76 3.74
59 -6.33 0.0 120.8 0.00 0.75 3.69
60 -6.33 0.0 122.1 0.00 0.75 3.66
61 -6.47 0.0 124.1 0.00 0.74 3.62
62 -6.60 0.0 127.1 0.00 0.73 3.57
63 -6.73 0.0 129.8 0.00 0.72 3.53
64 -6.87 0.0 132.7 0.00 0.72 3.48
65 -7.00 0.0 134.9 0.00 0.71 3.49
66 -7.00 0.0 8.5 0.00 0.22 0.22
67 -7.13 0.0 19.5 0.00 0.49 0.49
68 -7.25 0.0 315 0.00 0.78 0.78
69 -7.38 0.0 40.9 0.00 0.82 1.00
70 -7.50 0.0 48.5 0.00 0.82 1.17
71 -7.63 0.0 53.4 0.00 0.82 1.27
72 -7.63 0.0 56.0 0.00 0.82 1.32
73 -7.75 0.0 59.8 0.00 0.82 1.39
74 -7.88 0.0 63.3 0.00 0.82 1.45
75 -8.00 0.0 65.4 0.00 0.81 1.48
76 -8.13 0.0 67.1 0.00 0.81 1.49
77 -8.25 0.0 68.5 0.00 0.81 151
78 -8.25 0.0 69.4 0.00 0.81 1.52
79 -8.38 0.0 70.7 0.00 0.81 1.53
80 -8.50 0.0 72.2 0.00 0.80 1.54
81 -8.63 0.0 73.8 0.00 0.80 1.55
82 -8.75 0.0 75.3 0.00 0.80 1.56
83 -8.88 0.0 76.3 0.00 0.80 1.56
84 -8.88 0.0 77.0 0.00 0.80 1.57
85 -9.00 0.0 86.0 0.00 0.79 1.73

12/7/2017 C:\..\Prelim design sheet pile Knuffelsgracht Page 29



Royal HaskoningDHV

D-Sheet Piling 17.1

Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [kN/m?] [kN/m?] [] [] [-]

86 -9.13 0.0 95.0 0.00 0.79 1.88

87 -9.25 0.0 95.7 0.00 0.79 1.87

88 -9.38 0.0 96.5 0.00 0.79 1.86

89 -9.50 0.0 97.2 0.00 0.78 1.86

90 -9.50 18.9 97.6 0.36 0.78 1.85

91 -9.63 19.9 98.2 0.37 0.78 1.85

92 -9.75 20.2 99.1 0.38 0.78 1.84

93 -9.88 20.6 100.0 0.38 0.78 1.83

94 | -10.00 20.9 101.0 0.38 0.78 1.83

95 -10.13 21.1 101.7 0.38 0.78 1.83

96 -10.13 21.3 102.2 0.38 0.78 1.82

97 -10.25 21.6 102.9 0.38 0.77 1.82

98 -10.38 21.9 104.0 0.38 0.77 1.82

99 -10.50 22.2 105.0 0.38 0.77 1.81

100 -10.63 22.6 106.1 0.39 0.77 181

101 -10.75 22.8 107.0 0.39 0.77 181

10.6 Calculated force from a layer Right

Name Force
Fill 0.00
CLAY (soft) (undr) 66.92
SAND 224.27
CLAY (moderate) 151.42

10.7 Calculation Results
Number of iterations: 9

10.7.1 Charts of Moments, Forces and Displacements

Moments/Forces/Displacements - Stage 5: Sudden drop

Step 6.3 - Partial factor set: RC 2

Bending Moments [kNm]

Shear Forces [kN]

Displacements [mm]

3 3 3
IV ] N
2 2 2
1 1
04 -—————/— 04
3 f S E
17 | 17
2 I -2
] | E|
- 37 37
E E ] E ]
£ £ £
=3 o 1 o 7
@ & 1 o
o Q 54 0 59
6] 67 N 67
A ----—-—-t---=-=--- T4 === === F - - - - - 74
8 8 8
9] CLAY (modeate) CLAY (moderate) o] o]
104 -104 104
7 R e e e s | e e e o o
-400 -200 0 200 400 150 <100 50 0 50 100 150 600 400 200  © 200 400 600
Max: 0.0 - Min: -342.2 Max: 113.2 - Min: -107.0 Max: 533.4
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10.7.2 Moments, Forces and Displacements

Segment Level Moment Shear force Displacement
number [m] [KNm] [kN] [mm]
1 3.25 0.00 0.00 533.4
1 2.88 0.00 0.00 515.4
2 2.88 0.00 0.00 515.4
2 2.50 0.00 0.00 497.3
3 2.50 0.00 0.00 497.3
3 1.83 -0.56 -2.18 465.3
4 1.83 -0.57 -2.15 465.3
4 1.17 -3.44 -6.85 433.2
5 1.17 -3.44 -6.84 433.2
5 0.50 -10.24 -13.94 401.1
6 0.50 -10.24 -13.94 401.1
6 0.22 -14.67 -17.92 387.7
7 0.22 -14.67 -17.92 387.7
7 0.00 -19.03 -21.77 377.1
8 0.00 -19.03 -21.76 377.1
8 -0.50 -33.18 -35.32 353.2
9 -0.50 -33.18 -35.32 353.2
9 -0.90 -47.04 -32.64 334.1
10 -0.90 -47.04 -32.64 334.1
10 -1.30 -59.19 -28.03 315.1
11 -1.30 -59.19 -28.03 315.1
11 -1.92 -74.14 -20.32 286.0
12 -1.92 -74.14 -20.32 286.0
12 -2.53 -91.19 -37.30 257.3
13 -2.53 -91.19 -37.30 257.3
13 -3.15 -120.09 -56.30 229.0
14 -3.15 -120.09 -56.30 229.0
14 -3.77 -160.47 -74.49 201.3
15 -3.77 -160.47 -74.47 201.3
15 -4.38 -211.64 -91.21 174.3
16 -4.38 -211.64 -91.22 174.3
16 -5.00 -272.76 -106.89 148.3
17 -5.00 -272.75 -107.01 148.3
17 -5.67 -326.58 -53.28 1215
18 -5.67 -326.58 -563.22 1215
18 -6.33 -342.01 8.14 96.6
19 -6.33 -342.01 8.12 96.6
19 -7.00 -313.65 78.49 73.4
20 -7.00 -313.65 78.48 73.4
20 -7.63 -265.43 80.23 53.2
21 -7.63 -265.43 80.24 53.2
21 -8.25 -211.04 94.10 34.3
22 -8.25 -211.05 94.12 34.3
22 -8.88 -147.78 107.76 16.4
23 -8.88 -147.79 107.89 16.4
23 -9.50 -78.12 110.27 -0.9
24 -9.50 -78.07 110.36 -0.9
24 -10.13 -20.93 65.58 -17.8
25 -10.13 -20.95 65.37 -17.8
25 -10.75 0.00 0.00 -34.5
Max -342.01 110.36 533.4
Max, minor nodes incl. -342.23 113.16 533.4
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10.7.3 Charts of Stresses

10.7.4 Stresses

Depth [m]

Water Pressure

[kN/m?]

Stress States - Stage 5: Sudden drop

CLAY fmoderate)

Depth [m]

1 i

Resulting Stress [kKN/m?]

Effective Stress

[kN/m?]

Depth [m]

150

100 50

Maximum left:
Maximum right:

50 100

Max. eff. stress: 112.9
Max. tot. stress: 112.5

150 150 100 50
Maximum left:

Maximum right:

Node Level Left Right
number Effective stress | Water stress | Stat* | Mob* | Effective stress | Water stress | Stat* | Mob*
[m] [kN/m?] [kN/m?] [%] [kN/m?] [kN/m?] [%0]

1 3.25 0.00 0.00 0.00 0.00 -
1 2.88 0.00 0.00 - 0.00 0.00 -
2 2.88 0.00 0.00 - 0.00 0.00 -
2 2.50 0.00 0.00 - 0.00 0.00 -
3 2.50 0.00 0.00 A 0.00 0.00 -
3 1.83 5.07 0.00 A 0.00 0.00 -
4 1.83 5.43 0.00 A 0.00 0.00 -
4 1.17 8.67 0.00 A 0.00 0.00 -
5 1.17 9.03 0.00 A 0.00 0.00 -
5 0.50 12.26 0.00 A 0.00 0.00 -
6 0.50 12.49 0.00 A 0.00 0.00 -
6 0.22 13.26 2.75 A 0.00 0.00 -
7 0.22 13.33 2.75 A 8 0.00 0.00 -
7 0.00 14.00 4.91 A 8 0.00 0.00

8 0.00 19.26 4.91 A 36 0.00 0.00 -
8 -0.50 20.53 9.53 A 0.00 0.00 -
9 -0.50 20.65 9.53 A 0.02 1.52 P
9 -0.90 21.41 13.23 A 42.73 2.74 P
10 -0.90 21.34 13.23 A 43.12 2.74 P
10 -1.30 21.87 16.93 A 46.59 3.95 P
11 -1.30 21.94 16.93 A 46.78 3.95 P
11 -1.92 22.77 22.63 A 46.68 11.88 P
12 -1.92 22.86 22.63 A 46.67 11.88 P
12 -2.53 23.70 28.34 A 0.81 19.80 P
13 -2.53 23.79 28.34 A 0.81 19.80 P
13 -3.15 24.62 34.04 A 0.81 27.72 P
14 -3.15 24.71 34.04 A 0.81 27.72 P
14 -3.77 25.38 39.75 A 0.81 35.65 P
15 -3.77 25.30 39.75 A 0.81 35.65 P
15 -4.38 24.91 45.45 A 0.81 43.57 P
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Node Level Left Right
number Effective stress | Water stress | Stat* | Mob* | Effective stress | Water stress | Stat* | Mob*
[m] [KN/m?] [KN/m?] [%0] [KN/m?] [KN/m?] [%]

16 -4.38 25.02 45.45 A 0.81 43.57 P
16 -5.00 25.71 51.16 A 0.79 51.50 P
17 -5.00 17.56 51.16 A 92.58 51.50 P
17 -5.67 19.07 57.70 A 104.23 58.04 P
18 -5.67 19.24 57.70 A 105.87 58.04 P
18 -6.33 20.70 64.23 A 118.04 64.58 P
19 -6.33 20.70 64.23 A 119.43 64.58 P
19 -7.00 21.66 70.78 A 133.67 71.12 P
20 -7.00 30.34 70.78 A 8.43 71.12 P
20 -7.63 32.28 76.91 A 50.37 77.25 3 95
21 -7.63 32.49 76.91 A 52.03 77.25 3 93
21 -8.25 34.37 83.04 A 56.90 83.38 3 83
22 -8.25 34.58 83.04 A 57.53 83.38 3 83
22 -8.88 36.50 89.17 A 53.23 89.51 2 70
23 -8.88 36.78 89.17 A 53.50 89.51 2 70
23 -9.50 69.25 95.30 1 31 38.65 95.64 1
24 -9.50 69.50 95.30 1 31 38.92 95.64 1
24 -10.13 117.86 101.43 2 51 21.07 101.77 A
25 -10.13 118.23 101.43 2 51 21.24 101.77 A
25 -10.75 135.64 107.56 2 57 22.76 107.90 A

*

Stat Status (A=active, P=passive, Number is branche, 0 is unloading)

Mob Percentage passive mobilized

10.7.5 Percentage mobilized resistance
Horizontal soil pressure Left Right
[kN] [kN]

Effective 408.0 442.6

Water 597.7 563.0

Total 1005.7 1005.7

Considered as passive side Right

Maximum passive effective resistance 581.86 kN

Mobilized passive effective resistance 442.62 kKN

Percentage mobilized resistance 76.1 %
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11 Step 6.4 Stage 5: Sudden drop

11.1 Input Data Left

11.1.1 Calculation Method
Calculation method: C, phi, delta
11.1.2 Water Level
Water level: 0.50 [m]

11.1.3 Surface

X[m] Y [m]
0.00 2.50
2.50 2.50
4.00 2.00

11.1.4 Soil Material Properties in Profile: CPT10-12 drop left

Layer Level Unit weight Cohesion Friction angle Delta
name Unsat Sat. phi friction angle
[m] [KN/m?3] [KN/m?3] [KN/m?] [degree] [degree]
Fill 2.50 18.00 20.00 0.00 28.47 18.39
CLAY (soft) 0.00 14.00 14.00 4.00 15.02 7.51
SAND -5.00 18.00 20.00 0.00 26.17 17.45
CLAY (moderate) -7.00 16.00 16.00 4.00 17.21 8.61
Layer Level Shell factor OCR Grain type
name [m] [-] [-]
Fill 2.50 1.00 1.00 | Fine
CLAY (soft) 0.00 1.00 1.00 | Fine
SAND -5.00 1.00 1.00 | Fine
CLAY (moderate) -7.00 1.00 1.00 | Fine
Layer Level Earth pressure coefficients Additional pore pressure
name Active Neutral Passive Top Bottom
[m] [-] [-] [] [KN/m?] [KN/m?]
Fill 2.50 n.a. n.a. n.a. 0.00 0.00
CLAY (soft) 0.00 n.a. n.a. n.a. 0.00 -2.80
SAND -5.00 n.a. n.a. n.a. -2.80 -2.80
CLAY (moderate) -7.00 n.a. n.a. n.a. -2.80 -2.80
11.1.5 Modulus of Subgrade Reaction (Secant)
Layer Level Branch 1 Branch 2
name Top Bottom Top Bottom
[m] [KN/m3] [KN/m?3] [KN/m?3] [KN/m3]
Fill 2.50 45000.00 45000.00 22500.00 22500.00
CLAY (soft) 0.00 4500.00 4500.00 1800.00 1800.00
SAND -5.00 27000.00 27000.00 13500.00 13500.00
CLAY (moderate) -7.00 9000.00 9000.00 4500.00 4500.00
Layer Level Branch 3
name Top Bottom
[m] [KN/m3] [KN/m?3]
Fill 2.50 11250.00 11250.00
CLAY (soft) 0.00 1125.00 1125.00
SAND -5.00 6750.00 6750.00
CLAY (moderate) -7.00 1800.00 1800.00
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11.1.6 Surcharge Loads

Name Distance Load Favourable / Unfavourable Permanent / Variable
[m] [KN/m?]
Walkway 5 kPa 0.00 5.50 | Unfavourable (D-Sheet Piling) Variable
4.00 5.50
11.2 Calculated Earth Pressure Coefficients Left

Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [KN/m?] [kN/m?] [l [l []
1 2.37 2.4 39.2 0.30 0.73 4.96
2 2.23 3.1 51.1 0.30 0.57 4.97
3 2.10 3.8 63.0 0.30 0.49 4.97
4 1.97 4.5 74.9 0.30 0.44 4.97
5 1.83 5.1 83.9 0.30 0.40 4.98
6 1.83 5.4 89.8 0.30 0.40 4.98
7 1.70 6.0 79.7 0.30 0.38 4.02
8 1.57 6.7 74.7 0.30 0.36 3.37
9 1.43 7.4 79.6 0.30 0.35 3.25
10 1.30 8.1 88.1 0.30 0.34 3.28
11 1.17 8.7 94.7 0.30 0.34 3.32
12 1.17 9.0 99.2 0.30 0.34 3.34
13 1.03 9.6 106.2 0.30 0.34 3.38
14 0.90 10.3 115.7 0.30 0.33 3.43
15 0.77 11.0 125.6 0.31 0.33 3.49
16 0.63 11.7 135.7 0.31 0.33 3.54
17 0.50 12.3 143.4 0.31 0.33 3.59
18 0.50 12.5 146.5 0.31 0.33 3.60
19 0.44 12.6 148.1 0.31 0.33 3.61
20 0.39 12.8 150.2 0.31 0.32 3.61
21 0.33 13.0 152.4 0.31 0.32 3.62
22 0.28 13.1 154.6 0.31 0.31 3.63
23 0.22 13.3 156.4 0.31 0.31 3.64
24 0.22 13.3 157.4 0.31 0.31 3.64
25 0.18 134 158.8 0.31 0.31 3.65
26 0.13 13.6 160.7 0.31 0.31 3.66
27 0.09 13.7 162.5 0.31 0.31 3.67
28 0.04 13.8 164.5 0.31 0.31 3.68
29 0.00 13.9 165.9 0.31 0.31 3.70
30 0.00 19.1 53.1 0.43 0.43 1.18
31 -0.10 194 53.6 0.43 0.49 1.19
32 -0.20 19.6 54.2 0.43 0.49 1.19
33 -0.30 19.9 54.8 0.43 0.48 1.19
34 -0.40 20.2 55.5 0.44 0.48 1.20
35 -0.50 20.4 55.9 0.44 0.48 1.20
36 -0.50 20.5 56.2 0.44 0.48 1.20
37 -0.58 20.7 56.6 0.44 0.48 1.21
38 -0.66 20.9 57.0 0.44 0.48 1.21
39 -0.74 21.1 58.2 0.45 0.48 1.23
40 -0.82 21.3 61.7 0.45 0.48 1.29
41 -0.90 21.3 64.4 0.44 0.48 1.34
42 -0.90 21.2 66.2 0.44 0.48 1.38
43 -0.98 21.3 68.7 0.44 0.48 1.42
44 -1.06 21.4 72.0 0.44 0.48 1.48
45 -1.14 215 75.1 0.44 0.48 1.54
46 -1.22 21.7 78.1 0.44 0.49 1.59
47 -1.30 21.8 80.3 0.44 0.49 1.63
48 -1.30 21.8 82.2 0.44 0.49 1.66
49 -1.42 22.0 90.9 0.44 0.49 1.82
50 -1.55 22.2 98.3 0.44 0.49 1.96
51 -1.67 22.3 99.3 0.44 0.49 1.96
52 -1.79 225 100.3 0.44 0.50 1.96
53 -1.92 22.7 101.0 0.44 0.49 1.96
54 -1.92 22.7 101.5 0.44 0.49 1.96
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Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
55 -2.04 22.9 102.2 0.44 0.49 1.97
56 -2.16 23.1 103.2 0.44 0.50 1.97
57 -2.29 23.3 104.2 0.44 0.50 1.97
58 -2.41 234 105.3 0.44 0.50 1.97
59 -2.53 23.6 106.0 0.44 0.51 1.98
60 -2.53 23.7 106.5 0.44 0.51 1.98
61 -2.66 23.8 107.3 0.44 0.51 1.98
62 -2.78 24.0 108.4 0.44 0.51 1.98
63 -2.90 24.2 109.4 0.44 0.52 1.98
64 -3.03 24.4 110.4 0.44 0.52 1.99
65 -3.15 24.5 111.2 0.44 0.52 1.99
66 -3.15 24.6 111.8 0.44 0.52 1.99
67 -3.27 24.7 112.5 0.44 0.53 1.99
68 -3.40 24.9 113.6 0.44 0.53 1.99
69 -3.52 25.1 114.7 0.44 0.53 2.00
70 -3.64 25.2 115.7 0.44 0.53 2.00
71 -3.77 25.3 116.5 0.43 0.54 2.00
72 -3.77 25.2 117.1 0.43 0.54 2.00
73 -3.89 25.1 117.9 0.43 0.54 2.00
74 -4.01 24.9 119.0 0.42 0.55 2.01
75 -4.14 24.7 120.1 0.41 0.55 2.01
76 -4.26 24.7 121.1 0.41 0.55 2.01
77 -4.38 24.8 122.0 0.41 0.56 2.01
78 -4.38 24.9 1225 0.41 0.56 2.01
79 -4.51 25.1 123.3 0.41 0.56 2.01
80 -4.63 25.3 124.4 0.41 0.56 2.02
81 -4.75 25.5 125.5 0.41 0.56 2.02
82 -4.88 25.7 126.6 0.41 0.57 2.02
83 -5.00 25.8 127.4 0.41 0.57 2.00
84 -5.00 17.7 275.1 0.28 0.57 4.28
85 -5.13 17.9 278.9 0.28 0.39 4.28
86 -5.27 18.3 284.2 0.28 0.39 4.28
87 -5.40 18.6 289.5 0.27 0.40 4.28
88 -5.53 18.9 294.9 0.27 0.40 4.28
89 -5.67 19.2 299.0 0.27 0.40 4.28
90 -5.67 19.4 301.7 0.27 0.40 4.28
91 -5.80 19.6 305.9 0.27 0.41 4.28
92 -5.93 20.0 311.4 0.27 0.41 4.28
93 -6.07 21.0 315.7 0.28 0.41 4.26
94 -6.20 20.8 316.7 0.28 0.42 4.21
95 -6.33 20.8 317.3 0.27 0.42 4.16
96 -6.33 20.8 317.7 0.27 0.42 4.13
97 -6.47 20.9 318.3 0.27 0.42 4.09
98 -6.60 20.8 3125 0.26 0.43 3.95
99 -6.73 20.0 312.7 0.25 0.43 3.89
100 -6.87 21.3 318.5 0.26 0.43 3.90
101 -7.00 21.7 322.8 0.26 0.43 3.92
102 -7.00 30.3 164.2 0.37 0.43 1.99
103 -7.13 30.6 165.4 0.37 0.58 1.99
104 -7.25 31.1 166.9 0.37 0.59 1.99
105 -7.38 315 168.4 0.37 0.59 1.99
106 -7.50 31.9 170.0 0.37 0.59 1.99
107 -7.63 32.3 171.2 0.38 0.59 1.99
108 -7.63 32.5 171.9 0.38 0.68 1.99
109 -7.75 32.8 173.1 0.38 0.68 2.00
110 -7.88 33.2 174.6 0.38 0.68 2.00
111 -8.00 33.6 176.4 0.38 0.69 2.00
112 -8.13 34.0 180.6 0.38 0.69 2.03
113 -8.25 34.4 184.2 0.38 0.69 2.06
114 -8.25 34.6 186.6 0.38 0.69 2.08
115 -8.38 34.9 190.2 0.39 0.69 2.11
116 -8.50 35.3 195.0 0.39 0.69 2.14
117 -8.63 35.7 199.3 0.39 0.69 2.17
118 -8.75 36.1 213.3 0.39 0.69 2.31
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Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [kN/m?] [kN/m?] [] [] [-]
119 -8.88 36.5 214.6 0.39 0.69 2.31
120 -8.88 36.8 2154 0.39 0.69 2.31
121 -9.00 37.2 216.7 0.40 0.69 2.31
122 -9.13 37.7 218.3 0.40 0.69 2.31
123 -9.25 38.3 220.0 0.40 0.69 2.31
124 -9.38 38.8 221.7 0.40 0.69 2.31
125 -9.50 39.2 222.9 0.41 0.69 2.31
126 -9.50 39.5 223.7 0.41 0.69 2.31
127 -9.63 39.9 225.0 0.41 0.69 2.31
128 -9.75 40.4 226.7 0.41 0.69 2.31
129 -9.88 41.0 228.3 0.41 0.69 2.31
130 -10.00 41.5 230.0 0.42 0.70 2.31
131 -10.13 41.9 231.3 0.42 0.70 2.31
132 -10.13 42.2 232.1 0.42 0.70 2.31
133 -10.25 42.6 233.3 0.42 0.70 2.31
134 -10.38 43.2 235.0 0.42 0.70 2.31
135 -10.50 44.8 236.7 0.44 0.70 2.31
136 -10.63 45.1 238.4 0.44 0.70 2.31
137 -10.75 45.3 239.6 0.44 0.70 2.31
11.3 Calculated force from a layer Left
Name Force
Fill 20.58
CLAY (soft) 116.69
SAND 39.48
CLAY (moderate) 231.13
11.4 Input Data Right
11.4.1 Calculation Method
Calculation method: C, phi, delta
11.4.2 Water Level
Water level: -1.30 [m]
11.4.3 Surface
X [m] Y [m]
0.00 -0.50
11.00 -1.50
20.00 -2.50
25.00 -3.50
28.00 -4.50
32.00 -5.50
41.00 -7.50
45.00 -8.50
11.4.4 Soil Material Properties in Profile: CPT10-12 drop right
Layer Level Unit weight Cohesion Friction angle Delta
name Unsat Sat. phi friction angle
[m] [KN/m3] [KN/m3] [KN/m2] [degree] [degree]
Fill 2.50 18.00 20.00 0.00 28.47 18.39
CLAY (soft) (un... 0.00 14.00 14.00 16.00 0.00 0.00
SAND -5.00 18.00 20.00 0.00 26.17 17.45
CLAY (moderate) -7.00 16.00 16.00 4.00 17.21 8.61
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Layer Level Shell factor OCR Grain type
name [m] [-] [-]
Fill 2.50 1.00 1.00 | Fine
CLAY (soft) (un... 0.00 1.00 1.00 | Fine
SAND -5.00 1.00 1.00 | Fine
CLAY (moderate) -7.00 1.00 1.00 | Fine
Layer Level Earth pressure coefficients Additional pore pressure
name Active Neutral Passive Top Bottom
[m] [-] [-] [] [kN/m?] [kN/m?]
Fill 2.50 n.a. n.a. n.a. 0.00 0.00
CLAY (soft) (un... 0.00 n.a. n.a. n.a. 0.00 15.20
SAND -5.00 n.a. n.a. n.a. 15.20 15.20
CLAY (moderate) -7.00 n.a. n.a. n.a. 15.20 15.20
11.4.5 Modulus of Subgrade Reaction (Secant)
Layer Level Branch 1 Branch 2
name Top Bottom Top Bottom
[m] [KN/m?3] [KN/m?3] [KN/m3] [KN/m?3]
Fill 2.50 45000.00 45000.00 22500.00 22500.00
CLAY (soft) (un... 0.00 4500.00 4500.00 1800.00 1800.00
SAND -5.00 27000.00 27000.00 13500.00 13500.00
CLAY (moderate) -7.00 9000.00 9000.00 4500.00 4500.00
Layer Level Branch 3
name Top Bottom
[m] [KN/m?3] [KN/m?3]
Fill 2.50 11250.00 11250.00
CLAY (soft) (un... 0.00 1125.00 1125.00
SAND -5.00 6750.00 6750.00
CLAY (moderate) -7.00 1800.00 1800.00
11.4.6 Surcharge Loads
Name Distance Load Favourable / Unfavourable Permanent / Variable
[m] [KN/m?]
Rubble 0.8 m (above WL) 0.00 12.35 | Favourable (D-Sheet Piling) Permanent
15.00 12.35
11.5 Calculated Earth Pressure Coefficients Right
Segment | Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [KN/m?] [kN/m?] [l [l []
1 -0.58 0.0 39.8 0.00 0.99 3.51
2 -0.66 0.0 40.6 0.00 0.82 341
3 -0.74 0.0 41.4 0.00 0.84 3.27
4 -0.82 0.0 42.2 0.00 0.87 3.13
5 -0.90 0.0 42.7 0.00 0.89 3.04
6 -0.90 0.0 43.1 0.00 0.89 2.98
7 -0.98 0.0 43.7 0.00 0.91 2.90
8 -1.06 0.0 44.5 0.00 0.92 2.80
9 -1.14 0.0 45.2 0.00 0.94 2.71
10 -1.22 0.0 46.0 0.00 0.95 2.63
11 -1.30 0.0 46.6 0.00 0.96 2.57
12 -1.30 0.0 46.8 0.00 0.96 2.55
13 -1.42 0.0 46.8 0.00 0.97 2.55
14 -1.55 0.0 46.7 0.00 0.97 2.54
15 -1.67 0.0 46.7 0.00 0.98 2.53
16 -1.79 0.0 46.7 0.00 0.98 2.53
17 -1.92 0.0 46.7 0.00 0.99 2.52
18 -1.92 0.0 46.7 0.00 0.99 2.52
19 -2.04 0.0 0.8 0.00 0.04 0.04
20 -2.16 0.0 0.8 0.00 0.04 0.04
21 -2.29 0.0 0.8 0.00 0.04 0.04
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Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
22 -2.41 0.0 0.8 0.00 0.04 0.04
23 -2.53 0.0 0.8 0.00 0.04 0.04
24 -2.53 0.0 0.8 0.00 0.04 0.04
25 -2.66 0.0 0.8 0.00 0.04 0.04
26 -2.78 0.0 0.8 0.00 0.04 0.04
27 -2.90 0.0 0.8 0.00 0.04 0.04
28 -3.03 0.0 0.8 0.00 0.04 0.04
29 -3.15 0.0 0.8 0.00 0.04 0.04
30 -3.15 0.0 0.8 0.00 0.04 0.04
31 -3.27 0.0 0.8 0.00 0.04 0.04
32 -3.40 0.0 0.8 0.00 0.04 0.04
33 -3.52 0.0 0.8 0.00 0.04 0.04
34 -3.64 0.0 0.8 0.00 0.04 0.04
35 -3.77 0.0 0.8 0.00 0.04 0.04
36 -3.77 0.0 0.8 0.00 0.04 0.04
37 -3.89 0.0 0.8 0.00 0.04 0.04
38 -4.01 0.0 0.8 0.00 0.04 0.04
39 -4.14 0.0 0.8 0.00 0.04 0.04
40 -4.26 0.0 0.8 0.00 0.04 0.04
41 -4.38 0.0 0.8 0.00 0.04 0.04
42 -4.38 0.0 0.8 0.00 0.04 0.04
43 -4.51 0.0 0.8 0.00 0.04 0.04
44 -4.63 0.0 0.8 0.00 0.04 0.04
45 -4.75 0.0 0.8 0.00 0.04 0.04
46 -4.88 0.0 0.8 0.00 0.04 0.04
47 -5.00 0.0 0.8 0.00 0.04 0.04
48 -5.00 0.0 96.0 0.00 1.17 4.63
49 -5.13 0.0 98.2 0.00 0.88 4.52
50 -5.27 0.0 100.5 0.00 0.87 4.38
51 -5.40 0.0 103.0 0.00 0.85 4.25
52 -5.53 0.0 105.6 0.00 0.83 4.15
53 -5.67 0.0 107.2 0.00 0.80 4.06
54 -5.67 0.0 108.8 0.00 0.80 4.02
55 -5.80 0.0 110.8 0.00 0.79 3.96
56 -5.93 0.0 113.2 0.00 0.78 3.87
57 -6.07 0.0 116.1 0.00 0.77 3.80
58 -6.20 0.0 118.7 0.00 0.76 3.74
59 -6.33 0.0 120.8 0.00 0.75 3.69
60 -6.33 0.0 122.1 0.00 0.75 3.66
61 -6.47 0.0 124.1 0.00 0.74 3.62
62 -6.60 0.0 127.1 0.00 0.73 3.57
63 -6.73 0.0 129.8 0.00 0.72 3.53
64 -6.87 0.0 132.7 0.00 0.72 3.48
65 -7.00 0.0 134.9 0.00 0.71 3.49
66 -7.00 0.0 8.5 0.00 0.22 0.22
67 -7.13 0.0 19.5 0.00 0.49 0.49
68 -7.25 0.0 315 0.00 0.78 0.78
69 -7.38 0.0 40.9 0.00 0.82 1.00
70 -7.50 0.0 48.5 0.00 0.82 1.17
71 -7.63 0.0 53.4 0.00 0.82 1.27
72 -7.63 0.0 56.0 0.00 0.82 1.32
73 -7.75 0.0 59.8 0.00 0.82 1.39
74 -7.88 0.0 63.3 0.00 0.82 1.45
75 -8.00 0.0 65.4 0.00 0.81 1.48
76 -8.13 0.0 67.1 0.00 0.81 1.49
77 -8.25 0.0 68.5 0.00 0.81 151
78 -8.25 0.0 69.4 0.00 0.81 1.52
79 -8.38 0.0 70.7 0.00 0.81 1.53
80 -8.50 0.0 72.2 0.00 0.80 1.54
81 -8.63 0.0 73.8 0.00 0.80 1.55
82 -8.75 0.0 75.3 0.00 0.80 1.56
83 -8.88 0.0 76.3 0.00 0.80 1.56
84 -8.88 0.0 77.0 0.00 0.80 1.57
85 -9.00 0.0 86.0 0.00 0.79 1.73
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Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [kN/m?] [kN/m?] [] [] [-]

86 -9.13 0.0 95.0 0.00 0.79 1.88

87 -9.25 0.0 95.7 0.00 0.79 1.87

88 -9.38 0.0 96.5 0.00 0.79 1.86

89 -9.50 0.0 97.2 0.00 0.78 1.86

90 -9.50 18.9 97.6 0.36 0.78 1.85

91 -9.63 19.9 98.2 0.37 0.78 1.85

92 -9.75 20.2 99.1 0.38 0.78 1.84

93 -9.88 20.6 100.0 0.38 0.78 1.83

94 | -10.00 20.9 101.0 0.38 0.78 1.83

95 -10.13 21.1 101.7 0.38 0.78 1.83

96 -10.13 21.3 102.2 0.38 0.78 1.82

97 -10.25 21.6 102.9 0.38 0.77 1.82

98 -10.38 21.9 104.0 0.38 0.77 1.82

99 -10.50 22.2 105.0 0.38 0.77 1.81

100 -10.63 22.6 106.1 0.39 0.77 181

101 -10.75 22.8 107.0 0.39 0.77 181

11.6 Calculated force from a layer Right

Name Force
Fill 0.00
CLAY (soft) (undr) 66.92
SAND 224.27
CLAY (moderate) 151.30

11.7 Calculation Results
Number of iterations: 11

11.7.1 Charts of Moments, Forces and Displacements

Moments/Forces/Displacements - Stage 5: Sudden drop

Step 6.4 - Partial factor set: RC 2

Bending Moments [kNm]

Shear Forces [kN]

Displacements [mm]

3 3 3
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Max: 0.0 - Min: -342.2 Max: 113.4 - Min: -107.0 Max: 298.1
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11.7.2 Moments, Forces and Displacements

Segment Level Moment Shear force Displacement
number [m] [KNm] [kN] [mm]
1 3.25 0.00 0.00 298.1
1 2.88 0.00 0.00 287.0
2 2.88 0.00 0.00 287.0
2 2.50 0.00 0.00 275.9
3 2.50 0.00 0.00 275.9
3 1.83 -0.56 -2.18 256.2
4 1.83 -0.57 -2.15 256.2
4 1.17 -3.44 -6.85 236.5
5 1.17 -3.44 -6.84 236.5
5 0.50 -10.24 -13.94 216.7
6 0.50 -10.24 -13.94 216.7
6 0.22 -14.67 -17.92 208.5
7 0.22 -14.67 -17.92 208.5
7 0.00 -19.03 -21.77 202.0
8 0.00 -19.03 -21.76 202.0
8 -0.50 -33.18 -35.32 187.3
9 -0.50 -33.18 -35.32 187.3
9 -0.90 -47.04 -32.64 175.6
10 -0.90 -47.04 -32.64 175.6
10 -1.30 -59.19 -28.03 164.0
11 -1.30 -59.19 -28.03 164.0
11 -1.92 -74.14 -20.32 146.4
12 -1.92 -74.14 -20.32 146.4
12 -2.53 -91.19 -37.30 129.1
13 -2.53 -91.19 -37.30 129.1
13 -3.15 -120.09 -56.30 112.2
14 -3.15 -120.09 -56.30 112.2
14 -3.77 -160.47 -74.49 95.9
15 -3.77 -160.47 -74.47 95.9
15 -4.38 -211.64 -91.21 80.3
16 -4.38 -211.64 -91.22 80.3
16 -5.00 -272.76 -106.89 65.8
17 -5.00 -272.75 -107.01 65.8
17 -5.67 -326.58 -53.28 514
18 -5.67 -326.58 -563.22 51.4
18 -6.33 -342.01 8.14 38.8
19 -6.33 -342.01 8.12 38.8
19 -7.00 -313.65 78.49 28.0
20 -7.00 -313.65 78.48 28.0
20 -7.63 -265.42 80.36 19.3
21 -7.63 -265.42 80.37 19.3
21 -8.25 -210.86 94.45 12.0
22 -8.25 -210.86 94.48 12.0
22 -8.88 -147.37 108.07 5.6
23 -8.88 -147.39 108.30 5.6
23 -9.50 -77.59 110.01 0.0
24 -9.50 -77.55 110.01 0.0
24 -10.13 -20.76 65.10 -5.3
25 -10.13 -20.78 64.91 -5.3
25 -10.75 0.00 0.00 -10.5
Max -342.01 110.01 298.1
Max, minor nodes incl. -342.23 113.35 298.1
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11.7.3 Charts of Stresses

11.7.4 Stresses

Depth [m]

Water Pressure

[kN/m?]

Stress States - Stage 5: Sudden drop

CLAY fmoderate)

Depth [m]

1 i

Resulting Stress [kKN/m?]

Effective Stress

[kN/m?]

Depth [m]

150

100 50

Maximum left:
Maximum right:

50 100

Max. eff. stress: 112.0
Max. tot. stress: 112.3

150 150 100 50
Maximum left:

Maximum right:

Node Level Left Right
number Effective stress | Water stress | Stat* | Mob* | Effective stress | Water stress | Stat* | Mob*
[m] [kN/m?] [kN/m?] [%] [kN/m?] [kN/m?] [%0]

1 3.25 0.00 0.00 0.00 0.00 -
1 2.88 0.00 0.00 - 0.00 0.00 -
2 2.88 0.00 0.00 - 0.00 0.00 -
2 2.50 0.00 0.00 - 0.00 0.00 -
3 2.50 0.00 0.00 A 0.00 0.00 -
3 1.83 5.07 0.00 A 0.00 0.00 -
4 1.83 5.43 0.00 A 0.00 0.00 -
4 1.17 8.67 0.00 A 0.00 0.00 -
5 1.17 9.03 0.00 A 0.00 0.00 -
5 0.50 12.26 0.00 A 0.00 0.00 -
6 0.50 12.49 0.00 A 0.00 0.00 -
6 0.22 13.26 2.75 A 0.00 0.00 -
7 0.22 13.33 2.75 A 8 0.00 0.00 -
7 0.00 14.00 4.91 A 8 0.00 0.00

8 0.00 19.26 4.91 A 36 0.00 0.00 -
8 -0.50 20.53 9.53 A 0.00 0.00 -
9 -0.50 20.65 9.53 A 0.02 1.52 P
9 -0.90 21.41 13.23 A 42.73 2.74 P
10 -0.90 21.34 13.23 A 43.12 2.74 P
10 -1.30 21.87 16.93 A 46.59 3.95 P
11 -1.30 21.94 16.93 A 46.78 3.95 P
11 -1.92 22.77 22.63 A 46.68 11.88 P
12 -1.92 22.86 22.63 A 46.67 11.88 P
12 -2.53 23.70 28.34 A 0.81 19.80 P
13 -2.53 23.79 28.34 A 0.81 19.80 P
13 -3.15 24.62 34.04 A 0.81 27.72 P
14 -3.15 24.71 34.04 A 0.81 27.72 P
14 -3.77 25.38 39.75 A 0.81 35.65 P
15 -3.77 25.30 39.75 A 0.81 35.65 P
15 -4.38 24.91 45.45 A 0.81 43.57 P
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Node Level Left Right
number Effective stress | Water stress | Stat* | Mob* | Effective stress | Water stress | Stat* | Mob*
[m] [KN/m?] [KN/m?] [%0] [KN/m?] [KN/m?] [%]

16 -4.38 25.02 45.45 A 0.81 43.57 P
16 -5.00 25.71 51.16 A 0.79 51.50 P
17 -5.00 17.56 51.16 A 92.58 51.50 P
17 -5.67 19.07 57.70 A 104.23 58.04 P
18 -5.67 19.24 57.70 A 105.87 58.04 P
18 -6.33 20.70 64.23 A 118.04 64.58 P
19 -6.33 20.70 64.23 A 119.43 64.58 P
19 -7.00 21.66 70.78 A 133.67 71.12 P
20 -7.00 30.34 70.78 A 8.43 71.12 P
20 -7.63 32.28 76.91 A 50.99 77.25 3 96
21 -7.63 32.49 76.91 A 52.65 77.25 3 95
21 -8.25 34.37 83.04 A 57.04 83.38 3 84
22 -8.25 34.58 83.04 A 57.66 83.38 3 83
22 -8.88 36.50 89.17 A 52.91 89.51 2 70
23 -8.88 36.78 89.17 A 53.18 89.51 2 69
23 -9.50 70.17 95.30 1 31 37.73 95.64 1
24 -9.50 70.42 95.30 1 31 38.00 95.64 1
24 -10.13 117.50 101.43 2 51 21.07 101.77 A
25 -10.13 117.87 101.43 2 51 21.24 101.77 A
25 -10.75 134.49 107.56 2 56 22.76 107.90 A

*

Stat Status (A=active, P=passive, Number is branche, 0 is unloading)

Mob Percentage passive mobilized

11.7.5 Percentage mobilized resistance
Horizontal soil pressure Left Right
[kN] [kN]

Effective 407.9 442.5

Water 597.7 563.0

Total 1005.6 1005.5

Considered as passive side Right

Maximum passive effective resistance 581.86 kN

Mobilized passive effective resistance 442.50 kN

Percentage mobilized resistance 76.0 %
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12 Step 6.5 Stage 5: Sudden drop

12.1 Input Data Left

12.1.1 Calculation Method
Calculation method: C, phi, delta
12.1.2 Water Level
Water level: 0.50 [m]

12.1.3 Surface

X[m] Y [m]
0.00 2.50
2.50 2.50
4.00 2.00

12.1.4 Soil Material Properties in Profile: CPT10-12 drop left

Layer Level Unit weight Cohesion Friction angle Delta
name Unsat Sat. phi friction angle
[m] [KN/m?3] [KN/m?3] [KN/m?] [degree] [degree]
Fill 2.50 18.00 20.00 0.00 32.50 16.60
CLAY (soft) 0.00 14.00 14.00 5.00 17.50 8.75
SAND -5.00 18.00 20.00 0.00 30.00 20.00
CLAY (moderate) -7.00 16.00 16.00 5.00 20.00 10.00
Layer Level Shell factor OCR Grain type
name [m] [-] [-]
Fill 2.50 1.00 1.00 | Fine
CLAY (soft) 0.00 1.00 1.00 | Fine
SAND -5.00 1.00 1.00 | Fine
CLAY (moderate) -7.00 1.00 1.00 | Fine
Layer Level Earth pressure coefficients Additional pore pressure
name Active Neutral Passive Top Bottom
[m] [-] [-] [] [KN/m?] [KN/m?]
Fill 2.50 n.a. n.a. n.a. 0.00 0.00
CLAY (soft) 0.00 n.a. n.a. n.a. 0.00 -2.80
SAND -5.00 n.a. n.a. n.a. -2.80 -2.80
CLAY (moderate) -7.00 n.a. n.a. n.a. -2.80 -2.80
12.1.5 Modulus of Subgrade Reaction (Secant)
Layer Level Branch 1 Branch 2
name Top Bottom Top Bottom
[m] [KN/m3] [KN/m?3] [KN/m?3] [KN/m3]
Fill 2.50 20000.00 20000.00 10000.00 10000.00
CLAY (soft) 0.00 2000.00 2000.00 800.00 800.00
SAND -5.00 12000.00 12000.00 6000.00 6000.00
CLAY (moderate) -7.00 4000.00 4000.00 2000.00 2000.00
Layer Level Branch 3
name Top Bottom
[m] [KN/m3] [KN/m?3]
Fill 2.50 5000.00 5000.00
CLAY (soft) 0.00 500.00 500.00
SAND -5.00 3000.00 3000.00
CLAY (moderate) -7.00 800.00 800.00
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12.1.6 Surcharge Loads

Name Distance Load Favourable / Unfavourable Permanent / Variable
[m] [KN/m?]
Walkway 5 kPa 0.00 5.00 | Unfavourable (D-Sheet Piling) Variable
4.00 5.00
12.2 Calculated Earth Pressure Coefficients Left

Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [KN/m?] [kN/m?] [l [l []
1 2.37 1.9 43.2 0.26 0.68 5.84
2 2.23 2.6 57.2 0.26 0.51 5.84
3 2.10 3.2 71.2 0.26 0.42 5.85
4 1.97 3.8 85.3 0.26 0.36 5.85
5 1.83 4.3 95.8 0.26 0.32 5.86
6 1.83 4.6 102.8 0.26 0.32 5.86
7 1.70 5.1 90.3 0.26 0.30 4.68
8 1.57 5.7 89.4 0.26 0.28 4.13
9 1.43 6.3 91.2 0.26 0.27 3.80
10 1.30 6.9 101.2 0.26 0.26 3.85
11 1.17 7.4 109.1 0.26 0.26 3.89
12 1.17 7.7 114.5 0.26 0.26 3.92
13 1.03 8.2 122.7 0.26 0.26 3.97
14 0.90 8.8 134.1 0.27 0.27 4.03
15 0.77 9.4 145.8 0.27 0.27 4.10
16 0.63 10.1 157.8 0.27 0.27 4.17
17 0.50 10.5 167.0 0.27 0.27 4.23
18 0.50 10.7 170.7 0.27 0.27 4.25
19 0.44 10.8 172.6 0.27 0.27 4.25
20 0.39 11.0 175.2 0.27 0.27 4.26
21 0.33 11.1 177.8 0.27 0.27 4.27
22 0.28 11.3 180.5 0.27 0.27 4.29
23 0.22 114 182.6 0.27 0.27 4.30
24 0.22 115 183.9 0.27 0.27 4.30
25 0.18 11.6 185.5 0.27 0.27 4.31
26 0.13 11.7 187.8 0.27 0.27 4.32
27 0.09 11.8 190.0 0.27 0.27 4.33
28 0.04 11.9 192.3 0.27 0.27 4.35
29 0.00 12.0 194.0 0.27 0.27 4.38
30 0.00 15.3 62.1 0.34 0.34 1.40
31 -0.13 15.6 62.8 0.35 0.44 1.40
32 -0.26 15.9 63.6 0.35 0.44 1.40
33 -0.39 16.3 64.4 0.36 0.44 141
34 -0.52 16.6 65.3 0.36 0.44 141
35 -0.65 16.9 65.9 0.36 0.44 1.42
36 -0.65 17.0 66.3 0.36 0.44 1.42
37 -0.78 17.3 69.7 0.37 0.44 1.48
38 -0.91 17.6 76.7 0.37 0.44 1.61
39 -1.04 17.9 83.3 0.37 0.44 1.73
40 -1.17 18.0 89.5 0.37 0.45 1.84
41 -1.30 18.1 93.9 0.37 0.45 1.92
42 -1.30 18.2 96.5 0.37 0.45 1.97
43 -1.42 18.3 109.1 0.37 0.45 2.21
44 -1.55 18.5 114.3 0.37 0.45 2.29
45 -1.67 18.6 115.4 0.37 0.46 2.30
46 -1.79 18.8 116.5 0.37 0.46 2.30
47 -1.92 18.9 117.3 0.37 0.45 2.30
48 -1.92 19.0 117.9 0.37 0.45 2.30
49 -2.04 19.2 118.7 0.37 0.46 2.30
50 -2.16 19.3 119.9 0.37 0.46 2.30
51 -2.29 19.5 121.0 0.37 0.46 2.31
52 -2.41 19.7 122.2 0.37 0.47 2.31
53 -2.53 19.8 123.1 0.37 0.47 2.31
54 -2.53 19.9 123.6 0.37 0.47 2.31
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Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
55 -2.66 20.0 1245 0.37 0.47 2.31
56 -2.78 20.2 125.7 0.37 0.47 2.31
57 -2.90 20.4 126.9 0.37 0.48 2.32
58 -3.03 20.6 128.1 0.37 0.48 2.32
59 -3.15 20.7 129.0 0.37 0.48 2.32
60 -3.15 20.8 129.6 0.37 0.48 2.32
61 -3.27 20.9 130.5 0.37 0.49 2.32
62 -3.40 21.1 131.7 0.37 0.49 2.33
63 -3.52 21.3 132.9 0.37 0.49 2.33
64 -3.64 214 134.1 0.37 0.49 2.33
65 -3.77 215 135.0 0.37 0.50 2.33
66 -3.77 21.6 135.6 0.37 0.50 2.33
67 -3.89 21.6 136.5 0.37 0.50 2.33
68 -4.01 21.6 137.8 0.37 0.51 2.34
69 -4.14 214 139.0 0.36 0.51 2.34
70 -4.26 21.2 140.2 0.35 0.51 2.34
71 -4.38 21.1 141.2 0.35 0.52 2.34
72 -4.38 21.1 141.8 0.35 0.52 2.34
73 -4.51 21.3 142.7 0.35 0.52 2.34
74 -4.63 21.5 144.0 0.35 0.52 2.34
75 -4.75 21.6 145.2 0.35 0.52 2.35
76 -4.88 21.8 146.5 0.35 0.53 2.35
77 -5.00 22.0 147.4 0.35 0.53 2.33
78 -5.00 15.0 391.7 0.23 0.53 6.13
79 -5.13 15.2 394.4 0.23 0.33 6.08
80 -5.27 15.5 399.0 0.23 0.33 6.03
81 -5.40 15.8 404.3 0.23 0.34 6.00
82 -5.53 16.1 410.2 0.23 0.34 5.97
83 -5.67 16.3 414.8 0.23 0.34 5.96
84 -5.67 16.4 418.0 0.23 0.34 5.95
85 -5.80 16.6 422.9 0.23 0.35 5.94
86 -5.93 16.9 429.0 0.23 0.35 5.92
87 -6.07 17.2 429.0 0.23 0.35 5.81
88 -6.20 17.5 427.4 0.23 0.36 5.69
89 -6.33 17.7 426.3 0.23 0.36 5.61
90 -6.33 19.4 425.6 0.25 0.36 5.55
91 -6.47 18.2 413.9 0.23 0.36 5.33
92 -6.60 18.1 415.9 0.23 0.37 5.27
93 -6.73 18.1 423.6 0.23 0.37 5.28
94 -6.87 17.2 431.3 0.21 0.37 5.29
95 -7.00 18.3 437.0 0.22 0.37 5.33
96 -7.00 26.6 187.3 0.32 0.37 2.27
97 -7.13 25.3 188.6 0.31 0.54 2.27
98 -7.25 26.2 190.3 0.31 0.54 2.27
99 -7.38 26.6 192.0 0.32 0.54 2.28
100 -7.50 27.0 193.7 0.32 0.54 2.28
101 -7.63 27.3 195.0 0.32 0.54 2.28
102 -7.63 27.5 195.8 0.32 0.54 2.28
103 -7.75 27.7 197.1 0.32 0.55 2.28
104 -7.88 28.1 199.0 0.32 0.55 2.28
105 -8.00 28.5 204.7 0.32 0.55 2.33
106 -8.13 28.8 212.1 0.33 0.55 2.39
107 -8.25 29.1 217.7 0.33 0.55 2.44
108 -8.25 29.3 221.4 0.33 0.64 2.47
109 -8.38 29.6 226.9 0.33 0.64 2.52
110 -8.50 29.9 239.4 0.33 0.64 2.64
111 -8.63 30.3 251.6 0.33 0.64 2.75
112 -8.75 30.7 253.5 0.33 0.64 2.75
113 -8.88 30.9 254.9 0.33 0.64 2.75
114 -8.88 31.1 255.9 0.33 0.64 2.75
115 -9.00 315 257.3 0.34 0.64 2.75
116 -9.13 32.0 259.2 0.34 0.64 2.75
117 -9.25 32.4 261.2 0.34 0.65 2.74
118 -9.38 32.9 263.1 0.34 0.65 2.74
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Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
119 -9.50 33.3 264.5 0.35 0.65 2.74
120 -9.50 33.5 265.5 0.35 0.65 2.74
121 -9.63 33.9 266.9 0.35 0.65 2.74
122 -9.75 34.4 268.8 0.35 0.65 2.74
123 -9.88 34.9 270.8 0.35 0.65 2.74
124 | -10.00 35.4 272.7 0.36 0.65 2.74
125 -10.13 35.7 274.1 0.36 0.65 2.74
126 -10.13 36.0 275.1 0.36 0.65 2.74
127 -10.25 36.4 276.5 0.36 0.65 2.74
128 -10.38 36.8 278.5 0.36 0.65 2.74
129 -10.50 37.3 280.4 0.36 0.65 2.74
130 -10.63 38.5 282.3 0.37 0.65 2.74
131 -10.75 38.5 283.8 0.37 0.65 2.74

12.3 Calculated force from a layer Left

Name Force
Fill 19.76
CLAY (soft) 98.03
SAND 33.66
CLAY (moderate) 197.83

12.4 Input Data Right

12.4.1 Calculation Method
Calculation method: C, phi, delta
12.4.2 Water Level
Water level: -1.30 [m]

12.4.3 Surface

X [m] Y [m]

0.00 0.00
11.00 -1.00
20.00 -2.00
25.00 -3.00
28.00 -4.00
32.00 -5.00
41.00 -7.00
45.00 -8.00

12.4.4 Soil Material Properties in Profile: CPT10-12 drop right

Layer Level Unit weight Cohesion Friction angle Delta
name Unsat Sat. phi friction angle
[m] [KN/m3] [KN/m3] [KN/m2] [degree] [degree]
Fill 2.50 18.00 20.00 0.00 32.50 16.60
CLAY (soft) (un... 0.00 14.00 14.00 20.00 0.00 0.00
SAND -5.00 18.00 20.00 0.00 30.00 20.00
CLAY (moderate) -7.00 16.00 16.00 5.00 20.00 10.00
Layer Level Shell factor OCR Grain type
name [m] [-] [-]
Fill 2.50 1.00 1.00 | Fine
CLAY (soft) (un... 0.00 1.00 1.00 | Fine
SAND -5.00 1.00 1.00 | Fine
CLAY (moderate) -7.00 1.00 1.00 | Fine
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Layer Level Earth pressure coefficients Additional pore pressure
name Active Neutral Passive Top Bottom
[m] [-] [-] [] [kN/m?] [kN/m?]
Fill 2.50 n.a. n.a. n.a. 0.00 0.00
CLAY (soft) (un... 0.00 n.a. n.a. n.a. 0.00 15.20
SAND -5.00 n.a. n.a. n.a. 15.20 15.20
CLAY (moderate) -7.00 n.a. n.a. n.a. 15.20 15.20
12.4.5 Modulus of Subgrade Reaction (Secant)
Layer Level Branch 1 Branch 2
name Top Bottom Top Bottom
[m] [KN/m?3] [KN/m3] [KN/m?3] [KN/m3]
Fill 2.50 20000.00 20000.00 10000.00 10000.00
CLAY (soft) (un... 0.00 2000.00 2000.00 800.00 800.00
SAND -5.00 12000.00 12000.00 6000.00 6000.00
CLAY (moderate) -7.00 4000.00 4000.00 2000.00 2000.00
Layer Level Branch 3
name Top Bottom
[m] [KN/m3] [KN/m?3]
Fill 2.50 5000.00 5000.00
CLAY (soft) (un... 0.00 500.00 500.00
SAND -5.00 3000.00 3000.00
CLAY (moderate) -7.00 800.00 800.00
12.4.6 Surcharge Loads
Name Distance Load Favourable / Unfavourable Permanent / Variable
[m] [KN/m?]
Rubble 0.8 m (above WL) 0.00 12.35 | Favourable (D-Sheet Piling) Permanent
15.00 12.35
12.5 Calculated Earth Pressure Coefficients Right
Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [KN/m?] [kN/m?] [l [l []
1 -0.13 0.0 49.0 0.00 0.83 3.71
2 -0.26 0.0 50.3 0.00 0.83 3.50
3 -0.39 0.0 515 0.00 0.86 3.29
4 -0.52 0.0 52.8 0.00 0.88 3.11
5 -0.65 0.0 53.7 0.00 0.91 2.99
6 -0.65 0.0 54.3 0.00 0.91 2.92
7 -0.78 0.0 55.3 0.00 0.93 2.82
8 -0.91 0.0 56.5 0.00 0.95 2.70
9 -1.04 0.0 57.8 0.00 0.96 2.60
10 -1.17 0.0 59.1 0.00 0.98 2.50
11 -1.30 0.0 60.0 0.00 0.99 2.44
12 -1.30 0.0 60.3 0.00 0.99 2.42
13 -1.42 0.0 60.3 0.00 1.00 2.42
14 -1.55 0.0 60.3 0.00 1.01 241
15 -1.67 0.0 60.2 0.00 1.02 241
16 -1.79 0.0 60.2 0.00 1.03 2.40
17 -1.92 0.0 60.2 0.00 1.04 2.40
18 -1.92 0.0 60.2 0.00 1.04 2.40
19 -2.04 0.0 60.2 0.00 1.05 2.39
20 -2.16 0.0 60.1 0.00 1.05 2.39
21 -2.29 0.0 60.1 0.00 1.06 2.38
22 -2.41 0.0 60.1 0.00 1.07 2.38
23 -2.53 0.0 60.1 0.00 1.07 2.37
24 -2.53 0.0 60.1 0.00 1.07 2.37
25 -2.66 0.0 1.7 0.00 0.07 0.07
26 -2.78 0.0 1.7 0.00 0.07 0.07
27 -2.90 0.0 1.7 0.00 0.07 0.07
28 -3.03 0.0 1.7 0.00 0.07 0.07
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Segment| Level Horizontal pressure Fictive earth pressure coefficients

number Active Passive Ka Ko Kp

[m] [kN/m?] [kN/m?] [] [] [-]
29 -3.15 0.0 1.7 0.00 0.07 0.07
30 -3.15 0.0 1.7 0.00 0.07 0.07
31 -3.27 0.0 1.7 0.00 0.07 0.07
32 -3.40 0.0 1.7 0.00 0.07 0.07
33 -3.52 0.0 1.7 0.00 0.06 0.06
34 -3.64 0.0 1.7 0.00 0.06 0.06
35 -3.77 0.0 1.7 0.00 0.06 0.06
36 -3.77 0.0 1.7 0.00 0.06 0.06
37 -3.89 0.0 1.7 0.00 0.06 0.06
38 -4.01 0.0 1.7 0.00 0.06 0.06
39 -4.14 0.0 1.7 0.00 0.06 0.06
40 -4.26 0.0 1.7 0.00 0.06 0.06
41 -4.38 0.0 1.7 0.00 0.06 0.06
42 -4.38 0.0 1.7 0.00 0.06 0.06
43 -4.51 0.0 1.7 0.00 0.06 0.06
44 -4.63 0.0 1.7 0.00 0.06 0.06
45 -4.75 0.0 1.7 0.00 0.06 0.06
46 -4.88 0.0 1.7 0.00 0.06 0.06
47 -5.00 0.0 1.7 0.00 0.06 0.06
48 -5.00 0.0 133.3 0.00 1.09 4.90
49 -5.13 0.0 136.1 0.00 0.72 4.83
50 -5.27 0.0 1394 0.00 0.71 4.74
51 -5.40 0.0 142.4 0.00 0.70 4.64
52 -5.53 0.0 145.6 0.00 0.69 4.56
53 -5.67 0.0 148.2 0.00 0.68 4.51
54 -5.67 0.0 149.8 0.00 0.68 4.47
55 -5.80 0.0 152.1 0.00 0.67 4.42
56 -5.93 0.0 155.6 0.00 0.66 4.36
57 -6.07 0.0 158.9 0.00 0.65 4.30
58 -6.20 0.0 162.5 0.00 0.65 4.26
59 -6.33 0.0 164.9 0.00 0.64 4.22
60 -6.33 0.0 166.7 0.00 0.64 4.20
61 -6.47 0.0 169.5 0.00 0.63 4.17
62 -6.60 0.0 173.1 0.00 0.63 4.13
63 -6.73 0.0 176.8 0.00 0.62 4.10
64 -6.87 0.0 180.5 0.00 0.62 4.07
65 -7.00 0.0 12.2 0.00 0.27 0.27
66 -7.00 0.0 12.2 0.00 0.27 0.27
67 -7.13 0.0 12.2 0.00 0.27 0.27
68 -7.25 0.0 12.2 0.00 0.26 0.26
69 -7.38 0.0 10.1 0.00 0.22 0.22
70 -7.50 0.0 24.0 0.00 0.50 0.50
71 -7.63 0.0 32.8 0.00 0.68 0.68
72 -7.63 0.0 38.0 0.00 0.74 0.78
73 -7.75 0.0 44.8 0.00 0.74 0.91
74 -7.88 0.0 52.6 0.00 0.74 1.06
75 -8.00 0.0 59.3 0.00 0.74 1.17
76 -8.13 0.0 65.4 0.00 0.73 1.28
77 -8.25 0.0 69.6 0.00 0.73 1.35
78 -8.25 0.0 72.2 0.00 0.73 1.39
79 -8.38 0.0 75.7 0.00 0.73 1.44
80 -8.50 0.0 79.8 0.00 0.73 1.50
81 -8.63 0.0 82.1 0.00 0.73 1.53
82 -8.75 0.0 94.2 0.00 0.72 1.73
83 -8.88 0.0 111.3 0.00 0.72 2.03
84 -8.88 0.0 111.6 0.00 0.72 2.02
85 -9.00 0.0 112.3 0.00 0.72 2.01
86 -9.13 0.0 113.3 0.00 0.72 2.01
87 -9.25 0.0 114.2 0.00 0.72 2.00
88 -9.38 0.0 115.2 0.00 0.72 1.99
89 -9.50 0.0 116.0 0.00 0.72 1.99
90 -9.50 0.0 116.4 0.00 0.72 1.99
91 -9.63 0.0 117.2 0.00 0.71 1.98
92 -9.75 0.0 118.3 0.00 0.71 1.98
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Segment| Level Horizontal pressure Fictive earth pressure coefficients
number Active Passive Ka Ko Kp
[m] [kN/m?] [kN/m?] [] [] [-]

93 -9.88 0.0 119.3 0.00 0.71 1.97

94 | -10.00 0.0 120.5 0.00 0.71 1.97

95 -10.13 0.0 121.3 0.00 0.71 1.97

96 -10.13 0.0 121.9 0.00 0.71 1.97

97 -10.25 0.0 122.8 0.00 0.71 1.97

98 -10.38 2.0 124.1 0.03 0.71 1.97

99 -10.50 21.1 125.3 0.33 0.71 1.96

100 -10.63 214 126.7 0.33 0.71 1.97

101 -10.75 21.6 127.8 0.33 0.70 1.97

12.6 Calculated force from a layer Right

Name

Force

Fill

CLAY (soft) (undr)
SAND
CLAY (moderate)

0.00
101.89
136.25
145.44

12.7 Calculation Results

Number of iterations: 6

12.7.1 Charts of Moments, Forces and Displacements

Depth [m]

Bending Moments [kNm]

Moments/Forces/Displacements - Stage 5: Sudden drop
Step 6.5 - Partial factor set: RC 2

Shear Forces [kN] Displacements [mm]

3 3
5] 202N zé O
19 14
W 0{,,,,,,4’,W ° mmaa
1 I 1 /
2 | 23
CLAY (soft) (undr) 3 | B
3 / -3
£ 1 L £
£ / £
o 1 o 7
3 / 3 3
o 5 < o 55
SAND 6 6
———————— e e 4 - -4 — - — =
8 . 8
] \ E
CLAY (moderate) o] | o]
104 104

—
-400

————
200
Max: 0.0 - Min: -128.0

I e L T L e e e B e
0 200 400 450 100 50 4 50 100 150 600 -400 200 0 200 400 600
Max: 51.1 - Min: -52.2 Max: 63.0

12.7.2 Moments, Forces and Displacements

Segment Level Moment Shear force Displacement

number [m] [KNm] [kN] [mm]
1 3.25 0.00 0.00 63.0
1 2.88 0.00 0.00 60.2
2 2.88 0.00 0.00 60.2
2 2.50 0.00 0.00 57.3
3 2.50 0.00 -0.06 57.3
3 1.83 -1.49 -4.04 52.3
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Segment Level Moment Shear force Displacement
number [m] [KNm] [kN] [mm]
4 1.83 -1.49 -3.96 52.3
4 1.17 -5.35 -7.96 47.2
5 1.17 -5.35 -7.95 47.2
5 0.50 -12.57 -14.04 42.2
6 0.50 -12.57 -14.04 42.2
6 0.22 -16.96 -17.52 40.1
7 0.22 -16.96 -17.52 40.1
7 0.00 -21.18 -20.95 38.5
8 0.00 -21.18 -20.95 38.5
8 -0.65 -33.87 -16.31 33.7
9 -0.65 -33.87 -16.30 33.7
9 -1.30 -42.30 -9.66 29.2
10 -1.30 -42.30 -9.66 29.2
10 -1.92 -46.25 -3.10 25.0
11 -1.92 -46.25 -3.10 25.0
11 -2.53 -46.05 3.83 21.1
12 -2.53 -46.05 3.83 21.1
12 -3.15 -47.34 -9.93 174
13 -3.15 -47.34 -9.92 174
13 -3.77 -58.22 -25.21 13.9
14 -3.77 -58.21 -25.19 13.9
14 -4.38 -78.18 -39.28 10.6
15 -4.38 -78.18 -39.28 10.6
15 -5.00 -106.39 -52.06 7.8
16 -5.00 -106.38 -52.19 7.8
16 -5.67 -127.09 -10.71 5.2
17 -5.67 -127.09 -10.63 5.2
17 -6.33 -121.23 26.68 3.4
18 -6.33 -121.23 26.65 3.4
18 -7.00 -94.11 51.14 2.1
19 -7.00 -94.11 51.11 2.1
19 -7.63 -66.56 37.92 14
20 -7.63 -66.56 37.92 14
20 -8.25 -43.90 34.50 1.1
21 -8.25 -43.90 34.50 1.1
21 -8.88 -25.03 26.12 0.9
22 -8.88 -25.03 26.12 0.9
22 -9.50 -11.26 17.82 0.8
23 -9.50 -11.26 17.82 0.8
23 -10.13 -2.84 9.05 0.8
24 -10.13 -2.84 9.05 0.8
24 -10.75 0.00 0.00 0.9
Max -127.09 -52.19 63.0
Max, minor nodes incl. -127.97 -52.19 63.0
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12.7.3 Charts of Stresses

12.7.4 Stresses

Depth [m]

Water Pressure

[kN/m?]

Stress States - Stage 5: Sudden drop

CLAY fmoderate)

Depth [m]

1

Resulting Stress [kKN/m?]

Effective Stress

[kN/m?]

Depth [m]

150

100 50

Maximum left:
Maximum right:

-50 0

Max. eff. stress: 70.3
Max. tot. stress: 70.6

50 100

al T
150 150 100 50

Maximum left:

Maximum right:

Node Level Left Right
number Effective stress | Water stress | Stat* | Mob* | Effective stress | Water stress | Stat* | Mob*
[m] [kN/m?] [kN/m?] [%] [kN/m?] [kN/m?] [%0]
1 3.25 0.00 0.00 0.00 0.00 -
1 2.88 0.00 0.00 - 0.00 0.00 -
2 2.88 0.00 0.00 - 0.00 0.00 -
2 2.50 0.00 0.00 - 0.00 0.00 -
3 2.50 0.02 0.00 P 0.00 0.00 -
3 1.83 4.28 0.00 A 0.00 0.00 -
4 1.83 4.59 0.00 A 0.00 0.00 -
4 1.17 7.41 0.00 A 7 0.00 0.00 -
5 1.17 7.72 0.00 A 7 0.00 0.00 -
5 0.50 10.54 0.00 A 6 0.00 0.00 -
6 0.50 10.74 0.00 A 6 0.00 0.00 -
6 0.22 11.41 2.75 A 6 0.00 0.00 -
7 0.22 11.47 2.75 A 6 0.00 0.00 -
7 0.00 12.05 4.91 A 6 0.00 0.00 -
8 0.00 15.35 4.91 A 25 0.03 0.00 P
8 -0.65 16.96 10.92 A 36.07 1.98 2 67
9 -0.65 17.13 10.92 A 36.68 1.98 2 67
9 -1.30 18.17 16.93 A 41.27 3.95 2 69
10 -1.30 18.26 16.93 A 41.60 3.95 2 69
10 -1.92 19.04 22.63 A 40.76 11.88 2 68
11 -1.92 19.13 22.63 A 40.76 11.88 2 68
11 -2.53 19.91 28.34 A 40.07 19.80 2 67
12 -2.53 20.00 28.34 A 40.07 19.80 2 67
12 -3.15 20.78 34.04 A 1.67 27.72 P
13 -3.15 20.87 34.04 A 1.67 27.72 P
13 -3.77 21.62 39.75 A 1.67 35.65 P
14 -3.77 21.66 39.75 A 1.67 35.65 P
14 -4.38 21.16 45.45 A 1.67 43.57 P
15 -4.38 21.23 45.45 A 1.67 43.57 P
15 -5.00 21.86 51.16 A 1.63 51.50 P
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Node Level Left Right
number Effective stress | Water stress | Stat* | Mob* | Effective stress | Water stress | Stat* | Mob*
[m] [kN/m?] [kN/m?] [%] [kN/m?] [kN/m?] [%]
16 -5.00 14.90 51.16 A 85.19 51.50 2 66
16 -5.67 16.17 57.70 A 75.73 58.04 2 52
17 -5.67 16.31 57.70 A 76.45 58.04 2 52
17 -6.33 17.59 64.23 A 64.85 64.58 1 40
18 -6.33 19.29 64.23 A 65.25 64.58 1 40
18 -7.00 18.27 70.78 A 12.15 71.12 P
19 -7.00 26.62 70.78 A 12.18 71.12 P
19 -7.63 40.87 76.91 1 32.40 77.25 3
20 -7.63 41.11 76.91 1 35.66 77.25 3
20 -8.25 44.98 83.04 1 38.50 83.38 2 55
21 -8.25 53.16 83.04 1 38.74 83.38 2 54
21 -8.88 56.21 89.17 1 43.15 89.51 1 39
22 -8.88 56.44 89.17 1 43.39 89.51 1 39
22 -9.50 59.01 95.30 1 44.93 95.64 1 39
23 -9.50 59.25 95.30 1 45.17 95.64 1 39
23 -10.13 61.59 101.43 1 46.97 101.77 1 39
24 -10.13 61.83 101.43 1 47.20 101.77 1 39
24 -10.75 64.11 107.56 1 49.09 107.90 1 39
*
Stat Status (A=active, P=passive, Number is branche, 0 is unloading)
Mob Percentage passive mobilized
12.7.5 Percentage mobilized resistance
Horizontal soil pressure Left Right
[kN] [kN]
Effective 349.3 383.6
Water 597.7 563.4
Total 947.0 947.0
Considered as passive side Right
Maximum passive effective resistance 766.54 kKN
Mobilized passive effective resistance 383.59 kN
Percentage mobilized resistance 50.0 %
End of Report
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TYPICAL CROSS SECTION 1

Existing walkway

(var. 1-1.25m)

{==——Approx. 3-4m ——={
™r New footpath
with pavement
NSP +2.35

Cover top/side
with brick wall

4 — NSP +3.25
. NSP +2.35 Compacted sand
Eg;tlng ;%ﬁd — Edge road with backfill
+1. rainwater inlet aln water inlet I
CTC 20m 0.9 Sewer PVC @ 500mm
* ( ) (CTC 20m) y SDR 26
2 _ | Approx. 0.40% NN \ £ 15.00m
£1.006 r . \
? 7 1 Rip-rap (grade10-60kg Follow existing slope of Existing river bottom
mass density rocks 2650kg/m?) embankment bed
NSP +0.30
,‘ 0.80m /— Var. (approx. NSP 0.00)
0o | Collect existing sewer outlet i Existing retaining wall to be [ TH ¥
under footpath and connect levelled and kept in place ‘
to new PVC sewer NSP +2.25 L
— Remove existing paving L
and fill with sand Geotextile (tensile strenght 80KN/m?) with PP fabric (weight 300gr/m?)
-2 1 2 1 o 1 1 1
Elevation NSP
1.97 1.93 1.891.98 2.02 2,25 0,41 0,29 0,23 0,03

Steel sheet pile
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(steel quality S355)
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Extend foothpath with brick wall Remove bush/debris, level area
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1. General introduction

The project component at the discharge point of Van Sommelsdijck Creek (canal) consists of 2

sections, namely:

- Rehabilitation of the sluice and pumping station Van Sommelsdijckse Creek (Section A);

- Rehabilitation of the mangrove area at the outflow section of the pumping station and behind
Hotel Royal Torarica (Section B). This section is presented in a separate document.
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2. Rehabilitation of the sluice and pumping station Van Sommelsdijckse Creek

2.1 General

The catchment area of the Van Sommel sdijckse kreek (Canal) is about 700 hectares, and consists of
mostly urban and semi-urban area. Therainfall run off and overflow of mostly domestic wastewater is
collected through the main canal via side branches and conveyed to the sluice and pumping station. The
water management system is designed as a so-called “ polder” dueto the flat catchment area and the
relative low land levels (avg. NSP +1.7 m to+2.0 m) in comparison to the high water levelsin theriver,
which can reach higher than the land levels. This means that excessive run off isfirst retained in the
canals, drains and retention basin and then gradually rel eased to the receiving tidal river periodically.

The sluice/pumping station is to discharge water from the Van Sommelsdijckse Creek, collected in the
water retention basin, to the Suriname River by gravity (2 sluices) and/or pumping (3 pumps).

Therehabilitation of the sluice/pumping station Van Sommelsdijck consists of 3 main parts:
- improvement of the water basin;

- rehabilitation of sluice gates and pumping station;

- improvement of the outflow.

22 I mprovement of Water basin

The water basin has an area of approximately 1800 m2. At
the moment the basin bottom is too shallow to store
enough water for regular operation of theinstallation. The
improvement activities include increase of the storage
volume (by excavation) and protect the embankments/ side
slopes against erosion.
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Proposed rehabilitation worksinclude:

- basin to be excavated / dredged to the preferred depth; (see drawing)

- the embankment slope has to be profiled to the preferred shape (for stability)
- restore top of embankment with grass protection.

To enable the excavation, the following method is proposed:

o First the sediment barrier in front of the pumpsinlet has to be removed by an excavator/ hydraulic
crane. Thisisto allow proper functioning of the 2 working pumps, while the excavation is being
executed (sluice gates operation may be reduced during excavation period).

¢ Theinflow from the Sommelsdijckse kreek must be temporary closed at the bridge/culvert in the
Kleine Waterstraat. This means that excavation works should be mainly in the dry seasons
(August-November and January-March)

e Then the pumps can be utilized to empty the water basin as and when required

e Using along arm excavator the basin can be excavated from the sides

e The excavated material can be loaded into sealed dump boxes of trucks to be transported to an
approved sludge drying bed/ area (to be appointed by the government)

e Thedudgedry out area must be closed off by a seal (waterproof membrane) to prevent leakage of
polluted water to the ground water levels.

o After drying out, the dried material can be used for landfill of low lying areas.

2.3 Outflow

The outflow channel, between Pumping Station and river, is currently filled with sediment from theriver.
The outflow channel needs to be dredged/ excavated to ensure sufficient discharge capacity from the
gravity sluices.

Measures using wooden piles are proposed to protect the mangrove trees along the outflow channel: see
Mangrove enhancement proposal.

The dredged sediment can be used to fill the area behind the wooden (walaba) piles and enhance growth
of the mangrove trees.
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2.4 Sluice/Pumping station

2.4.1 General

The pumping station with sluice was built early 1980's and overhauled at the end of the 1990's. The
building was renovated in 2011.

Technical data:

Type Pumping station with sluice
Y ear of construction 1982 - 1983

Service area 691 ha

No of pumps 3

Capacity of each pump 4.66 m3/s

RPM 350/1780 rpm

Level control none

Start level 0.90/1.10/1.30+ NSP
Stop level 0.50/0.70/0.90+ NSP
Preferred level -

Minimal level -

Pump manufacturer, type KSB, PEZ 1200 - 1170, vertical screw pump

Motor manufacturer, type HEMAF, UK 315MGT -4

Motor 220 kW

Voltage 440V

Fregquency 60 Hz

Amperage 347 A

Sluices 2 vertical doors and 1 set of swinging doors each sluice channel
Width of sluice channel 3m

Operation Manual / dectrical / hydraulically

Note: the normal operation of the pumpsis: 2 working and 1 standby. All pumps should operate alternating to allow
for similar operating hours and maintenance sequence

2.4.2 Current situation

The current situation: 1 sluice channel and 2 pumps are operational (estimated at 70% capacity); the
control system is not operational. Sluices and pumps are operated manually.

Thelubrication system is not fully operational.

The hydraulic system is faulty and leaking.
The monitoring system and switches are
not operational.
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Several parts haveto berepaired.

Pump #1 has been removed from its pedestal. The interior is corroded. This pump need full
refurbishment/overhauling.

The éelectrical motor has been brought elsewhere for repair.

Dueto thelow water level in the basin, pumps can only operate for 20 minutes.

Overhead crane
The overhead crane in the building is operational, but the lack of maintenance is showing. The manual

hoist operation istoo slow to usefor regular maintenance tasks.

The pump cellar (basin)
The pump cellar cannot be kept dry: a small discharge pump has to be installed.
Pump parts and connections are corroded on the outside.

The butterfly valves are not operating correctly.
When pumping is started the butterfly valves are kept in the open position by mechanically fixing the
valvesin the open position.
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2.4.3 Proposed pump/sluice rehabilitation works

The minimum works necessary to ensure adequate operation of the pumping station and sluice gates are:

Pumps:

- completerevision of the butterfly valve control system

- completeinstallation of an up to date electrical installation and cabling

- complete inspection of the existing automatic lubrication system and make operational

- complete refurbishment /overhaul of pump #1 (the casing may still be good, but all internal mechanical
parts need replacement)

- inspection of butterfly valve #1 and revision if necessary

- when pump #1 is brought to 100% working condition, an inspection is to be done on pump #2.
Depending on the results of this inspection, critical parts of pump #2 shall be repaired. This way the
operation of the pumping part of the installation is guaranteed.

Pump #3 must also be inspected and repaired.

Sluices:

- cleaning of the sluice bottom area within the building

- complete renewal of the 4 vertical lift sluice doors (gates) and hydraulic system

- ensure that the steel lock doors within the sluice box arein full open pasition (these doors are not used
anymore)

Overhead crane:
- ingpection and repairs
- install an electrical motor for hoist operation

In general:
Ensure an adequate maintenance regime to keep the installation in good working order.
This also requires an adequate supply of spare parts and all the necessary tools and know how.

Note:

The pumps and sluice gates are prone to salt water intrusion, salty air and untreated wastewater. All stedl
parts/ bolts shall be corrosiveresistant as per rdevant EN/DIN/ASTM specifications.

Pump impellers and other steel parts shall be cast iron/stainless steel as per manufacturers specifications.
All specifications must be checked and approved by Client prior to supply and installation.
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25 Civil works

The overall state of the building is good. Locally, in the pump cellar, afew places of concrete
reinforcement can be seen. These deteriorated spots shall be repaired using high quality material and/or
liners. Concreteto be used shall be minimum C25 (25 MPa) quality and ribbed reinforcement shall have
yield strength of 400 MPa (FeB 400).

It is recommended to put aroof over thelock area, asthe hydraulic lines and other parts are subject to the
outdoor conditions (optional).
Alternatively, theroll up door between the roofed and open area can be repaired.

It is also advisable to move the steel doors (not in operation) to a position where their impact on the water
flow in the sluice channel is minimal.

2.6 Electrical & |Instrumentation

The electrical installation and cabling has to be upgraded. Also the control system has to be made up to
date. All eectrical installations must comply with the standards and requirements of EBS (Suriname
Power Company).

New instruments need to beinstalled to measure water levels (in and outflow side), including software
and devices to send data remotely (GSM).
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1. General introduction

The project component at the discharge point of Van Sommelsdijck Creek (canal) consists of 2

sections, namely:

- Rehabilitation of the sluice and pumping station Van Sommelsdijckse Creek (Section A);
This section is presented in a separate document.

- Rehabilitation of the mangrove area at the outflow section of the pumping station and behind
Hotel Royal Torarica (Section B).
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2. Mangrove

2.1. Introduction

For this part of the report, the focus is the rehabilitation and enhancement of mangrovein sub-area A
and sub-area B as projected on the image bel ow.

4

4
4

Image 1: Overview mangrove project areain Google Earth (Google Earth, 2017)

The concerned area contains a natural area with mangrove trees and a mix of flora and fauna,
including bird breeding during the period April-August. Also noted is that the river embankment
shows a net amount of sedimentation in the past years. The mangrove area is divided in two sub-areas,
namely:

e Sub-area A: A mangrove area behind Royal Torarica with a net amount of sediment
depositioning, which can stimulate the natural growth of mangrove trees. It is understood that
Royal Torarica has chosen to keep and improve the mangrove area behind the hotdl, in line
with their eco and green enhancement devel opment objectives.

e Sub-area B: A smaller mangrove area in comparison to sub-area A. In sub-area B thereis also
anet amount of sediment depositioning that could increase the natural growth of mangrove
trees if theright conditions are created.

This document contains a design of sediment trapping units and natural structures to protect and
stimulate the natural growth of mangrove treesin sub-area A and sub-area B. The designs are based
on experiences along embankment of the Commewijne River and at the coastal shore line north of
Paramaribo.

2.2. Mangrove

Mangrove trees protect embankment and coastal lines, because the roots of the mangrove ensure that
the waves not only lose their strength, but also their velocity before reaching land. Mangrove trees
mostly grow in saline or brackish waters in areas with subtropical and tropical climates. The net
amount of sediment depositioning plays an important role in the maturation of mangrovetrees. The
absence of mangrove trees along the embankment or shoreline could disrupt the balance between
sediment growth and erosion, because more sediment is taken away then being deposited. This leads
to problems, such as erosion. Mangrove areas also create a good habitat for different species.
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There are typically three different types of mangrove trees within the coastal area of Paramaribo:
a. black mangroves;

b. red mangroves;

. white mangroves or parwa.

The biggest difference between the red mangrove and the black mangrove lies in the structure of their
roots. The roots of the black mangroves are long, while the roots of the red mangroves are props.
Unlike the visible roots of both the black and red mangrove, the white mangrove has no visible aerial
roots.

Image 2: Red mangrove Image 3: Black mangrove Image 4: White mangrove

2.3. Development of Mangrove areas

Image 5: Sub-area A 2003 Image 6 : Sub- area A 2013 Image 7 : Sub-area A 2017

As can be seen on the images above and below, the mangrove areain sub- area A and B enlarged
during the past years.

Mangrove area B
Image 8: Mangrove area B 2003 Image 9: Mangrove area B 2013 Image 10 : Mangrove area B 2017
Mangrove area 2003 2013 2017
Mangrove area A 7700 v 9500 nv 9700 nv
Mangrove area B 100 nv 1000 1300

Table 1: Increase of mangrove areas during the past years
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Insub-area A and B thereisavariation of both red and white mangroves. In both of the areas
mangrove grew naturally.

Image 11 : Mangrove in project area Image 12 : Mangrove in project area
24.  Sediment depositioning

Theamount of sediment depositioning in the project areais only seen during low water level. In the
same areas there is an net positive amount of sediment depositioning with no cultivation of mangrove.

Image 13: sediment depositioning 2009 Image 14: sediment depositioning 2016 Image 15: sediment depositioning 2017

In 2009 there was approxiametly10 meter sediment depositioning from the waterline to the mangrove
line. In 2017 the 10 meter area was increased with another 20 meter sediment depositioning. By
creating a specific barrier, the current mangrove will be protected and at the same time cregte better
conditions for the mangroveto grow.

Behind the sluice/pumping station there are sheet piles of steel that protect the area behind the
mangrove against high waters. Hotel Royal Torarica does not have any high water protection barrier,
except for an elevated earth/clay dam along the river embankment, between the mangrove and land.
They have a large area of Mangrove to protect against erosion. So far no complaints of major water
flooding have been reported at Royal Torarica premises.
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Imagel6: Sheet piles of sted Image 17: Royal Toraricawith no high water barrier

2.5. Solutions

In order to create a better environment for mangrove trees to grow, the net sediment depositioning has
to be much larger than the amount of sediment that is being washed away by theriver. By creating a
permeable structure of local wood materials the right conditions can be created for the mangrove trees
to grow in. This permeable structure promotes the depositioning of sediments and also reduces that
wave height/forces on the young trees, which plays an important factor in creating the right conditions
for the mangrove trees to grow.

251 Sediment Trapping Units (STU'S)

Sediment Trapping Units are permeable structures that partly dissipate the energy of the waves, while
water with lots of sedimentsis being “sieved”. This way the sediment settles inside the structure.
When enough sediment is settled and well consolidated, natural mangrove growth can take place. For
the permeabl e construction, we propose woaden piles (for e.g. local walaba piles) with a distance of
0.5-0.75 meter from each other. The empty area between the piles is filled with wood materials such
as bamboo. There are also three types of tests that have to been during detailed design and done prior
to construction:

Topographic measurements, Sediment transport measurements and Wave measurements.

Image 18: Overview project areawith solution

2.5.2. Sub-area A

By creating a permeable structure out of wooden piles with alength of 4 a5 meier, a protrusion length
of max.0.75 meter and a distance of 0.5 meter from each other, sediment depositioning can be
stimulated in the area with no mangrove vegetation. The total area in which mangrove will be
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stimulated has a length of 60 meter and a width between 5-10 meter. In that area two permeable
structure or sediment trapping unit (STU) can be created.

2.5.3. Sub-areaB

Sub-area B is smaller in comparison to sub-area A. The area in which mangrove can be stimulated has
alength of 50 meter and width of 20 meter. In that area two permeable structure or sediment trapping
unit (STU) can be created. As seen on the image below, the STU is created with wooden piles with a
length of 4 meter and a protrusion length of max.0.75 meter and a distance of 0.5 meter from each
other. In order to solely reduce the wave velocity, an extrarow of wooden piles is needed. These piles
have a protrusion length of 0.4 meter.

Image 19 : Section drawing STU sub-area B

By implementing STU structures in the project area, the net amount of sediment depositioning and
mangrove growth is expected to increase significantly.

Mangrove area Mangrovein 2017 Maximum increase Expected (%)
mangrove

Mangrove area A 9700 v’ 720 v’ 10420 n’ (7%)

Mangrove area B 1300 v’ 1000 v’ 2300 N’ (43%)

Table 2: Expected mangrove growth

As can be observed, the largest increase is anticipated in Sub-area B.

Image 20 : Topview STU sub-area A
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2.6.  Outflow sluice/pumping station protection

At the moment thereis no protection of the mangrove tress in the outflow section of the
sluice/pumping system. During excessive discharges, erosion may take place at the roots of the trees,
resulting in losses of the mangrove area.

The minimum width of the outflow canal for dischargesis kept at 10 meters. This width is considered
sufficient for normal operations during rainy seasons. In case of excessive discharge and high water
levels, the area behind the wooden piles will also contribute to discharging the water to theriver.

We propose a protection barrier of wooden piles with a center to center distance of 0.5 meter. In the
outflow section thereis currently alot of sediment deposits mostly coming from theriver. To create a
better outflow it is necessary to dredge/excavate this section. The excavated sediment material can be
placed in the mangrove area behind the wooden piles.

Image 21 : Section drawing outflow protection

2.7.  Other technical aspects

The construction activities should not take place between April and August, as this period is important
for bird breeding.

Thefollowing surveys/tests during detailed designs and pre-construction are required to optimize the
designs: Topographic measurements, Sediment transport measurements and Wave measurements.

After construction, some monitoring (6-8 months) and maodifications may be need to adjust the STUs
asrequired for better performance.

It is recommended to collect these and other experiences and discuss with the Government and Private
parties to implement similar structures along other sections of theriversin Suriname.
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Appendices.  Prdiminary Design Drawings
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EXECUTIVE SUMMARY

The Inter-American Development Bank (IDB) launched the Emerging and
Sustainable Cities (ESC) Program (SU-T1081) and the Paramaribo Urban
Rehabilitation Program (SU-L1046) (PURP) in Paramaribo, Suriname in
2016. These programs identified that climate risk is a critical concern to
Paramaribo and, in particular, the urban area is highly vulnerable to
floods due to rising sea levels, increasing intensity of precipitation, and
eroding coastal and riverbanks.

Based on this determination, the Government of Suriname (GoS), in
consultation with the Housing and Urban Development (HUD) team at
IDB, prepared and submitted a concept note proposal to the Adaptation
Fund' (AF) for funding to deliver an adaptation project in downtown
Paramaribo. In March 2017, the AF agreed to endorse the project concept
and enclosed a list of required feasibility and related studies to be
included in the full application. The IDB has contracted Environmental
Resources Management, Inc. (ERM) to prepare the full application,
including the enclosed Environmental and Social Impact Assessment
(ESIA).

The proposed adaptation Project comprises several components
(adaptation measures) that have been selected to address the flood-risks of
the Paramaribo waterfront area as Follows and as shown in Figure ES-1:

e Construction of a new flood protection wall;

e Sommelsdijck Canal pump station and sluice gates rehabilitation;
and

e Enhancement of mangroves.

These Project components were selected based on a systematic evaluation
of multiple plausible alternatives using a series of engineering, financial,
environmental and social criteria, in addition to input from stakeholders.
The Project will be developed in accordance with national laws and
regulations, in addition to the IDB’s environmental and social safeguards,
and AF’s policies and guidelines.

! The Adaptation Fund is an international organization that that finances projects and
programs to help vulnerable communities in developing countries adapt to
climate change
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Figure ES-1: Location of Project Components

The Project components are intended to align with the broader concepts
for the Paramaribo waterfront area as envisioned by the City of
Paramaribo and IDB’s PURP.

The Project is anticipated to deliver benefits given the flood protection and
resilience outcomes it will provide, however it is also acknowledged that
the Project could also potentially lead to environmental and social
impacts. Potential environmental and social impacts resulting from
Project-related activities include:

ERM

Emissions and noise from construction vehicles and equipment;
Loss or disturbance of vegetation and wildlife;

Wildlife injury or mortality;

Habitat alteration (mangroves and aquatic);

Loss of income for transport businesses and workers;

Loss of view of the water (i.e., visual impacts);
Disproportionate impacts on vulnerable groups;

Decreased pedestrian and traffic safety;
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Increased traffic congestion and disruption;

Decreased access to critical facilities, shopping, bus stops etc.,
resulting in the decrease of tourism;

Loss of cultural heritage site authenticity and site value; and

Damage to undiscovered archaeological sites.

Based on this assessment, none of the abovementioned impacts were
determined to be major and would all be reduced to minor or negligible
with the implementation of appropriate mitigation measures. An
Environmental and Social Management Plan (ESMP) has been developed
outlining the measures and actions necessary to further minimize impacts
to acceptable levels. In addition, implementation of the Project would
result in positive environmental and social impacts as the Project
components would address Paramaribo’s significant flood and climate-
change related risks.

ERM
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1.0 INTRODUCTION

Previous studies performed in Paramaribo have determined that the urban area
of Paramaribo is considered highly vulnerable to floods due to sea level rise,
increasing precipitation intensity, and loss of land due to coastal and riverbank
erosion. The downtown area of Paramaribo has been designated as a United
Nations Educational, Scientific, and Cultural Organization (UNESCO) World
Heritage Site (WHS) due to its cultural significance, and is legally protected by
Suriname law and international treaties. Based on its highly vulnerable
determination, the Inter-American Development Bank (IDB), in coordination
with the Government of Suriname (GoS), prepared and submitted a concept note
proposal to the Adaptation Fund (AF) to apply for grant funds for adaptation
proposals in downtown Paramaribo. The AF is an international organization that
finances projects and programs to help vulnerable communities in developing
countries adapt to climate change.

The concept note proposed four objectives:

1. Implement a group of strategic and cost-effective adaptation hard and soft
measures in the historic downtown area of Paramaribo that illustrate the
benefits of building climate resilience as part of a long-term planning strategy
for the city and its metropolitan area.

2. Establish a framework for managing knowledge and disseminating lessons
learned that could be used in future resilience programs for the city of
Paramaribo and that could be part of a city-level Adaptation Plan.

3. Build capacity across local communities and GoS stakeholders responsible for
decision making in Paramaribo to ensure strong implementation and
enforcement of the Adaptation Plan.

4. Ensure that there is a robust plan and implementation structure to allow the
Project to be implemented, monitored, evaluated, and lessons-learned
disseminated.

In March 2017, the AF Board, at its twenty-ninth meeting in Bonn, Germany,
agreed to endorse the Project concept. Along with the endorsement, the Board
also included a list of observations that need to be addressed in the full proposal
document. Among other comments, AF requested for a comprehensive
livelihoods assessment in order to minimize disruption to local businesses and
residents during physical works, and for further consultations during the project
preparation process. The IDB has contracted Environmental Resources
Management, Inc. (ERM) to prepare the full application to the AF. The
application builds off the IDB'’s existing work, namely the Emerging and
Sustainable Cities (ESC) Program that is being implemented in Paramaribo (SU-
T1081), and the IDB’s Paramaribo Urban Rehabilitation Program (PURP) (SU-
L1046), both of which have identified climate risk and change as a critical issue.

ERM 4 PARAMARIBO ADAPTATION FUND PROJECT ESIA - JULY 2018



This Environmental and Social Impact Assessment (ESIA) has been prepared as
part of a series of studies and assessments being prepared in support of the AF
full application. The ESIA focuses in on the selected group of strategic and cost-
effective adaptation hard measures proposed for the downtown area of
Paramaribo as part of the AF full application.

1.1 PROJECT BACKGROUND

As part of preparing the full application to the AF, ERM assessed a series of
potential adaptation measures that could be implemented along the waterfront
(Waterkant Street) area of the historic urban center of Paramaribo, which is the
core zone of the WHS and where flooding is known to be an issue (see Figure 1-
1). Adaptation measures considered include hard and soft engineering options
ranging from constructing floodwalls to planting mangroves that would aid in
minimizing erosion and wave energy.

The suite of adaptation measures were assessed using a range of engineering,
environmental, social (including consultations), and economic criteria with a
view to selecting a preferred option (or options) that would form the basis of the
AF application. The result of this identification, screening, and prioritization of
adaptation measures represents the “Project” or “Project components”
referenced throughout this document, and it is these that are the focus of this
ESIA. Please see Section 3.2 on Alternatives Analysis for additional commentary.

Source: ERM 2017
Figure 1-1: Project Location in Downtown Paramaribo (Blue Boundary indicates
the area of focus for this Assessment)
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1.2 PURPOSE AND NEED FOR THE PROJECT

Floods in Paramaribo principally occur because large parts of the city were built
on low-lying lands in very close proximity to the Suriname River, the city has a
poor stormwater drainage infrastructure system relative to the current
population size and urban growth. Furthermore, limited maintenance of the
drainage infrastructure creates further problems including waste and debris
blocking existing drainage channels. A flood protection wall has already been
constructed in the area; however, flooding continues to be an issue. The
Suriname River is tidally influenced, and when the river’s high water level is
combined with runoff from impermeable areas, flooding affects the properties
along the waterfront and along the canals. These issues will be exacerbated with
climate change and flooding in the downtown area of Paramaribo is expected to
get worse.

Successful Project implementation would lead to decreased flooding in
downtown Paramaribo, which in turn would help with the sustainability and
protection of this WHS as well as decreased risk to the health and safety of the
people who live and work in the area. The “No Project” alternative would
provide no protection to the Project area and could eventually lead to irreversible
harm to the WHS (see Section 3. 2, Alternatives Analysis).

1.3 OBJECTIVES AND SCOPE OF THE ESIA

The objective of this ESIA is to assess the Project’s environmental and social
impacts and its alignment with IDB and AF policy requirements. While it is
anticipated that the Project would have a benefit to the community, the potential
exists for environmental and social impacts to occur. This document describes
the potential positive and negative effects of the Project and recommends an
environmental and social management system to be put in place to augment
positive effects and mitigate, manage, and monitor potential adverse impacts
and risks for the life of the Project.

This ESIA has the following main objectives:

* Identify positive and/or negative changes in the human and natural
environment that may affect the quality of life, as well as current and future
options for sustainable social and economic development in the Project’s
Area of Influence (Aol), also referred to in this ESIA as the Project Area.

* Identify measures to minimize negative impacts and enhance positive
impacts of the Project, following the mitigation hierarchy.?

2 The mitigation hierarchy includes the following steps to manage potential adverse
impacts of a proposed activity: avoid, reduce/minimize, remedy/restore and offset.
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* Analyze alternatives and recommendations for the best course of action
inclusive of any relevant prevention or mitigation measures.

The ESIA process included the following activities:
* Establishment of an environmental and social baseline through the following:

0 A document review including the documentation and information
ERM is collating for the Paramaribo Emerging and Sustainable Cities
(ESC) program study in addition to other documentation from the GoS
and other sources.

0 A site reconnaissance including visual observation of the relevant
areas directly and indirectly affected by the Project, meetings with
relevant individual / groups/ organizations, and data and information
collection.

0 Selected data collection such as through stakeholder engagement
activities.

0 Census and Socio-Economic Survey of the Livelihood Restoration Plan
(LRP). For details, see Appendix D.

* Evaluation of the legal and regulatory framework applicable to the Project
(particularly related to the management of the WHS), including IDB and AF
policy requirements.

* Assessment of the potential environmental, social, cultural, health, safety,
and labor impacts and risks associated with the Project

* Recommendations for mitigation, management, and monitoring required for
the Project in an Environmental and Social Management Plan (ESMP).

A meaningful public consultation with affected parties (following IDB’s OP-703
B6) is being carried out to review the main contents and proposals included in
this document. Its main comments and conclusions will be reviewed and
addressed in the final version of this assessment. For details, see Ap