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ABSTRACT 

 

Supply of clean drinking water in the rural areas is a high priority of the Government 

of the Republic of Zambia (GRZ). More than 65 percent of the population of Zambia 

live in rural areas. The rural population is characterized by low access to basic 

services including safe water supply and sanitation. The Government with support 

from Cooperating Partners (CPs) formulated the National Rural Water Supply and 

Sanitation Program (NRWSSP) to guide interventions in the rural areas. The overall 

goal is to provide sustainable access to water supply and sanitation in rural areas 

A research study was carried out to ascertain the efficiency of Iron Removal 

Technology (IRT) in four rural districts of Luapula Province, namely Mansa, 

Milenge, Mwense and Samfya. The “before-and-after” study design was utilised by 

comparing the difference in the iron concentration before and after Iron Removal 

Plant (IRP) intervention in assessing IRP performance. An inventory of existing 

boreholes under the Japan International Corporation Agency (JICA) phase one 

groundwater development project was conducted with sampling done at some of the 

water points. To ascertain the levels of iron concentration in the water, different 

samples were taken from the water points for immediate field analysis and later for 

laboratory analysis. Multistage (cluster) sampling was used in picking respondents 

for the questionnaire survey in assessing the effectiveness of operation and 

maintenance. Pump tests were conducted to ascertain the main source of iron in the 

water. Different retention times were tested within one hour of sampling in ten 

minute intervals to assess its effect on iron concentration. The filter bed depth was 

upwardly adjusted to ascertain its effect on iron concentration in the water. 

The result from the performance evaluation process of the current IRP’s showed 85.6 

to 92.5 percent performance efficiency respectively. From the pump tests conducted, 

it was observed that the iron concentration in the water increased over time with 

continuous pumping. Results from a t-test analysis showed no significant difference 

(P < 0.05) in iron concentration between water points installed with Indian Mark II 

pumps in comparison to those installed with the Afridev pump. The results showed 

remarkable iron removal with increased retention time. The strategies for operation 

and maintenance were not very effective due to the attitudes and perceptions of the 

users. Government capacity to operate the IRP was found to be limited due to 
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inadequate funding and lack of devolution. The results obtained showed that there 

was a reduction of 88.1 percent iron concentration in the water with the sand bed 

depth adjustment of 18 to 36 cm with the highest iron reduction observed between 

27 and 30 cm.  
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CHAPTER ONE 

 

1.0      INTRODUCTION   

The introduction provides the background of this study, statement of the problem, 

justification of the research, research objectives, and the scope of the study.  

1.1 Background  

1.1.1 Rural Water Supply and Sanitation in Zambia 

Supply of clean drinking water in the rural areas is one of the highest priorities of the 

Government of the Republic of Zambia (GRZ). Clean drinking water is a basic 

necessity of life. While relatively small quantities will sustain human life, much 

more is needed for cooking, personal hygiene, cleaning and sanitation systems. 

In many parts of Zambia, the control of diarrhoeal diseases continues to be a major 

public-health problem. Today, diarrhoeal diseases as a group are still the leading 

cause of death in many parts of the country.   

More than 65 percent of the population of Zambia, estimated at 13.04 million in 

2011 (CSO, 2011), live in rural areas. The rural population is characterized by low 

access to basic services including schools, health centres, safe water supply and 

sanitation. Lack of access to basic amenities including clean water and safe sanitation 

is among the key factors contributing to widespread poverty among the rural 

population. There is relatively high incidences of water and sanitation related 

diseases, particularly diarrhoea, which results in high health costs to individuals and 

communities and the Government as a whole (ADF Appraisal Report 2006). The 

importance of the availability of safe drinking water in the control of diarrhoeal 

diseases can, therefore, not be over-emphasised and this has been well recognised by 

the GRZ which is making every effort to provide water that is safe for use.  

1.1.2 The National Rural Water Supply and Sanitation Programme in Zambia 

Since the mid-1990s, the GRZ has been implementing reforms to improve the 

performance of the water and sanitation sector in Zambia so as to increase water 

supply and sanitation coverage throughout the country. The water sector reform led 

to the formulation and adoption of a National Water Policy in 1994, and enactment 
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of the Water Supply and Sanitation Act of 1997 (ADF Appraisal Report 2006). The 

water policy of 1994 has since been replaced by a new policy of 2010. The revised 

National Water Policy of 2010 embraces modern principles of water resources 

management and endeavours to deal with the daunting challenges of poverty 

reduction (MEWD, 2010). 

In line with the policy framework, the Government with support from a number of 

Cooperating Partners (CPs) formulated the National Rural Water Supply and 

Sanitation Program (NRWSSP) in 2005 to guide Government and donors in making 

interventions in the rural areas. The overall goal of the NRWSSP 2006-2015 is to 

provide sustainable access to water supply and sanitation in rural areas so as to 

facilitate the achievement of the Millennium Development Goal (MDG) for water 

and sanitation and to contribute towards poverty alleviation of Zambia’s rural 

population. One of the specific objectives of the programme is to increase access to 

safe, reliable and convenient quantities of water supply from 37 percent in 2005 to 75 

percent of the rural population by 2015 (MLGH, 2007).  The component involves the 

rehabilitation of an estimated 3,400 existing schemes and construction of 7,200 new 

water points, based on the coverage criteria of 250 people per water point and within 

a maximum walking distance of 500 meters (ADF Appraisal Report, 2006). 

1.1.3 Source Selection for Rural Water Supply 

Water for a rural water supply system may be obtained either from rivers, lakes and 

springs (surface water), shallow wells or deep boreholes (groundwater) or rainwater 

harvesting. Sources are selected mainly on the basis of capital costs, running costs 

and quality.  

• Rainwater harvesting is effective when the catchment surface is impermeable.  

• Springs of sufficient quantity may be used though protection may be needed. 

• Gravity supply requires a difference in elevation between source and supply. 

• Hand dug wells are often within local construction capacity of households. 

• Boreholes are preferred because the produce sufficient quantities of water 

with little need for treatment. However, the capital and maintenance costs are 

usually medium to high. 

• River abstraction requires treatment which is expensive for a rural setup. 

A brief guide to sources of water for rural water supply is provided in Table 1.1. 
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Table 1.1: A brief guide to rural water resource development 

 

The most common source of water for drinking and domestic use in many 

households in the rural areas is groundwater abstracted from shallow wells. In a few 

isolated cases, where springs of sufficient capacity are available, these are also used 

as sources of drinking water. In some areas, streams are also used but these often 

have a wide seasonal fluctuation in flow. For community water supply systems, 

groundwater at great depth should always be the preferred source.  This is because 

the water is generally free from pathogenic contamination, although there may be 

other forms of undesirable pollutants (Sundaresan et al., 1983). 

 

Both surface water and groundwater largely originate from rainfall. After reaching 

the ground surface, rainwater forms surface runoff or groundwater flow. It will pick 

up considerable amounts of mineral compounds and organic matter, debris from 

vegetation and animal origin, soil particles and micro-organisms. When groundwater 

is present at a shallow depth (e.g. less than 10 meters) it may be polluted from faecal 

contamination such as pit latrines or septic tanks. Pathogenic bacteria and viruses 

from such sources can be carried by the groundwater, although they tend to attach 

themselves by adsorption to the solid ground particles.  A typical shallow well used 

at household level in Luapula is shown in Figure 1.1.  

The lack of access to safe water supply and sanitation in Zambia’s rural areas is a 

major contributing factor to poverty in rural areas. Women and children spend a 

disproportionate amount of time and effort in daily chores of water collection, and in 
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caring for those suffering from water and sanitation-related diseases. This decreases 

their opportunities for engaging in productive activities to improve their socio-

economic welfare, and in school enrolment and progression, which ultimately affects 

their socio-economic advancement (ADF Appraisal Report 2006).  

 

Figure 1.1 A typical shallow well used at households in Luapula Province (Source: 

Aquahydrocon, 2010) 

1.1.4 Quality of Water for Rural Water Supply Systems 

The seasonal fluctuation of flow as stated under Section 1.1.3, affects the quality of 

the water. In wet periods, the water may be low in dissolved solids content but often 

of a high turbidity (Sundaresan et al., 1983). In dry periods, stream flows are low and 

the load of dissolved solids is less diluted.  In plains, rivers usually flow slowly 

except when there is a flood. The water may be relatively clear but it is almost 

always polluted, and treatment is necessary to render it fit for drinking and domestic 

use. For underground flow, the water will leach out constituents from the ground 

strata, in particular carbonates, sulphates, chlorides, calcium, magnesium and sodium 

salts. Thus, the total dissolved solids content of the water is increased. At the same 

time, filtration takes place removing suspended solids. Some organic substances are 

biologically degraded. Adsorption and other processes may result in the removal of 

bacteria, and of suspended and dissolved solids (Sundaresan et al., 1983). 
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The basic requirements for drinking water are that: 

• it should be free from pathogenic (disease causing) organisms  

• it should not contain compounds that have an adverse effect on human health 

• it should be fairly clear (i.e. low turbidity and little colour)  

• it should not be saline 

• it should not contain compounds that cause an offensive taste or smell 

• It should not cause corrosion or encrustation of the water supply system, nor 

stain clothes washed in it 

The “WHO Guidelines for Drinking-Water Quality” (WHO, 1995) is one of the 

longest standing publications of the World Health Organization (WHO) that provides 

an evidence-based standard setting and regulation as a basis for health protection. 

The guidelines include an assessment of the health risks presented by the various 

microbial, chemical, radiological and physical constituents that may be found in 

drinking water. Where applicable, they provide maximum concentration guideline 

values for these hazardous constituents.  These water quality guidelines should 

always be applied with care, particularly for small community and rural water 

supplies where the choice of source and the opportunities for treatment are limited. 

The criteria should not in themselves be the basis for rejection of a groundwater 

source having somewhat higher values for iron, manganese, sulphates or nitrates than 

in the Guidelines. However, extreme care must be exercised in respect of toxic 

substances such as heavy metals.  

The most important parameter of drinking water quality is the microbial quality, i.e. 

the content of bacteria and viruses.  There are, however, cases where the water from 

a rural water supply system is bacteriologically acceptable, yet unfit as drinking 

water due to excessive chemical and physical constituents (organic or mineral 

contents). The main problems are caused by iron and manganese, fluoride, nitrate, 

turbidity and colour. 
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1.1.5 Water Supply through Drilling of Boreholes in Rural Areas of Zambia 

One of the reasons of establishing the NRWSSP 2006-2015 was to increase the water 

supply and sanitation coverage in Zambia. This is being done in order to meet the 

MDG for water supply and sanitation by 2015. Considering that groundwater offers 

one of the best sources of safe drinking water in rural areas as given by Sundaresan 

(1983) with little need for treatment to remove pathogens, the GRZ under the auspice 

of the NRWSSP embarked on the drilling of deep boreholes in rural areas country-

wide (MLGH, 2006). An illustration of borehole drilling for a rural area is shown in 

Figure 1.2. 

 

Figure 1.2 Drilling a borehole in a rural area (Source: RWSN, 2006) 

The NRWSSP is sinking and equipping the deep boreholes at a cost of about ZMK 

30 million per borehole.  Since inception, the NRWSSP has sunk and equipped over 

200 boreholes in Luapula Province (Sinkala, 2011, pers. comm.). The boreholes are 

able to provide sufficient quantities of water with users’ able to fill a 20 litre 

container within 2 minutes (10 l/min) (Kachali, 2011). Each borehole is benefiting 

about 250 persons or 40 households at a distance of not more than 500 m. A borehole 

equipped with a hand pump is shown in Figure 1.3. 

According to the Ministry of Local Government and Housing (MLGH), access to 

safe water supply in the rural areas for the period 2010 to 2011 is estimated at 57 

percent while it was 37 percent in 2005 (WSS Sector Report, 2011).  It can thus be 

seen that the programme is slowly achieving the set objectives.  
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However, the programme is severely constrained and may not be able to reach the 

target of providing access to safe water supply to 75 percent of the rural population 

by 2015.  The main constraints include the facts that the programme is under-staffed 

and under-resourced. There is a major shortage of skilled staff in Government and 

civil society organisations with the ability and experience to lead and drive the 

sector. Because of this, those who are in positions of responsibility are over stretched 

and unable to engage effectively in the sector. The slow pace of decentralisation is 

further preventing districts from taking on their responsibilities under the NRWSSP 

(Water Aid Zambia, 2009). 

 

Figure 1.3 A borehole equipped with a hand pump to serve a rural community in 

Luapula (Source: Aquahydrocon, 2010) 

1.1.6 High Levels of Iron in Groundwater in Luapula Province 

In the course of implementing the NRWSSP, Government efforts are being 

hampered by the abandonment of deep boreholes in areas with high levels of iron.  

The water is unpalatable due to its taste and colour.  Information from Luapula 

Province indicates that about 10 percent of boreholes drilled have been abandoned 

due to the high iron concentration in the water (Sinkala, 2011, pers. comm.). The 

abandonment has the consequence of resource wastage as the boreholes are not 

functional. The districts within Luapula that are most affected by the problem of high 
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iron concentration are Mansa, Milenge, Mwense and Samfya. These four districts 

thus constituted the study area for the research. 

Due to the high prevalence of iron in groundwater, surface water and hand dug wells 

are being used as means of water supply where these are available as opposed to 

deep boreholes (Sinkala, 2011, pers. comm.). This is because the shallow wells and 

surface water contain less iron.  In certain communities, the residents continue using 

boreholes with high levels of iron in the water to avoid walking long distances to 

water points with less levels of iron.  It is therefore necessary to install iron removal 

plants in these areas. 

Results from field tests show that the iron concentrations in shallow wells range 

between 0.1 and 1.22 mg/l whilst deep boreholes have values between 0.45 and 6.0 

mg/l (Kachali, 2011). The recommended WHO guideline value for iron in drinking 

water is less than 0.3 mg/l.  

1.1.7 Iron Removal Method Currently in Use in Luapula Province 

  

Figure 1.4 Typical IRP in use 

The cost of one IRP is equivalent to the cost of sinking and equipping of a borehole 

(Sinkala, 2011, pers. comm.).  The design of an IRP being used in Luapula Province 

is shown in Figure 1.5. The water with high iron content is aerated when pumped to 

the first chamber and the oxidised iron in the water is removed when it is filtered in 

The MLGH with technical 

assistance from Japan 

International Corporation 

Agency (JICA) has installed 

Iron Removal Plants (IRP’s) in 

Luapula province. The IRPs are 

made of concrete reinforced 

with Conforce 257 

reinforcement mesh. The inside 

of the filter is plastered with 

cement and a dedicated water 

proofing compound. A typical 

IRP being used in Luapula is 

shown in Figure 1.4. 
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the sand and gravel layer. Depending on the amount of iron in the groundwater, the 

frequency of washing the sand and gravel filter-bed will vary from 2 to 4 times a 

month. The washed sand and gravel will be returned to the plant. It is not necessary 

to completely change the filter media (Yokogi, 2011, pers. comm.). These IRP’s 

have been able to reduce the iron concentration to values of 2 mg/l (Sinkala, 2011, 

pers. comm.). This is still well above the recommended value of 0.3 mg/l as 

contained in the WHO Guidelines. See Appendix 1 for the actual design of the IRP 

in use in Luapula. 

 

Figure 1.5 Components of the IRP being used in Luapula Province (Source: MLGH, 

2012) 

1.2 Statement of the Problem  

The Government of the Republic of Zambia has installed Iron Removal Plants 

(IRP’s) in Luapula Province to reduce the iron content in boreholes where the 

problem of high levels of iron concentration exist.  However, the problem still exists 

in that these IRPs have only been able to reduce the iron concentration to values of 2 

mg/l which are still well above the minimum value of 0.3 mg/l recommended by the 

WHO Guidelines with challenges also being encountered in the operation and 

maintenance of these IRP’s. 

The research seeks to answer the following questions: 

a. What is the main source of iron in the water? 
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b. How is the performance of the current Iron Removal Technologies (IRT’s) in 

use? 

c. Does Government have the capacity (staff, technical know-how, funding, 

etc.) to operate the current IRT’s? 

d. Are the strategies for operation and maintenance of the current IRT’s 

effective? 

e. What is the effect of changing the retention time on the iron concentration in 

the IRP effluent? 

f. What is the effect of varying the filter bed depth on the iron concentration in 

the IRP effluent? 

1.3 Justification of the Research Study 

The research study will have the following impacts:  

a) Supplement Government efforts in its quest to deliver quality water supply 

services to the rural population;  

b) Address the problem of high iron concentration in water hence providing a 

solution that allows Government to meet its intended objectives; 

c) Provide insight to stakeholders on the main source of the high concentration 

of iron in the water thereby providing a basis for action;  

d) Hasten the fulfilment of the NRWSSP which has a limited time frame of 

implementation (2006-2015); and  

e) Allow policy makers make informed decisions in regards to water supply in 

Luapula Province.  

1.4 Objectives of the Study 

1.4.1   General Objective 

To investigate and recommend interventions for iron removal best suited for rural 

boreholes under the NRWSSP in Luapula Province.  

1.4.2    Specific Objectives 

a. To investigate the main source of iron in the water. 
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b. To evaluate the performance of the current Iron Removal Technologies 

(IRT’s) in terms of the design parameters (aeration, retention time and 

filtration).  

c. To ascertain the capacity of Government to operate the current IRT’s. 

d. To assess the effectiveness of the current strategies used for operation and 

maintenance of the IRP’s. 

e. To assess the effect of changing the retention time on the iron concentration 

in the IRP effluent. 

f. To assess the effect of varying the filter bed depth on the iron concentration 

in the IRP effluent. 

1.5 Scope of the Study 

The study considered iron removal in water supply systems under the NRWSSP in 

Luapula as the main focus for the research. The study endeavoured to alleviate the 

problem of high iron content in water supply systems by investigating and evaluating 

the current efforts being made to deal with the problem of high levels of iron in rural 

water supply systems. The following activities were undertaken: 

a. A study of the extent of the area where the problem of high levels of iron is 

prevalent; 

b. On-site tests at some abandoned and operational boreholes to ascertain the 

actual levels of iron concentration in the water; 

c. Investigation of the current IRP’s in operation in Luapula to evaluate their 

design parameters (aeration, retention time and filtration);  

d. Recommend interventions for iron removal that take into account the ease of 

operation and maintenance and other related parameters that would make the 

technology more appropriate for the study area. 
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CHAPTER TWO 

 

2.0      LITERATURE REVIEW 

The literature review gives a perspective of iron in water supply systems. The 

chapter gives an account on the overview of iron in water, treatment methods for iron 

removal, theory and literature specific to the study topic, and contribution to 

literature. 

2.1 Overview   

Iron is one of the most common elements found in the earth's crust.  It often exists in 

soluble form in ground water supplies and may be carried along in surface water.  

Typical source water concentrations do not pose a health risk but their presence can 

have other negative effects.  In drinking water supplies, bacteria which nourish on 

iron, can thrive when present leading to taste and odour issues.  In addition, once 

oxidized, iron precipitates may foul distribution systems, and stain fixtures and 

clothing.  In industrial applications iron may reduce the efficiency of heating 

exchange systems or prevent use of the final product. 

The prevalence of iron in drinking water supplies maybe a result of geological 

formations and the use of metallic pumping equipment for groundwater withdrawal. 

Concentration of iron in excess of 0.2 to 0.3 mg/l may cause nuisance, even though 

its presence does not affect the hygienic quality of water. 

The probable causes of iron in water supply systems as mentioned above maybe 

twofold, as described below: 

i. The influences of soil and the bedrock on groundwater 

The concentration of iron and manganese are mainly influenced by the 

chemical composition of the surrounding soil and bedrock. Rainwater absorbs 

organic matter when the water percolates through the layers of the soil. At a 

deeper level the organic matter is oxidised, which gives reducing 

characteristics to the water. When the water reaches sediments containing 

ferric iron (Fe3+), the ferric iron is reduced to ferrous iron (Fe2+) (Andersson 

& Johansson, 2002).  
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When the rainwater percolates deeper through the soil and bedrock a great 

improvement in the water quality occurs. Suspended particles are removed by 

filtration, organic substances are degraded and micro-organisms die due to 

lack of nutrients. Therefore, groundwater is likely to be a very clean 

alternative compared to other water sources such as surface water. However, 

dissolved mineral compounds are not removed, and actually the content of 

minerals can increase due to leaching of salts from the underground layers. 

ii. Corrosion of hand pump and casing 

Corrosion is the attack of surface materials by chemical process. Most metals 

occur in nature in the form of oxides that must be reduced to obtain the useful 

metals. Corrosion (the oxidation of metals) is simply the process by which the 

metals return to their natural state (Andersson & Johansson, 2002).  

2.2 Treatment Procedures for Iron Removal 

Iron can be removed from source water by several technologies. The traditional 

removal method for iron involves a two-step process:  

1. Oxidation or aeration of the soluble ferrous form to the common insoluble 

ferric form (Hoffman et al., 2006).  Aeration introduces oxygen in the water 

to oxidize the ferrous iron. The aeration process to oxidize ferrous iron is 

generally recommended for water with high concentrations (> 5.0 mg/l) of 

iron (Sarikaya, 1990); and 

2. Filtration of these formed precipitates. The oxidation step is usually followed 

by detention (contact time) and filtration (Hoffman et al., 2006). Detention 

and/or filtration are applied for the solid/liquid separation. Detention provides 

the time for the precipitation of iron, and in addition, effects some iron 

removal by settling. If the total iron concentration is high, sedimentation 

tanks with sludge collection and removal facilities are used instead of a 

simple detention tank (Sarikaya, 1990). Filtration is relied upon to remove the 

rest of the iron. Filtration options consist of sand (only), anthracite and sand 

(dual media), manganese greensand, and various synthetic filtration media 

(Hoffman et al., 2006).  
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It must be stated that the presence of organics in the source water can impair removal 

of iron by oxidation and filtration. Treatment at a pH of 8 or higher promotes a more 

rapid oxidation of iron by aeration, if natural organic matter is not present in 

significant concentrations (Logsdon & Horsley, 1999).  

2.2.1 Oxidation 

The most common oxidant used for oxidation of Fe2+ is oxygen. When using air for 

oxidation the atmospheric oxygen gets in contact with the dissolved ferrous 

compounds and oxidises them to insoluble ferric compounds as given by Lin (2007) 

in the following chemical formula. 

Fe2+ + ¼O2 + 2OH¯  + ½H2O → Fe(OH)3
 

The intimate contact between air and water can be obtained in several ways. Most 

common for drinking water treatment is dispersing the water through the air in thin 

droplets (Hofkes, 1983). The oxygen content of the water can be raised to 60-80 

percent of the maximum saturated oxygen content by this method.   

When aerating the water, the contact between air and water has two effects 

(Hartmann, 2001). The first one makes the carbon dioxide to escape from the water 

so that pH rises. The other effect is to increase the amount of dissolved oxygen to 

assist the oxidation processes. The diffusion of oxygen into water is a bit slow and to 

accelerate the process, the water can be intensively aerated by adding compressed air 

or by open aeration (Hartmann, 2001). A typical layout of open aeration using trays 

is shown in Figure 2.1. 

 

Figure 2.1 Multiple-tray aerator (Source: Ken Ives) 

 

Oxidation by adding a chemical reagent has to 

be followed by an effective filtration because 

the precipitated particles settle very slowly 

which makes them impossible to remove by 

sedimentation (Hartmann, 2001). Adding an 

oxidising agent is beneficial for iron removal 

especially where aeration does not show 

effective results. 
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However, in rural areas these chemicals are often not available or far too expensive 

for the users. Therefore it is better to use a conventional oxidation system with air to 

achieve oxidation. 

2.2.2 Sedimentation 

High iron concentrations could require a sedimentation step before filtration due to 

the high content of precipitates that will rapidly clog the filter. Sedimentation is 

frequently used in water treatment for elimination of suspended particles with a 

higher density than water. The particles accumulate at the bottom of the 

sedimentation tank and the clear water in the upper part of the tank is decanted to a 

filter. A typical layout of a sedimentation tank is shown in Figure 2.2. 

Calculation of the volume of the sedimentation tank 

This calculation determines the volume of the sedimentation tank (V), in 

order to achieve a retention time (t), based on a given flow rate (Q). 

V = Q t 

Thus the retention time is the time the particles with settling velocity, vo 

require to move through the whole length of the settling zone, and as it sinks 

while it moves. t is also the time it takes the particle to fall through the depth 

H as shown in Figure 2.2. 

vo = 
t

H
 =

V

HQ
 

 

Figure 2.2 Typical settling tank with extra bottom (Source: Ken Ives) 
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The following assumptions are made: 

• Within the settling zone there are quiescent conditions; 

• The flow is steady and uniform across the settling zone; 

• The concentration of the suspended particles is uniform in the settling 

zone; and 

• Once the particles have reached the bottom zone, there is no re-

suspension. 

2.2.3 Filtration 

In the filtration process, the filter media is used to entrap and screen out oxidized 

particles of iron. Usually this process requires backwashing to remove accumulated 

iron. A typical layout of the filtration of pre-treated water is shown in Figure 2.3. 

 

Figure 2.3 Typical rapid filtration of pre-treated (aerated) water (Source: Luiz di 

Bernardo) 

Calculation of the filter capacity 

The flow out from the aeration tank is equal to the flow that enters the filter 

tank: 

Qin = Qout 

The formula for flow rate through the filter media is dependent on the filter 

area, A: 

L 

Qin 

Qout 
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Q = k A i 

For vertical flow rate hydraulic gradient, i, is 1 and k is the hydraulic 

conductivity. The Hudson formula is used to check against breakthrough of 

flocc through the sand bed by calculating the minimum depth required as 

given by Das (2007). 

 

With Q as rate of filtration (m3/m2/h), L as depth of filter bed (m), h as 

terminal head loss (m), Bi as breakthrough index (dimensionless), and d as 

sand size (mm). 

Rapid sand filter 

The filtration rate in a rapid sand filter often varies between 5-15 m3/m2/hour 

(Hofkes, 1983). The grain size of the filter media varies between 0.4-1.2 mm. Due to 

this coarse sand, the pores of the filter bed is relatively large that even very turbid 

water can be cleaned by this filter. However, cleaning the filter is not easy. Since the 

dirt or particles penetrate deep in the sand, rapid sand filters have to be back washed. 

It will not be enough just to scrape off the top layer of the sand to clean the filter. 

Rapid sand filters are often used to remove iron from groundwater. To assist the 

filtration process, aeration is often provided as a pre-treatment. 

There are different kinds of rapid filters, for example gravity, pressure and up-flow 

filters. Gravity flow filters are the most common type of rapid sand filters. Pressure 

filters have the same construction as gravity flow filters though it is enclosed in a 

tank to achieve a high pressure. Pressure filters are very complicated in installation, 

operation and maintenance and are therefore not suitable for small treatment plants in 

developing countries (Hofkes, 1983). Up-flow filters are well suited for small-scale 

treatment units but can be difficult and time demanding to clean. Sometimes up-flow 

filters are used as a pre-treatment step before the water is treated in a rapid filter with 

a gravity flow or a slow sand filter. 

Slow sand filter 

Slow sand filters operate at very low filtration rates, approximately 0.1-0.3 

m3/m2/hour (Hofkes, 1983). Fine sand with grain size 0.15-0.30 mm is used as filter 

Qd3h = Bi x 29323 

     L 
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media (Gray, 1999). The sand makes the suspended matter retain in the upper 0.5-2 

cm of the filter layer (Hofkes, 1983). This makes the filter easy to clean by scraping 

away the top layer of sand. The removed sand is either replaced or washed and used 

again depending on which alternative is the cheapest.  

Removal of iron from groundwater by oxidation, precipitation and filtration through 

a slow sand filter generally does not need other chemical pre-treatment (Pontius, 

1990). The removal mechanisms in slow sand filters are both physical and biological. 

Reduction in organic constituents and chemical transformations, such as oxidation of 

ammonia and nitrate, are caused by micro-organisms in the filter (Pontius, 1990). For 

removal of iron there are some bacteria that are able to derive energy from the 

oxidation of ferrous iron into ferric iron, whilst others seem to oxidise and store the 

iron for no clear purpose (Tyrrel et al., 1998). When treating water from boreholes, 

the bacteria responsible for the process appear to be natural in the well environment. 

Therefore, the micro-organisms necessary to initiate the process are carried with the 

groundwater onto the filters. The bacteria start to grow when the concentration of 

ferrous iron approaches 0.3 mg/l (WHO, 1995). 

The population of iron-reducing bacteria requires oxygen for its growth and tends to 

grow on the surface of the filter-bed and form a slimy orange mat (Tyrrel et al., 

1998). After running a filter for about 7-10 days this film is developed and the 

bacteria starts to oxidise the reduced iron compounds. This oxidation process carries 

on as long as the bacteria film is intact and no cleaning of the filter has been done 

(Tyrrel, 1997). 

The construction and operation of sand filters must be carried out with great care and 

they must be checked regularly. One of the most important aspects of effective 

operation is to control the rate of filtration (CAT, 1997). Since sand filters offer good 

quality potable water the treatment is successfully used worldwide.  

The construction of a sand filter can differ. One way is to construct the filter from 

rendered blocks by setting a concrete ring onto a concrete slab or a polyethylene tank 

(CAT, 1997). To prevent algae growth and stop leaves and other debris entering the 

filter an opaque lid should cover the filter. Filters should not be smaller than 1 m2 

(the minimal cross-sectional area), even if very few people are using it. At least 0.02-

0.08 m2 per person is recommended (CAT, 1997). It is preferable to avoid pumping 
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the filtered water, since energy is required to run the pump. If the water source and 

filter are located well above the storage tanks, pumping will not be necessary. 

2.3 Theory and Research Literature Specific to Study topic 

Several Organisations have undertaken research and development of iron removal 

technologies to solve the problem of iron in water supply systems, these are 

discussed below: 

2.3.1 Cranfield University, United Kingdom 

In 1997 the United Kingdom Department for International Development (DFID) 

funded the development of a small scale, sustainable biological iron- removal filter at 

Silsoe College, Cranfield University (Tyrrel, 1997). 

Experimental filters were designed and tested in the United Kingdom and then a 

prototype was constructed. This prototype was later tested and evaluated on-site in 

Lyantonde, Rakai District, Uganda.  

The design was a gravity flow system that aimed to be cheap, easy to operate and not 

likely to break down (Tyrrel, 1997). The filter construction was quite simple, as 

shown in Figure 2.4. In Uganda the most common way of collecting water was by 

using a so called jerrycan. This was a rectangular plastic container provider with a 

cap. The normal size was 20 litres. 

 

Figure 2.4 Schematic sketch of iron removal filter built in Rakai District (Source: 

Tyrrel, 1997) 
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Water entered the filter from the spout. An aeration tray divided the water into 

droplets that fell down on the water surface. From here, the water infiltrated through 

the filter media. In this case the media was a 15 cm thick layer of sand with 1.18 mm 

grain size. Under the media a 5 cm deep layer of gravel and a drainpipe was placed. 

The pipe collected the water and conveyed it to the outlet. The ballast was used to 

raise the head of water without having to pump too much water into the filter. In the 

Uganda prototype plastic bags were used as ballast and it took only 29 percent more 

time to fill the jerry can from the filter outlet than from the hand pump spout. It was 

also confirmed that it took about 7-10 days for the bacteria film to establish in the 

filter.  

After summarising the try-outs in the UK and Uganda, it was recommended that the 

filter should have an area of 1 m2 (Tyrrel, 1997). This area was needed to deliver 

water at rate of 0.25 litres per second. The field trials confirmed that it was possible 

to reduce ferrous iron concentrations from 7-8 mg/l to below WHO limit, which is 

0.3 mg/l. The cost of the prototype made in Uganda was approximately £235 

(equivalent to ZMK 1,880,000). The most expensive part was the tank that cost £200 

(equivalent to ZMK 1,600,000) but it could be replaced by cheaper alternatives. 

The simplest and still effective method of cleaning the filter was to stir the filter bed. 

This stirring removed the iron precipitates from the sand and made them rise to the 

water surface and also displace gas bubbles from the filter bed. The precipitates were 

removed by bailing the water. Field trials showed that weekly stirring with a simple 

stirrer for about two minutes followed by bailing was enough to restore the flow 

through the bed (Tyrrel, 1997). 

2.3.2 India 

Iron in groundwater is a well-known problem in India. A lot of research has been 

undertaken and different iron removal plants have been constructed. In India, the 

filter shown in Figure 2.5 was tested. The filter was based on an up-flow system. 

Water from the pump was led to the bottom of the tank through a pipe and then rose 

up through the filter media. 
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Figure 2.5 Up-flow iron removal filter built in India (Source: Kumar Daw, 2002) 

 

The plant consisted of a 1m3 storage tank with a large draining outlet at the bottom. 

In the middle of the tank a screen was placed to hold the filter media. This layer was 

approximately 30 cm thick and consisted of gravel with 10 mm grain size. The 

aeration step was provided through a PVC pipe from which the water passed through 

perforations. When the water with precipitated iron hydroxide reached the bottom of 

the tank, sedimentation occurred. Water that had passed through the filter media had 

relatively small iron content and a tap let this treated water out. The filter was 

recommended for iron contents of about 2-10 mg/l.   

After approximately two weeks of running, the filter began to clog. Cleaning the 

filter was a long tedious procedure. First the filter media had to be stirred up and 

after that the outlet at the bottom was opened. The water should then wash out the 

sediments that were accumulated in the media and at the bottom of the tank. This 

back-wash process was repeated at least twice and needed 1 m3 of water to be 

pumped every time. 

This filter turned out to be quite successful. As a result of the size of the filter and the 

fact that it was an up-flow filter, it was a great advantage that the users did not have 

to pump in the raw water for a very long time until treated water came out in 

exchange. The results showed that raw water with iron levels of about 3-6 mg/l could 

be reduced to 0.1-0.2 mg/l. However, there were also some problems detected. An 

installation of this kind of filter needed some modifications of the existing hand 

pump. The outlet of the pump had to be raised approximately 1.3 m above ground 
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level and this operation was quite expensive. As a consequence of the raised pump 

the women did not feel comfortable with climbing the stairs to pump water. 

Maintenance was a problem as well since the filter was time-demanding to clean and 

also required people with some skills to both operate and maintain it. 

2.3.3 South Africa 

Groundwater tube-wells are widespread in the rural areas within the Low Veld 

region in South Africa. Many of them yield water with high iron concentrations 

(Chibi, 1991). This has resulted in abandoned boreholes and concentrations 

exceeding 20 mg/l have been noted in the area. 

In the Majaneng area, users were willing to pay a reasonable amount of money if a 

low-cost iron removal unit was to be developed (Chibi, 1991). The primary 

consideration for the construction was that it should be possible for any household to 

construct their own treatment plant with a minimum of assistance. 

One system tested was an up-flow filter made by a 200 litre drum and gutters as 

shown in Figure 2.6 (Chibi, 1991). The water was led through the charcoal in the 

aeration gutters and continued down to the precipitation chamber where the iron 

precipitates could settle. The water was then filtered up through three layers of gravel 

where the unsettled particles were captured. The treated water was then collected 

through a tap. 

 

Figure 2.6 Section through the iron removal plant tested in South Africa (Source: 

Chibi, 1995) 
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This prototype was installed in 1989 close to a community hand pump for evaluation 

(Chibi, 1991). To prevent vandalism it was placed in the yard of a household next to 

the tube-well. It was monitored for six months and the iron removal reached over 90 

percent. 

The villagers were pleased with the result from the iron removal plant since their 

laundry and porcelain were no longer stained and the food was not discoloured by 

the water. However, it was unpopular in that they had to carry a 25 litre container 

from the tube-well which was 10 m to the filter. They preferred a treatment unit that 

treated water directly from the hand pump and they were willing to contribute to 

facilitate such an implementation. 

A prototype was developed taking into consideration the users’ views as shown in 

Figure 2.7. This one worked with the principle of aeration and was designed for 

South African tube-wells having a spout height of only half a meter (Chibi, 1991). 

 

Figure 2.7 The new suggested prototype for iron removal in South Africa (Source: 

Chibi, 1995) 

 

2.3.4 Sri Lanka 

In Sri Lanka in the 1980s, it was observed that people did not use the wells that were 

provided to give water (Attanayake, 1994). The reason was high iron content in the 

water caused by: 

a. Corrosion of casing material 

b. Excessive amounts of iron in groundwater 
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The problem caused by corrosion was solved by changing the casing into new non-

corrosive parts. The problem with high iron content in groundwater had to be dealt 

with through an appropriate treatment technology at hand pump level. 

In 1989 the Finnish International Development Agency (FINNIDA) developed a new 

type of iron removal plant called “FINNIDA square type” (Hartmann, 2001). The 

characteristics of the plant were simplicity in design and the fact that the plant could 

be built on the spot. As the Kandy District Water Supply and Sanitation project was 

proceeding, the plant was installed at some hand pump wells where high contents of 

iron and manganese were detected.  

The construction was a gravity flow filter system and it was built of locally available 

bricks (Hartmann, 2001). It consisted of two chambers as shown in Figure 2.8. The 

inner one was filled with charcoal of size 1-3 cm and the other chamber contained a 

6 cm layer of sand with grain size 1-3 mm. The water entered the filter in the inner 

chamber and when that one was full the water decanted out to the other section. A 

perforated PVC pipe was placed at the bottom of this section to collect the treated 

water and lead the water to the outlet. The major feature in this treatment unit was 

that a film of iron bacteria would grow in the upper layers of the filter media 

(Attanayake, 1994). 

 

Figure 2.8 Sketch of FINNIDA square type filter built in Sri Lanka (Source: 

Hartmann, 2001) 

 

Both chambers were provided with washout ports to facilitate the cleaning process 

(Hartmann, 2001). The cleaning of the sand filter was simplified with the provision 

of commercially available non-woven fabric where the filtered material blocking the 

filter operation could be taken out (Attanayake, 1994). In general, use of the fabric 

had increased the filter run length. 
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Limitations and disadvantages that were observed when testing the filter in Sri Lanka 

were: 

a. Insect breeding under the concrete cover slab due to negligence of the 

consumers 

b. Damage caused on the edge of the cover slab due to frequent handling 

In 2001 most of the filters were still in use and the iron removal was about 90% 

(Hartmann, 2001). The charcoal and the sand had been replaced by granite chips of 

size 10-25 mm and 1-3 mm respectively. One of the benefits of the filter was that it 

was relatively cheap. Built of local materials the costs would be no more than US$ 

40 (equivalent to ZMK 200,000). 

2.3.5 Burkina Faso 

Engineers from Centre Régional pour l’Eau Potable et l’Assainissement (CREPA), a 

centre for low-cost potable water and sanitation solutions in Ouagadougou, Burkina 

Faso have developed two types of iron removal plants for hand pump sites with one 

of the plants shown in figure 2.9. The CREPA iron removal plant ADAF (aeration-

decantation-adsorption-filtration) was designed in 1990 and was suitable for iron 

concentrations of over 10 mg/l and could reduce the iron content by about 90 percent 

(Hartmann, 2001). The treatment plant both had an up-flow and gravity flow mode 

and consisted of four main parts: 

 

Figure 2.9 The iron removal plant type ADAF built in Burkina Faso (CREPA, 1996) 
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The supply channel where aeration took place brought water to the top of the 

sedimentation basin. This sedimentation basin had a distribution plate on the top and 

had a depth of 1 m. The water continued to the adsorption basin that was filled with 

different layers of graded gravel to which the finest particles were attached by 

adsorption. The different layers in this up-flow filter were separated by polythene 

sheets. The gravity flow filtration basin consisted of a layer of quartz gravel with 

grain size of 2.5-5 cm and a sand layer on the top with a grain size of 0.8-2 mm. 

These filter media and sizes were chosen as a result of several tests by CREPA. 

The superstructure could be made of brickwork or steel and had an investment cost 

of US$ 400 (equivalent to ZMK 2,000,000) and an annual investment cost of US$ 60 

(equivalent to ZMK 300,000) (Hartmann, 2001). According to CREPA, the 

maintenance at village level was easy and cleaning of the filter was necessary at least 

every 10 weeks (Hartmann, 2001).  

2.3.6 Mansa, Zambia 

In 2011, Kachali conducted a study on the prevalence of iron in shallow wells and 

boreholes in Mansa of Luapula Province. Results from field tests showed that the 

iron concentrations in shallow wells range between 0.1 and 1.22 mg/l whilst deep 

boreholes had values between 0.45 and 6.0 mg/l. Maintenance was a critical issue 

and IRPs would only be sustainable if they are chosen by a community from a 

variety of water supply options (Kachali, 2011).   

2.4 Contribution of Research to Literature 

As the operation and maintenance of iron removal plants is very tedious as evidenced 

from reports in Luapula Province where these have been installed and other literature 

reviewed thus far, the research will help provide more insight on iron in groundwater 

in Luapula province.  
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CHAPTER THREE 

 

3.0      RESEARCH METHODOLOGY  

This chapter gives an account of how the entire research work was carried out 

leading to the achievement of the objectives and gives an overview of the research 

sites of the study. The research study was conducted in Luapula Province where the 

problem of iron in water supply systems is very pronounced. 

3.1 Details of the Study Area 

3.1.1 Availability of water resources 

Luapula Province has the lowest coverage in terms of safe water (18.8 percent) in the 

country, but also the highest availability of ground and surface water. An overview 

of the water resources available in the province is shown in Figure 3.1. The province 

is bordered by the Luapula River to the West and South, and Lake Mweru in the 

North and Lake Bangweulu to the South and the East has wide areas of associated 

wetlands. As a result there is plentiful surface and groundwater over much of the 

province (Zulu, 2008). 

 

Figure 3.1 Overview of water resources in Luapula Province (Source: Google Maps, 

2012) 
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3.1.2 Research sites for study 

The sites specific for the research study were Mansa, Milenge, Mwense and Samfya. 

There has been very little investment in rural water supply in the province in the last 

30 years, and as a result, many people have been finding their own solutions (Sutton, 

2007). The number of wells dug by individuals or small groups is enormous, with 

over 7,500 in Mansa district alone. Additionally much of the rural population is very 

mobile, moving from cultivation to fishing and so undertaking seasonal migration. 

Water facilities are often therefore only used for part of the year (Sutton, 2007). 

It has been reported in the province that there are significant areas where boreholes 

are failing. Some failures are due to high iron content in deeper groundwater, others 

because of screens set in silty aquifers which cannot be stabilised with gravel pack. 

The result is that boreholes are silt up and pumps get blocked. In the province some 

communities avoid drinking water from boreholes. Most households in the Peri-

urban/Urban areas have shallow wells, and do not use the deep boreholes. The 

groundwater has high levels of iron and manganese content thus the main reason for 

not drinking water from boreholes. As a result of the unpalatable taste of water from 

boreholes, communities have opted to drawing water from shallow wells with depths 

ranging from 1 to 10 m which are highly prone to bacteriological contamination 

(Aquahydrocon, 2010).  

3.1.3 Geology  

The sites for the research study where high concentrations of iron have been reported 

are Mansa, Milenge, Mwense and Samfya. Mansa district is predominantly underlain 

by granite with isolated upper Kundelungu shale, Kundelungu psaminite and erudite 

formations which include petit conglomerate rocks. These rock formations are 

overlain by clay and loam soils. Milenge district is underlain by granite, shales 

(lower Kundelungu) and Kundelungu psaminite and erudite formations. Mwense 

district is underlain by volcanic and meta-volcanic acid type rocks, granite, Muva 

and Kundelungu formations while Samfya district is underlain by alluvium, 

colluvium and laterite formations. Figure 3.2 shows an overview of the geology of 

Luapula and Northern Provinces. 
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GEOLOGICAL MAP OF NORTHERN AND LUAPULA PROVINCES 

 

Figure 3.2 Overview of the geology of Luapula and Northern Provinces (Source: COWI, 2012) 

  

GEOLOGICAL MAP OF NORTHERN AND LUAPULA PROVINCES 
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3.2 Research Study Design 

The study design used in the research was the “Before-and-After” design which can 

be described as two sets of cross sectional data collection points on the same 

population to find out the change in phenomenon or variable(s) between two points 

in time. The change is measured by comparing the difference in the phenomenon or 

variable(s) before and after the intervention. 

3.3 Research Methods and Data Collection  

The Researcher engaged the following process in undertaking the research study in 

order to meet the objectives. The kind of research undertaken was both a qualitative 

and quantitative type of research.  

i. Desk study involving review of relevant literature from journals and scientific 

papers, academic texts, past research and publications from Government line 

Ministries in relation to the problem of iron in drinking water. 

ii. Questionnaire survey to assess the current strategies used for operation and 

maintenance, effectiveness of iron removal and ascertaining the capacity of 

Government to operate the current Iron Removal Plants (IRP’s). 

iii. Interviews and discussions with users of the IRP’s, stakeholders involved in 

the water sector (practitioners and experts).  

iv. Field surveys involving water quality monitoring and pumping tests.  

3.4 Methodology for achieving Specific Objectives 

Qualitative methodologies comprised the collection of data from publications and 

through interviews and discussions. Quantitative methodologies comprised collection 

of data from water quality tests from water supply points and the iron removal plants. 

In line with this the methods used in obtaining sufficient information to validate the 

findings of the research are described in this section.  

3.4.1 Investigating the main source of iron in the water 

The main source of the iron in groundwater was investigated using the following 

approaches; 
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1. Interviews through a structured questionnaire and discussions with 

practitioners and experts in the water sector on their experiences as 

stakeholders in the supply of water in the rural parts of the province. See 

Appendix 3 for sample questionnaire used to collect data. 

2. Performing pump tests and observation of the iron content over time. If 

corrosion of the GI pipes was the reason for high content in the groundwater, 

the concentration of iron would decrease rapidly after a few minutes of 

continuous pumping. 

3. Geological maps for the study area were also studied and analysed to 

ascertain the composition of the underlying bedrock of the area.    

4. Borehole drilling reports under the JICA phase one groundwater development 

project in the seven districts of the province were reviewed. 

3.4.2 Evaluating the performance of the current iron removal technologies 

An inventory of existing boreholes with IRP’s under the NRWSSP was done. The 

criterion used was that of water points with reported high iron concentration. The 

water points were identified with names and the location of the water points were 

picked and recorded using a GPS (Global Positioning System) receiver.    

Sample size 

i. Initial Sampling: A total of 4 sites installed with IRP’s were sampled for the 

performance evaluation of the iron removal technology. One set of samples 

was taken before the water passed through the IRP and another set of samples 

after the treatment process, giving a total of 8 samples.   

ii. Second round of sampling: The initial sampling did not provide sufficient 

data sets for analysis. Therefore, a second set of samples were obtained at two 

of the sites visited in the initial sampling exercise, using the procedure 

described in (i) above. At two of the sites visited earlier, the IRP’s were out 

of use and no samples could be collected. In the second round of sampling 30 

samples were collected before and another 30 after the treatment process, 

giving a total of 120 samples for analysis. 
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Sampling 

To evaluate plant performance, the first sample was collected at the spout of the hand 

pump before the water enters the IRP to ascertain the iron concentration before 

treatment. The second sample was taken after the treatment process as effluent of the 

IRP. The sampling procedure at each water point started with flushing the borehole 

for five minutes. This was to avoid the risk of the pipe material having an effect on 

the sampled water in places fitted with the Indian Mark II pumps. This was so 

because some of the pumps use Galvanised Iron (G.I) pipes. The different samples 

taken were then immediately analysed on-site to ascertain the actual levels of iron in 

the water. The sampling was conducted in February/March and November. 

Analyses 

Analysis of ferrous iron (Fe2+) in water must be performed immediately after 

sampling due to rapid change from the ferrous ion (Fe2+) to the ferric ion (Fe3+) and 

other insoluble compounds. If this procedure is not followed the results will be 

unreliable (Langenegger, 1994). 

Field Analysis: The solubility of iron minerals is strongly influenced by pH and 

redox variations thus any changes in environmental conditions during sampling can 

rapidly change the sample composition. Therefore, the measurement of pH, 

conductivity, temperature and dissolved oxygen should be carried out immediately 

on-site (Langenegger, 1994). 

  

Figure 3.3: WTW multi-Line 340i set 

 

To measure pH, conductivity, 

temperature and dissolved oxygen, a 

WTW multi-Line 340i set was used. 

The Multi-Line meter probes were 

submerged into a bucket filled with 

sampled water. The display showed 

the results for the different 

parameters. The WTW multi-Line 

340i set that was used for field 

analysis is shown on Figure 3.3. 
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On-site water quality testing for iron was performed using an on-site WAG Tech test 

kit comprising a colour disc, comparator and iron reagents. When using the test kit, 

one blank sample and one sample with a reagent were used. If ferrous iron is present 

an orange colour appears. The comparator then showed the intensity of the colour 

and compared it with the blank without reagent.  

Laboratory Analysis: In order to stabilise the pH of the water samples and thereby 

prevent iron from precipitating before analysis in the laboratory, the samples were 

preserved with 1-2 ml of Nitric acid (the iron would not react when collected in the 

sampling bottles as the pH is reduced making any metal present in the sample inert). 

To analyse the total iron concentration, the sampling bottles were taken to an 

independent laboratory at the University of Zambia Civil and Environmental 

Engineering laboratory to ascertain the total iron content in the water samples before 

and after treatment. The testing procedure for iron was conducted using the 

colourimetric (phenanthrone) method as described in Appendix 4. 

Table 3.1: Summary of water parameter analysis methods 

Parameter Analysis 

Type 

Preservation 

Type 

Analysis 

Apparatus 

Temperature In field No preservation Multimeter 

pH In field No preservation Multimeter 

Conductivity In field No preservation Multimeter 

DO In field No preservation Multimeter 

Fe(II) In field No preservation WAG Tech kit 

Fe(II) Laboratory Nitric acid Spectrophotometer 

 

 The performance evaluation of the IRP’s was ascertained by comparing the iron 

concentration before treatment to the iron concentration after removal by the IRP. 

This was aimed at determining the final iron content in the water coming from the 

IRP outlet. The test results before and after treatment was then also compared to the 

WHO standard value of 0.3 mg/l iron concentration in water. 
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3.4.3 Ascertaining the capacity of Government to operate the current IRT’s 

The capacity of Government to operate the current IRT’s was ascertained using 

structured questionnaire interviews (see Appendix 3) and discussions with 

stakeholders (practitioner’s and experts) in the water sector. A list of key 

stakeholders involved in rural water supply intervention was compiled and these 

were interviewed (see Appendix 5 for a list of key informants interviewed). The 

stakeholders included the following;  

1. Government through the MLGH Rural Water Supply and Sanitation Unit 

2. Provincial and Local Authorities 

3. Other Government line Ministries 

4. Non-Governmental Organisations (NGO’s)   

3.4.4 Assessing the effectiveness of the current strategies used for operation and 

maintenance of the IRP’s 

Multistage (cluster) sampling was used in picking respondents for the questionnaire 

survey as given by De Vaus (2002) in assessing the effectiveness of the strategies 

used for operation and maintenance of the IRP’s.  

The basic procedure of sampling the population in the four rural districts for which 

there was no sampling frame of residents, involved the following steps. 

1. The districts were divided into the already existing rural constituencies 

(clusters) where the IRP’s have been installed. Rural constituencies were 

selected because the NRWSSP is only implemented in rural areas. 

2. Selection of water points in the clusters was done based on information from 

the NRWSSP Coordinator and the JICA phase one ground water 

development project. 

3. A list of water points with high iron concentration was obtained within the 

selected rural constituencies (clusters). 

4. Selection of specific water points with installed IRP’s that were accessible 

within each of the clusters selected at stage 2. 
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5. At each selected water point two members of the user community and a 

caretaker were selected to participate in a structured questionnaire interview 

(see Appendix 2 for sample used). 

Survey of community users: Some users in each village nearest to the selected hand 

pumps and IRPs were interviewed with the help of structured formats, regarding the 

pattern of use of the hand pumps for various purposes, their opinion on the suitability 

of hand pumps and IRPs, and the water yielded by it. The pros and cons of the IRPs/ 

Hand pumps and the reasons for use and non-use were also probed. 

Interviews through a structured questionnaire and discussions with practitioners and 

experts in the water sector were used to understand the operation and maintenance of 

the iron removal technology. The questionnaire was also used to assess the 

effectiveness of the strategies used for operation and maintenance of the IRP’s (see 

Appendix 3 for sample questionnaire used).  

3.4.5 Assessing the effect of changing the retention time on the iron 

concentration in the effluent 

In the quest to assess the effect of retention time on iron removal, different retention 

times were tested. This was done during one hour of testing. First of all the filter was 

emptied and after filling it up again sampling was made every ten minutes to achieve 

different retention times. Analyses were made both in the field and in the laboratory. 

The trends of iron concentration against different retention times were plotted on a 

graph using the results from the tests.  

3.4.6 Assessing the effect of varying the filter bed thickness on the iron 

concentration in the effluent. 

The current design of the IRP’s implemented in Luapula Province was studied 

thoroughly fully understanding its operational regime (procedure) in the treatment of 

iron from groundwater. 

In determining the size and the filtration rates of the filter bed, a desk review of 

relevant literature from journals, scientific reports, academic texts, water sector from 

Government and other stakeholders on similar research projects was done. The 

effective size of the filter media was determined from sieve analysis. The test 

procedure for the sieve analysis is shown in Appendix 6.  
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The effect of varying the filtration media depth (height) was determined using the 

Hudson formula to avoid breakthrough of flocc as given by Das & Sandha (2007). 

 

Where;  

Q – Filtration rate (m3/m2/h)  

L – Depth of filter bed (m)  

h – Terminal head loss (m)   

d - Sand size (mm)  

Bi – Breakthrough index whose value ranges between 0.0004 to 0.006 

depending on response to pre-treatment in the filter unit (dimensionless) 

The following assumptions were made to determine the minimum sand bed depth, L: 

• Bi = 4 x 10¯ 4 for poor response to filtration and average degree of pre-

treatment and; 

• terminal head loss = 0.25 m as given by Jain (1999) 

From the effective sand size determined, the depth was checked against breakthrough 

of flocc by calculating the minimum depth required. The IRP unit was emptied and 

cleaned then the sand was packaged into the IRP to the level of the minimum depth. 

From the minimum depth, the filter bed depth was adjusted upwards in 3 cm 

increments until satisfactory iron removal by the IRP was achieved. The trends of 

iron concentration against varying filter bed depth were to be plotted on a graph 

using the test results.                                                                                                       

3.5 Data Analysis 

The data collected was analysed using Microsoft Excel Toolpak for Statistical and 

Engineering analysis and GraphPad Statistical Software. 

 

Qd3h = Bi x 29323 

     L 
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CHAPTER FOUR 

 

4.0      DATA COLLECTION AND RESULTS ANALYSIS  

4.1 Prevalence of iron in groundwater in Luapula Province 

In determining the prevalence of iron in ground water an inventory of boreholes 

under the NRWSSP in the province was done. The inventory of boreholes developed 

under the JICA project for the groundwater development in Luapula Province phase 

one yielded results shown in Figure 4.1. 

 

Figure 4.1: Inventory of boreholes under the JICA phase one groundwater project 

showing number of boreholes vs. iron concentration  

 
The data collected under borehole inventory was aggregated to ascertain the iron 

prevalence in the seven districts of the province. The data under the JICA phase one 

project in the seven districts of Luapula Province studied yielded results shown in 

Figure 4.2 in regards to iron concentration in groundwater. 
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Figure 4.2: Prevalence of iron in groundwater in the seven districts of Luapula 

Province 

The data collected on the prevalence of iron was further consolidated to show the 

prevalence of iron above the recommended 0.3 mg/l WHO guideline value. The 

results analysis showed higher iron prevalence in four districts namely Mansa, 

Milenge, Mwense and Samfya as shown in Figure 4.3. These four districts thus 

constituted the study area for the research study. 

 

Figure 4.3: Prevalence of iron in groundwater above the WHO guideline value in 

Luapula 

 

Iron Conc. (mg/l) 
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4.2 Data Collected and Analysed for Specific Objectives 

4.2.1 Investigating the main source of iron in the water 

In investigating the main source of iron in the water, borehole flushing was 

conducted. Water was pumped from the hand pump continuously for five minutes. It 

was observed during pumping that the iron concentration in the water increased over 

time with continuous pumping. Figure 4.4 shows pump testing at a water point. Thus 

from the pump test conducted it was ascertained that the main source of iron in the 

water was from the geological formations (aquifer iron) in the area. 

 

Figure 4.4: Pump testing at abandoned water point on the Mansa-Mwense Road 

From the interviews and discussions with practitioners and experts involved in the 

water sector in the province, the main source of the iron is from the geology of the 

area. This was based on their experiences and practices in water supply in the 

province. Data on the type of pump used for groundwater withdrawal was collected. 

In the province two types of pumps are used. These being the: 

i. Afridev pump which uses stainless steel or fibre reinforced glass connecting 

rods and threaded coupling ends which are available for corrosive water 

conditions and lightweight application; and 

ii. Indian Mark II pump which uses galvanised iron rods for raising and 

lowering the plunger and galvanised iron riser pipes for conveying the 

pumped water at a depth to the surface.  
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The following data as shown in Table 4.1 was collected under phase one of the JICA 

project for the groundwater development in Luapula Province on the type of pumps 

used for groundwater withdrawal. The data was further aggregated on the basis of 

pumps having a concentration of iron greater than >0.2 mg/l (the recommended 

WHO guideline value is 0.3 mg/l. The data was analysed to show the influence of 

pump type on iron concentration.  

Table 4.1: Data on pump types used for groundwater withdrawal in Luapula Province  

 Iron Concentration (mg/l) 

 

 

% pumps 

with conc. 

>0.2mg/l 

Total 

pump 

Pump Type  0 <0.2 1 2 3 5 7 8 10 >10   

Indian Mark II 11 82 10 11 1 2 2 0 2 3 25 124 

Afridev 2 61 4 6 0 0 1 1 0 0 16 75 

 

The data collected showed that water points installed with the Indian Mark II had a 

higher proportion of boreholes with high concentration of iron (25%) in comparison 

to those installed with the Afridev pump (16%). However, the t-test was used to find 

out whether there was a significant difference (P < 0.05) in iron concentration in 

borehole water with the use of the Indian Mark II or the Afridev pumps. Results 

showed no significant difference between the use of the Indian Mark II and Afridev 

pumps on iron concentration in borehole water as shown in Table 4.2.  

Table 4.2: t-test analysis on pump type influence on iron concentration 

 Indian Mark II Afridev 

Mean 3.88 1.50 

Variance 17.55 5.14 

Observations 8 8 

Pooled Variance 11.35  

Hypothesized Mean 

Difference 

0  

Degrees of freedom 14  

t Stat 1.41  

P(T<=t) one-tail 0.09  

t Critical one-tail 1.76  

P(T<=t) two-tail 0.18  

t Critical two-tail 2.14  

Based on JICA phase one groundwater development project data for iron concentration >0.2 mg/l 
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Figure 4.5 shows the comparison on the use of the Indian Mark II and Afridev pumps 

and there influence on iron concentration in borehole water.  

 

Figure 4.5: Influence of pump type on iron concentration 

4.2.2 Performance evaluation of the current iron removal technologies  

The performance evaluation of the current iron removal technologies was done in 

two parts: 

i. Conduct an inventory of water points where IRP’s have been installed and; 

ii. Perform evaluation of the IRP’s through chemical testing where these 

installations were functional. 

4.2.2.1 Inventory of Water Points 

The inventory of boreholes investigated resulted in data from 15 boreholes shown in 

Table 4.3. The data for depth, year, pump type and riser material was collected from 

the JICA phase one project. The results of the chemical analyses are shown in Table 

4.4.  
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Table 4.3: Inventory data for investigated boreholes in Luapula Province in 2012 

Id Water point District Source 

Id 

GPS location Borehole 

depth 

(m) 

Year of 

construction 

Pump type Riser 

material East South 

A Kale A  Mansa MA-16 29°12’00.4” 11°16’09.7” 54 19-10-2009 Afridev PVC 

B Kale B  Mansa MA-17 29°13’10.1” 11°16’06.4” 41 19-10-2009 Afridev PVC 

C Kampalala 1  Mansa MA-29 28°53’11.4” 11°07’29.7” 79 28-08-2009 Indian Mark II GI 

D Kampalala 2  Mansa MA-30 28°53’02” 11°06’54.4” 51 01-10-2009 Indian Mark II GI 

E Mabumba West  Mansa MA-46 29°03’06.2” 11°15’58.9” 61 16-12-2009 Indian Mark II GI 

F Mano RHC  Mansa MA-32 29°00’05.4” 10°53’39.4” 60 04-05-2010 Indian Mark II GI 

G Twapya/Meleti  Mansa MA-20 28°56’58.7” 10°56’18.0” 51 16-04-2010 Indian Mark II GI 

H Katuta RHC  Mwense MW-46 28°41’46.1” 10°01’05.0” 53 04-05-2009 Indian Mark II GI 

I Springa Village  Milenge ML-39 29°06’24.9” 11°42’37.0” 57 28-12-2009 Afridev PVC 

J Buyantanshi Village Milenge ML-42 29°05’49.0” 11°49’48.1” 56 23-12-2009 Indian Mark II GI 

K Mungulube Samfya SA-33 29°26’54.3” 11°36’31.8” 52 17-12-2009 Indian Mark II GI 

L Masembe Village Samfya  SA-8 29°44’55.5” 10°51’43.9” 51 29-10-2009 Indian Mark II GI 

M Mwita Village Samfya SA-27 29°40’30.5” 10°44’27.5” 52 07-11-2009 Afridev PVC 

N Chikufo Community Sch. Samfya  SA-3 29°36’35.4” 10°54’59.0” 47 30-10-2009 Indian Mark II GI 

O Kaponda/Filipo Basic Sch. Samfya  SA-6 29°46’16.1” 10°47’52.6” 51 02-11-2009 Indian Mark II GI 
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Table 4.4: Water point inventory sampling results using the on-site test kit and laboratory test equipment 

Id Water point Iron Concentration (mg/l) Temp. 

(°C) 

pH DO 

(mg/l) 

Conductivity 

(µS/cm) 

Pump type Status
1 

On-site Analysis Laboratory Analysis 

BH BH 

A Kale A  5.0 

5.0 

10.0 

10.0 

10.0 

5.0 

>10.0 

10.0 

8.0 

>10.0 

>10.0 

>10.0 

7.0 

7.0 

10.0 

2.10 

1.2 

3.16 

4.92 

7.0 

5.72 

6.0 

8.36 

<0.01 

2.30 

5.96 

4.36 

0.43 

2.16 

1.69 

24.3 7.11 2.77 101.0 Afridev W,DC 

B Kale B  25.0 6.55 2.40 116.0 Afridev W,DC 

C Kampalala 1  24.3 7.29 2.24 126.0 Indian Mark II W,DC 

D Kampalala 2  23.3 6.64 2.64 122.0 Indian Mark II W,DC 

E Mabumba West  25.5 6.70 2.56 141.2 Indian Mark II N 

F Mano RHC  25.0 6.11 2.15 118.0 Indian Mark II N 

G Twapya/Meleti  25.0 6.26 2.67 98.0 Indian Mark II W 

H Katuta RHC  24.1 6.57 2.34 84.6 Indian Mark II W,DC 

I Springa Village  25.4 6.63 2.89 214.0 Afridev W,DC 

J Buyantanshi Village 24.8 6.80 2.44 258.0 Indian Mark II W 

K Mungulube 25.3 6.74 2.18 107.7 Indian Mark II W,DC 

L Masembe Village 25.4 6.60 2.71 202.0 Indian Mark II W 

M Mwita Village 25.0 5.55 2.93 41.2 Afridev W,DC 

N Chikufo Community Sch. 25.6 6.75 2.58 154 Indian Mark II W,DC 

O Kaponda/Filipo Basic Sch. 26.2 6.62 2.47 72 Indian Mark II W 
1The status of the borehole shows what the people used the water for. In table 5.3 the letters stand for: 

 DC - The water was used for drinking and cooking purposes 

 W - The water was used for washing clothes 

  N - The borehole was not in use 
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Sampling under inventory of boreholes was conducted in February and March 2012. 

A – Kale A 

The initial iron concentration at this water point was 5.0 mg/l and this was reduced to 

1.5 mg/l after the treatment process through the IRP. The water point was equipped 

with an Afridev pump which uses stainless steel or fibre reinforced glass connecting 

rods and threaded coupling ends best suiting corrosive water conditions.  

B – Kale B 

The initial iron concentration at this water point was 5.0 mg/l and after the water 

passed through the IRP the iron content in the effluent was reduced to 1.7 mg/l. This 

water point was equipped with an Afridev pump. Clogging of the filter unit was 

experienced; this was due to continued use without cleaning of the filter media. This 

therefore, contributed to a lower performance of the IRP. 

 C – Kampalala 1 

The borehole had an initial iron concentration of 10.0 mg/l which was reduced to 2.1 

mg/l after treatment through the IRP. This water point was equipped with an Indian 

Mark II pump. During analysis it was observed that iron precipitates were forming 

due to the exposure of the water to air. Sampling at this water point was later 

conducted in November 2012. The data collected for IRP performance evaluation is 

shown in section 4.2.2.2. 

 

Figure 4.6: Water sampled from a borehole showing a brownish colour 
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The water coming from the borehole had a brownish colour as shown in Figure 4.6. 

The IRP filter media was cleaned on a regular basis by the caretaker. The IRP was 

also less used by the community as the caretaker restricted its use due to non-

contribution of monthly user fees by the community. There was also increased water 

retention time in the IRP due to less usage.  

D – Kampalala 2 

  

Figure 4.7: Analysis at water point 

E – Mabumba West 

At this water point the IRP was not in use as the handle for the hand pump had 

broken down thereby making groundwater withdrawal impossible. The down time of 

the pump at this water point was over 18 months with the users indicating that no 

one had come to repair the pump as per maintenance schedule. The caretaker also 

indicated that the user community had no capacity to repair the pump as no one was 

contributing the user fees and hence they were waiting for the Government to repair 

the pump. 

F – Mano Rural Health Centre 

At this water point the IRP was not in use as the pipe connecting the hand pump to 

the IRP was vandalised as shown in Figure 4.8. The users interviewed indicated that 

they do not use water from the hand pump as it has a brown appearance, it stains 

clothes and the taste is not palatable for both cooking and drinking. 

The borehole had an initial iron 

concentration of 10.0 mg/l which was 

subsequently reduced to 2.4 mg/l after 

treatment through the IRP. This water 

point was equipped with an Indian Mark 

II pump. The IRP was frequently cleaned 

by the user community as they had 

limited alternative water sources. 

Analysis of samples at the water point is 

shown in Figure 4.7. The caretaker also 

reported that the sand for IRP use had 

run out.  
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Figure 4.8: Non-functional water point 

G – Twapya/Meleti 

At this water point the IRP was not in use as the pipe connecting the hand pump to 

the IRP was vandalised, the drain plug and IRP tap were also damaged. The hand 

pump was partially damaged as water was leaking through the pump gasket as 

shown in Figure 4.9. The users interviewed complained that no one had come to the 

area to check on the operation and maintenance of the installation and that the IRP 

had been down for over a year. 

  

Figure 4.9: Hand pump with leaking gasket 

 

The water from the hand 

pump was visibly brown and 

iron precipitates could be 

seen during the pumping of 

the water into a holding 

vessel. The caretaker 

indicated that filter media for 

the IRP had run out and that 

none had been brought for 

stock piling.  
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4.2.2.2 Performance evaluation of IRP units 

(i) Initial Sampling 

Two samples were collected one from the borehole and one from the IRP to ascertain 

the levels of iron concentration before and after treatment. The following results 

were obtained as shown in Table 4.5. Figure 4.10 shows the concentration of iron 

from the four sites used in the initial sampling. 

Table 4.5: Ferrous iron removal by IRP 

Water Point     Fe
2+ 

Conc. (mg/l)            Fe
2+

 Removal 

                         Before            After               (%) 

Kale A                   5                   1.5                   70 

Kale B                     5                  1.7                   66 

Kampalala 1          10                   2.1                   79 

Kampalala 2          10                   2.4                   76 

 

 

Figure 4.10: Performance evaluation of current IRP’s in use 
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 (b). Second Sampling 

Four water points were earmarked for sampling but during the field visit two of the 

four were out of use. Therefore, two IRP units were sampled for performance 

evaluation with 30 data sets collected at each water point as shown in Table 4.6. 

Sampling at the water points was done in 10 minute intervals. 

Table 4.6: Data collected for performance evaluation of IRP units 

Water Point Kampalala 1           Kampalala 2   

  

Before 

Iron Concentration 

After             Before 

  

After 

 

    

1     10.0 0.5  10.0 2.0 

2  10.0 0.5  10.0 2.0 

3  10.0 0.5  10.0 1.5 

4  10.0 0.5  10.0 2.0 

5  10.0 0.5  10.0 1.5 

6  10.0 1.0  10.0 2.0 

7  10.0 1.0  10.0 1.0 

8  10.0 0.5  10.0 1.5 

9  10.0 1.0  10.0 1.0 

10  10.0 1.0  10.0 1.5 

11  10.0 0.5  10.0 1.0 

12  10.0 0.5  10.0 1.5 

13  10.0 0.5  10.0 2.0 

14  7.5 1.0  10.0 1.5 

15  10.0 1.0  10.0 1.0 

16  10.0 1.0  10.0 1.0 

17  10.0 0.5  10.0 1.0 

18  10.0 0.5  7.5 1.5 

19  10.0 0.5  10.0 1.5 

20  7.5 0.5  10.0 1.0 

21  10.0 1.0  10.0 1.0 

22  10.0 1.0  10.0 2.0 

23  7.5 1.0  10.0 1.5 

24  10.0 0.5  10.0 1.0 

25  10.0 0.5  10.0 1.0 

26  10.0 0.5  10.0 2.0 

27  10.0 0.5  10.0 2.0 

28  7.5 1.5  10.0 1.5 

29  10.0 1.0  10.0 1.0 

30  10.0 1.0  10.0 1.0 

Mean  9.67 0.73  9.92 1.43 

Std deviation  0.86 0.28  0.46 0.07 
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The data collected in Table 4.6 was analysed and further consolidated to ascertain 

the percentage iron removal at Kampalala 1 and Kampalala 2 IRP units as shown in 

Table 4.7. Figure 4.11 shows the concentration of iron from the two sites used in the 

second round of sampling. 

Table 4.7: Result analysis of performance evaluation of IRP units using Sample 

means of collected data 

Water Point      Fe
2+ 

Conc. (mg/l)     Fe
2+

 Removal 

                        Before        After            (%) 

Kampalala 1      9.67             0.73         92.5 

Kampalala 2       9.92            1.43         85.6 

  

 
 

Figure 4.11: Performance efficiency of Kampalala 1 and Kampalala 2 IRP units 

Kampalala 1 and Kampalala 2 IRP’s showed performance efficiency of 92.5 and 

85.6 percent respectively over 30 data sets analysed. The higher performance of 

Kampalala 1 IRP could be attributed to longer retention time due to less usage of the 

unit by the community. 
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4.2.3 Government’s capacity to operate the current IRP’s 

The following deductions were made during discussions with experts and 

practitioners in the water sector in Luapula Province: 

1. A unit had been established to overlook the operation and maintenance of 

IRP’s. However, there was a lack of program monitoring were these IRP’s 

had been installed. 

2. The technical know-how among staff was there but lack of devolution was 

hampering effective operations as spares were not readily available. 

3. Government support to the programme is highly donor dependent and 

without donor support government would not be able to install the IRP’s due 

to high installation costs. 

40%
60%

Government capacity to operate 

IRP's

Govt. has capacity

Govt lacks

capacity

 

Figure 4.12: Government capacity to operate IRP’s 

4.2.4 Assessment of the effectiveness of the current strategies used for operation 

and maintenance of the IRP’s 

In order to address the problem of high iron concentration in water and allow for the 

provision of safe, clean and adequate water for beneficiaries, the NRWSSP 

introduced IRP’s in communities where groundwater from constructed boreholes 

showed above 2.0 mg/l of iron concentration. In order to assess the effectiveness of 

the operation and maintenance of the IRP’s the procedures used were studied and are 

presented below. 

60 percent of the responses from 

the structured questionnaire 

interviews administered to 

practitioners and experts indicated 

that the GRZ had no capacity to 

operate the IRP’s as shown in 

Figure 4.12. From the foregoing, 

40 percent of the respondents 

indicated that Government had the 

capacity to operate the IRP’s. 
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IRP operation procedure 

Water is pumped up from the borehole and proceeds through the aeration pipe then via the 

aeration holes into the sedimentation chamber in shower like manner. This process of aeration 

increases the air content of water. Upon contact with oxygen in the air, soluble iron compounds 

in ferrous form are oxidised into insoluble ferric compounds which then settle at the bottom of 

the sedimentation tank. 

 
Then the aerated water from the sedimentation tank proceeds to the next chamber by overflowing 

into the filtration chamber. The filtration chamber consists of two layers; the first layer of 0.2-2.0 

mm sized fine sand and the second of 2.0-5.0 mm sized gravel. They collect the particles of 

aerated iron suspended in the water. After passing all these processes, the drown water from the 

borehole reaches to the tap with less iron content without any intervention from outside.  

 

IRP system of Operation and Maintenance 

V-WASHE 

The village provided with an IRP must already have an established V-WASHE committee. In 

terms of ownership and sustainability of IRP’s The V-WASHE is in charge of daily operation 

and maintenance of the Plant as well as the borehole and hand pump. To keep the Plant 

functioning for considerable period of time, the V-WASHE needs to keep cleaning the Plant. 

 

Caretaker/Area Pump Mender (APM) 

Although the responsibility of daily care of the Plant is left under the V-WASHE and Caretaker, 

they cannot manage to undertake such works as repair of broken pipes, universal joints, water 

taps and steel covers, as this is beyond their capability. Based on a request from the V-WASHE 

and Caretaker, the APM is to conduct such maintenance and rehabilitation works as well as 

regular monitoring of the Plant. 

 

Responsibility of the community 

The community which uses the Plant also shares the responsibility of operation and maintenance 

through ensuring proper use and care of the plant and contributing for the operation and 

maintenance cost. In order to purchase and stock the spare parts for the Plant, the community 

needs to pay user fees and the V-WASHE is to collect and accumulate it as reserve funds. The 

community with the IRP needs to consider the cost of operation and maintenance of the Plant 

when it decides the payment for use of the water supply facility (including hand pump and IRP). 
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In assessing the effectiveness of operation and maintenance, structured 

questionnaires were administered to collect data from the IRP user communities and 

practitioners as well as the prevailing situation in field was assessed. The following 

results were obtained in the assessment: 

 

a. There was non-adherence to the operation and maintenance procedure 

especially in areas where the user communities had alternative water 

sources. This was seen by the lack of willingness exhibited by the users in 

the cleaning of the IRP’s. The IRP’s were also not cleaned at the scheduled 

times hence reducing their operational efficiency. 

 

b. The supply of the filter media was not consistent as evidenced in some water 

points where the media had run out due to depletion in the cleaning process 

and in some cases the wrong type of media was used. This therefore, 

affected the effective treatment process in the IRP’s.  

 

c. There was a lack of community ownership and interest in maintenance as was 

evidenced by 58.3% of respondents in the questionnaire interview indicating 

non-payment of user fees with 41.7% stating that they used to pay for 

maintenance in the past but have since stopped contributing. The 

communities were waiting for Government to maintain the hand pumps and 

IRP’s in places where they had broken down. 

 

d. The aeration of the water was limited as the contact area was reduced due to 

the covering of the IRP’s with steel gates. This had a consequence of 

preventing the maximum formation of iron floccs which are removed 

through sedimentation and filtration.  

 

e. There was a lack of communication between the stakeholders in the 

maintenance of the IRP’s. The channel of interaction between the V-

WASHE, APM and D-WASHE was non-existent as evidenced by the down 

time of some IRP’s and hand pumps at some water points that go as far as 

over 18 months without repair. 
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4.2.5 Assessment of the effect of changing the retention time on iron 

concentration in the effluent 

During field analyses, water was kept in the IRP to get different retention times. At 

each retention time three samples were collected and then averaged (see Appendix 

11 for raw data collected). The averaged parameters are shown in Tables 4.8. and 4.9   

Table 4.8: Effect of retention time on iron concentration at the Kampalala 1 IRP 

Source: Field data 

After 60 minutes of water retention in the IRP the ferrous removal was 91 percent as 

shown in Table 4.8. Removal of Fe2+ was most effective during the first 20 minutes 

of IRP filter run. A graph of Fe2+ removal for different retention times is shown in 

Figure 4.13. 

 

Figure 4.13: The effect of retention time on iron concentration - Kampalala 1 IRP  

 

Time           Fe2+               Fe2+ Removal     Temp.             DO             Conductivity 

[min]          [mg/l]            [%]                     [°C]              [mg/l]               [µS/cm] 

  10              6.0                  40                    24.0              2.20                 126.0 

  20              3.7                  63                    24.5              2.24                 131.2 

  30              2.6                  74                    24.0              2.22                 122.8 

  40              2.1                  79                      25.0              2.40                 128.1 

  50              1.4                  86                      24.0              2.16                 130.4 

  60              0.9                  91                      24.3              2.33                 134.3 
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The Kampalala 2 IRP showed that after 60 minutes of water retention the ferrous 

removal was 90 percent as shown in Table 4.9.  

Table 4.9: Effect of retention time on iron concentration at the Kampalala 2 IRP 

Source: Field data 

The removal of Fe2+ was also most effective during the first 20 minutes of IRP filter 

run as shown in Figure 4.14. 

 

Figure 4.14: The effect of retention time on iron concentration - Kampalala 2 IRP 

From the results analysed it was observed that there was remarkable ferrous iron 

removal with increased retention time with the most effective removal occurring 

during the first 20 minutes of IRP filter run. 

Time           Fe2+               Fe2+ Removal     Temp.             DO             Conductivity 

[min]          [mg/l]            [%]               [°C]              [mg/l]               [µS/cm] 

  10              6.0                  40                    24.0              2.20                 126.0 

  20              3.7                  63                    24.5              2.24                 131.2 

  30              2.6                  74                    24.0              2.22                 122.8 

  40              2.1                  79                      25.0              2.40                 128.1 

  50              1.4                  86                      24.0              2.16                 130.4 

  60              0.9                  91                      24.3              2.33                 134.3 
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4.2.6 Assessment of effect of varying filter bed depth on iron concentration in 

the effluent 

As given by Tyrell (1997), the filter should produce water at a rate similar to that 

produced by the pump. Hand pump flow rates normally vary in the range 0.2-0.3 l/s, 

if well installed and maintained. From the results of the sieve analysis, the effective 

size of the filter media was determined to be 1.4 mm as shown in Appendix 7. This 

led to the determination of the minimum sand bed depth as shown in Table 4.10. 

Table 4.10: Minimum sand bed depth required against the breakthrough of flocc 

Parameter  Value  Remark 

Hand pump inflow, q (m3/h)  1.08  equivalent to 0.3 l/s 

IRP filtration area, A (m2)  0.352  filter dimensions are 0.4 m x 0.88 m  

Filtration rate Q, (m3/m2/h)  3.07  given by q/A 

Response factor, Bi  0.0004  for poor response to pre-treatment 

Terminal head loss, h (m)  0.25  as given by Jain (1999) 

Effective sand size, d (mm)  1.4  from sieve analysis 

Minimum bed depth, L (m)  0.1796  given by Qd3h(Bi x 29323)¯ 1 

          

The iron content at the minimum depth of 18 cm depth was determined. Sand was 

then added to the IRP unit to ascertain its effect on iron concentration in the water. 

The sand bed depth was increased up to 36 cm in 3 cm intervals. The results showed 

that the upward adjustment of the sand bed had the consequence of reducing the iron 

concentration in the IRP effluent as shown in Table 4.11 and Figure 4.15. The results 

show that a reduction of 88.1 percent in iron concentration can be achieved with the 

sand bed adjustment of 18 to 36 cm. The results also show that as the sand bed depth 

is increased, there is a progressive decrease in the segmental reduction in the 

concentration of iron. The highest decrease being 2.2 mg/l between 18 cm and 21 cm 

decreasing to 0.2 mg/l between 33 cm and 36 cm. 

Table 4.11: Percentage iron concentration reduction against sand bed depth range 

Sand bed depth 

range (cm) 

Segmental 

reduction (mg/l) 

Cumulative 

reduction (mg/l) 

Percentage 

cumulative 

18-21 2.2      2.2      0 
21-24 0.9      3.1      40.9 
24-27 0.7      3.8      59.2 
27-30 0.8      4.6      76.6 
30-33 0.4      5.0      84.5 
33-36 0.2      5.2      88.1 



 

56 | P a g e  

 

 

Figure 4.15: The effect of filter bed depth on iron concentration – Kampalala 2 IRP 

The effect of increasing the sand bed depth on head loss was also considered using 

Darcy’s equation as given in Section 2.2.3. The results showed that an increase in 

sand bed depth had the consequence of increasing head loss and reducing filtration 

rate in the IRP as shown in Figure 4.16.   

 

Figure 4.16: Relationship between head loss, sand bed depth and filtration rate 
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CHAPTER FIVE 

5.0      CONCLUSIONS AND RECOMMENDATIONS  

This last chapter of the dissertation presents the conclusions drawn and the 

recommendations suggested from the study.  

5.1 Conclusions 

The following conclusions were drawn from the study: 

• The source of iron is the geology (aquifer iron) with there being no 

significant difference (P < 0.05) between the use of the Indian Mark II pump 

or the Afridev pump on iron concentration in borehole water.  

• The performance evaluation of the IRP’s showed performance efficiency of 

between 85.6 and 92.5 percent respectively. 

• The strategies for operation and maintenance are not very effective due to the 

attitudes and perceptions of the users with Government capacity to operate 

the IRP being limited due to inadequate funding and lack of devolution. 

• The results analysed showed remarkable iron removal with increased 

retention time with the most effective removal occurring during the first 20 

minutes of IRP filter run thereby improving its efficiency. 

• The results showed that there was 88.1% reduction in iron content in the 

water when the sand bed depth was adjusted from 18 to 36 cm. The 

incremental addition of sand in the IRP gave subsequent iron concentration 

reduction.  

• The existing IRP’s have a limited supply of air due to the closed gates of the 

unit when in use hence reduced operational efficiency. This therefore, led to 

the proposal of an improved IRP design. 
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5.2 Recommendations 

The following recommendations were made: 

• The gravity flow in conjunction with the up flow design is recommended for 

implementation. The main idea of the proposed iron removal plant design is 

to achieve sufficient aeration of the water leading to the maximum 

formation of iron floccs (iron precipitates) which are removed in the 

sedimentation process. After that, filtration of the water through a filter unit 

graded with both fine and coarse aggregate in separate compartments. The 

proposed design is shown in Appendix 9. 

• Based on field try-outs and review of literature on similar research work done 

as given by Tyrrel (1997), the filter sand bed depth should be at least 30 cm 

with effective sand size of between 1.2 to 1.4 mm for higher iron removal.  

• From the findings of the study, there was no significant difference in the use 

of the Indian Mark II or the Afridev pumps. The non-significant difference 

was attributed to the varying proportions of pumps i.e. total number of Indian 

Mark II pumps was not equal to the total number of Afridev pumps installed 

on water points in the province. Therefore, it is recommended that 

Government should not install pumps with corrodible parts on water points 

with corrosive conditions (high initial iron content) as this may have an effect 

on the iron concentration in the water.  

• Results on the assessment of retention time on iron concentration showed that 

retention time effects higher plant performance. Therefore, recommendation 

is made that the IRP’s should always contain water for higher iron removal 

through prolonged retention time hence higher plant performance. The 

proposed design accounts for higher retention time via a larger plant size in 

comparison to the current design. 

• Government should increase funding to the NRWSSP through availing of 

spares and capacity building of staff within the unit. 

• Government should strengthen its Monitoring and Evaluation (M&E) to the 

program and conduct user training for effective IRP utilisation. 
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Appendix 1: Design drawing for current IRP in use in Luapula 
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Appendix 2: Research Questionnaire – Community 

 

         Questionnaire No.  

 

UNIVERSITY OF ZAMBIA 

SCHOOL OF ENGINEERING 

DEPARTMENT OF AGRICULTURAL ENGINEERING 

 

Dissertation Title: 

Iron removal in borehole water: A Case Study of 

Luapula Province 

 

District   …………………………………………… 

Constituency  …………………………………………… 

Region   1.Rural   2.Urban 

Water Point  …………………………………………… 

Location  East………….  South………….  

Date   ……………………………………………. 
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Survey Information 

No

. 

Question  Response Observation/ 

Comment 

1. How many water points do you 

have in this area? 

 

No…………………… 

 

2. How many users use this water 

point? 

 

No…………………… 

 

3. How far is the water point from 

your area of residence? 

Distance…………… 

………………………… 

 

4. How long have you been drawing 

water from this IRP water point?  

Time period………. 

………………………… 

 

5. Is the quantity of water adequate 

for everyone? 

 

  Yes                 No 

 

6. What do you use this water that you 

draw from here for? 

Drinking Yes     No 

Cooking  Yes     No 

Bathing  Yes      No 

Washing Yes     No 

Watering Yes     No 

Other……………….. 

 

7. If Yes to Drinking above: 

What is you comment on how it 

tastes, appears and affects you in 

any way 

 

……………………….. 

………………………… 

 

8. Do you treat the water before use 

and Why? 

Yes             

No   

Sometimes 

………………………… 

 

9. Do you have any alternative water 

source apart from this IRP water 

point? 

………………………… 

……………………….. 

………………………… 

 

10. How many people used the water 

point before the IRP was installed? 

 

No…………………… 

 

11. How often is the filter media 

cleaned? 

………………………… 

……………………........ 
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12. How is the cleaning of the filter 

media done? 

………………………… 

………………………… 

………………………… 

 

13. What are the common problems 

experienced if any with the 

operation and maintenance of the 

installed IRP at this water point? 

………………………… 

………………………… 

………………………… 

………………………… 

………………………… 

 

14. Are there any people who maintain 

this IRP water point in any way? If 

yes who does it and how long do 

they take? 

Yes       No 

………………………… 

………………………… 

………………………… 

 

15. What is the contribution of the 

community in maintaining this IRP 

water point? 

………………………… 

………………………… 

………………………… 

 

 

 

Interviewers Name: ……………………………………………. 

Designation: …………………………………………………… 

Signature: ……………………………………………………… 

Date: ……………………………………………………………  
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Appendix 3: Research Questionnaire – Practitioners 

 

            Questionnaire No.  

 

 

 

UNIVERSITY OF ZAMBIA 

SCHOOL OF ENGINEERING 

DEPARTMENT OF AGRICULTURAL ENGINEERING 

 

Dissertation Title: 

Iron removal in borehole water: A Case Study of 

Luapula Province 

 

District   …………………………………………… 

Organisation  …………………………………………… 

Date   ……………………………………………. 

 

 

 

 

 



 

68 | P a g e  

 

Survey Information 

No. Question  Response Observation/ 

Comment 

1. How many borehole water 

points do you have in this 

district? 

 

No…………………… 

 

2. What is the estimated number of 

users per water point? 

 

No…………………… 

 

3. How is the problem of iron in 

water supply widespread in this 

district? 

………………………… 

………………………… 

………………………… 

 

4 In your view what is the main 

source of iron in the water? 

………………………… 

………………………… 

………………………… 

 

5. What measures have been put in 

place to mitigate the iron 

problem in water?  

………………………… 

………………………… 

………………………… 

 

6. If any? How effective have these 

measures been? 

………………………… 

………………………… 

………………………… 

 

7. What are your comment(s) on 

the IRP’s currently in operation 

in the district? 

………………………… 

………………………… 

………………………… 

………………………… 

 

8. Who are the major organisations 

involved in the installation of 

IRP’s in the district? 

Government 

Donor Agencies 

Civil Society 

Organisations 

Other…………………… 

 

9. What are the common technical 

problems experienced if any 

with the operation and 

maintenance of the installed IRP 

in the district? 

………………………… 

………………………… 

………………………… 

………………………… 
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10. What are the strategies 

employed in the operation and 

maintenance of the current 

IRP’s? 

………………………… 

………………………… 

………………………… 

………………………… 

 

11. What are the alternative water 

sources apart from IRP borehole 

water? 

Surface water  

Shallow wells 

Others: 

……………………. 

 

12. What are the constraints 

associated with these alternative 

sources if any?  

………………………… 

………………………… 

………………………… 

………………………… 

 

13. Does Government have the 

capacity to operate the current 

Iron Removal Technologies? 

(a) Staffing levels 

 

 

 

 

(b) Technical know-how 

 

 

 

 

(c) Funding capabilities 

 

 

………………………… 

………………………… 

………………………… 

 

………………………… 

………………………… 

………………………… 

 

………………………… 

………………………… 

 

 

Interviewers Name: ……………………………………………. 

Designation: …………………………………………………… 

Signature: ……………………………………………………… 

Date: ……………………………………………………………  
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Appendix 4: Iron Laboratory Analysis Procedure (adapted from APHA) 

Principle: Iron is brought into solution, reduced to the ferrous state by boiling with 

acid and hydroxylane and treated with 1,10-phenanthroline at pH 3.2 to 3.3. Three 

molecules of Phenanthroline chelate each atom of ferrous Iron to form an orange-red 

complex. The coloured solution obeys Beer's law; its intensity is independent of pH 

from 3 to 9. A pH between 2.9 and 3.5 ensures rapid colour development in the 

presence of an excess of Phenanthroline. Colour Standards are stable for 6 months. 

REAGENTS 

a. Hydrochloric acid concentration 

b. Hydroxylamine solution - Dissolve 10 g hydroxylamine hydrochloride in 100 

ml of distilled water. 

c. Ammonium acetate Buffer solution - Dissolve 250 g ammonium acetate in 

150 ml of distilled water and add 700 ml of Acetate Acid Concentration.  

d. Phenanthroline Solution - Dissolve 100 mg 1.10 Phenanthroline 1H2O in 100 

ml of distilled water and add 2 drops of concentrated HCL. 

e. Stock Iron Solution - Slowly add 0.1N Potassium permanganate drop wise 

until a faint pink colour persists. Dilute to 1 litre distilled water. This solution 

contains 200 mg/l Iron. 

Standard Iron solution - Pipette 50 ml of the Stock solution into a 1 litre volumetric 

flask and dilute to the mark with distilled water. The solution contains l0 mg/l Iron. 

APPARATUS 

Spectrophotometer for use at or near 510nm, providing a light path of 1cm or longer. 

PROCEDURE 

a. The sample was mixed thoroughly and 50 ml measured into a 125 ml beaker. 

b. 2 ml of HCL concentration was added and 1ml Hydroxylamine solution. 

c. Porcelain stones where added then heated to boiling until the volume was 

reduced to about 20 ml. 

d. The solution was later allowed to cool to room temperature and then transferred 

to a 50 ml or 100 ml volumetric flask. 

e. 10 ml of ammonium acetate buffer solution was added and 4 ml Phenanthroline 

solution then diluted to the mark with distilled water and then mixed thoroughly. 

f. After 15 minutes the colour development was complete. For Photometric 

measurement read the absorbance at a wave length of or near 510 nm against 

distilled water. 
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Appendix 5: Key informants that were contacted for interviews 

No. Organisation Contacted Person(s) 

1 Ministry of Local Government 

and Housing 

Principal Engineer – Rural Water Supply 

and Sanitation Unit 

2 Department of Water Affairs NRWSSP Coordinator 

3 Mansa Municipal Council Rural Water Supply and Sanitation Focal 

Point Person 

4 Water Aid Zambia - Mwense Programs Officer 

5 Luapula Water and Sewerage 

Company 

Project Officer 

6 Japan Techno Co. Ltd Consultant 
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Appendix 6: ASTM D 422 - Standard Test Method for Particle Size Analysis 

This test is performed to determine the percentage of different grain sizes contained 

within a soil. The mechanical or sieve analysis is performed to determine the 

distribution of the coarser, larger-sized particles. 

Equipment: 

Balance, Set of sieves, Cleaning brush and a Sieve shaker. 

Test Procedure: 

a. Write down the weight of each sieve as well as the bottom pan to be used in 

the analysis. 

b. Record the weight of the given dry soil sample. 

c. Make sure that all the sieves are clean, and assemble them in the ascending 

order of sieve numbers. Place the pan below the lowest sieve. Carefully pour 

the soil sample into the top sieve and place the cap over it. 

d. Place the sieve stack in the mechanical shaker and shake for 10 minutes. 

e. Remove the stack from the shaker and carefully weigh and record the weight 

of each sieve with its retained soil. In addition, remember to weigh and 

record the weight of the bottom pan with its retained fine soil. 

Data Analysis: 

a. Obtain the mass of soil retained on each sieve by subtracting the weight of 

the empty sieve from the mass of the sieve + retained soil, and record this 

mass on the data sheet.  

b. Calculate the percent retained on each sieve by dividing the weight retained 

on each sieve by the original sample mass. 

c. Calculate the percent passing (or percent finer) and subtracting the percent 

retained on each sieve as a cumulative procedure. 

d. Make a semi logarithmic plot of grain size vs. percent finer. 
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Appendix 7: Sieve Analysis Results 

          

Test Procedure:  ASTM D 422        

            

        
Mass of 

Sample (g): 

300.5   

         

  Sieve Size 

(mm) 

Mass 

sand (g) 

Cumulative 

Weight (g) 

Weight 

(%) 

Cumulative Weight 

(%) 

  

  2.360 14.0 14.0 4.59% 4.59%   

  2.000 52.5 66.5 17.21% 21.80%   

  1.190 89.4 155.9 29.31% 51.11%   

  0.850 86.4 242.3 28.33% 79.44%   

  0.425 42.9 285.2 14.07% 93.51%   

  0.250 18.8 300.4 6.16% 99.67%   

  Pan 0.8 300.48 0.26% 99.93%   

 Total 300.48      
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Appendix 8: IRP design recommendation calculations 

8.1 Aeration-Sedimentation tank 

Water from the hand pump outlet to fall in spray like manner from the perforated 

pipe and is to be led over two plastic aeration trays with one tray slanted towards one 

direction. The slant is to necessitate water flow over the aeration trays. The size of 

the holes of the aeration tray to be approximately between 3 and 9 mm and are to be 

placed all over the aeration tray with high density. The upper side walls of the 

aeration-sedimentation tank are to have perforation holes to allow for maximum air 

flow leading to rapid formation of iron precipitates which settle at the bottom of the 

tank. The tank is to be designed with drain outlets fitted with drain plugs at the 

bottom. This is to enable the tank to be emptied and thus facilitating for the cleaning 

of the tank. 

From results of the study of implemented IRP’s in Luapula, about 60 minutes 

retention time is sufficient to significantly reduce the ferrous iron content of about 10 

mg/l in the raw water. From field experience it was observed that water flow from 

the hand pump was 18 l/min.  

Aeration-sedimentation tank calculations 

This calculation determines the volume of the aeration-sedimentation tank, (V) in 

order to achieve a retention time, (t) of 60 minutes having a hand pump flow rate, 

(Q) of 18 l/min. 

                                                      V = Q·t                           (Equation 8.1) 

         V = 18*60 =1080L =1.08m
3 

Therefore, the required size of the aeration-sedimentation tank should be 

approximately 1 m3 

8.2 Filtration unit 

The water from the aeration-sedimentation tank overflows to the filtration unit when 

full. The suggested filter area to be 1 m2 (this size has been successfully used in 

earlier research work reviewed) as given by CAT (1997). This filter area has the 

capacity to accept water flow from the aeration-sedimentation tank as calculated 
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below. The first compartment to receive the water is the fine aggregate (sand) layer 

with size 1.4 mm as determined by sieve analysis and sand bed depth of 0.3 m based 

on field experience. Water from this compartment moves by gravity flow into the 

second compartment. The second compartment houses coarse aggregate (gravel) of 

particles size 2.0-5.0 mm and depth of 0.15 m. The water from the second 

compartment moves by upward flow to the outlet tap on the upper part of the filter 

tank thus discharging the treated (potable) water. 

Filter capacity calculations 

The flow out from the aeration-sedimentation tank is equal to the flow that enters the 

filter tank, therefore, 

                                                        Qin = Qout                                (Equation 8.2) 

         Qin = 18l/min = 0.018m
3
/min = 3.00 x 10¯

4
m

3
/s 

The formula for flow rate through the filter media which is dependent on the filter 

area, (A) is given by Darcy’s equation (Schaefer, 1992): 

 Q = k·A·i             (Equation 8.3) 

For vertical flow rate the hydraulic gradient, i, is 1 which gives; 

                                               Q = k·A·1 = k·A                          (Equation 8.4) 

The hydraulic conductivity, k, for sand size ranging between medium and very 

coarse according to Schaefer (1992) is: 

kave = 5.00 ×10¯
3
m/s 

The hydraulic conductivity is divided by a safety factor of 3 due to clogging of the 

filter thus giving: 

kave =
3

00.5
×10¯

3
m/s = 1.67×10¯

3
m/s 

With the filter area, A = 1 m2 and then using Equation 8.4 to check if the suggested 

area can receive the flow from the aeration-sedimentation tank. We have; 

Q = kave·A =1.67×10¯
3
·1 = 1.67 ×10¯

3
m

3
/s 
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This flow rate is larger than the flow rate from the hand pump (3.00 x 10¯
4
m

3
/s). 

Therefore, the size of the filter is adequate and thereby enabling the filter unit deliver 

the same amount of water as the hand pump. 

Sand bed depth calculations 

Assume a sand bed depth of 30 cm and effective sand size of 1.4 mm. The sand bed 

depth was checked against breakthrough of flocc through the bed by calculating the 

minimum depth required by using Hudson formula given in Section 3.4.6. 

Parameter Value Remark 

Hand pump inflow, q (m3/h) 1.08 equivalent to 0.3 l/s 

IRP filtration area, A (m2) 1 filter dimensions are 1m x 1m  

Filtration rate Q, (m3/m2/h) 2.16 assuming 100% overloading of the filter 

Response factor, Bi 0.0004 for poor response to pre-treatment 

Terminal head loss, h (m) 0.3 higher head loss due to overloading of filter 

efficient sand size, d (mm) 1.4 from sieve analysis 

Minimum bed depth, L (m) 0.1516 given by Qd3h(Bi x 29323)¯ 1 

  

The minimum depth of sand required to avoid breakthrough of flocc is 15 cm. Hence 

the assumption of 30 cm depth of sand bed to avoid breakthrough of flocc is 

adequate.                                                  

Filter head loss calculations 

Darcy’s law was used to calculate the head loss in the filter as given by Schaefer 

(1992). 

                                           Q = k · A 
L

h

∆

∆
                   (Equation 8.5) 

                                ∆h = 
Ak

LQ

⋅

∆⋅
                    (Equation 8.6) 

For design purposes and simplicity, the calculations were based on filter media 

consisting of one layer (design scenario is sand with grain size of 1.4 mm) and ∆L 

being the sand bed depth. The area, (A), the flow rate, (Q), hydraulic conductivity, 

(k), and sand bed depth are the same as used in 8.2 and 8.3 respectively. 
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With A = 1 m2, Q = 3.00 x 10¯ 4 m3/s, k = 1.67 x 10¯ 3 m3/s and ∆L = 0.30 m the head 

loss is:  

∆h = 
Ak

LQ

⋅

∆⋅
=3.00 x 10¯

4 x 0.30 (1.67 ×10¯
3 x 1) ¯

1
 = 5.4 cm 

 Filter flow rates calculations 

For the effective working of the filter, a filter surface area of 1m2 is necessary to 

deliver filtered water at a rate of approximately 18 l/min assuming the guidelines on 

head and filter sand size/depth are adhered to. 

Given a head loss of 0.054 m, the recommended IRP filter unit shown in Appendix 9 

will be able to deliver treated water of volume: 

Volume, V = 0.054 m x 1 m2 = 0.054 m
3 

Therefore, the time taken to fill the first compartment is given by; 

Tfill = 0.054 m3/18 l/min x 1000 l/m3 = 3 min 

8.3 Materials 

The proposed IRP design is to utilise locally made bricks in construction. Other 

components needed are a dust screen and a lid to cover the tank and the filter unit 

respectively. The covers can be made of plastic or tarpaulin. The inside of the IRP 

should be water proofed to prevent water leakages. The proofing can utilise both 

polythene sheet and sand-cement mortar.  

The use of locally available material is to ensure that utilisation is within the local 

capacity of the communities thus making the unit cost of the plant cheaper in 

comparison to the existing IRP’s. The aeration tray can be made of plastic which is 

perforated. If possible the whole plant can be cast using plastic hence making it easy 

to clean though the disadvantage being a reduced life span as compared to 

brickwork. 

The filter media both sand and gravel can be sourced locally. If the sand filter media 

is not available locally it can be sourced from Lake Bangweulu in Samfya district. 

The design drawing for the proposed IRP is attached in Appendix 9.
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Appendix 9: IRP design recommendation drawing 
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Appendix 10: IRP design material list 

The following are the quantities required for the construction of one IRP Unit. 

No. Material description Unit Quantity 

1 Locally made burnt bricks (215 x 100 x 65mm) no. 825 

2 Cement bag 6 

3 River sand tonnes 0.3 

4 Building sand tonnes 0.55 

5 Crushed stone tonnes 0.7 

6 2400 x 1200mm Conforce – 86 wire mesh no. 1 

7 980 x 980mm plastic aeration tray no 2 

8 1200 x 1200mm Tarpaulin or plastic cover no. 1 

9 O40mm PVC pipe m 3 

10 O25mm PVC pipe m 1 

11 O40mm PVC tee no. 1 

12 O40mm PVC elbow no. 2 

14 O40mm PVC universal joint no. 1 

15 O25mm PVC drain plugs no. 3 

16 O25mm tap no. 1 

17 2400 x 1200mm Polythene sheet no. 1 

18 Damp proof course m 6.8 

19 1000 x 1000mm Dust screen no. 1 

20 4" Brick force wire roll 1 
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Appendix 11: Data collected for ascertaining effect of retention time on iron concentration 

Kampalala 1 IRP 

Time Fe2+ (mg/l) Temp.(°C) DO (mg/l) Conductivity (µS/cm) 

(min) 1 2 3 Ave 1 2 3 Ave 1 2 3 Ave 1 2 3 Ave 

10 5.9 6.0 6.1 6.0 23.0 25.0 24.0 24.0 2.24 2.20 2.18 2.21 122.0 124.0 132.0 126.0 

20 4.3 3.2 3.6 3.7 24.5 24.0 25.0 24.5 2.24 2.25 2.22 2.24 134.4 129.0 130.2 131.2 

30 2.7 2.8 2.3 2.6 24.0 24.0 24.0 24.0 2.21 2.22 2.22 2.22 123.0 123.5 121.9 122.8 

40 2.4 2.0 2.0 2.1 26.0 24.0 25.0 25.0 2.41 2.39 2.41 2.40 128.6 128.4 127.3 128.1 

50 1.1 1.5 1.6 1.4 23.5 24.0 24.5 24.0 2.18 2.15 2.15 2.16 131.0 128.6 131.6 130.4 

60 0.9 1.1 0.7 0.9 24.7 23.9 24.3 24.3 2.31 2.34 2.34 2.33 135.7 134.0 133.2 134.3 

 

Kampalala 2 IRP 

Time Fe2+ (mg/l) Temp.(°C) DO (mg/l) Conductivity (µS/cm) 

(min) 1 2 3 Ave 1 2 3 Ave 1 2 3 Ave 1 2 3 Ave 

10 5.1 5.3 5.8 5.4 23.3 23.5 22.8 23.2 2.60 2.52 2.71 2.61 124.3 126.1 117.7 122.7 

20 3.1 3.4 3.1 3.2 24.0 24.0 24.0 24.0 2.96 2.66 2.54 2.72 120.6 121.9 122.3 121.6 

30 2.2 2.2 2.5 2.4 24.9 24.0 22.5 23.8 2.58 2.6 2.77 2.65 125.3 123.5 125.9 124.9 

40 2.1 2.0 2.0 2.0 25.0 24.2 24.0 24.4 2.80 2.43 2.51 2.58 118.2 120.6 122.1 120.3 

50 1.4 1.4 1.7 1.5 24.7 22.9 23.5 23.7 2.66 2.70 2.62 2.66 118.6 120.0 120.5 119.7 

60 1.0 0.9 1.1 1.0 25.2 23.4 23.7 24.1 2.59 2.61 2.69 2.63 122.5 123.5 125.7 123.9 

 


