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SUMMARY IN SWEDISH  

Det är viktigt av praktiska och juridiska skäl att vatten och sediment kontrolleras i 
störda områden runt gruvdriften. Byggandet av ett väl utformat dräneringssystem som 
styr erosion och därmed återställer den rätta hydraulfunktion av ytan är en av de 
viktigaste funktioner som bör göras som en del av gruvverksamheten. Men även med 
den bästa planering och design om lämpliga byggmetoder inte är anpassade, både de 
störda och regenererade områden är mycket sannolikt att vara känsliga för erosion, 
sedimenterings och stabilitetsproblem. För att lösa problemet bör riktlinjer för hur 
utformning och bygganade av dräneringssystem vara väl förberett. 

Huvudsyftet med denna studie var att förbereda riktlinjer för lämplig utformning, 
konstruktion och övervakning av vattenavloppshanteringssystem i studieområdena 
(Kankberg, Maurliden och Renström-Petiknäs). Riktlinjerna insamlades i en 
litteraturstudie från olika källor angående dränering av vatten runt gruvområden. 
Litteraturstudien genomfördes på liknande projekt särskilt i länder som har liknande 
hydrologiska och geologiska egenskaper. De undersökta data för studieområdena 
användes för att beräkna upptagningsområdet för de avrinningsområden som 
användes för att uppskatta toppflöden i 2 år, 5 år, 10 år, 25 år och 100 år händelser. 
Denna rapport har analyserat resultatet av HEC-RAS-programvara för fallstudie av 
den nya dike runt Maurliden gruvan och integrerats med olika riktlinjer. Baserat på 
resultaten av den HEC-RAS har de vanligaste problemen hos dräneringssystemet 
identifierats. 

Dessutom examensarbetet identifierat viktiga fysikaliska parametrar såsom tvärsnitt 
och sluttningarna av den representativa dike som påverkar funktionen av diket i 
studieområdena. Hydrauliska parametrar såsom hastighet som är mycket viktigt för att 
utforma den typ av foder och även Froude nummer som är viktigt för att identifiera 
vilken typ av flöde oavsett om det är superkritisk, kritisk eller underkritisk 
identifierades. Froude nummer hjälper till att välja vilken typ av riktlinjer som ska 
användas mellan brant sluttning och mild lutning. 

Dessutom diskuteras i arbetet gränserna för de resultat och faktorer som kan påverka 
funktionaliteten av rätt utformad dräneringssystem. Avhandlingen underströk vikten 
av tillgången till uppgifter och de faktorer som påverkat osäkerheten i resultatet. 

Slutligen avhandlingen behandlas vikten av ekologi under utformningen av 
avloppssystemet. Den visade de olika faktorer som måste beaktas i ett tidigt skede av 
ett dräneringssystem projekt. 
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SUMMARY  

It is important for practical and legal reasons that water and sediments in disturbed 
areas around the mining operation should be controlled. The construction of a well-
designed water drainage system that controls erosion and thus restores the proper 
hydraulic function of the surface is one of the most important post-disturbance 
features which should be done as part of the mining activities. However, even with the 
best planning and design, unless proper construction practices are adapted; both the 
disturbed and reclaimed areas are very much likely to be susceptible to erosion, 
sedimentation and stability problems. In order to tackle the problem, guidelines on 
how to design and construct the drainage system should be well prepared.  

The main objective of this study was to prepare guidelines for the proper design, 
construction and monitoring of the water drainage management system in the study 
areas (Kankberg, Maurliden and Renstöm-Petiknäs).Guidelines were collected during 
a literature review from different sources concerning the drainage of water around the 
mining areas. The literature review was carried out on similar projects especially in 
countries which have similar hydrological and geological characteristics. The surveyed 
data of the study areas was used to calculate the catchment area of the watersheds 
which was used to estimate peak flows for 2 yrs., 5 yrs., 10 yrs., 25 yrs. and 100 yrs. 
events. This report has analysed the results from the outcome of HEC-RAS software 
for the case study of the new ditch around the Maurliden mine site and integrated with 
different guidelines. Based on the results of the HEC-RAS, the most common 
problems in the drainage system have been identified. 

Moreover the thesis project identified important physical parameters such as cross-
sections and slopes of the representative ditch which affect the function of the ditch 
in the study areas. Hydraulic parameters such as velocity which is very important for 
designing the type of lining and also Froude numbers which is very important in 
identifying the type of flow whether it is super-critical, critical or sub-critical was 
identified. The latter helps to select the type of guideline to be used between steep 
slope and mild slope.  

Furthermore the thesis discussed the limits of the result and factors which can affect 
the proper functioning of the properly designed drainage system. The thesis 
emphasized the importance of the availability of data and the factors that affected the 
uncertainty of the result. 

Finally the thesis addressed the importance of ecology during the design stage of the 
drainage system. It pointed out the different factors to be considered at the early stage 
of a drainage system project. 
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ABSTRACT  

It is important for practical and legal reasons that water and sediments in disturbed 
areas around the mining operation should be controlled. The construction of a well-
designed drainage system that controls erosion and thus restores the proper hydraulic 
function of the surface is one of the most important post-disturbance features which 
should be done as part of the mining activities. However, even with the best planning 
and design, unless proper construction practices are adapted; both the disturbed and 
reclaimed areas are very much likely to be susceptible to erosion, sedimentation and 
stability problems. In order to tackle the problem, guidelines on how to design and 
construct the drainage system should be well prepared. The main objective of this 
study was to prepare guidelines for the proper design, construction and monitoring of 
the water drainage management system in the study areas (Kankberg, Maurliden and 
Renström-Petiknäs). This report has analysed the results from the outcome of HEC-
RAS software for the case study of the new ditch around the Maurliden mine site and 
integrated with different guidelines. Based on the results of the HEC-RAS, the most 
common problems in the drainage system have been identified. Moreover the thesis 
project identified important physical parameters such as cross-sections and slopes of 
the representative ditch which affect the function of the ditch in the study areas. 
Hydraulic parameters such as velocity which is very important for designing the type 
of lining and also Froude number which is very important in identifying the type of 
flow whether it is super-critical, critical or sub-critical were identified. The latter helps 
to select the type of guideline to be used between steep slope and mild slope.  

Key words: Drainage system, Ditches, Open channel flow, Steep slope, Mild 
slope, HEC-RAS, Super-critical flow, Critical flow, Sub-critical flow 

 

1. INTRODUCTION 

1.1 Background 

The need for designing and implementing of a 

well-organized drainage system throughout the 

mining process is very important to protect the 

environment. Waste rock dumps in the mining 

sites are sources of water pollution. The water is 

polluted both chemically and physically. It is 

polluted chemically due to the exposure of 

minerals to the oxidation process and also due to 

effect of leaching which leads to undesirable 

concentrations of dissolved materials. Physically, 

it is polluted due to the accumulation of 

sediments as a result of erosion. Due to the fact 

that sediment is a major carrier of pollutants, 

chemical and physical pollutions usually occur 

concurrently. 

Mining operations can pollute water 
continuously for a long time even after closure. 
A large amount of sediments and chemicals are 
continuously carried away by runoffs from 
inactive mine sites to downstream water bodies. 
The sediments pollute the streams and reservoirs 
and diminish the use of the water. In addition, 
the volumes of reservoirs are reduced and flood 
control and power generation are complicated, 

habitat of aquatic life is destroyed and other 
problems are increased because of sediment 
deposition. To protect the environment from all 
these problems, water drainage system should be 
designed, implemented and monitored in the 
mining sites. 

Water within the mine site should be contained 

and managed. It should ultimately conveyed to 

water treatment or proper handling.  Often there 

are two types of ditches: one that handles water 

with high content of metals and low pH and the 

other handle clean water. The physical properties 

of the ditches, such as gradient, cross-section 

and construction material are critical parameters 

to ensure proper function for water transport 

within the mine area. In addition, it is important 

that the target flows are collected and remain 

contained during transport from source to basin 

or treatment point. Drainage systems are 

dynamic by nature and can lead to negative 

effects downstream. Boliden recognizes a need 

for evaluation of the function of existing ditches 

and study guidance documents thus eventually 

developing to ditch-design guidance documents.   
As Simons (1982) stated, water diversion 
structures are temporary or permanent water 
handling structures used to control and manage 
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the drainage above and through the distributed 
area of a mine site including the channels 
diverting and conveying the runoff, grade 
control structures, erosion control structures, 
etc. In this thesis work, they are defined as those 
which are used to drain the surface runoff from 
the mining sites. The diversion of surface runoff 
is used to reduce the time of contact with acid/ 
metal forming minerals as a result the amount of 
sediments that could enter the downstream 
bodies are reduced significantly. Streams are 
diverted into new channels so that seepage and 
flooding of the mine site are reduced. Runoffs 
are also diverted below the spoil slopes so that 
the water will be directed to sediment ponds.  

Since the study areas are located on a steep slope 
topography, the ditches should be designed and 
constructed carefully. In general, designing 
drainage system is economically feasible way of 
protecting the environment; however the 
following factors may affect the overall cost of 
the project (Simons, 1982). 

 Topography: Steep slope, dense forest cover 

or rock formations may increase the cost of 

drainage system 

 Equipment: The type of equipment available 

affects the cost. 

 Condition of soil: Highly permeable soil as 

well rock fissures may require use of 

impermeable material 

Some temporary structures including use of 
brush, downpipes, straw bales and other similar 
measures are added to some permanent 
measures in order to achieve both grade and 
erosion controls. But they should be converted 
either to permanent standards or removed after 
all the work is done. They should also be 
vegetated in a similar way to the disturbed areas. 

The designed permanent drainage system should 
perform efficiently and effectively without 
periodic maintenance especially when they are 
designed in steep slope conditions with relatively 
high flow, those channels that are properly 
designed become a continuous source of water 
pollution. These situations are not seen as 
serious issues at this time in our study areas; 
however, for a longer time for example 100 years 
flow event, the situation might be danger. 

1.2  Objectives 

Because of the water pollution issues that have 
been created  due to mining in the past and the 
need to reduce future generation of water 

pollution, drainage system have been used to 
help manage and control water on a mine site. 
There are two ways of controlling the water 
pollution: 1) water treatment and 2) source 
control. Thus having a good water management 
planning and implementing it on source 
controls is better alternative for both present 
times as well as for the future. Source control 
measures such as a well-designed drainage 
system are often significantly less expensive 
than water treatment. Furthermore, source 
control measures are helpful in reducing costs 
of water treatment by protecting unpolluted 
water from contacting with the already 
contaminated water in the areas which are 
highly affected by the mining operations.  

The main objective of this study was to provide 
an input for the preparation of guidelines for 
designing of ditch for metal/acid bearing 
drainage from waste rock dumps. Designing 
ditches cannot be a complete solution for the 
protection of pollution; however, they could be 
integrated to the overall water management plan. 
A complete water management system, including 
proper drainage design is needed to reduce the 
negative effects on the environment caused by 
mining operations. In addition, it should be 
realized that design of ditches is only one part of 
the whole system. The Hydrologic Engineering 
Center’s River Analysis System Model (HEC-
RAS) was used to design new drainage system 
for the study areas using the available data and 
information. The objective of the analysis by 
HEC-RAS software was to evaluate the 
functionality of the existing drainage system 
according to their intended use. It helped us to 
know what should be done during design, 
construction and monitoring of the drainage 
system. Moreover, HEC-RAS enabled us to 
identify the most critical parameters which 
affected the proper functionality of the drainage 
system which later helped us in the preparation 
of the guidelines of design of drainage system. 

The objectives can briefly be summarized as: 

 The Design of a drainage system using 

HEC-RAS for a case of the new ditch 

around the Maurliden mine site. 

 Evaluation of the existing drainage system 

based on the result of the designed model.  

 Recommendation on technical requirements 

for the design, construction and monitoring 

of the metal/ acid water-bearing drainage 

system. 
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1.3 Study Goals 

The project examined how the hydraulic 
parameters affect the proper functioning of 
drainage system in the mining areas. Ditches are 
designed to collect runoff from precipitation or 
snow melt both from active and recently 
backfilled mining areas to convey water to 
controlled sedimentation ponds by avoiding 
extensive erosion, sedimentation and stability 
problems. However, this is not happening in the 
study areas. The reasons for this could be 
improper engineering design, improper 
construction techniques, not using the right 
lining material or lack of monitoring 
mechanisms both during and after construction. 

Collection ditches are constructed wherever 
water is needed to be drained. Sometime they are 
constructed on the undisturbed ground below 
the mining area and sometimes they are 
constructed in the permeable spoil materials 
where large quantities of water are directed to 
the backfill. Thus ditches in the spoil need to be 
lined with materials which are very impermeable 
in order to minimize infiltration. 

Maintenance of the proper functioning of the 
ditches can be achieved by: 

 Changing the engineering design of the 

drainage system. 

 Selecting proper materials for lining. 

 Doing a proper supervision during 

construction stage. 

 Preparing a well-organized periodical 

monitoring system for the river discharge 

flows. 
The goal of this study was: 

 To ensure water pollution control and 

sustainable water drainage management 

system on mining sites. 

1.4  Basic Concepts of open-channel 
flow 

1.4.1 Introduction 
To understand the basic concepts of open 
channel flow is very important when designing 
ditches properly. The water in the open channel 
flow is considered as unconfined. Characteristics 
such as surface configuration, pressure 
distribution and flow pattern are gravity 
dependent. As Chow (1959) stated deformations 
or movements of the bed are not considered in a 
rigid boundary; however, the bed configuration 
depends on flow in case of mobile-boundary 
hydraulics. 

 
Figure 1 Variables describing the boundary 
geometry of a channel (Fluvial 
Geomorphology, 2014). 
 
The thesis will deal primarily with rigid boundary 
open channel flow. 

1.4.2 Parameters describing the hydraulics of 

open channel flow 
All variables used in fluid mechanics and 
hydraulics fall into one of three classes: those 
describing the boundary geometry, those 
describing the flow and those describing the 
fluid (Rouse, 1976). In open channels, the state 
of flow can be described by the combination of 
these variables. To know and understand all the 
variables and the parameters help as a back- 
ground knowledge when discussing about the 
equations and formulas used in open channel 
flow. The following variables and parameters are 
common. 
Variables describing the boundary geometry (Chow, 
1959):  

 Depth of flow: The depth of flow ´d´ is 
defined as the perpendicular distance from 
the bed of the stream to the water surface. 
See Figure 1 above. 

 Stage: The stage ´h´ is the vertical distance 
from a given datum to the surface of water. 
See Figure 1 above. 

 Top width: The top width ´T´ is the width of 
a stream section at the surface of water and 
it may not be constant at every stage. 

 Cross sectional area: The cross sectional area 
´A´ is the area of a cross section of the flow 
normal to the direction of flow 

Variables describing the flow (Chow, 1959):  

 Discharge: The discharge ´Q´ is the volume of 

a fluid or solid passing a cross section of a 

stream per unit time. 

 Mean velocity: The mean velocity, v=Q/A is 

the discharge divided by the area of the 

water cross section. 
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 Drag force: The drag force ´Fd´ is the force 

component exerted by a moving fluid on 

any object submerged in the fluid. The 

direction of the force is the same as that of 

the free stream of fluid. 

 Lift force: The lift force ´FL´ is the force 

component exerted on a body submerged in 

a moving turbulent fluid. The force is 

exerted perpendicular to the free stream of 

fluid. 

 Shear force: The shear force is the shear 

developed on the channel where the surface 

is wet and it acts in the direction of flow. 

This force per unit wetted area is called the 

shear stress τ0 and can be expressed as 

:τ0=γRS 
  where γ is the specific weight, R is the 

hydraulic radius and S is representative 
slope. 

Variables describing the fluid (Chow, 1959):  

 Density: The density ´ρ´ of a fluid is the mass 

that possesses per unit volume. Both the 

density of the water-sediment mixture and 

the density of sediment are important 

variables. 

 Specific weight: The specific ´γ´ is the weight 

per unit volume. It is related to the density 

by: 

 γ= ρg 

 Specific gravity: The specific gravity ´Gs´ is the 

ratio of the specific weight of a fluid or 

fluid-solid mixtures, to the specific weight of 

water at 40C or 39.20F. 

 Viscosity: It is the property of a fluid that 

resists relative motion and deformation in 

the fluid and causes internal shear. 

 

Figure 2 Discharge, Q (Fluvial 

Geomorphology, 2014). 

Variables describing open channel flow (Chow, 1959):  

 Reynolds number: It is  

Re=vL/υ  
where v is the velocity, L is a characteristic  

length and υ is the kinematic viscosity 

 Froude number: It is 

Fr=v/√gL 
where g is the gravitational acceleration 

Variables describing boundary roughness conditions 

(Chow, 1959):  

 Relative roughness: It is 

k/R 
     where k is the height of roughness 

element and R is the hydraulic radius. 
The inverse of the relative roughness is 
often encountered in resistance 
formulas. 

 Particle size: The boundary of a natural 
earthen channel or a rock riprap channel is 
composed of a variety of particle sizes. The 
size distribution of these particles is often 
measured and expressed as the particle 
diameter for which a given percentage of the 
mixture is finer.  

1.4.3 Governing equations 

All flow processes are governed by equations of 

continuity, energy and momentum in the case of 

rigid boundary open channel flow. 

In its simplest form, continuity equation can be 

written as (Chow, 1959): 

                                          (1) 

where Q is the discharge, v is the mean velocity 

and A is the cross sectional area at locations 1 

and 2. It should be noted that the above 

equation is applied to steady, two dimensional 

and incompressible flows in which case all the 

conditions exist in our study areas.  

The Bernoulli equation is the most common 

form of the energy equation which can be 

written as follows (Chow, 1959): 

                (2) 

where v is the mean velocity, P is the hydrostatic 

pressure and z is the elevation of the channel 

bed (relative to datum) at sections 1 and 2. The 

loss of energy by friction between sections 1 and 

2 are represented by head loss term, hL. 

Both the energy line and hydraulic grade line are 

the important concepts described by the 

Bernoulli equation. The elevation of the energy 
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grade line at any section relative to a datum is 

given by (Chow, 1959): 

+ z                                         (3) 

Below is the hydraulic grade line which is less 

than the energy grade line by the velocity head. 

At any section, the elevation of the hydraulic 

grade line is given by (Chow, 1959): 

+ z                                                 (4) 

It is simply the water surface elevation relative to 

a datum. 

In open channels, the purpose of hydraulic 

computations is determining of curve of the 

water surface. The following three relationships 

between hydraulic gradient and energy gradient 

are involved.  

 In case of uniform flow, both the hydraulic 

gradient and energy gradient are parallel. 

Therefore, friction loss is determined by the 

hydraulic gradient, the reason for that is that 

there is no conversion of energy between 

kinetic and potential. 

 In case of accelerated flow where they 

typically exist in steep slope ditches, velocity 

increases in the down slope direction which 

means that the HG is steeper than the EG. 

 In case of retarded flow where velocity 

decreases in the down slope direction, the 

energy gradient is steeper than the hydraulic 

gradient. 

 

 

 

 

Figure 3 Sketch of the   

energy and hydraulic grade 

lines in open channel flow 

(Chow, 1959) 

The last two conditions cannot be done without 
consideration of both gradient. 

1.4.4 Steady and uniform flow formulas for open 
channel 

To calculate the mean characteristics of flow, 
several formulas haven been proposed; however, 
Manning equation is the most common one. In 
metric units, it can be written as (Chow, 1959):  

                                            (5) 

where n is defined as the Manning roughness 
coefficient with the dimension L1/6. From the 
continuity equation, we have (Chow, 1959): 

                                                         (6) 

where Q is the discharge, V is the mean velocity 
and A is the cross-sectional area which is 
perpendicular to flow. Therefore, Manning 
equation can be expressed as (Chow, 1959): 

                                         (7) 

Due to its simplicity and satisfactory results for 
practical applications, it has become one of the 
most widely used. In an open channel, the 
normal depth is considered as depth of uniform 
flow. Even though uniform flow occurs rarely in 
reality, most calculations are simplified and 
approximated to that. Thus the normal depth, 
´d´ should be solved using manning equation. 
Due to the fact that both velocity (and 
discharge) and the hydraulic radius are 
dependable on the flow depth, the flow depth 
cannot be solved directly. To solve the equation, 
many charts and nomographs have been 
developed; however, softwares such as HEC-
RAS which is used in this project provides 
efficient solution.  
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1.4.5 Selection of channel cross section 
Triangular, trapezoidal and parabolic are 
common types of cross-section; however, the 
most commonly constructed cross sections are 
trapezoidal shape. When a trapezoidal cross 
section has a bottom of width zero, it is called 
triangular and their use is limited to a relatively 
low flow. When a vegetated lining is required, 
parabolic channels are generally used even 
though the other types are also used. 

The angle of repose of the parent material or 
channel lining is the main factor for the selection 
of channel side slope. The angle of repose is the 
slope angle formed by particular material under 
the critical equilibrium condition of incipient 
sliding (Simons and Senturk, 1977). The side 
slope should be smaller than the angle of repose 
in order the channel to be stable. 

Assuming ɵ  and ϕ are the side slope angle of 
the channel design and angle of repose 
respectively, then they are generally related by ɵ  

≤ ϕ-5(degrees) to determine the maximum side 
slope angle for a stable channel. As shown in 
table 1.1, the side slope, ɵ  is related to side slope 
value z in this way. 

Table 1 shows the suggested z values to be used 
in designing channels. 

Table 1 Suggested side slope z values 
(Simons et al, 1982). 

Nature of Bank Material z 

Rock 0.2 

Smooth or weathered rock, shell 0.5-1.0 

Soil (clay, silt and sand mixtures) 1.5 

Sandy soil 1.5 

Silt and loam (loose sandy earth) 2 

Fine sand 3 

material >3 

Compacted clay 1.5 

  

 
 

Figure 4 Relationships between side slope 
value, z and slope angle, ɵ (Simons, Li, 
Schall, Peterson, Anderson, Summer & 
Fullerton, 1982). 

 

Figure 5 Angle of repose (Simons et al, 
1982).  

 

The angle of repose for channels lined with 
riprap can be found from Figure 5. The 
recommended z value should be less than the 
angle of repose of the riprap. 

1.4.6 Variability of flow conditions 
Sometimes the flow within the designed channel 
is not maintained in open channel flow. Serious 
erosion problems are caused due to the 
overtopping of the flow over the lining. It can 
even lead to a possible failure of the designed 
channel; however many of the problems can be 
prevented during the design stage when 
consideration is given to:  

 Centrifugal forces that occur when the 

channel is turned and 

 Additional channel depth to account for 

debris accumulation or variability in 

construction that results in differences in 

roughness coefficients.  
The above two scenarios are called super-
elevation and freeboard respectively. The 
freeboard is usually good enough to control the 
centrifugal forces hence it is needless to consider 
super-elevation. 

Super-elevation 

Due to the fact that flow direction is changed, 
centrifugal forces are created which causes for 
the super-elevation of water surface around the 
bends (Figure 6). At the concave side of the 
bank, the water surface becomes higher than the 
uniform conditions while at the convex side it 
becomes lower and the transverse slope created 
can be calculated. Several equations have been 
proposed to calculate it.  

For trapezoidal channels, the channel bottom 
width is selected depending on hydraulic 
conditions and the available equipment. 
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Figure 6 Sketch of super-elevation in a 
channel bend (Simons et al, 1982). 

 

Freeboard 

Freeboard is the vertical distance from the water 
surface elevation of the design flow to the top of 
the channel. It is used as a measure of 
prevention of overtopping caused by 
sedimentation. It can also provide extra depth 
because of rougher friction coefficient than used 
in the design or perhaps due to wave action.   

Freeboard for a designed channel is dependent 
on several factors such as size of channel, 
velocity of water, channel curvature and 
transition conditions. Normally the wave action 
is not considered in designing of channels. It is 
commonly defined as a percentage of the depth 
of flow. Freeboard is taken different for 
different types of hydraulic conditions: 
subcritical and supercritical flows as well as the 
cross-section of the channel. It is recommended 
by the Soil Conservation Service (1977) that for 
a trapezoidal channels at subcritical flow (mild 
slope), the freeboard must be equal to or greater 
than 20 % of the depth of flow at the given 
design discharge; however, should not be less 
than 0.3 meter. And for the supercritical flow 
(steep slope), the recommended value is 25% of 
the depth of flow.  Freeboard is added to any 
other value required for example for super-
elevation or extremely turbulent flow. There are 
several equations proposed to determine the 
freeboard for diversion channels on mine 
operations. 

2.  METHODOLOGY  

2.1 Scope of study 

Preparing guidelines for the design of ditches in 
the mining areas are required to protect the 
environment. This can be managed by the 
proper engineering design and by using the best 
available technology (BAT). Therefore, the 
combination of proper design, good 
construction technique and organized 
monitoring mechanisms is an efficient and 
effective way of optimizing the drainage 
management system of mining areas.  

The need for a well-organized guidelines is 
unquestionable specially for long term drainage 
management planning. The guidelines can be 
used as a decision support system for the future 
and can be applied for the optimization of the 
system considering the rules and policy 
concerning the environment.  
The document consolidated previous 
achievements by different scientists and 
provided a framework on the criteria and 
standards of the proper design of drainage 
system for Kankberg, Maurliden and Renström-
Petiknäs mining sites. It mainly focused on 
designing of the drainage ditches which use for 
collecting and handling of runoff that come 
either from the mining or stockpile areas.   

The main purpose of the designing criteria is to 
give a safer and more efficient drainage system 
which minimizes the disruptions to the mining 
site as well as to the activities and operations 
mainly during wet weather periods while 
controlling and minimizing the negative impacts 
that can potentially have on the environment 
especially during an event of release of 
uncontrolled runoff. 

2.2 Materials and methods 

2.2.1  Data collection and data processing 
The availability of data and information is crucial 
for running of the model and getting result of 
the simulation which should be fairly close to 
the real situation on the ground. There was a 
lack of data and information in this project. 
Almost no measurements have ever been taken 
on the drainage channels. There is neither 
periodic monitoring of the channel flows nor 
constructed measuring instruments around most 
of the water channels. Most of the old drainage 
systems were not constructed by following 
proper engineering design. Moreover, the old 
layouts were not available to be used for the 
simulation purpose. There were not documents 
showing what engineering parameters were 
considered during the design. 
The following activities were done during the 
research period: 

 Literature review of similar projects 
especially in countries with similar 
hydrological and geological characteristics 
which included both the successful projects 
and as well as the failed ones by taking the 
lesson learnt from the failure and how it 
could have been rectified including the 
experiences. 
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 The surveyed data of the layouts of the 
current drainage system was gathered.    

 The schematic of the river system for the 
case study of the new ditch around 
Maurliden mine site was developed. 

 Using the HEC-RAS program, the drainage 
system was designed based on the desired 
hydraulic parameters. 

 The existing drainage system was evaluated 
based on the result of the new designed 
drainage system and the guidelines gathered 
from literature review. 

2.3 Study areas 

The study areas in this project (Kankberg, 
Maurliden and Renström-Petiknäs) are located in 
the Skellefteå mineral district. The district has 
been mined, primarily by Boliden starting 1920s. 
Over the last 90 years, extraction of ore had 
been done from around 30 mines. At present, a 
concentrator is established at Boliden. Moreover, 
the area has five close mines in which the last 
one which produces Gold is in Kankberg and 
was opened in 2012 (Boliden Mineral AB, 2014). 

In Boliden area, around 1700 Kilo-tonnes of ore 
is produced and the same quantity is 
concentrated every year. The concentrator 
produces both copper and gold concentrates 
which are sent to the smelter located at 
Rönnskär; however, the zinc concentrates are 
shipped to Odda and Kokkola found in Norway 
and Finland respectively which are both of them 
owned by Boliden. Some of them are shipped to 
other smelters in Europe (Boliden Mineral AB, 
2014). 

Kankberg  

Kankberg which is a gold and tellurium mine is 
situated in the Skellefteå district. The last time it 
has produced zinc and copper mine was in the 
1990’s and then it was closed down; however, it 
has been reopened in 2012 after the discovery of 
gold and tellurium. During the first year, an 
estimate of 250 kg of gold was produced. The 
method used here is the cut and fill and granites 
are utilized as a backfill material. Kankberg is 
500 meter deep at present and has an 
approximate life of mine until 2020 (Boliden 
Mineral AB, 2014). 

Kankberg has an approximately ore reserve of 
2.78 million tonnes. The gold and tellurium 
contents in the ore reserve are 4.1 and 186 grams 
per tonne respectively. The average production 
of gold is around 1150 kg per year and that of 
the tellurium is about 41 tonnes per year.  

 

 

Figure 7 Boliden mine sites (Boliden 
mineral AB report, 2012. 

 

Tellurium is a metal which is rarely found in 
nature. In Steel production, it is mainly used as 
an alloying material. Moreover, it is used a semi-
conductor in production of solar cells and where 
the market shows an increase in demand 
(Boliden Mineral AB, 2014). 

Maurliden  

Production in Maurliden was started in 2000. An 
open pit mine is used to extract the poly-metallic 
ore. The open pit has been deepened at different 
intervals. A new level has been started in 2008. 
The pit will have a final depth of 180 meters 
(Boliden Mineral AB, 2014). 

Renström-Petiknäs 

The mine in Renström was opened in 1952 and 
at this time it has a depth of 1340 meters which 
is recorded as Sweden’s deepest mine. The cut 
and fill method is used to extract the ore which 
is poly-metallic and consists of copper, silver, 
gold, zinc and lead. The backfill materials used 
are Granite from extensive development works 
and also sand left from the production process 
from the concentrator in Boliden (Boliden 
Mineral AB, 2014). Renström and Petiknäs are 
interconnected to each other through 
underground structure. 
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2.4  HEC-RAS model description  

2.4.1   General 
In this project, the purpose of the HEC-RAS 
software is to calculate the elevations of the 
water surface at different water sections of high 
interest for a known flow data set: in our case it 
is the steady state simulation. The data required 
to compute the steady state simulation are 
categorized as the following: 

i. Geometry Data and 

ii. Steady Flow Data 

The Geometry Data is required to perform all 

types of analysis using HEC-RAS 

2.4.2 Geometric data 
The River system schematic  

River system schematic shows how the networks 

of the different river reaches are created. It also 

helps in giving a conventional name for 

referencing. It is established by creating the 

different reaches using the geometric data editor. 

It is required that the river system schematic 

must be developed before entering any other 

data. A unique identifier is given for each river 

reach on the schematic. When a different data 

are input, they are associated to a unique reach 

of the schematic. Which reach the cross section 

is located at is well identified by both river and 

reaches identifiers. The cross section is located 

with respect to others for that same reach. It is 

important that the reach should be drawn from 

upstream to downstream, which is considered 

that the flow direction is positive.  

Figure 8 Example of river system schematic 

(US Army Corps of Engineers, 2010). 

 

 

Figure 9 Example of a schematic for a 

looped network of reaches (US Army Corps 

of Engineers, 2010). 

 

A junction is defined as a point where two or 

more reaches connect to each other or split 

apart. They can never be created with only one 

reach flowing to another. They should rather be 

combined and considered as one.  

Both simple with only one reach and 

complicated river system can be computed by 

HEC-RAS. Those complicated river systems 

with a network of river reaches where split apart 

at some point and join together at other are 

called a looped system. An example is shown in 

Figure 9.  

2.4.3  Steady flow analysis 
Steady flow data 

In order to calculate the steady water surface 
profile, steady flow data are needed. These data 
have the following important parts: 

  
Figure 10 Example of a V-notch weir around 
Kankberg mine site (Photo by: Ghebriel 
Kidane Ketema). 
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 Flow regime: In the beginning, profiles at a 

cross section are computed from known 

values or by assuming initial conditions. It is 

then continued upstream for a subcritical 

flow or vice versa for a supercritical flow. 

This means that the program computes 

subcritical profiles which are depths above 

or equal to critical depth and supercritical 

depths for depths less or equal to critical 

depth. However, the mixed-flow should be 

run when the flow regime passes from 

subcritical to supercritical or vice versa.  

 Boundary conditions: The boundary conditions 

are vital in order to establish the starting 

water surface at either upstream or 

downstream which are the ends of the river 

system so that the program will be able to 

begin the calculations. For the calculation of 

a subcritical flow regime, the downstream 

boundary conditions are only needed and 

for the supercritical it is the opposite. 

However, for a mixed flow regime 

calculation boundary conditions at both 

ends are required. 

 Discharge information: For the computation of 

the water surface profile, information is 

needed about discharge at each cross 

section. For the computation of the total 

number of profiles, flow data should be 

entered. 

3.  RESULTS  

3.1 Outcome of HEC-RAS analysis 
Case: New ditch around Maurliden mine 

General description 

For the collection of runoff around the clean 
rock stockpile (‘Upplag rent berg’), glacial-till 
stockpile (‘utvidgat moränupplag’) and a heap of 
glacial-till (‘moränupplag’) (See Figure 11) a new 
ditch marked as ‘Nytt Skärmdike’ on the 
topographic map in Figure 11 was designed. The 
catchment area contributed by the three 
watersheds and the surrounding is about 1.0 
km2. The new ditch which is a reconstructed 
channel is one of the biggest ditches around the 
mining site of Maurliden.  

The oval shaped mark in Figure 11 is seen on       
ground in Figure 12. 

Hydrologic design 

The hydrological design has incorporated the        
estimations of the peak discharge rates for whole                       

 
 
Figure 11 Topographic map of the new 
ditch around Maurliden mine site. 
 

contributing areas. There is no flood plain 
available to convey part of the design flows, 
because the drainages which are involved in this 
design are relatively high in the watershed. 
Hence, the predicted peak discharge should well 
be carried by the designed channel.  

The estimation of the flow was done on the 
basis of the following equations developed by 
Knight-Piésold consulting (2009).  

                                                (8) 

                                                (9) 

                                             (10) 

                                             (11) 

                                           (12) 

Note that a return period is an estimate of 
likelihood of an event of river discharge flow to 
occur. 

 

Figure 12 The new ditch around the 
Maurliden mine site (Photo by: Ghebriel 
Kidane Ketema). 
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where Q = Peak flow instantaneous flow in 
m3/s and 

A = Drainage area in km2 (0.5 km2≤A≤1000 
km2). The peak flows for 2 years, 5 years, 10 
years, 25 years and 100 years were calculated 
accordingly. 

Schematic of river system of the new ditch 

As it can be seen in the Figure 13, the schematic 
of the river system of the new ditch was 
constructed in the geometric data analysis 
window of the HEC-RAS.  

Cross-section of the channel 

After following all the necessary steps for the 
steady flow analysis of the channel in the HEC-
RAS software, the cross-sections were able to be 
designed. The result of the first cross section of 
upstream of the new ditch around Maurliden at 
river station No. 5 for a return period of 100 
years is shown in Figure 14 and for the rest of 
the profiles at different river stations can be 
referred to Appendices XIV and XV. 

The profile for the 100 years return period is 
shown in Figure 15. As it can be seen from the 
figure, the HGL and EGL have similar slopes 
between RS 5 and 4, the HGL becomes much 
steeper than EGL between RS 4 and 3 as well 
between RS 2 and 1. HGL is relatively less 
steeper between RS 3 and 2 as well as RS 1 and 
0. From equation 3, it can be seen that EGL is 
influenced by the velocity head which is directly 
related to the velocity along the channel. 

As it can be seen from Appendix XV, the 
velocities range from 2.02 m/s to 9.90 m/s. 
The velocity is very important for the 
requirement of lining and what type of lining to 

Figure 13 Schematic of river system of the 
new ditch around Maurliden mine site.     

be used. Moreover, all the flows are super-
critical which means that the guidelines for 
steep channel should be followed. 
The next section will discuss about the 
different types of linings and how they should 
be constructed to protect the channel. 

3.2 Design of a steep slope channel  
The design of conveyance channels that are 
steep in slope are a vital step to develop an 
efficient networking of the mining site drainage 
system. Steep slopes are commonly found in the 
natural watersheds of the mining sites of 
Kankberg, Maurliden and Renström-Petiknäs. 
The sediment load transported to the 
downstream are determined by the success or 
failure of the conveyances. Hence to ensure the 
long term success of the drainage system, steep 
slope conveyances should be designed carefully. 
With the exception of a channel constructed in 
durable bedrock, channel stability of steep slopes 
is usually achieved by designing some types of 
channel lining. Rock riprap is the most 
commonly used channel lining on mine sites. As 
Simons et al (1982) mentioned there are several 
factors that should be fulfilled in order for the 
riprap-lined channel to be successful; however, 
the most important are the gradation and 
placement of the riprap. These two criteria are 
perhaps the most difficult to be fulfilled. When 
constructing relatively small channel cross 
sections, placement of large rocks on the steep 
slopes is difficult to accomplish. The design 
procedures for riprap steep slope are presented 
here; however, the success or failure of the 
channel may be determined by the two criteria 
mentioned above.  
Types of Riprap 
Riprap protection can be done using different 
methods. Hydraulic Engineering Circular No. 11 
(Searcy, 1967) entitled ´´Use of Riprap for Bank 
Protection´´ provided the following 
categorization of riprap materials and methods 
of placement: Dumped riprap, Hand-placed 
riprap, Wire-enclosed riprap, Grouted riprap, 
Concrete riprap in bags and Concrete slab 
riprap. 
 
Before the steep slope procedure is presented, 
other important concepts of riprap design are 
discussed here. They apply to both mild and 
steep slopes.  
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Figure 14 First cross-
section on the upstream 
at RS. 5 for a profile of 
100 years. 
 
 
 
 
 
 
 
 
 

3.2.1 General considerations of riprap 
Definition of riprap 
As Simons et al (1982) stated riprap consists of a 
layer of discrete fragments of durable rock 
possessing sufficient size to withstand the 
dynamic, erosive forces generated by the flow of 
water. A riprap-lined channel is between a 
vegetative-lined and a concrete-lined one in 
terms of the ability to protect the channel from 
erosion. Because of the availability of rock and 
conduciveness of this method to placement by 
readily available mechanized equipment, dumped 
riprap is widely used on mine sites.  
A properly designed riprap channel lining is 
required to consider many factors. If design 
criteria concerning rock gradation, riprap 
thickness and filter design are not considered 
then the desired level of protection may not be 
achieved by riprap. General riprap design 
considerations applied to riprap protection on 
both mild and steep slopes are discussed in this 
section. 
General considerations 
To design rock riprap protection, the following 
important factors should be considered (Simons 
et al, 1982):  
 
 
Figure 15 Water profile 
for the 100 year event for 
the new ditch around 
Maurliden. 
 
 
 
 
 

 
 
 

 Durability of the rock 

 Density of the rock 

 Velocity  around the rock 

 Slope of the bed or bank line being 
protected 

 Angle of repose for the rock 

 Size and weight of the rock 

 Shape and angularity of the rock 

 Filter considerations 
In mining sites, the most economical material 
for the purpose of protection of bank is the 
dumped rock because it is available abundantly. 
It has many advantages over other lining 
materials including its flexibility and the ease of 
local damage repair. Although the construction 
is not complicated, it should be performed in a 
prescribed manner. To minimize grading of bed 
foundation problems, proper consideration 
should be given to filter requirements. After a 
time, vegetation grows between the rocks and 
helps the dumped riprap to appear natural. Since 
the most commonly used riprap is the dumped 
one, the following discussion is concentrated on 
this. 
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Figure 16 Example of a steep slope ditch 
around Kankberg mine site (Photo by: 
Ghebriel Kidane Ketema). 
 
Properties of rock used as riprap 
Hardness, density and durability are the main 
physical characteristics for better riprap rocks in 
order to resist long exposure to weathering. 
Moreover, they should be blocky in shape so 
that they will tend to nest together to provide 
higher resistance to movement. The suitability of 
riprap increases with the amount of angular 
stones because they have a greater angle of 
repose.  
The U.S. Army Corps of Engineers (1970) 
specify the following criteria on the shape of the 
stones used for riprap: 

 Predominantly the stone should be angular 

 Not more than 25 % of the total stones in 
the well distributed gradation shall have a 
length more than 2.5 times the breadth or 
thickness. 

 No stone shall have a length exceeding 3.0 
times its breadth or thickness. 

Riprap gradation and placement 
Riprap failure is commonly caused by lack of a 
proper riprap gradation. This implies that riprap 
should be composed of a distributed size range 
of stones. The interstices created because of the 
larger stones are filled by the smaller ones which 
prevent formation of open pockets which allow 
jets of water to contact the underlying soil which 
ultimately result in the erosion of material that 
support the riprap layer. 
On steep slopes, the recommended riprap 
gradation for protection is that the maximum 
rock size Dmax should not be more than 1.25 
times the median size D50; however, for mild 

Table 2 Recommended riprap gradation 
limits (Simons et al, 1982).  

 Steep Slope Mild Slope 

 

1.25 2 

 

2-3 2-3 

slopes the upper limit must be increased to two 
times (Simons et al, 1982). 
The other cause of failure is improper 
placement of a properly designed riprap. 
Usually riprap is placed by dumping directly 
from trucks. Segregation of sizes can be 
prevented by not dropping rock down the 
slope in a chute or by pushing with a bulldozer. 
Using proper equipment, dumped riprap can 
also be placed with the help of a minimum of 
expensive hand work.  
Riprap thickness 

The largest rock in the riprap material should be 
accommodated adequately by the thickness of 
the riprap layer. When individual stones are 
contained within the riprap layer thickness, then 
maximum resistance to the erosive forces of 
flowing water is achieved. Since oversized stones 
reduce the capacity and also influence the 
stability of riprap, they should be avoided during 
construction. The few oversized stones left 
might be cleared away individually and perhaps 
be replaced by appropriate sizes; however, if 
many oversized rocks exist remedial measures 
should be considered.  

Experience and engineering judgment are the 
main factors that determine the actual thickness 
of a riprap channel lining. In order to 
accommodate the Dmax size; similar to gradation 
specification, layer thickness is recommended to 
be about 1.3 to 2.0 times the median rock 
diameter, D50 of the riprap (Simons et al, 1982). 

Filter layers 

Usually a filter is placed beneath riprap material 
so that leaching problem of the underlying soil 
are prevented. As a result stability problems are 
avoided. Underlying soil can be lost in several 
ways if a filter layer is not used. An uplift 
pressure is created because of the lift and drag 
forces which are also created during the high 
flows of water through the channel. Enough 
suction are generated by the pressure and these 
are strong enough to draw soil particles vertically 
through the voids in the riprap. Moreover, 
turbulent eddies and jets which are created 
because of high flows has the possibility of 
penetrating the riprap lining through the voids. 

 



Ghebriel Kidane Ketema TRITA LWR Degree Project LWR-EX-2014:06 

 

14 

 

This causes detachment and more severely to the 
erosion of the underlying soil. In addition during 
both high and low flows but more notably 
during low flows, water is able to move at the 
interface between the underlying soil and riprap 
layer. Provided that the underlying soil is an 
erodible fill, the effect of erosion will be 
significant. In all cases, cavities are formed as a 
result of the loss of soil. These are potential 
causes of failure because of loss of support. 
Designing the filter layer properly minimizes the 
risk of failure and increases the stability of the 
riprap. 

Although a filter layer is necessary in most mine 
sites, the gradation and the cohesion of the bank 
material as well as the relative size difference 
between the soil particles and riprap particles 
determine the need for it. Because of the fact 
that a blasting operation creates a variation in 
rock sizes, the materials for the filter layer are 
usually obtained from the same strata as the rock 
riprap. First the larger rocks are scalped off then 
the remaining fine materials are saved and can be 
used as filter materials. Plastic filter cloth is also 
available in addition to the natural graded filters. 
In the following section, guidelines are given for 
filter layer design. 

 Granular filters 

Prior to the placement of riprap, a well graded 
gravel layer must be placed over the bed of the 
channel. Depending on the gradation of the 
riprap, the sizes of the durable particles range 
from 5mm to an upper limit. Although the 
thickness of the filter is dependent on the 
thickness of the riprap, it must not be less than 
15-23 cm. Thickness of the filter is equal to the 
Dmax of the filter but with a minimum of 23 cm 
is recommended (Simons et al, 1982). 

Terzaghi’s criteria relating to gradation of filter 
cover concerning on particle size distribution of 
the underlying base or bed material is as follows: 
(Simons et al, 1982): 

 

 

 

 
 

where the subscripts denote percentage of 
particles finer by weight. 

 
Figure 17 Example of plastic filter cloth 
around Maurliden mine site (Photo by: 
Ghebriel Kidane Ketema). 
 

The Corps of Engineers and Bureau of 
Reclamation filter gradation specifications have 
different limits (Anderson, Paintal & Davenport, 
1970): 

 

 

 
There should not be too many fines in the filter 
layers. It is recommended by Simons (1982) that 
only around 5 % by weight of the sample should 
pass through the 0.074 mm mesh sieve. For 
more than a single layer, the gradation criteria 
should be met by each of them. If multiple 
granular filters are required, the usage of plastic 
filter which will be discussed in the next section 
should be considered.  

 Plastic filter cloths 

Plastic filter cloths (see Figure 17) have been 
useful beneath riprap and other embankment 
protecting structures such as concrete blocks 
with appreciable success; however, they can 
never substitute for granular filters. 

The Denver urban flood control district drainage 
design criteria manual specifies that plastic filter 
cloths should not be used when slopes are 
greater than 2.5 to 1. This is due to the reduced 
resistance to movement by the smooth fabric. 
Simons et al (1982) recommended that a 15 to 
23 cm layer of granular material is also 
recommended to be placed over fabric cloths to 
prevent tearing during placement of the riprap. 
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Where the seepage forces might be parallel to 
the fabric, extra care is needed during the 
installation of the fabric filter otherwise piping 
along the underside could be occurred and 
eventually lead to problems of stability. Before 
filter fabric are applied the advantages and/or 
disadvantages should be evaluated in 
comparison to the granular filters. Economically 
granular filters can be evaluated depending on 
availability of material, excavation and placement 
against the cost of the filter fabric. Generally for 
the long term design, granular filter layers are 
preferred but site specific factors determine 
relative method merits of each method. 

3.2.2 Design of steep channel riprap  
Simons and et al (1982) stated that the accepted 
methods are usually limited to slopes which are 
smaller than 10% when normal riprap design is 
considered. Generally the resistance is defined 
by Manning’s ‘n’. In order to stabilize the 
channel on the steep slopes, at least the same 
size of the depth of flow or perhaps bigger 
riprap size is required and this leads to 
difficulties in estimating the roughness because 
Manning’s relation does not work. Thus 
calculating the velocity for the design of the 
riprap will be difficult without using software 
such as HEC-RAS which can accommodate the 
different situations at the same time in a simpler 
way.  

By considering the angle of repose (section 
2.4.5.), the 2 to 1 side can be selected. For any 
particle size or shape, the 2 to 1 side slope is 
adequately smaller than the angle of repose. 
Excavation amounts are increased in large 
amount without significantly increasing the 
capacity of flow for a given bottom width for 
side slopes which are less than 2 to 1(i.e. 3 to 1). 
Hence for all steep slope channels, it is 
recommended that the 2 to 1 side slope should 
be selected. When the flow velocity exceeds 4.5 
m/s for a specific channel configuration and 
slope, the riprap design of the channel should be 
terminated to look for other options for example 
concrete lining (Simons et al, 1982). During 
higher flows, the determination of a median rock 
diameter for stability is crucial but durability of 
rock is of bigger concern at high velocity. 

From the analysis of the new ditch (See 
Appendix XV), we can see that the velocities 
on river stations of 3 and 1 are 9.90 m/s and 
8.60 m/s respectively which exceed the velocity 
limit for the riprap design. In such cases, the 
lining must be changed to concrete instead 
which can resist velocity of upto 6 m/s. 

 
Figure 18 Relatively good example of rock 
riprap design around renström mine site 
(Photo by: Ghebriel Kidane Ketema). 
 
However, for velocities exceeding 6 m/s, the 
alignment of the channel should probably be 
considered again in order to minize the velocity 
by modifying the slope and the cross section of 
the channel. 

3.2.3  Channel entrances and exits 
Normally flow changes from a supercritical to a 
subcritical condition whenever there is a 
transition from a steep to a mild slope which can 
result in the formation of hydraulic jump in the 
transition reach which is directly related to 
Froude number (see section 1.4.2).  

Simons et al (1982) states that on the steep 
slope, Froude numbers should be less than four 
for the range of velocities and flow depths 
established in a channel by the steep slope riprap 
design procedures. Violent hydraulic jumps are 
not formed around this range. In the range of 
2.5 to 4.5 violent hydraulic jump do not occur; 
however, a slight increase in the elevation of 
surface water can occur. In addition, surface 
waves are usually generated.  Between a steep 
slope riprapped channel and a mild slopped 
channel, protection is needed to protect the 
effect of scouring. The flow transitions from 
mild to steep slope which results to the 
drawdown and increased velocity respectively 
should also be protected. Simons et al (1982) 
stated that as a general rule when Froude 
numbers are less than four, the length of the 
transition must be five times the uniform depth 
of flow calculated for the downstream channel 
section; however, it should never be less than 4.6 
meters. However, if the Froude number is 
greater than four, further investigation is 
recommended. The Froude numbers are greater 
than four at river stations of 3 and 1 in case of 
the new ditch around Maurliden (See Appendix 
XV).  
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Figure 19 Channel entrances and exits 
between river stations 2 and 1 and 4 and 3 
respectively of the new ditch around 
maurliden. 

3.3  Design of mild slope channel 

Many of the ditches in Kankberg, Maurliden and 
Renström-Petiknäs are located in stream or river 
bottom areas in which case mild slope 
conditions are dominant. Moreover, in the area 
of upper perimeter of backfill as well as spoil 
area, they are usually mild slope types. Unless the 
channel is constructed in durable bedrock, 
design of a mild slope channel mainly involves 
the concepts of alluvial channels. The concepts 
of movable boundary hydraulics and rigid 
boundary hydraulics should be applied in the 
design of alluvial channel. Since both small 
unlined diversion ditches and large stream 
systems are qualified as alluvial channels, the 
movable boundary hydraulics is well applied to 
them. 

 
Figure 20 Example of a mild slope ditch 
around the Kankberg mine site (Photo by: 
Ghebriel Kidane Ketema). 

 
Figure 21 Sediment in a main channel 
around the Kankberg mine site (Photo by: 
Ghebriel Kidane Ketema). 
 
Channels serve as a movable boundary when 
they are placed on filled materials and the 
designed lining fails. Until some stability is 
achieved or until natural bed rock is reached due 
to enormous erosion, the channel becomes 
intensely engraved in the embankments with 
continuous adjustments in the case of steep 
slope areas. Forces that initiate the motion of a 
sediment are produced by the flow of water 
along the bottom of alluvial channel. The 
characteristics of the forces determine how 
much sediment will be entrained which are 
referred to as ‘hydrodynamic’ forces in literature 
on channel stability. A threshold value of the 
hydrodynamic forces should be reached in order 
the motion of the sediment to start. The grain 
size and properties of bed material determine the 
magnitude of force necessary for the initiation of 
the hydrodynamic forces. Sediments which are 
entrained during the transport can settle back to 
the surface of the bed after travelling some 
distance downstream. Hence this cycle of 
motion and rest characterize the process of 
transport of sediment. The rates and frequencies 
of the sediment transport depend on flow 
conditions, sediment characteristics, turbulent 
velocity fluctuations, channel shape and other 
factors. This complexity of the situation makes 
the design of stable alluvial channel and its 
geomorphic change prediction difficult. 
The concepts of static and dynamic equilibrium 
are involved in the design of stable alluvial 
channel. When neither the bed nor the banks of 
the alluvial channel are in a state of motion, 
there is static equilibrium and are considered as a 
rigid boundary system and they exist only as long 
as the hydrodynamic forces are less than the 
threshold values (Simons et al, 1982). In 
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contrast, dynamic equilibrium exist if the 
boundary of the channel is in motion and thus 
sediment transporting capacity will be equal to 
rate of sediment supply. 
Static equilibrium is mainly applied to gravel-
cobble bed channel which are typically seen in 
the study areas; however, the concept of 
dynamic equilibrium should be used in sand-bed 
channel systems. 

3.3.1  Design of stable alluvial channels 
Velocity and shear stress are two major variables 
that affect the design of a channel and sediment 
transport; however, determining shear stress is 
often difficult in reality. Hence velocity is the 
most important factor during designing of stable 
alluvial channels especially when static 
equilibrium approach is used. The procedure is 
based on the condition that if the adopted mean 
velocity is lower than maximum permissible 
velocity (or the non-erodible velocity), the 
channel is assumed to be stable (Fortier and 
Scobey, 1926).  Appendix II summarizes the 
permissible velocities given by Fortier and 
Scobey. Other tabular listings of permissible 
velocity are given in Appendix III.  

3.3.2  Vegetative linings 
Where the vegetation can be grown, vegetative 
lining is the method which can be more practical 
and economical way of protecting the channel. 
Unlike rigid-type lining which deteriorates with 
time, a vegetative lining repairs itself when minor 
erosion damage them. But they do not withstand 
large amount of shear forces. In addition, they 
do not survive when the submergence period is 
long; therefore, under such conditions they are 
perhaps impractical and other linings like rock 
riprap must be used instead. Moreover, 
composite linings which consist of rock riprap 
can be utilized in areas of high shear or long 
term submergence while vegetative lining in the 
remainder in order to reduce overall costs. 

 
Figure 22 Ice left on a main channel around 
the Maurliden mine site (Photo by: Ghebriel 
Kidane Ketema). 

Generally the maximum permissible velocity is 
less in the case of steeper slopes. In addition, 
since the experimental channels are usually 
prepared under ideal situations, it is 
recommended that the velocity used for design 
purpose should be slightly less than the 
velocities given in the Appendix V in order to 
give a margin of error. The depth and hydraulic 
radius are the two variables which determine the 
relative roughness of a vegetated channels which 
make the design very complicated.  

3.3.3  Composite linings 
Vegetative lining together with other types of 
rigid lining materials, is suitable to be used to 
yield a composite lining. In a uniform and 
straight channel, the velocities are usually greater 
in the uppermost part of the middle section. 
They decrease toward the sides and bottom of 
the channel. Even though the average velocity 
might be more than the permitted value for a 
grass lining and hence a higher cost lining is 
required, the average velocity enclosing the 
upper edge of the bank could be low enough for 
grass. The most efficient way of solving the 
situation could probably be by using the rigid 
lining in the lowest part of the bank slopes while 
grass lining in the upper. 

Moreover, combining linings is required when 
the flow is low and for a longer duration from 
such as snow melt or seepage which cause the 
retardation of growth of grass. When such 
situations occur, lower channel should be paved 
with a rigid lining carrying the low flow while 
grass can be used for the elevation above the 
continued low flow. Ree (1951) concluded that 
the usual practice of summing calculated 
discharge rates for the component parts of the 
cross section to give the capacity of a composite 
channel seems a valid method. (See Appendix 
VI). High-velocity eddies can reach the bed and 
cause erosion, and to avoid this it is advisable to 
provide a kind of apron. The apron must be 
designed in such a way that the profile of the 
velocity should be continuous across the joint to 
prevent the generation of shear zone thus 
avoiding turbulence. In figure 23, it is shown 
that the rigid-lining’s surface must be designed at 
y’ where the velocity of the flowing water is 
intercepted at a given design depth. The riprap 
part of the cross section must be designed 
following the procedures in section 3.1.2. 
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Figure 23 Details of suggested grass to 
riprap junction (Simons et al, 1982). 
 

Before permanent vegetation are established, 
temporary linings (which are flexible covers) can 
be used to protect a channel. They are often 
biodegradable, therefore removal is not required 
after the establishment of the vegetation. 
Chemical soil stabilizers can also be used to 
protect a channel. They are designed to bind the 
soil particles together by coating and penetrating 
the surface of soil. Dry and highly permeable 
spoil are very suitable for the functionality of 
chemical stabilizers. Moreover, soils exposed to 
sheet flow are better for the proper function of 
the chemical stabilizers than a concentrated 
flow. 

3.3.4  Design of rock riprap  
Mild in this context is defined as per the 
hydraulic meaning that is when the Froude 
number is smaller than one. It is not in the 
topographic sense. Velocity and flow depth 
which are both dependent on channel size and 
roughness i.e. the size of the riprap determine 
the Froude number. First assumption that the 
channel will be mild should be made before 
proceeding with the design. Then the Froude 
number is checked to ensure that the 
assumption was correct as a result the 
procedures followed was applicable. The 
concepts used in section 3.1.3 about the design 
of riprap should be applied. 

Riprap protection in channel bends 

Secondary currents are generated when flow 
turns around a bend which eventually result to 
the modification of profile of velocity 
distribution of shear stress around the vicinity of 
bend. As a result of the stresses created, erosion 
affects the outside of bend of the bank more. 
Therefore, extra protection works are inevitable 
in case of channel bends.  

The Denver Urban Drainage and Flood Control 
District Drainage Manual specifies that riprap-
lined channel bends should have a radius of 
curvature of at least two times the top width but 
no less than 15 meters (Simons et al, 1982). 

Riprap design with grade control structures 

In a situation where long channels are to be built 
in a type of material which erodes easily, riprap 
can be designed more economically by placing 
grade control structures strategically. It can be 
used for decreasing of the gradient of a channel 
to a situation where smaller sizes of rocks can be 
stable. An armour layer can perhaps be 
developed if enough coarse materials exist in the 
natural alluvium so that riprapping entirely will 
no longer needed. 

The static equilibrium slope of a given particle is 
the determinant variable for the design of grade 
control structures. It is that flow where the 
particles are not transported by the flow instead 
they remain on the bed and banks of the 
channel. Drop structures are useful for the 
achievement of the needed static equilibrium 
slope when the natural terrain is bigger than the 
static equilibrium slope. Equivalently, 
determination of slope at which the D50 is stable 
is possible when the existence of gravel-cobble 
in the natural alluvium is assured. Provided that 
this slope can be achieved by grade control 
structures, there will be no need of using riprap. 

The feasibility of grade control structures can be 
determined by comparing the costs of riprapping 
the channel with large sized rocks at the natural 
slope of the terrain to: 

 Excavation costs for the achievement of a 
smaller slope 

 Drop structures installation and 

 Construction of a smaller size rock riprap 

There are different types of grade control 
structures, some of them are simple rock riprap 
while others are concrete structures with stilling 
basins and baffled aprons. In this document only 
rock riprap design is discussed because of the 
expectation of the amount of discharges as well 
as velocities and also because of the 
consideration given to the construction 
techniques. A loose rock drop structure is 
illustrated in figure 24 below. 

Loose rock drop structures are constructed in a 
similar way to stone check dams, for this reason 
the general guidelines are also similar. The 
following specific recommendations are made 
(Simons et al, 1982): 
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Figure 24 A Sketch of a rock riprap drop 
structure (Simons et al, 1982). 

 

 Maximum drop height of 0.9 meter 

(guidelines for designing loose rock drop 

structures for drop heights greater than 0.9 

meter are beyond this section).  

 Top width no less than 1.5 meters.  

 25% of the rock by volume should be 0.45 

meter or longer. The remaining 75% should 

be well graded material consisting of 

sufficient rock small enough to fill the voids 

between the larger rocks. 

 Energy dissipation should be provided at the 

downstream toe of a structure with a small 

plunge pool and large rocks. 

On the downstream side of drop structure, the 

velocity can be too high to create potential for 

local scour at the toe and possibly undercuts the 

structure. Hence, a riprap transition should be 

given between the toe and the downstream 

channel with enough energy dissipation controls. 

The procedure to determine the length of 

protection needed below a grade control 

structure is similar to the steep slopes discussed 

in section 3.2.3. A riprap layer should be 

extended below the structure for a distance equal 

to five times the downstream depth of flow, but 

never less than 4.6 meters. Simons et al (1982) 

stated that a small plunge pool can be provided 

at the downstream toe to help dissipate energy. 

4. DISCUSSION  

It is important to discuss the important points 
that can affect the results of the design of the 
drainage system. The result could be affected by 
the lack of data in the study areas or by other 
factors which require consideration during the 
design stage. 

4.1  Limits of the study 

Because of the paucity of long-term data 
availability in daily rainfall event, known water 
surface elevations, and rating curve in the study 
areas, there could be a significant level of 
uncertainty in the results. 

4.1.1 Calculation of flow estimates 
For the purpose of designing drainage system in 
the study areas, it was necessary to develop a 
design flow model. Some hydrologic data 
collected from Swedish meteorological and 
hydrological institute (SMHI) were not good 
enough for predicting the peak flows. Therefore, 
a hydrologic model developed by knight-piésold 
consulting was used to predict the peak flow 
events for 2 years, 5 years, 10 years, 25 years and 
100 years.  

In developing the hydrologic model, they used 
long-term historical peak flow and extreme 
rainfall data collected by ‘Environment Canada’ 
(Knight-piésold consulting, 2009). The weather 
and climate of their study areas is similar to this 
project’s study areas. The equations (8 - 12) were 
developed according to a regional scaling model 
using linear moment (L-moment) statistics 
computed from the historical peak daily flow 
records (Knight Piesold consulting, 2009). 

4.1.2  Lack of data of boundary conditions 
As mentioned in section 2.4.3, the boundary 
conditions are very important in order the 
software program to start the calculation. 

For each and every reach, there are both types of 
conditions; however, boundary conditions which 
are related to any connection to a junction are 
considered as internal and they are automatically 
listed in a table by the program. The data were 
not available in the study areas for the following 
boundary conditions:  

 Known water surface elevations: A known water 
surface elevation should be entered for each 
profile. If an estimated water surface was 
used, an error would be incorporated in the 
water surface profile around the boundary 
conditions. Stages and flow hydrographs 
could not be drawn because of lack of data. 
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Figure 25 Rating curve 
for simulated result event 
100 yrs. at RS. 

 

 

 

 

 

 

 

 

. 

 Normal depth:  Energy slope should be 
entered to calculate the normal slope by 
using the Manning’s equation at the 
particular location that means the normal 
slope will be calculated for each profile 
depending on the already entered slope. 
Generally, average slope of either the 
channel or water surface can well 
approximate the energy slope at each and 
every cross section. Since no data were 
measured, it was impossible to compare the 
result with the result of simulation. 

 Rating curve:  Using the linear interpolation 

method, the elevation would be interpolated 

between the already entered points from the 

rating curve when the flow is known. 

However, the rating curves can only be 

drawn for the simulated result because there 

was not measured data input (see Figure 25). 

Hence it was impossible to compare the 

simulated result with the measured data.  
Only critical depth which could be calculated by 
the program without input data was used as the 
boundary condition for each profile. 

Because of lack of measured data in the study 
areas, it is difficult to calculate the uncertainty 
value of the simulated result. 

4.2 Factors that affect the proper 
function of a drainage system 

There are several factors that should be 
considered during the design of proper drainage 
system which can directly or indirectly affect the 
proper function of the system; however, the 
following two are the main ones. 

4.2.1 Sediment removal using sedimentation 
ponds 

It was noted in the study areas (see Figure 26) 
that sediment was settled in the ditches. 
Although simulation of sediment was not done 
using HEC-RAS due to of lack of available data, 
the effect on the proper function of the ditches 
is unquestionable.  

Suspended solids limitation 

As Simons (1982) stated for active surface 
mining, the quality of solids effluent is limited to 
35mg/l total suspended solids (TSS) for the 
average of 30 consecutive days if uses are 
assumed to be daily and a maximum of 70 mg /l                                                                             

 
 

Figure 26 Sediment around Maurliden mine 
site (Photo by: Ghebriel Kidane Ketema). 
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Figure 27 Sediment pond around Kankberg 
mine site (Photo by: Ghebriel Kidane 
Ketema). 

 

TSS if only one random is taken. The suspended 
solids limitations are also applied to the 
discharge from underground mine drainage in 
case of post-mining conditions. 

Settle-able solids limitation 

The solids effluent quality of any discharge or 
overflow which is resulted from a precipitation 
event less than or equal to 10yr, 24hr event is 
limited to 0.5ml/l settle-able solids (ss) (Simons, 
1982); however, for discharges or overflow 
which results from event greater than 10yr, 24hr  
are not subjected to the limitation of effluent 
quality. During precipitation events, these 
alternate limitations are applied only if: (Simons, 
1982) 

 The treatment facility is designed, 
constructed, operated and maintained to 
contain at a minimum volume of water 
which would drain into the treatment facility 
from active mining areas and reclamation 
areas during 10yr, 24hr precipitation event 
(or snowmelt of equivalent volume). 

 The treatment facility is designed, 
constructed, operated and maintained to 
consistently achieve the effluent limitations 
set by the regulatory agencies for all effluent 
quality limitations. 

4.2.2  Using weir for surface water monitoring 
Monitoring is one of the most important 
activities to be done in maintaining a functioning 
water management system within a mine site. It 
is recommended that monitoring sites must have 
long duration. In addition, high quality 
construction is required. Likewise, the 

equipment which is going to be used must be of 
high quality standard for the reliability of the 
data as well as for the sake of durability.  Usually 
the stream gaging stations include a control 
section for the formation of rating curve in 
which they can be directly calculated 
hydraulically instead of gaging with a current 
meter and level recorder repeatedly. Normally, a 
constructed control section includes culverts, 
weirs, flumes and other similar structures having 
regular shapes used to calculate the discharge 
rates provided that the depth of water is known.    

Some special considerations should be given 
during the selection of type and location of 
control section for example weirs and flumes. 
They should reflect the site conditions and 
objectives and goals of the monitoring program. 
Although locating monitoring site is generally 
difficult, it is well worth the effort. It is generally 
recommended that the site which is chosen 
remains undisturbed for ten years or perhaps 
longer if possible because data accumulated for a 
short duration is of little value. Moreover, it is 
better be located in a narrow area of the channel.  
They should be constructed in a good quality so 
that frequent repairs which are usually costly and 
time consuming and can cause the invalidation 
of data will be eliminated.  

Weir hydraulics can be affected by backwater in 
case of large events and an alternate flow 
calculation method are required. Some 
techniques that can be used for relatively small 
flow measurement structures are discussed in 
this section; however, a detailed design is 
required for large structures. Hydrostatic forces 
from the ice and impounded water or poor 
foundation lead to the failure of under-designed 
weirs. 

 
 

Figure 28 V-notch with ice around the 
Maurliden mine site (Photo by: Ghebriel 
Kidane Ketema). 
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4.3 Ecological considerations 
Proper design, construction as well as 
maintenance should be considered ecologically. 
Some of the criteria and guidelines used for the 
evaluation of the ecology of a mining area 
environment are discussed here.  

Water Quality 

The production of fish is limited by water quality 
thus it is a vital element in determining the 
biological community. The production, survival 
and suitability of fish is affected by the following 
items (Simons et al, 1982): 

 Temperature: The temperatures in summer are 
commonly varied as much as -120C within 
24 hours. Generally temperatures in summer 
must be between 100C and 210C in case of 
cold-water species while 210C-320C is 
suitable for warm-water species. Water 
temperature can be raised by removal of 
shade while it can be lowered by maintaining 
of vegetation for shade. In addition, the 
temperature of water is raised if both 
velocity and depth are lowered. 

 Turbidity: Inorganic materials such as clay are 
the cause for turbidity and affects the 
production of fish. Spawning areas are 
destroyed by such materials because of 
sedimentation thus reduce the growth of 
organisms. In general, high level of turbidity 
are tolerated by adult fish for only short 
period; however, long exposure can lead to 
mortality.  

 Oxygen: Fingerling, trout and adult salmon 
require about 6ppm dissolved oxygen while 
incubated eggs need at least 8ppm. The 
requirement for warm-water species is 
around 3ppm. Non-tumbling action, 
turbidity and reduced flow can lead to the 
reduction of oxygen.  

 Carbon dioxide: Not only is necessary for 
photosynthesis but also for keeping minerals 
such as calcium in water. Reduction of the 
ability of fish to take up oxygen and dispose 
of carbon dioxide is caused due to high 
carbon dioxide levels. It should be kept 
below 25ppm.  

 pH: Fish are produced optimally between 
6.5 and 8.5. The ability of fish to take up 
oxygen are affected when the pH values are 
below 5 and above 9.   

 
 
 
 
 

Physical characteristics 

Species survival and suitability and fish 
production are affected by the following 
features: 

 Bottom Material: It is important for the food 
production as well as natural spawning 
purpose. For a successful deposition of 
spawn by a trout, coarse and fine gravel beds 
in riffles are the best.  

 Water Types: In general, there are about four 
types of water namely riffle, pool, flat and 
cascades or bedrock. The needs for the 
different types of species should be fulfilled 
according to the type of water in the stream 
channel. The different types of water affect 
the spawning and food production of the 
species. 

 Stream Side Vegetation: Shade are provided by 
low shrubs and grasses; however, they 
should not be over-shaded. The advantage is 
that streams are not clogged when they fall 
in the water. Moreover, they give hiding 
cover for fish provided that they hang over 
the bank. Since low shrubs and grasses 
shade only a small portion of the width, 
trees are necessary for shading along streams 
over 9 meters wide. Ideally, there should be 
enough trees along small streams for the 
purpose of aesthetic and low shrubs and 
grasses to provide shade and cover. 

 Velocity: Tolerance of fish for water velocity 
is dependent upon species of fish, size of 
fish and the distance and frequency of 
resting areas. Pools, deflectors and boulders, 
etc. give resting areas. 

In addition, consideration of the impacts on the 
ecological aspects of fish habitats in perennial 
streams is necessary. The main concern is when 
the space between the grade control structures is 
too close to restrict the movement of fish. 
Another ecological concern is that when grade 
control structures are used for the achievement 
of a static equilibrium slope by developing an 
armour layer. The technique completely assumes 
that the stability of the channel is achieved at 
certain reduced slope by letting the occurrence 
of degradation. The process of degradation 
requires to sort out the particles which comprise 
of the natural alluvium for the achievement of 
the armour layer. The loading of the sediment 
on the downstream which results from the 
process should be compared to background 
sediment concentrations whether the impacts on 
the environment are adverse or not.  
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5. CONCLUSION  

The lack of design procedures is one of the most 
significant problems to design efficient and 
effective water management system in 
Kankberg, Maurliden and Renström-Petiknäs 
mining areas. A detailed search of the literature 
has shown that the commonly accepted design 
methodologies for dumped riprap for both mild 
and steep sloped conditions. If the methods are 
applied properly to the study areas, then the 
intended environmental objectives can be 
achieved. 
The U.S. Corps of Engineers have developed 
‘Hydrologic Engineering Center’s River Analysis 
System (HEC-RAS)’ software to make the 
design-work easier. All the scientific works are 
based on sound results; however, physical model 
testing is always required to validate the 
procedure because every site is specific. The 
results and procedures must be carefully 
implemented using engineering judgment and 
experience for satisfactory performance.  

6.  RECOMMENDATION  

The principal problem to design a stable riprap 
when a slope is close to the angle of repose 
could suggest that using of rock riprap may 
perhaps not be physically realistic for the 
application of long-term use. In addition, when 
the slope is steep, it becomes very difficult to 
place the riprap properly. As a matter of fact, the 
solution for this is not simple. Although 
construction of riprap channel could be in 
stages, the placement will still not be simple. 
Hence, having a proper steep slope riprap design 
procedure may not be enough to protect the 
riprap from failure provided that adequate 
techniques are not developed and employed 
during construction stage. 

Other than rock riprap, the other alternatives for 
lining of a channel in surface mine area are 
limited. Using either concrete channel or a 
closed conduit structures will not be 
economically feasible on a large scale. In 
addition, maintenance works are required in case 
of closed conduit structures. Another alternative 
to rock riprap channels in case of spoil fill 
applications could be a drain through an internal 
rock core. However, at present standardized 
method of design are not available. Moreover, 
their function for a long-term is not established 
yet. According to some field observation, fine 
sediment deposition is seen which can eventually 
plug the drain. 

The need of research can be summarized in the 
following points: 

 Exploration on type of equipment and 

techniques on placement of riprap during 

construction of channel on steep slopes. 

 Studies on the long-term function of 

internal rock core drains and 

 Developing a standard design and guidelines 

for construction of an internal core drain. 
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APPENDIX I  –  MANNING ’S ’N’  VALUES (US ARMY CORPS OF 

ENGINEERS ,  2010) 

Type of Channel and Description Values of n 

Minimum Average Maximum 

A. Natural Streams  

1. Main Channels 

Clean, straight, full, no rifts of deep pools 0.025 0.030 0.033 

Same as above, but more stones and weeds 0.030 0.035 0.040 

Clean, winding, some pools and shoals 0.033 0.040 0.045 

Same as above, but some weeds and stones 0.035 0.045 0.050 

Same as above, lower stages, more ineffective slopes and 
sections 

0.040 0.048 0.055 

Same as ‘’d’’ but more stones 0.045 0.050 0.060 

Sluggish reaches, weedy, deep pools 0.050 0.070 0.080 

Very weedy reaches, deep pools or floodways with heavy 
stands of timber and brush 

0.070 0.100 0.150 

2. Flood Plains  

Pasture no brush 

Short grass 0.025 0.030 0.035 

High grass 0.030 0.035 0.050 

Cultivated Areas  

No crop 0.020 0.030 0.040 

Mature row crops 0.025 0.035 0.045 

Mature field crops 0.030 0.040 0.050 

Brush  

Scattered brush, heavy weeds 0.035 0.050 0.070 

Light brush and trees, in winter 0.035 0.050 0.060 

Light brush and trees, in summer 0.040 0.060 0.080 

Medium to dense brush, in winter 0.045 0.070 0.110 

Medium to dense brush, in summer 0.070 0.100 0.160 

Trees  

Cleared land with tree stumps, no sprouts 0.030 0.040 0.050 

Same as above, but heavy sprouts 0.050 0.060 0.080 

Heavy stand of timber, few down trees, little undergrowth, 
flow below branches 

0.080 0.100 0.120 

Same as above, but with flow into branches 0.100 0.120 0.160 

Dense willows, summer, straight 0.110 0.150 0.200 

3. Mountain Streams, no vegetation in channel, banks 
usually steep, with trees and brush o banks submerged 

 

Bottom: gravels, cobbles and few boulders 0.030 0.040 0.050 

Bottom: cobbles with large boulders 0.040 0.050 0.070 

B.Lined or Built-Up Channels  

1. Concrete  

Trowel Finish 0.011 0.013 0.015 

Float Finish 0.013 0.015 0.016 
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Finished, with gravel bottom 0.015 0.017 0.020 

Unfinished 0.014 0.017 0.020 

Gunite, good section  0.016 0.019 0-023 

Gunite, wavy section 0.018 0.022  

On good excavated rock 0.017 0.020  

On irregular excavated rock 0.022 0.027  

2. Concrete bottom float finished with sides of:  

Dressed stone in mortar 0.015 0.017 0.020 

Random stone in mortar 0.017 0.020 0.024 

Cement rubble masonry, plastered 0.016 0.020 0.024 

Cement rubble masonry 0.020 0.025 0.030 

Dry rubble on riprap 0.020 0.030 0.035 

3. Gravel bottom with sides of:  

Formed concrete 0.017 0.020 0.025 

Random stone in mortar 0.020 0.023 0.026 

Dry rubble or riprap 0.023 0.033 0.036 

4. Brick  

Glazed 0.011 0.013 0.015 

In cement mortar 0.012 0.015 0.018 

5. Metal  

Smooth steel surfaces 0.011 0.012 0.014 

Corrugated metal 0.021 0.025 0.030 

6. Asphalt  

Smooth 0.013 0.013 - 

Rough 0.016 0.016 - 

7. Vegetal Lining 0.030 - 0.500 

C.Excavated or Dredged Channels    

1. Earth, straight and uniform  

Clean, recently completed 0.016 0.018 0.020 

Clean, after weathering 0.018 0.022 0.025 

Gravel, uniform section, clean 0.022 0.025 0.030 

With short grass, few weeds 0.022 0.027 0.033 

2. Earth, winding and sluggish  

No vegetation 0.023 0.025 0.030 

Grass, some weeds 0.025 0.030 0.025 

Dense weeds or aquatic plants in deep channels 0.030 0.035 0.040 

Earth bottom and rubble side 0.028 0.030 0.035 

Stony bottom and weedy banks 0.025 0.035 0.040 

Cobble bottom and clean sides 0.030 0.040 0.050 

3. Dragline-excavated or dredged  

No vegetation 0.025 0.028 0.033 

Light brush on banks 0.035 0.050 0.060 

4. Rock cuts  

Smooth and Uniform 0.025 0.035 0.040 
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Jagged and irregular 0.035 0.040 0.050 

5. Channels not maintained, weeds and brush  

Clean bottom, brush on sides 0.040 0.050 0.080 

Same as above, highest stage of flow 0.045 0.070 0.110 

Dense weeds, high as flow depth 0.050 0.080 0.120 

Dense brush, high stage 0.080 0.100 0.140 
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APPENDIX II  –  MAXIMUM PERMISSIBLE VELOCITIES TABLES 

(FORTIER AND SCOBEY ,  1926) 

Original Material 
Excavated for canals 

 
 
 

n 
 

Mean Velocity of canals after aging (d≤0.915m) 

Clear water, 
no detritus 

(m/s) 
 

Water transporting 
colloidal silt 

(m/s) 

Water transporting 
noncolloidal silts, 
sands gravels or 
rock fragments 

(m/s) 

Fine sand (colloidal) 0.02 0.46 0.76 0.46 

Sandy loam 
(noncolloidal) 

0.02 0.53 0.76 0.61 

Silt loam (noncolloidal) 0.02 0.61 0.91 0.61 

Alluvial silt when 
colloidal 

0.02 0.61 1.07 0.61 

Ordinary firm loam 0.02 0.76 1.07 0.69 

Volcanic ash 0.02 0.76 1.07 0.61 

Fine gravel 0.02 0.76 1.52 1.14 

Stiff clay (very 
colloidal) 

0.025 1.14 1.52 0.91 

Graded, loam cobbles, 
when noncolloidal 

0.03 1.14 1.52 1.52 

Alluvial silt when 
colloidal  

0.025 1.14 1.52 0.91 

Graded, silt to cobbles, 
when colloidal 

0.03 1.22 1.68 1.52 

Coarse gravel 
(noncolloidal) 

0.025 1.22 1.83 1.98 

Cobbles and shingles 0.035 1.52 1.68 1.98 

Shales and hard pans 0.025 1.83 1.83 1.52 
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APPENDIX III  –  MAXIMUM PERMISSIBLE VELOCITIES TABLES 

(ETCHEVERRY ,  1916) 

Material Mean Velocity (m/s) 

Very Light pure sand of quicksand character 0.2286-0.3048 

Very light loose sand 0.3048-0.4572 

Coarse sand or light sandy soil 0.4572-0.6096 

Average sandy soil 06096-0.762 

Sandy loam 0.762-0.8382 

Average loam, alluvial soil, volcanic ash soil 0.8382-0.9144 

Firm loam, clay loam 0.9144-1.143 

Stiff clay soil, ordinary gravel soil 1.2192-1.524 

Coarse gravel, cobbles, shingles 1.524-1.8288 

Conglomerates, cemented gravel, soft slate, tough hard-pan, soft sedimentary 
rock 

1.8288-2.4384 

Hard rock 3.048-4.572 

Concrete 4.572-6.096 
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APPENDIX IV  –  MAXIMUM PERMISSIBLE VELOCITIES (U.S.  ARMY 

OFFICE,  1970) 

Channel Material Mean Channel Velocity (m/s) 

Fine Sand 0.6096 

Coarse Sand 1.2192 

Fine gravel 2 1.8288 

Earth 

Sandy Silt 0.6096 

Silt Clay 1.0668 

Clay 1.8288 

Grass-lined earth (slopes<5%) 3 

Bermuda grass- sandy silt 1.8288 

Bermuda grass-silt clay 2.4384 

Kentucky Blue Grass- sandy silt 1.524 

Kentucky Blue Grass- silty clay 2.1336 

Poor rock (usually sedimentary) 3.048 

Soft sandstone 2.4384 

Soft shale 1.0668 

Good rock (usually igneous or hard metamorphic)* 6.096 

 

1 Based on TM 5-886-4 and CE Hydraulic Design Conferences of 1958-1960. 

2 For particles less than fine gravel (about 20mm) 

3 Keep velocities less than 1.5 m/s unless good cover and proper maintenance can be obtained 

* May be used with judgment in durable bedrock 
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APPENDIX V  –  PERMISSIBLE VELOCITIES FOR CHANNELS LINED WITH 

VEGETATION . 1THE VALUES APPLY TO AVERAGE UNIFORM STANDS OF 

EACH TYPE OF COVER (SOIL CONSERVATION SERVICE,  1954)   

Cover Slope Range2 (%) Permissible Velocity (m/s) 

Erosion Resistant 
Soils 

Easily Eroded Soils 

Bermudagrass 0-5 2.4384 1.8288 

5-10 2.1336 1.524 

Over 10 1.8288 1.2192 

Buffalograss 

Kentucky bluegrass 

Smooth brome 

Blue grama 

   

0-5 2.1336 1.524 

5-10 1.8288 1.2192 

Over 10 1.524 0.9144 

Grass mixture 20-5 1.524 1.2192 

5-10 1.2192 0.9144 

Lespedeza sericea 

Weeping lovegrass 

Yellow bluestream 

   

30-5 1.0668 0.762 

   

Kudzu 

Alfalfa 

Crabgrass 

Common lespedeza 4 

Sudangrass 2 

   

   

50-5 1.0668 0.762 

   

   

 

1 Use velocities exceeding 1.5 m/s only where good covers and proper maintenance can be obtained. 

2 Do not use on slope steeper than 10% except for side slopes a combination channel. 

3 Do not use on slopes steeper than 5% except for side slopes in a combination channel. 

4 Annuals-used on mild slopes or as temporary protection until permanent covers are established. 

5 Use on slopes steeper than 5% is not recommended 
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APPENDIX VI  –  DIMENSIONS AND VELOCITY DISTRIBUTION (REE ,  1951)  
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APPENDIX VII  –  TOPOGRAPHIC MAP OF MAURLIDEN MINE(BOLIDEN 

MINERAL AB) 
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APPENDIX VIII  –  TOPOGRAPHIC MAP OF MAURLIDEN MINE-  THE 

NEWLY DESIGNED DITCH (BOLIDEN MINERAL AB) 
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APPENDIX IX  –  CROSS-SECTIONS FOR A PROFILE 2YRS.  (RESULT FROM 

HEC-RAS) 
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APPENDIX X  –  CROSS-SECTIONS FOR 100  YR PROFILE (RESULT FROM 

HEC-RAS) 
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APPENDIX XI  –  2YRS PROFILE (RESULT FROM HEC-RAS) 
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 XVII 

APPENDIX XII  –  100  YRS.  PROFILE (RESULT FROM HEC-RAS) 
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XVIII 

 

APPENDIX XIII  –  GENERAL PROFILE PLOT-VELOCITIES (2YRS AND 

100YRS)  (RESULT FROM HEC-RAS) 
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 XIX 

APPENDIX XIV  –  X-Y-Z  PERSPECTIVE PLOT (RESULT FROM HEC-RAS) 
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XX 

 

APPENDIX XV  –  PROFILE OUTPUT TABLE FOR 2  YRS .  AND 100  YRS.  

RESPECTIVELY (RESULT FROM HEC-RAS) 

Rea Riv. 

Sta. 

Pro Q. Tot 

(m3/s) 

Min 
Cha. 
Elev. 
(m) 

W.S. 
Elev. 
(m) 

Cri. 
W.S. 
(m) 

E.G. 
Elev.
(m) 

E.G.
Sl. 

(m) 

Vel. 
Ch. 

(m/s) 

Fl. 
Are 

(m2

) 

Top 
W. 
(m) 

Fro
. 

No 

Mau.1 5 2 yr 1.10 70.0 

 

70.4 

 

70.3 

 

70.4 

 

0.01 

 

1.1 

 

1.0 

 

3.49 

 

0.63 

Mau.1 4 2 yr 1.10 67.0 67.3 67.3 67.4 0.02 

 

1.5 0.7 3.13 1.00 

Mau.1 3 2 yr 1.10 60.0 60.1 60.3 64.1 4.24 

 

9.0 0.1 2.23 12.2 

Mau.1 2 2 yr 1.10 57.0 57.3 57.3 57.4 0.02 

 

1.6 0.7 3.08 1.08 

Mau.1 1 2 yr 1.10 50.0 50.2 50.3 53.7 3.58 8.45 0.1 2.24 11.3 

Mau.1 0 2 yr 1.10 50.0 50.3 50.3 50.4 0.02 

 

1.5 0.7 3.13 1.00 

 

 

Rea. Riv. 

Sta. 

Pro Q. Tot 
(m3/s) 

Min 
Cha. 
Elev. 
(m) 

W.S. 
Elev. 
(m) 

Cri. 
W.S. 
(m) 

E.G. 
Elev. 
(m) 

E.G.
Sl. 

(m) 

Vel. 
Ch. 

(m/s) 

Fl. 
Are 

(m2

) 

Top 
W.(
m) 

Fro
. 

No 

Mau.1 5 2 yr 1.10 70.0 

 

70.7 

 

70.6 

 

 

70.8 

 

 

0.008 

 

1.6 2.3 

 

 

4.7 

 

0.72 

 

Mau.1 4 2 yr 1.10 67.0 67.6 67.6 67.8 0.016 2.0 1.7 4.2 1.01 

Mau.1 3 2 yr 1.10 60.0 60.2 60.6 65.2 1.59 9.9 0.4 2.6 8.59 

Mau.1 2 2 yr 1.10 57.0 57.5 57.6 57.8 0.026 2.4 1.4 3.9 1.28 

Mau.1 1 2 yr 1.10 50.0 50.2 50.6 53.9 1.042 8.6 0.4 2.6 7.06 

Mau.1 0 2 yr 1.10 50.0 50.6 50.6 50.8 0.016 2.0 1.7 4.2 1.01 

 

Terms in the table 

Rea: Reach 

Riv.Sta: River station 

Pro: Profile 

Q.Tot: Total discharge 

Min Cha. Elev.: Minimum channel elevation 

W.S. Elev.: Water surface elevation 

Cri. W.S.: Critical water surface 

E.G. Elev.: Energy grade elevation 

E.G. Sl.: Energy grade slope 

Vel. Ch.: Velocity of water on the channel 

Fl.Are: Flow area 

Top W.: Top width 

Fro. No: Froude number 
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 XXI 

APPENDIX XVI  –  FINAL RECOMMENDED DIMENSIONS OF A CHANNEL 

FOR RIVER STATION NO.  5  (MODIFIED FROM SIMONS ET AL ,  1982) 
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XXII 

 

APPENDIX XVII  –  SUGGESTED DIMENSIONS OF ENTRANCE AND EXIT 

PROTECTION ON STEEP CONVEYANCE CHANNEL (MODIFIED FROM 

SIMONS ET AL ,  1982) 

 

 

 

 

 

 

 

 


