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Abstract 
 

In the present study, it is developed a theoretical approach to a solution for the current need of water supply of 
the community of Lichinga city. Due to the immediate need of water, it was analysed if the closest reservoir 
available, which is the Locomué River, could provide enough resources. 

The first thing attended was an assessment of the current state of the dam and in accordance with the 
Mozambican regulation for safety of dams classify the dam object of the study. 

In order to transform de precipitation into surface runoff it was used the Temez model. This enabled to convert 
the monthly precipitation data in useful runoff monthly data. The available data was of 11 years of monthly 
averages of precipitation. The first 8 years were the modelling base in which were calculated statistic error 
adjustment methods to confirm the veracity of the results. 

The Temez model has a key feature called evapotranspiration. The first calculation of this concept doesn’t need 
much data but the second step, because is a consequence of the first it’s much more refined and describes in 
a better fashion the physical process. 

The present study conceived different scenarios of rising the dam. These scenarios helped characterizing the 
reservoir in many aspects specifically in the reliability of water supply and vulnerability of overtopping the 
structure. Was also modeled the exploration and the flood cushioning capacity of the reservoir 

For the best scenario of capacity vs reliability was design the spillway. Due to the lack of information, it was 
necessary to extrapolate the project precipitation from the mozambiquian legislation because this kind of design 
requests a return period of 2000 years. 

The structure drawings were also made in the phase of the project. 
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Introduction 
 

In the northern region of Mozambique, in the Niassa province there is a dam 10 km east of the Lichinga city. 
This is the object of the present study. This dam, visible in the figure was built in the 60’s and was initially 
idealized only for field irrigation purposes. Fresh water needs were satisfied from a small reservoir with only 1,5 
m high.This solution wasn’t good enough for the population demands of fresh water either from the point of view 
of quantity or quality of the water. 

Therefore, in 1971 the reservoir of the Locumué dam was used to supress the water necessities of the 
population. Due to an uncounted for rise in the population this reservoir is not suited to provide enough water to 
the city. The figure shows the evolution of the water needs versus the capacity of the reservoir. 

The purpose of the present study is to verify if it is possible to satisfy the population needs, currently at 9500 
m3/day, by rising the height of the dam. Firstly, there is an assessment of the structure of the dam and then a 
hydrology study of the rain condition of the region to know how much water is there available in the watershed 
of the river. With the height of the dam chosen, it is proceed to the design of the safety structures, more precisely 
the spillway. 

 

Figure 1 – Dam location adapted from Royal HaskoningDHV, 
Estudo prévio (2017). 

Figure 2 – Evolution of needs of water of the population in time 
adapted from Royal HaskoningDHV, Estudo prévio (2017). 
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Current state of the dam and safety class 
The structure object of this study was classify in light of the RSBM (Mozambican safety regulation for dams) as 
class 1, which means it has the higher danger for damaging infrastructures surrounding or put people’s lives in 
life threating situations. The risk classification focus on vulnerability index and potential damage. 

The vulnerability index has three components as shown in the picture below and it is divided in three categories. 
The potential damage has as well three different categories. 

By crossing both variables, you get the rick class of the infrastructure. 

The dam object of the study got the score preset in the table below. 

Table 1 – Results of the case study, Alves (2019). 

Vulnerability index Potential damage index 

Associated to technical 
aspects 

2,83 

Reservoir capacity 6 

Loss of human lives 2 

Associated to the conservation 
state 

3,83 
Damage to the natural habitats 1 

Social and economic impact 4 

Associated to safety and 
control measures 

5,00 
Emergency plan 4 

Environmental safety plan 4 

Sum 54,31 Result 76 

 

Figure 3 – Indexes of the categories presented by the RSBM (2017). 

Figure 4 – Matrix to classify the risk, RSBM (2017). 
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Hydrology 
The present study uses the Temez model to transform precipitation in surface runoff. This model simulates at a 
monthly scale the hydrologic processes of the watershed. It represents the essential traits of the transportation 
of the water in the different phases of the hydrologic cycle. Has it is shown in the next figure, this model defines 
the existence of two reservoirs underground. The first, more superficial, is filled by the soil humidity as for the 
second it volume enlarges with the quantity of water in the aquifers, also known as groundwater. The two 
reservoir draw the line the separates the none-saturated ground and the saturated ground. 

To model the watershed it was used an objective function (FO) which consisted in the difference between the 
values of the square superficial runoff observed with the values of the superficial runoff calculated by the Temez 
model. 

With the help of Excel, it was possible to verify the regularity and continuousness of the FO. This allowed 
assuming that, when a minimum of the function was found it was the only one and not a local minimum. 

In order to insure the quality of the results, in terms of resemblance to reality, some measurements of error 
adjustment were used. This were R (correlation coefficient), RMSE (square root of mean square error), MAE 
(mean absolute error), SQE, (sum of the squared errors) E2 (coefficient of efficiency), ARV (average relative 
variance) and BIAS, which measures the tendency of over or underestimate the results. 

Table 2 – Measurements of error for the model of the case study, Alves (2019). 

 

The next figure shows how adjusted is the model with the reality. The blue line illustrates the simulated runoff 
and the orange the observed runoff. 

Parameters R (-) RMSE (mm) MAE (mm) BIAS (mm) E2 (-) E1 (-) ARV (-) IOA (-) 

Global period 

(1970/71 – 

1980/81) 

0,78 24,95 16,23 -1,62 0,61 0,45 0,39 0,87 

Calibration 

period (1970/71 

– 1977/78) 

0,78 26,53 16,73 2,47 0,61 0,45 0,39 0,86 

Validation 

period (1978/79 

– 1980/81) 

0,89 19,58 14,13 -12,52 0,60 0,44 0,40 0,90 

Figure 5 – Temez model adapted from Alves (2019). 
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Reservoir 

Based on the data of the topography and the hydrology available it was possible to draw some scenarios of 
rising the dam. This scenarios had the satisfying of water needs has the main difficulty. For that some guaranties 
were calculated. The temporal guaranty, which evaluates the availability of the complete or some volume of 
water needed and the volumetric guaranty, which measures the availability of water be provided. The 
vulnerability and the resilience were also calculated for the scenarios. 

The initial scenario, with the NPA (full storage level) at 14,8 m had the characteristics found in the next table. 

Table 3 – Guaranties for the initial scenario. 

Guaranties 

Volumetric guaranty 0,88 88,06% 

Temporal guaranty (100% satisfied 
demand) 

0,80 79,63% 

Temporal guaranty (demand satisfied 
in some degree) 

1,00 99,54% 

Vulnerability 0,73 73,00% 

Resiliency 0,25 25,00% 

 

By rising the dam, the NPA would increase until the height of 18 m and could provide more water and closer to 
satisfy the full need of this resource of the population. The next figure shows how the guaranties vary with a 
higher dam wall. 

 

Figure 6 – Runoff modeled vs runoff observed, Alves (2019). 

Figure 7 – Variation of the guaranties with different NPA. 



6 
 

Flood cushioning 

In order to proper design the spillway necessary to the new dam, it is critical to calculate de design flood. 
Mozambican legislation requires that the design can withstand a flood with a return period of 2000 years.  

The available data for the IDF has a limited return period of 50 years so it was imperative to extrapolate the 
results to the return period required by the legislation. By using the Kirpich formula, beneath, it is possible to 
calculate the concentration period and consequently to grasp how many blocks would take to create a unitary 
hygrogram. 

 
𝑡𝑐 = 0,946

𝐿1.155

∆𝐻0.385
 

 
[1] 

The next figure illustrates the extrapolation by duration of the precipitation for each return period. 

Therefore using the rational method the design flood is calculated for 100, 1000 and 2000 years of return period. 

Table 4 – Design flow for each return period. 

Parameter 
Return periods (years) 

T = 100 T = 1000 T = 2000 

Precipitation (mm) 116,07 154,56 166,15 

Intensity (mm/h) 2,69E-05 3,58E-05 3,85E-05 

Design flood (m3/s) 161,20 214,67 230,76 

 

Nevertheless, this design flood is too high because the reservoir provides some cushioning. So, recurring to 
HEC-HMS, with a concentration time of 72 min, a return period of 2000 years and a possible spillway entrance 
with 8 meters width, the flood cushioning is shown in the next figure and the design flood would be of 8,30 m3/s. 

Figure 8 – Precipitation extrapolated. 

Figure 9 – Flood cushioning. 
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Considering a safety gap due to the waves that can arise in the reservoir (because of the fetch), the top of the 
dam would be at 1327 m and the NPA at 1324,5.  

Spillway design 
The spillway design of this study has four main components. The approach channel, the crest of the spillway, 
narrowing of the channel and the chute. There is also the energy dissipation basin in the end. All this components 
were design using the flood design calculated earlier. The type of spillway selected was a WES (Waterways 
Experiment Station) spillway with the following characteristics, which led to the one illustrated by the figure 
Figure 10. 

Table 5 – Adopted values for the crest. 

Parameters 
Adopted values 

(m) 

H0 0,76 

0,1360 H0 0,11 

0,2818 H0 0,22 

0,1153 H0 0,10 

0,0316 H0 0,025 

0,2760 H0 0,20 

0,175 H0 0,13 

R = 0,5 H0 0,40 

R2 = 0,2 H0 0,15 

R3 = 0,04 H0 0,03 

O2 
x = -0,105 H0 - 

y = 0,219 H0 - 

O3 
x = -0,2418 H0 - 

y = 0,136 H0 - 

 

The complete approach channel can be seen in the next figure, which is a top view of it. 

 

Figure 10 – Detail of the crest. 

Figure 11 – Entrance work detail. 
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In order to design the sidewalls it was used the program HEC-RAS that allows modeling the water behavior in 
an open channel. The figure beneath shows the results. The flow is considered critic and as seen in the figure, 
it has the expected behavior meaning it is always beneath the red line. 

The energy dissipation basin selected for this flow was a type 3 due to its smaller size therefore the obvious 

economic advantages. 

Table 6 – Adopted values for the energy dissipation basin. 

 

To summarize all the sections and their heights they were outlined in the next table. 

Table 7 – Overview of the different section of the spillway. 

Section 
Height of the 
channel (m) 

Height of the 
water (m) 

Velocity of the 
water (m/s) 

Approach 1324,50 1,70 0,391 

Crest of the 
spillway 

1324,50 0,76 1,365 

Parameters Adopted values (m) 

L 3,85 

L3 0,50 

L4 0,40 

0,5h1 0,15 

0,375L3 0,20 

0,75L3 0,35 

0,8h2 1,30 

0,2L3 0,10 

0,002h2 0,10 

f 1,00 

Figure 12 – HEC-RAS modelling of the spillway. 

Figure 13 – Energy dissipation basin detail. 
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Narrowing of the 
channel 

1321,06 0,73 1,422 

Chute 1320,71 0,70 2,635 

Conclusions 
It is possible to conclude that the rising of the dam, by itself, is not enough to suppress all the water needs of 
the population. This solution is unreliable from the point of view of supply. The scenarios studied indicate a 
maximum supply of 9000 m3/day, which is not enough for the necessities of the population. By restricting the 
consumption, there is more reliability from the offer but in order to provide the amount of water needed there 
would be restrictions in most of the year. 

The closest scenario, which will use up most of the water of the watershed, gives out 8900 m3/day, with the 
guaranties showed in the table. 

Table 8 – Guaranties for the final scenario. 

Guaranties 

Volumetric guaranty 0,97 97,38% 

Temporal guaranty (100% satisfied demand) 0,95 94,91% 

Temporal guaranty (demand satisfied in some degree) 1,00 99,77% 

Vulnerability 0,61 60,70% 

Resiliency 0,36 36,36% 

 

This study shows that to have a stronger water supply system for the Lichinga city there must be studied 

another form of supply. The rising of the dam could be an easy and close source but it can only function as an 

element of a bigger picture. 

Recovering water from another reservoir 30km Norwest in MBahu or treating water from the Lake Malawi 

60km west are also possibilities. 
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