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Abstract/Summary 

The fact that many of the recently constructed small rural water supply schemes have failed to deliver 
a reliable service in South Afirca is influencing planners and managers to recommend that small 
stand-alone schemes be abandoned and that large regional schemes be constructed. This sentiment 
is being driven by the complex challenge that water services organisations must address to 
adequately service numerous remote schemes. The conventional argument is that it will be easier to 
operate and maintain a regional scheme since much of the mechanical and electrical equipment will 
be centrally located. This paper illustrates that such a decision results in the exchange of the 
logistical challenge of many small schemes for a technical challenge associated with ‘connected 
infrastructure’. Experience has shown that the technical challenge tends to be under-estimated 
resulting in inadequate skills and funding being allocated. 

 

Introduction 

South Africa is a land of contrasts; on the one hand we have cities that provide services that rival 
those in the first world. On the other hand we have deep structural poverty that manifests in sprawling 
urban slums and neglected rural areas. Historically large parts of rural South Africa were demarcated 
as ‘homelands for the African population’. These areas were neglected in terms of infrastructural 
development, economic investment and the provision of services. 

In 1994 everything changed and the new government vigorously embarked on programmes of 
addressing the services backlogs, particularly in the previously neglected rural areas. The right to a 
basic level of water supply was included in the new constitution of the country and as such the capital 
cost of developing the infrastructure was, and still is, paid for entirely by government. 

This shift in policy resulted in the creation of the Community Water Supply and Sanitation (CWSS) 
programme, led by the national Department of Water Affairs and Forestry. The ultimate ownership of 
infrastructure and operational responsibility was seen as being invested in the beneficiary 
communities. It was envisaged that communities would perform most of the operation and 
maintenance tasks and raise the required funding for this work through the collection of tariffs from 
users.  

In 2000, the then Minister of Water Affairs, Mr Ronnie Kasrils, visited a recently built rural water 
supply scheme and observed a lady drawing water from a nearby stream. This obviously alarmed the 
Minister and he questioned the Lady as to why she was not using the recently constructed scheme. 
She responded that the cost of water from the scheme was prohibitive and that she could not afford 
the fee. This scheme was equipped with pre-paid meters. 

At the same time there was a growing recognition from those involved in operating the many schemes 
that effective operation and maintenance was proving to be beyond the capacity of local communities. 
A number of constraints were identified: 
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1. Maintenance of technologically advanced pumping systems required skills that were only 
available from technically skilled professionals, 

2. The community management of funds was prone to difficulties, 

a. Consumption levels were very low (especially where prepaid systems enforced 
payment), 

b. The outflow of cash for maintenance of mechanical/electrical systems is not 
necessarily consistent, whereas cash collection had to take place regularly to ensure 
sufficient savings were available when required, 

c. Costs associated with the support of pre-paid systems were prohibitive and often 
exceeded the value of the cash collected,. 

3. The logistical implications of supporting numerous schemes are onerous, 

4. There was also only ever a very theoretical debate as to how risks such as early breakdowns 
should be dealt with. 

There was also a growing realisation that the maintenance of water systems in remote rural areas 
was not a trivial task. The then responsible National Department and their appointed service providers 
struggled to ensure the continuity of service that had been envisaged when the CWSS programme 
was initiated. There was a growing sentiment that local government had a big role to play. It was 
however envisaged that local government would support a community based approach rather than 
wholly take over the functions and tasks. 

In response to these issues, a policy of Free Basic Water Services for water was proposed, accepted 
and implemented by government. The objective was to support affordable access to basic water 
services and provide funding for basic operations. The guideline as to what that service should entail 
was: 

1. A water supply of 6m3 per month within a 200m walking distance of each household, 

2. At least a Ventilated Improved Pit latrine. 

The notion of ‘climbing the water ladder’ has been incorporated into the thinking and as such 
schemes are designed for 60 litres per capita per day, which translates to about 9m3 per household 
per month. 

In South Africa Water Services Authorities (WSA’s) are mandated to ensure adequate water services 
for the population under their jurisdiction. They are responsible for infrastructure development as well 
as operations. The current coverage of water supply in each of the District Municipalities of the 
Eastern Cape is summarised below (DWA 2010). 

Table 1:     Potable Water Service Backlogs in the Eastern Cape 

172,066 72,345 19,901 13,828 65,992 57.96%

269,701 125,038 17,516 9,769 117,378 58.15% 53.64%

231,331 184,091 0 0 47,240 20.42% 20.42%

127,608 124,592 0 0 3,016 2.36% 2.36%

234,401 178,881 18,381 6,232 30,907 24.48% 23.69%

97,298 72,767 4,313 2,247 17,971 25.21% 25.21%

294,554 294,554 0 0 0 0% 0%

298,047 86,125 38,462 36,197 137,263 71.10%

1,725,006 1,138,393 98,573 68,273 419,767 35.03% 34.01%

* Figures taken from the Reference Framework settlement data dated October 2010.

Grand Total

Nelson Mandela Bay Metro Total *

O.R. Tambo

Chris Hani

500m - 1km
August 2011% 

Level of Hardship

Greater than 

1km

HOUSE HOLD LEVEL OF WATER SERVICE BY WALKING DISTANCE PER MUNICIPALITY 
Total    

Households 

0 - 200m                    

(RDP Standard)
District Municipality 200m - 500m

December 2011 % 

Level of Hardship

Amathole

Joe Gqabi

Cacadu *

Alfred Nzo

Buffalo City *

 

All of the Municipalities above apart from Cacadu are Water Services Authorities. In Cacadu the Local 
Municipalities play the role of Water Services Authority. Table 1 highlights that the biggest service 
delivery backlogs exist in the municipalities that serve the predominantly rural areas of the former 
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homelands, i.e. Alfred Nzo, Amathole, Chris Hani, Joe Gqabi and OR Tambo. Both Buffalo City and 
Nelson Mandela Bay Municipalities are metropolitan areas around the cities of East London and Port 
Elizabeth respectively. 

Water Services Authorities have the option of performing day to day operational tasks internally or 
outsourcing the function. Section 78 of the Municipal Systems Act details a process that must be 
undertaken to first assess internal capacity and then consider external service providers. If an 
external option is explored, other State Organisations must be considered before the private sector is 
approached. All of the WSA’s, apart from Chris Hani DM, perform the task internally. Chris Hani DM 
has assigned operational responsibility to the Local Municipalities under their jurisdiction. In all cases 
the mandated operational units are responsible for both urban and rural schemes. 

Currently the Government provides substantial funding to support both capital development and 
operational funding of basic services for low income households. This funding comes primarily from 
two sources; 1) The Municipal Infrastructure Grant and 2) the Equitable Share to local government.  

While the main concerns have been addressed by these funds, many municipalities in the Eastern 
Cape voice frustration at the difficulties associated with the logistics and effective operation and 
maintenance of numerous small rural schemes. The WSA’s that service the rural (former homeland 
areas) find themselves being responsible for a few small towns (typically 6 – 16) and literally 
hundreds of small rural schemes. This frustration is pushing many to advocate the building of big 
regional schemes. It is expected that these will centralise the operational challenges and as such 
render the service easier to deliver. 

This paper draws on the experience of Maluti GSM who were actively involved in the day to day 
operations of rural schemes for 9 years. The paper argues that it is simplistic to assume that the 
development of big regional schemes will make operational management simpler. It argues that such 
regional schemes may in fact introduce more complex problems.  The paper explores the following 
basic research questions: 

 Are Regional Schemes cheaper (considering lifecycle costs), 

 Are Regional Schemes easier to operate. 

 

Description of the Case Study 

Currently most water services in rural areas are provided through small stand-alone schemes. For 
example, in the case of Chris Hani District Municipality water is provided to 544 villages of which 
about 91 are serviced from 2 large regional schemes. In both cases these schemes where developed 
initially to serve two towns, with the possibility of incorporation of rural villages in the future. This 
pattern of supply to towns and expansion to rural villages is repeated throughout the Eastern Cape. 

The research methodology that was adopted considered the comparison of regional and stand-alone 
schemes form 3 points of view: 

 Life-cycle cost modelling, 

 Field surveys to determine functionality, 

 Real operational experiences. 

1. The development of life cycle cost estimates for both types of scheme. 

Life cycle costing considers all of the costs associated with acquisition, ownership, operation 

and maintenance of infrastructure. (Fonseca et al 2010). This includes the following costs: 
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Table 2: Content of Life Cycle Cost Model 

Item Description and Component Costs Name 

Capital and Interest Cost of construction, design fees, cost of capital. Capex 

Operations Expenses associated with day to day activities (labour, travel, 

fuel, chemicals, materials, etc). 

Opex 

Maintenance Expenses with planned and emergency periodic activities 

(labour, travel, materials, etc) 

Manex 

Refurbishment - 

Replacement - upgrade 

Expenses associated with major repairs and improvements 

(labour, travel, materials, equipment, design fees, etc) 

Projects 

(capmanex) 

Support Expenses associated with management, technical and 

administrative systems to ensure that schemes are built, 

operated and maintained (salaries, travel, rentals, etc) 

Support 

Figure 1: Schematic Representation of the Modelled Regional Scheme showing the Dam, 
Water Treatment Works, Pump Stations, Bulk pipelines and Reservoirs, (individual 

reticulations not shown). 
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A cost model was developed for a theoretical regional scheme that approximates an existing scheme 
that forms part of the operational experience of Maluti GSM. The costs associated with this scheme of 
34 villages were then compared with the alternative scenario of a similar area served by stand –alone 
schemes. This exercise was undertaken to ascertain the capital and ongoing cost implications for the 
two alternative strategies of providing water services infrastructure. The types of scheme considered 
are illustrated in figures 1 and 2. 

 

 

 

 

 



[222] Gibson 

5 

Figure 2: Schematic Representation of a typical alternative Stand Alone Scheme, showing the 
Borehole, Pump Station, Bulk Pipelines, Reservoir and Reticulation 
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The development of life cycle costs was based on the approach suggested by the Municipal 
Infrastructure Grant section of the Department of Local Government (DPLG, 2007), which administers 
the funding provided to municipalities for creation of infrastructure to address service delivery 
backlogs (CAPEX). This department periodically collates actual costs for new construction projects 
and circulates these to municipalities to assist them in financial planning. 

The guideline document from the Department of Local Government provides a series of costed norms 
for each of the facilities that must be created in the building of a water scheme: Water sources 
(dams/weir/springs or boreholes), Water Treatment Works, Pump stations, Pipelines (bulk), 
Reservoirs and Pipelines (reticulation). 

These figures together with other data sets of construction 'costed norms' (DWAF, 2003 and DPLG, 
2006) and industry accepted escalation factors were used. A representative curve of how costs are 
influenced by size and scale was then developed for each of the facilities mentioned above. Examples 
of the Pump Station and Reservoir curves are shown below. 

Figure 3: Pump Station Construction Cost Curve (Current Replacement Cost) 
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Figure 4: Reservoir Construction Cost Curve (Current Replacement Cost) 
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These charts demonstrate how the cost of constructing infrastructure is not necessarily linearly 
related to the size of the item, implying that desired economies of scale may not be easy to identify 
intuitively. In the given examples the cost trends, and correlation factors, are shown. 

A representative scheme of each type was considered to ensure a fair comparison. Two scenarios of 
how 34 villages may be served were developed. In the first instance a regional scheme servicing all 
34 villages from a single source and water treatment works was considered (this scheme is 
representative of the regional schemes that were surveyed for functionality). In comparison, a 
scenario of the same 34 villages being served from independent dedicated borehole installations was 
developed. To ensure fair comparison a representative village size of 200 households was 
considered. The design considerations are outlined in Table 3. 

Table 3:    Description of Scenarios Considered in Cost Modelling 

 Regional Scheme 34 Stand Alone Schemes 

Villages 34 1 

Households per village 200 200 

Design consumption 60 l/c/d + peak factor(x1.2) and provision for losses (x1.1) 

Dam 1 0 

Water Treatment Works 1 (2.84 Ml/day) 0 

Boreholes 0 1 

Bulk Pipelines 106km (50mm – 200mm) 3km (50mm) 

Pump Stations 13 (various 2kW – 50kW) 1 (5kW) (diesel) 

Reservoirs 34 + 2 Break Pressure tanks 1 

Reticulation 68km 2km 

The operations and maintenance costs were estimated using percentages of the Current 
Replacement Cost (CRC) as outlined in the Asset Management Guideline from the Department of 
Provincial and Local Government (DPLG, 2006). Anticipated support costs were calculated such that 
they represented 20% of the total operational cost. The proportion of 20% was used because it is in 
line with the actual support costs measured by Maluti GSM (Gibson, 2010) when they implemented 
the support contracts described below. This support cost does not include the day to day on-site 
support costs since they are captured in the operations (Opex) and maintenance (Manex) costs 
calculated as a percentage of the Current Replacement Costs.  

2. Field Surveys 

A series of field visits were undertaken to various villages and schemes that were served by regional, 
group (1-5 villages each) and stand alone schemes. During the field visits a questionnaire was 
completed through interviews with community members. The types of questions asked related to the 
performance and reliability of the water services. 

 3. Operators Reflections 

Maluti GSM consulting Engineers provided operational support to a large number of rural schemes 
over a period of 9 years. The scope of these contracts is described in Table 4. This support was in the 
form of contracts with Municipalities to work with local community based organisations in ensuring 
that water supply infrastructure was appropriately operated and maintained.  

 

 

 

 



[222] Gibson 

7 

Table 4: Scope of Support Service Contracts (Gibson 2010) 

  Villages 
Served 

Households 
Served 

Alfred Nzo 

District Municipality 

(2002 – 2005) 

Matatiele Local Municipality 

(formerly Umzimvubu North) 
144 27,154 

Chris Hani 

District Municipality 

(2004 2009) 

Villages located in 3 Local Municipalities 

(Intsika Yethu, Sakhisizwe, Emalahleni) 
285 40,283 

Notes: 1. Household served determined from actual counts from satellite imagery. 

2. Villages typically range in size from about 50 to 400 households. 

A series of anecdotal reports were collated from these real experiences of the staff of Maluti GSM 
who supported the community based operations of both regional and stand-alone schemes.  

Findings 

1.  Life Cycle Costing 

The capital investment required per household to develop the regional and stand alone schemes was 
USD 1,611 and USD 1,041 respectively (USD 1-00 = R7-97; 7 Oct 2011). This indicates that ehe 
amount of capital investment required to develop a regional scheme is 1.55 times greater than for 
stand alone schemes. The chart below illustrates the individual component costs that can be 
anticipated for the regional and 34 stand-alone schemes. 

 

Figure 5: Comparative Capital Costs of Constructing Regional and Stand Alone Schemes 
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This graph illustrates the sensitivity of the costing to the length of Bulk Pipelines. This item may be 
highly variable between schemes, depending on the relative location of villages, to each other in the 
case of regional schemes and, to borehole sources in the case of stand alone schemes. 
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From these current replacement costs the respective life-cycle costs for the regional and stand-alone 
schemes were calculated. These calculations were performed using the ‘Guidelines For Infrastructure 
Asset Management in Local Government’ (DPLG, 2006. Each of the component costs was calculated as 
a percentage of the Current Replacement cost, as described in the notes attached to Table 5.  

Table 5: Modelled Annual Cash Flow Required to Finance Rural Water Supply Schemes 

Cost Item Regional Stand-Alone 
(x34) 

CAPEX 
 (1)

 USD    788,150 USD 509,490 

OPEX (civil components) 
(2)

 USD      77,318 USD     6,143 

OPEX (mech/elec components) 
(3)

 USD      41,724 USD   28,156 

MANEX (civil components) 
(4)

 USD      66,947 USD   43,001 

MANEX (mech/elec components) 
(5)

 USD      46,969 USD   32,848 

PROJECTS  
(6)

 USD    219,095 USD 141,631 

SUPPORT 
(7)

 USD    113,441 USD 138,479 

TOTAL USD 1,355,353 USD 899,748 

Percent of CRC (including capex) 12.4% 11.6% 

Percent of CRC (excluding capex) 5.2% 4.4% 

Notes:  

(1) CAPEX includes 6% interest and repayment over 30years;  

(2) OPEX calculated at 0.1% of CRC per annum plus cost of WTW 

(3) OPEX calculated at 3% of CRC per annum 

(4) MANEX calculated at 0.7% of CRC per annum 

(5) MANEX calculated at 3.5% of CRC per annum 

(6) PROJECTS includes provisions for capital items such as refurbishment, replacement and upgrade (2% of CRC) 

(7) SUPPORT calculated at 50% of operating costs 

As would be expected, Table 5 illustrates that the overall annual operating cost for both types of 
scheme closely follows the required capital investment.  

Of course the great unknown is how much the support costs will differ between regional and stand-
alone scheme. This is difficult to answer since there is little (if any) ring-fenced data through which 
direct comparisons can be made. There are few examples of such rural schemes being operated 
optimally with a consistent supply of water throughout the scheme. Therefore most cost figures that 
are available are of little help in identifying what is actually required;  nonetheless, some 
considerations are noted below. 

Regional schemes Stand Alones 

 Engineers needed for hydraulic analysis, 
water balance and water treatment works 
management, 

 Electronics technicians, electricians, 
millwrights needed to manage complex 
pumping systems, 

 Civil engineering technicians needed to 
maintain hydraulic balance and analyse data 

 Special equipment and skills needed for 
maintenance of big components (eg. lifting 
big pipes), 

 CBO's to do monitoring and assist with small 
pipe repairs etc (with support from 
technicians and maintenance 
superintendents). 

 Engineers and Technicians needed for 
logistics management and simple technical 
analysis. 

 Millwright / electricians (much lesser skills 
required than regional schemes due to 
technology sophistication), 

 

 

 

 Fuel delivery (assumed diesel pump 
stations), 

 CBO's to do monitoring and all pipeline 
repairs with support from technicians and 
maintenance superintendents. 



[222] Gibson 

9 

While these roles are significantly different it is not possible to estimate the cost implications of this 
using the approach adopted here. For this to be ascertained a more detailed activity based cost 
model would be required. 

The chart below illustrate the estimated contribution of each cost component to the overall operating 
budget requirement. 

Figure 6:     Comparison of Total Annual Operational Costs 
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This graph illustrates the large contribution of capital redemption and interest at 58% and 57% 
respectively for regional and stand alone schemes. Notably the day to day O&M costs make up 9% of 
the total for regional schemes and only 4% for stand alones. 

2. Functionality Surveys 

The field surveys were undertaken as part of various Water Demand Management initiatives. The 
primary objective was to determine the effectiveness of water supply across a wide area and to 
ascertain whether significant water was being lost due to reservoir overflow. It was only upon 
examination of the data that it was observed that long-term interruptions were being experienced in 
certain areas. Table 6 indicates what the field surveys revealed: 

Table 6:        Findings from Functionality Assessmentsa 

Observation Regionalb Regionalc S-Aloned S-Alonee Regionalf Smallg 

No service on day of visit 32% 30% 20% n-a 49% 28% 

Percent with significant 
interruption in past 6 

months 
64% 68% 40% 29% n-a n-a 

Overflowing reservoirs 25% 26% 49% n-a 41% 53% 

Interruptions longer than 1 
month 

25% 21% 11% n-a n-a n-a 

Notes:     a) The table is incomplete since these data were gathered from separate initiatives and as such do not originate from a single set  
of research questions;  b) 44 villages;  c) 47 villages;  d) 45 villages;  e) 84 villages; f) 81 villages;  g) 76 villages (combination of stand-alone 
and small group schemes of less than 5 villages) 

Although the first two regional schemes appear to be very similar no special significance should be 
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read into this coincidence. These schemes are geographically distant from each other and are 
comprised of a different mix of scheme elements, with the first scheme (b) containing only 1 pump 
station whereas the second scheme (c) has 10. It is clear from these field observations that significant 
interruptions in supply do occur in both regional and stand alone schemes and that such interruptions 
can persist for extended periods of time. There does not appear to be any significant difference in 
reliability of performance between the two types of scheme. 

3. Operators Reports 

A series of recurrent challenges were observed during the time that Maluti GSM provided operational 
support to various municipalities. These observations are noted briefly here and discussed further in 
the discussion section of this document. 

Table 7:  Anecdotal reports from Operational Experience 

Regional Schemes Stand Alone Schemes 

Achievement of design water flow: 

A particular regional scheme was designed for 58l/s 
whereas it proved impossible to get the scheme to 
operate at more than 30l/s. This resulted in an 
extensive investigation of the scheme that required 
hydraulic modelling to identify points of vulnerability 
and a significant amount of field investigation to 
verify the flow characteristics. Eventually an 
inappropriately positioned strainer was identified as 
the cause of the problem. This problem took the best 
part of a year to resolve.  This example underlines 
the point that identifying faults in a big regional 
scheme can be considerably more difficult and time-
consuming than in a stand-alone system. 

Achievement of design water flow: 

Being of simple design few stand alone schemes 
presented problems related to the adequacy of water 
flow. Any such problems that did occur (largely 
through the entrapment of air) where easily solved 
by field technicians and local operators. This was 
usually achieved through scouring of pipelines and 
checking air valves. In some instance it was found 
that the pump flow was so far in excess of actual 
requirements that much smaller pumps could be 
installed and still meet demand. 

 

Water hammer: 

During filling, any pipeline system may be subject to 
flow conditions that vary significantly from those 
prevalent during normal operations. A recurring pipe 
burst problem was identified as being associated 
with the refilling of a section of pipeline of a regional 
scheme. This failure was often associated with flow 
interruptions, largely caused by power outages. The 
cause of these bursts was very severe water 
hammer during the refilling of the pipeline. This 
illustrates that large regional schemes require 
considerably more care when normal operations 
must be re-established after a disruptive event has 
occurred. 

Pump up-thrust: 

Some boreholes experienced pump failures due to 
collapsed bearings caused by pump up-thrust as a 
result of high static water levels. Such problems 
where not easily diagnosed and solved by local 
operators and field technicians. In these cases the 
involvement of more technically qualified staff was 
required to provide solutions. 

Water Losses: 

Addressing water losses in extensive pipe networks 
is a notoriously difficult task. The reduction of input 
to a certain regional scheme from 30l/s to 17l/s took 
over a year to achieve. One of the problems was that 
a particular reservoir at a hospital only overflowed at 
night and as such was not immediately identified as 
a problem.  This illustrating that losses may be more 
substantial in regional schemes and that they may 
be significantly harder to detect. 

Water Losses: 

Evidence from Water demand Initiatives indicated 
that water losses were minimal on rural schemes 
where appropriate local operation and technical 
support was available. As mentioned above, local 
operators soon established optimum pumping cycles 
to ensure continuity of service and minimise 
reservoir overflows. Furthermore, the intimate 
involvement of community based operators resulted 
in leaking pipes being identified and repaired quickly. 



[222] Gibson 

11 

Pump Controls: 

To ensure longevity, pump systems require that 
operation cycles be tightly controlled within certain 
hydraulic limits. Distribution of water in regional 
schemes often requires the installation of a number 
of pump stations. Designers often only design for the 
local flow and pressure parameters, neglecting to 
consider the fact that all elements of the scheme are 
connected to each other and as such influence the 
behaviour of each other.  This calls for considerably 
more sophisticated flow modelling and monitoring. 
More sophisticate pump control systems must also 
be installed and the repair and maintenance of such 
systems require highly skilled people. 

Pump Controls: 

Although many of the pump stations are equipped 
with relatively sophisticated controls to start and stop 
pumps automatically, it was found that local 
operators soon established optimum pumping cycles 
that they controlled manually. Technical problems at 
pump stations where therefore identified quickly and 
reported to the support team. It was noted that the 
vast majority of service interruptions were as a result 
of pump failures. Often such failures were easily 
rectified by appropriately skilled technicians but 
repairs were beyond the capacity of local operators 
who do not have formal mechanical and electrical 
training nor the tools and equipment to diagnose 
faults and effect repairs. 

Overflows: 

In regional schemes the impact of overflow at a 
particular reservoir is usually a shortage of supply 
somewhere else in the scheme. Thus a water 
shortage at a particular village may need to be 
solved through the identification of an overflow or 
leak that could be located anywhere in an extensive 
network of pump, pipes and reservoirs. Addressing 
this requires continual monitoring and rapid 
response to service interruption. 

Overflows: 

Overflows do not cause failure off supply within the 
scheme since there is no interconnectivity with other 
reservoirs. The only negative impact being water 
loss which is addressed above. 

Logistics: 

While there is no immediate challenge of delivering 
fuel and the location of mechanical - electrical 
equipment is more centralised, regional schemes do 
require a significant degree of logistical 
management. The co-ordination of flow monitoring, 
meter readings and associated analysis must be 
performed continuously and comprehensively to 
ensure that the schemes remain in hydraulic 
balance. Often it is also necessary to co-ordinate 
pumping cycles to ensure hydraulic balance and 
optimum pump performance. There are instances 
where professional service providers have been 
appointed simply to co-ordinate water distribution by 
the opening and closing valves according to a pre-
determined schedule. 

Logistics: 

In small stand –alone schemes the necessity to 
deliver fuel regularly, perform frequent servicing and 
maintenance proved to be a significant logistical 
challenge.  Local community operators where 
however able to adequately describe the nature of 
technical challenges so it was easier to dispatch the 
appropriate support. The management of logistics is 
clearly the biggest challenge when a large number of 
schemes are being operated. Stores, fuel delivery 
and responding to breakdowns all present unique 
complexities that require constant management 
attention. 

 

Discussion 

Costs: 

First order estimates of capital costs indicate that a regional scheme will cost 1.55 x more, per 
household served, than a stand alone scheme. It can be seen from figure 5 that the significant cost 
items are the bulk pipelines and rising mains, and comprised 32% of the cost of the regional scheme 
and the stand alone schemes. This cost item is clearly dependant on two considerations 

1. How close the villages are located to each other in a regional scheme determines the amount 
of bulk pipeline required, 

2. The distance between a village and borehole determines the length of rising main required. 

Clearly the ratio of these two parameters will form a crucial part in any comparison of the 
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appropriateness of either type of scheme. However we must acknowledge that while the repayment of 
capital cost is an important consideration a more complete picture emerges when the life-cycle costs 
are reduced to an applicable metric. While it is acknowledged that there may be motivation for not 
recovering the full amount of this cost from consumers it remains a useful mechanism for comparing 
the real costs of different types of schemes that may be developed. 

These monthly costs per household can be converted to consumption based costs on assumptions of 
water use.  It has been observed that while schemes are designed for a consumption of 60l/cap/day 
the reality is that consumption is closer to 12l/cap/day when water must be carried an average 
distance of 100m.  

Table 8:      Comparative Costs of Regional and Stand-Alone Schemes 

 Regional Scheme Stand-Alone Scheme 

Cost per m3 (@ 60l/c/d) USD  1-82 USD  1-11 

Cost per m3 (@ 12l/c/d) USD  8-87 USD  5.44 

Cost per household per month USD 16-61 USD 10-10 

Note: The variable costs such as electricity, fuel and chemicals contribute about 15% of the operating 

                 (opex+manex+support). This was accounted for when calculating the tariff at the lower consumption levels. 

Table 8 illustrates the enormous influence of the fixed cost items (ie. The volumetric cost rises 
dramatically when consumption drops). Hence the degree to which cost metrics based on projected or 
design consumption levels can be significantly misleading. 

These figures provide rather alarming information as to the real cost of developing infrastructure for 
the provision of rural water services. It must of course be stated that the great unknown is how much 
the support costs will differ between regional and stand-alone scheme. As stated before, this is 
difficult to answer since there is little data through which direct comparisons can be made.  

The important point though, is that this support will differ in its nature and that the institution 
responsible for O&M must be adequately resourced for the required tasks, as illustrated in figure 7: 

 Regional schemes require sophisticated technical skills, 

 Stand-alone schemes present a complex logistical challenge and require less in the way of 
high level technical skills. 

Figure 7:     The Varying Challenge of Regional and Stand-Alone Schemes 
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Since we have very little in the way of empirical evidence, only a detailed Activity Based Cost Model 
based on a realistic view of the tasks to be undertaken in both scenarios can begin to reduce this 
qualitative description to a financial value. 

 Functionality 

As can be seen from the results of the field surveys, a worrying level of dysfunctionality was 
observed. Significantly this correlates well with the international experience of rural water scheme 
functionality which indicates that any given time 20% - 40% of schemes are not working and 
illustrates the difficulties that are frequently encountered in operating rural infrastructure.   

These difficulties are multiple and complex. To a large extent the impetus behind the argument to 
pursue the development of regional schemes is predicated on the notion that a ‘centralised’ system 
will be easier to operate. Of course this notion of centralisation is true in as far as it compares to a 
large number of systems at numerous locations. It is however often the case that the new set of 
challenges created by building connected infrastructure are under-estimated by planners and 
designers. The issue is that the largely logistical challenge of numerous small schemes is traded for a 
different challenge which is more technically complex. Unfortunately this debate is largely one sided 
with strong arguments being put forward against smaller schemes without adequate debate taking 
place around the new challenge that will arise as bigger schemes are built.  

It is a well known principle of complex systems that inter-connectedness (Perrow, 1999) creates the 
potential for a range of failures that do not exist in simpler systems. The conventional approach to 
addressing this is to build in additional redundancy or safety systems. Such redundancy would 
normally be incorporated into a design through the increase in the bulk supply and hence the up-
sizing of the associated infrastructural components. This leads one to ask, ‘could this be the reason 
that the regional schemes surveyed had large sections that went without water for significant periods? 
Is there in fact insufficient redundancy or surplus capacity in these systems to accommodate the 
greater risks of service failures? Importantly Perrow notes that the implementation of safety systems 
may lead to failures that would not have otherwise occurred. 

Significantly the communities surveyed at the smaller schemes were able to identify the cause of the 
interruption of services with a high degree of certainty (eg. Power failures, lack of fuel, engine failures 
etc).  In the case of regional schemes the people at the site of the interruption usually have no idea as 
to why the system is not working.  This suggests that communities will feel a greater sense of 
involvement and shared investment in functionality of schemes that are within their control and 
operational understanding.  

The anecdotal reports from operational staff quoted above illustrate the higher level technical abilities 
that are required to run a regional scheme effectively.  This is all well and good and there are clearly 
many circumstances where such schemes are appropriate and in fact maybe the only possible 
solution. However there must be a clear commitment, and ability, to resource the operation and 
maintenance adequately.  

Keeping a scheme in hydraulic balance where there are multiple reservoirs at various elevations in is 
not a trivial task. As equipment ages, wears and fails, active programmes are required to ensure 
equitable distribution of water across the scheme. In almost all cases regional schemes will require far 
more sophisticated control systems and such systems require high level skills to maintain them. 

Many will highlight the reliability of this equipment, which is not in doubt; however when one 
considers the effects and critical nature of a failure (which will inevitably occur) the ‘repairability’ of 
the item becomes the significant consideration. Such high level skills - instrumentation technicians etc 
- are seldom available in remote rural areas and effecting repairs can take days, weeks and even 
months. During this time operators will ‘make a plan’ to keep the scheme operating, but often in such 
a way as to risk secondary damage to particular items of mechanical equipment. 

While there is a strong argument for a cadre of technically skilled people to be deployed in the 
management of regional schemes, it is imperative that the role of community based 
operators/caretakers is not abandoned. A primary role of such locally based people is the collection of 
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operational data that should be collated actively to develop an understanding of how the scheme 
actually behaves hydraulically. 

Conclusions and Recommendations 

This paper is not intended to be an argument in favour or against the development of regional 
schemes. Rather the intention is to encourage fair and appropriate comparison when such large 
planning decisions are being contemplated. 

The question as to whether it is sensible to forego small stand alone schemes in favour of large 
regional schemes requires more than superficial consideration of the implications of such a decision. 
It would appear that it is unlikely that lower capital costs can be expected when a regional scheme is 
considered.  

The common reason given for selecting a regional solution is usually that it will eliminate the need to 
maintain many installations at numerous locations. This line of argument can be dangerous in that it 
attempts to reduce the decision to the consideration of a single parameter. This is clearly not the 
reality and there are many other issues that must be assessed critically. It would appear that the 
decision to develop regional schemes may result in merely swapping an onerous logistical challenge 
for a complex, and possibly more onerous, technical situation that will require highly skilled people to 
adequately operate and maintain the system.  

During planning alternative schemes under consideration must always be subjected to realistic 
comparison of at least the issues noted below: 

 Capital costs, considering carefully the influence of the major cost influencing variables such 
as proximity to potential water sources and the proximity of villages (supply zones) to each 
other. 

 The long term lifecycle costs that consider the effects of : 

 Increased size of components that cannot be maintained by local communities, 

 Increased technological sophistication that requires specialist skills to operate, 
maintain and repair, 

 The support costs associated with the tasks that are above and beyond the capacity of 
local communities, 

 The degree to which water will be distributed by gravity or pumped pipelines. 

 Institutional considerations such as the staffing and skills that will be required. Also, the 
institutional implications of getting numerous communities to co-operate and coordinate their 
operational activities and communicate with one another. 

 It can not be assumed that the role of community based operations will remain the same if 
small schemes are replaced by regional schemes. There is however still a crucial role for 
community based operations in such complex systems, particularly around performance 
monitoring.  

It must be recognised that the major cause of regional scheme failure is either mechanical / electrical 
breakdowns or hydraulic imbalance and inequitable distribution of water throughout the network. This 
may appear to be a trite statement but addressing these challenges is far from simple when there are 
numerous pumps, pipelines and reservoirs constantly interacting and influencing the behaviour of 
each other. It may be necessary to design in a significant amount of redundancy to effectively address 
this. This redundancy will surely come at a significant cost. 

A number of publications have highlighted the dangers of over-connectedness (Davidow, 2011: Perrow, 

1999). While these have highlighted examples in high tech environments, the same principles apply to 
water supply systems. The warning is that inter-connected systems require significant safety margins 
or redundancy. We simply don’t have enough empirical data on regional water supply schemes to be 
able to state categorically what such safety margins should be. We have however observed the 
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challenges of ensuring reliable service and as such we know that greater care is required in the 
design of such systems.  Equally, we can anticipate that greater investment will be required to ensure 
reliability. There may not be economies of scale; in fact the exact opposite may prevail. 

If a regional scheme is being considered, it is advisable to consider the following points in the 
planning and design phase: 

 Compare objectively both the capital and operational costs noting that the length of pipelines 
and availability of source are large cost drivers. 

 Beware of situations where there will be a large number of reservoirs and widely varying 
elevations. 

 Avoid multiple pump stations for distributing water throughout the scheme. 

 Never allow ‘in line’ pumping. 

 Consider how best to achieve hydraulic balance early in the design process and ensure that 
this is integrated into the operational modus operandi. 

Ensure that the technical solution is congruent with the skills and resources of the institution that will 
carry out operation and maintenance. 

Finally, the cost metrics of rural water schemes can be grossly misleading if the context in which they 
are quoted is not fully understood. We have seen that using measurements based on consumption 
rates can vary widely if the estimated consumption diverges significantly from the actual rate at which 
people use water when they are effectively rationed by the need to carry containers from taps to their 
homes. 

References: 

GIS Clearing House (2011), Department of Water Affairs, Government of the Republic of South 
Africa,  http://dwafecgis1.dwaf.gov.za 

Fonseca et al, (2010), ‘Life-cycle Costs Approach’, Washcost, IRC International Water and Sanitation 
Centre, The Hague. 

The Municipal Infrastructure Grant; An Industry Guide: Infrastructure Service delivery Level and Unit 
Costs (2007), Department of Provincial and Local Government, Government of the Republic of 
South Africa 

Cost Benchmarks (2003), Department of Water Affairs and Forestry, Government of the Republic of 
South Africa. 

Gibson, J (2010) Operation & Maintenance Costs of Rural Water Supply Schemes in South Africa, 
Proceedings of the Pumps Pipelines and Promises Symposium, , IRC International Water and 
Sanitation Centre, The Hague. 

Guidelines for Infrastructure Asset Management in Local Government (2006), Department of 
Provincial and Local Government, Government of the Republic of South Africa. 

Perrow, C (1999), Normal Accidents, Princeton University Press. 

Davidow, WH (2011), Overconnectedness, Headline Publishing Group. 

Contact Details 

Name of Lead Author: J Gibson 

Email: jim@malutiwater.co.za 

 

Name of Second Author: 

Email: 

 

http://dwafecgis1.dwaf.gov.za/
mailto:jim@malutiwater.co.za

