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1. Introduction 
 
The project in the Gilgit-Baltistan area is focused on the implementation of a low-cost, climate 

resilient, re-usable, easy replicable, scalable and mobile flood barrier to prevent damage from 

flooding. One of the pilot sites is the village of Passu. In order to determine the location for the flood 

barrier in the pilot project, a regional flood risk assessment was carried out first. This assessment is 

based on a preliminary model that was developed for the area, in combination with additional 

information that was obtained during local field visits. This report reflects the first results and 

conclusions from the risk assessment. 

 

The flood risk assessment is divided into three stages, working from general analyses to detailed 

analyses. This report covers the second stage where we analyse the flood challenges in Gilgit-

Baltistan with information from field visits and a hydrodynamic model. Based on the outcomes of 

this research, we select potential pilot locations for SLAMDAM to reduce the impact of floods. 
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2. Risk assessment method 
 

Each project requires the execution of a risk assessment to evaluate the next steps and the design of 

the solution to manage risks. In general, a risk assessment is a process to identify potential hazards 

and analyze what could happen if a hazard occurs. Risks are classified based on the associated 

probability and impact. A risk assessment provides a basis to determine which measure to take to 

manage risks.  

 

Flood risk assessments are imperative when evaluating the potential consequences of a flood event. 

This instrument is important when assessing disaster mitigation options and economical 

optimisations of possible measures such as SLAMDAM. Leading for this project is the assessment of 

flood risks to determine the characteristic of the SLAMDAM-technology. The flood hazard is the 

quantification of amount, extent, and location of flooding expected to occur with a given return 

period. This means that the spatial distribution of the calculated inundation depth as a function of 

the return period can be used to describe the flood hazard. The vulnerability is the susceptibility of 

the area subjected to the flooding. A way to express the vulnerability is through a damage cost 

assessment. A framework to assess the flood risk has been proposed by Zhou (2012) and an adapted 

version of this is presented in Figure 1.  

 

 
Figure 1: A framework for flood risk 

 

 

To calculate the risks, it is important to follow a clear and transparent procedure, in order to make it 

clear what costs are included, and how they are included. In this framework the method is based on 

making a thorough scoping of the assessment followed by adding the damage classes. Not all 
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damage classes need to be included, but it is important to highlight which ones are. The project has 

followed multiple steps to define the flood risk assessment. 

 

Step 1: Define the damage assessment 
There are data, geographical and timeframe limitations we have considered before performing the 

risk assessment for project Esmark. The available data aren’t of the highest resolution and reliability 

e.g. there is no LiDAR data for the Digital Elevation Model (DEM). The hydrologists that will develop 

the hydrological models are based on the Netherlands even though the project location is in 

Pakistan; there is dependency on the observations and data collections by the local partner. 

 

Step 2: Define the complexity of the damage assessment 
The project applies a meso-scale and complex damage model. The choice of this complexity is 

because of the project applies state-of-the-art 3Di hydrodynamic modeling software taking into 

consideration characteristics of the flood such as water depth. 

 

Step 3: Define the different damage classes 
The project acknowledges different damage classes: direct tangible, indirect tangible, direct 

intangible and indirect intangible. Not all damage classes and corresponding categories are 

applicable for project Hawking. The applicable damage categories are measured and included in the 

decision matrix. 

 

Step 4: Define the different damage classes 
The project has collected relevant data to support the calculation of the risks. Hydraulic and area 

data have been collected such as the flood characteristic and area data for below categories. 

 

Data category Description of the data 
Land use Land use maps shall define different types of land uses: agricultural ground, residential, 

commercial, urban etc. 
Infrastructure These data describe various categories of road such as motorways, regional roads and 

railway roads. 
Households Data on different home types (e.g. high rise or low rise) have to be collected in order to 

determine the damage to dwellings.  
Residents Data has to be collected on the residents in the selected area to determine the number 

of people impacted. Where possible, these data should reflect the gender and age of 
the residents. A possible data source is a dataset provided by Facebook. 

Companies Data should be collected on the established companies classified per industry. A data 
source such as Dunn & Bradstreet also specifies the number of employees each 
company has. 

Other Other data might be available such as specific datasets on critical infrastructure. 
Relevant other data shall be used in case these are available to support the baseline 
calculations. 

 

 

Step 5: Develop flood scenarios and hydrodynamic model 
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Hydraulic simulations have been performed for at three different events with different flood 

characteristics (flood depth, duration etc.) using the data collected in the previous steps. After 

having run the simulations, the model illustrated the flood extents for each considered event. The 

model is validated with the local stakeholders in Gilgit-Baltistan to confirm whether the developed 

model is correct.  

 

Step 6: Develop flood scenarios and hydrodynamic model 
The model shows how flood damage is distributed in the catchment for the different events in 

Hunza catchment. The catchment has been divided into cells and aggregated the damages within 

each cell.  

 

The following chapters reflect the outcome of the hydrodynamic model and the damage 

assessment. 
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3. Area of Interest 
 

For this project, we investigated the catchment of Passu in Pakistan. The area of interest for this 

project is indicated by the orange dotted line in Figure 2 below. The catchment is characterized by 

high mountains and steep slopes. The Hunza river flows through the area and transports melt water 

from the glaciers downstream. Several villages are located along the Hunza river, from Passu at the 

upstream boundary to Shayar at the downstream boundary of the catchment. 

 

 
Figure 2 - Area of interest - the Passu catchment   
 

 

At the upstream boundary of the catchment, there are multiple locations where melt water enters 

the Hunza rivers. These locations are depicted in Figure 3. For some of these inflow locations, the 

monthly discharges are known. The discharges for locations A and B in Figure 3 are listed in Table 1 

below. For the other locations, the monthly discharges are not (yet) known. Table 1 shows rising 

discharges due to melting in May, with the highest discharges in the rivers in July and August. 
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Figure 3 - Inflow locations to the Hunza river 
 

 

Table 1 - Discharge in the Hunza river upstream of the Batora glacier (location A) and discharge from the 
Batora glacier (location B) 
 

 

 

 

 

 
 
 
 
 
 
 
 
 

 

 

Month Discharge 
(m3/s) 

January 20.12 

February 17.33 

March 14.97 

April 22.36 

May 56.39 

June 237.04 

July 422.96 

August 408.08 

September 189.89 

October 56.44 

November 29.2 

December 22.44 

Month Discharge 
(m3/s) 

January 2.83 

February 2.02 

March 1.75 

April 2.25 

May 6.01 

June 30.77 

July 59.02 

August 52.43 

September 25.99 

October 7.97 

November 5 

December 3.4 
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The Hunza river is a strongly braided river, consisting of multiple river channels that migrate over 

time. This can clearly be seen from the comparison of satellite images of the river for multiple 

moments in time. Two satellite images of the Hunza river, taken in 2005 and 2010 respectively, are 

depicted in Figure 4 below. The red dotted line indicates one of the river channels in 2005. When 

plotting this line over the image taken in 2010, it becomes clear that the river channels have 

migrated and are now located elsewhere. 

 

 
 

 
 

Figure 4 - Satellite images for the Hunza river near Passu in 2005 and 2010 
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4. Flood challenges in Gilgit-Baltistan region 
 

In order to analyze the (flood) challenges that the Gilgit-Baltistan region is facing, a preliminary 

model was developed for the Passu catchment. This model was developed using the hydrodynamic 

modelling software 3Di. The elevation map used in the model is based on the publicly available 

HydroDEM, see http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_Hydro/ for more information. The 

HydroDEM is interpolated on a 25x25 m grid using Lanczos-interpolation method. The HydroDEM is 

the result of SRTM data enriched with hydrological information. Since the original resolution of the 

SRTM is 100x100m, features that have a smaller spatial scale are not included in the elevation 

model. Therefore, the different braiding channels in de Hunza river are not included in this first 

model.  

 

As can be seen from the discharges listed in Table 1, the highest discharges from inflow points A and 

B combined amount to about 500 m3/s during the summer months. For the preliminary scenario 

calculations, it is assumed that the inflow at locations C and D (as depicted in Figure 3) are similar. 

Therefore, some initial model calculations were performed using an inflow discharge of about 1000 

m3/s at the upstream boundary of the model. These initial calculations give a first impression of the 

quality of the model and the working of the water system. The purpose here was to quickly identify 

possible flood zones around the Hunza river. 

 

Figure 5 below depicts the maximum water depth calculated with the preliminary model for the 

area around Passu. From these first results, it seems that the downstream part of the village is more 

severely affected than the northern part. However, when interpreting these results, it should be 

kept in mind that the resolution of the elevation model is not high enough to include the local river 

channels, as was already explained above. In order to be able to model the flooding around the 

village of Passu more accurately, these channels should be included in the model. 
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Figure 5 - Maximum water depth calculated with the preliminary model 
 

Apart from the flood challenges, high flow velocities in the river may be even more pressing in the 

area of Passu. From the aerial satellite images and local information, it can be concluded that the 

village of Passu experiences riverbank erosion near the border of the village as a result of high flow 

velocities. One of the river channels that is located directly adjacent of the village is seems to be 

slowly migrating eastwards due to the high flow velocities of the water. This causes bank erosion at 

the border of the village. In one of the pictures that was taken during a local field visit (see Figure 5 

below), this can also be seen. 

 

 

 
Figure 6 - Picture taken during a local field visit, indicating the damage caused by the water 
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5. Hydrodynamic modelling method 
 

In the project we make use of a hydrodynamic model to simulate hydrodynamics of a particular flood 

cases. There are three reasons to make use of a hydrodynamic model: 

1) to visualize and understand the hydrodynamics of the model 

2) to simulate previous flood events 

3) to determine the effect of SLAMDAM 

Based on field visits, local expertise, and available data, we constructed a hydrodynamic model. The 

paragraphs below elaborate on the configuration of the model.  

 

The model software used for the hydrodynamic model is 3Di. 3Di is state-of-the-art hydrodynamic 

simulation software for pluvial, fluvial and coastal floods. 3Di is applied in both urban and rural areas 

around the world. Unique about 3Di is the combination of fast simulations, interactive modelling, 

detail of the schematisation and the advanced capabilities to model hydrodynamic processes. For 

more information about 3Di, see https://3diwatermanagement.com/  

 

The hydrodynamic model uses several raster layers as input. Table 2 lists the raster layers with their 

source and resolution used as input for the model. In addition to the rasters, the model accounts for 

increased contraction of the flow at bridges and up- and downstream boundary conditions. 

 

Table 2 raster layers used as input for the hydrodynamic model 

Raster layer Source Resolution 

Digital Elevation Model 

(DEM) 

Local government 10x10 m 

Friction Based on landcover map - 

ESA  

10x10 m 

Infiltration Based on soil map - Food 

and Agriculture Organization 

of the United Nations  

30 arc-second 

 

 

After the model is configured with the rasters and the additional information, we can run the model 

with a precipitation source to simulate a certain event. For this project we selected a normative 

event for the floods occurring in Gilgit-Baltistan.  
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6. Selection of the SLAMDAM pilot area 
 

To protect the village Passu from riverbank erosion, it is proposed to redirect the flow in the braided 

river with a SLAMDAM. The bottom right Figure in Figure 6 shows the location where the river 

should be redirected. This is around 500 meters upstream of Passu. The two Figures on top show the 

proposed location in downstream and upstream direction respectively. The community is interested 

in enhancing the effect of SLAMDAM with reforestation and reclamation of the adjacent area. 

 

     
 

    
Figure 7 Proposed location of SLAMDAM 
 

Although redirecting the river likely reduces the riverbank erosion in Passu, there is a high risk of 

failure of SLAMDAM due to the high flow velocities in the river. Deploying SLAMDAM at a location 

with such high flow velocities have a high risk to counter a bank erosion problem. This means a risk 

of a failing underground where the SLAMDAM is risked to be washed away. This is illustrated in 

Figure  below.  

 

The destructive power of the high flow velocities is marked by previously completed projects within 

the community. The local community constructed different protection structures. Unfortunately, 

they all failed as a result of high flow velocities. The rocks that were used to build the protection 

structures were washed away by the water.  
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Therefore, it is proposed to thoroughly examine the flow velocities in the river together with the 

extension of proposed locations where SLAMDAM can prevent areas from flooding. Also, it is 

important to note that SLAMDAM was developed in order to protect against flood levels up to about 

1-1,5 m high. For the protection against erosion problems, other solutions might be better suitable, 

such as constructional work or dredging.  

 

 

 

 
Figure 8 Illustration of failure mechanism of SLAMDAM in case of river bank erosion 
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7. Conclusion risk assessment 
 

Conclusion risk assessment 
For the risk assessment, expert knowledge, field visit, and hydrodynamic modelling together 

contributed to understanding the flood risk in Gilgit-Baltistan. It can be concluded that locations 

along the Hunza river are facing flood risk, due to melt water from neighboring glaciers. As a result 

of high discharges in the Hunza river and its tributaries, the rivers erode the landscape and cause 

inundation of agricultural land, infrastructure (road) and communities. High flow velocities directly 

result in erosion of the landscape. During the flood season the area undergoes morphological 

changes due to erosion. This in turn impacts the livelihoods of the communities. Erosion can be 

prevented by redirecting the river flow. 

 

Flooding in the area also comes in the form of inundation of land due to river and lake outbursts in 

the catchment. Inundated land causes damages to people and the environment as well as an 

important road that is used for transportation of goods. Inundation of the land has significantly 

lower flow velocities and lower water levels. Inundated land can be prevented by deploying 

SLAMDAM. 

 

Conclusion location decision 
Concluding from the flood risk assessment, the project will deploy SLAMDAM to prevent land at the 

Passu village from being inundated. The project has decided not to use the SLAMDAM-technology to 

redirect the river flow due to the high velocities and water-level. This doesn’t mean SLAMDAM 

cannot be used to redirect a river, however it comes with a greater risk and requires a lengthier 

barrier. This pilot project has a limited scope and limited resources available. The chances of success 

for this pilot is highest when using SLAMDAM to prevent inundation. In the future it might be worth 

exploring the opportunity to use SLAMDAM to redirect the river.  

 

 

 

 

 

 

 

 

 

 



   
 
Zephyr Consulting Limited    Omar Saleh 
UNIT 1603, 16TH FLOOR THE L.     P. +31 639 823 186 
PLAZA 367 - 375 QUEEN'S ROAD     E. omar.saleh@zephyr-group.co  
CENTRAL SHEUNG WAN in HONG KONG 

 
 
 
 

OUTPUT REPORT 
 
 
Project: CIC 359: SLAMDAM (water-filled flood barrier) 
Resilience to floods is strengthened by deploying SLAMDAM to prevent damages caused by flooding. 
Capabilities to manage risk of floods is enhanced to ensure that local people and institutions are able to 
enhance resilience independently using flood resilient measures. 
 
Output reports are used to reflect and monitor the progress of each this project. In addition, this report 
is used to communicate completion of specific project outputs as agreed to initiate tranche payments.  
 
 

Project phase Project output indicator Evidence examples  Remarks 
Phase 2:  
Flood risk 
analyses 

Flood risk assessment 
report 

- Risk assessment 
report 
 

 

- Flood risk assessment is 
supported by hydrodynamic 
modeling software in 
combination with local data 
collection / field visits. 
 

- Most important conclusion 
form the analysis is that 
SLAMDAM will be used to 
prevent inundation rather 
than redirecting the Hunza 
river. 
 

Phase 3: 
Manufacturing 
SLAMDAM 

Manufactured 
SLAMDAM (mobile 
flood barrier) 

- Pictures and 
inventory list. 

- Production has been 
executed well. The challenge 
is to deliver the dams with 
without payment of excessive 
import duties. 

 
 
 



 
 
 
 

INVENTORY MATERIAL PROJECT ESMARK 
 
 
Project: CIC 359: SLAMDAM (water-filled flood barrier) 
 
 

Item Description Number of units 

90012 ProfiDam-L (5-meter, 2-meter, 1-meter) 50 

80066 Filling caps  2 

80323 Fire hose 20 meters  5 

80072 Y piece  1  

80042 Water pump 1200 l a minute  1 

80028 Membrane pump 150 liter a minute  1 

80002 Silicone hose  2 

80099 Repair set  1 

40333 Box:  60 x 80 x 42 cm 1 
 
 
 
 
 
See next page for pictures of ProfiDam-L 
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