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ABSTRACT 

This paper proposes and implements a novel time sensitive approach for exploration of existing 

water supply institutions and develops a procedure for in-depth analysis of diverse multi-level 

stakeholder verdict on such institutions. Based on the findings from using such a methodology, more 

effective informal water-based institution policies and practices can be recommended 

 

1 INTRODUCTION 

Slum dwellers face water related problems like water scarcity, cleanliness, and non-uniformity 

of water distribution. These problems arise from a lack of understanding of constituent Water Supply 

Institutions (WSIs), and their faulty implementation. The non-existence of an efficient methodology for 

data collection leads to deficient analysis, and the absence of communication snowballs into causing 

people lying at the bottom of the pyramid (society), to suffer. This paper attempts to plug this divide by 

providing a time sensitive four stage approach which explores, analyses, and improves WSIs existing 

in informal slum settlements (ISS). 

 

2 METHODS 

The methodology systematically reveals the nature of ISS, gathers information on WSIs present 

in these ISSs, and eventually analyzes and suggests improvements on these WSIs in a structured 

manner. It is divided into 4 parts, as described below: 
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Design Part- 1 (DP1): The sheer variety of slums in India makes it imperative to group these 

settlements into typologies. Several studies like Doty et. al [1], document the benefits of well-developed 

typologies and Singh et. al [2] explore ways to group ISSs into defined categories. As this work focuses 

on WSIs, the characteristics chosen to classify slums are those that directly or indirectly, impact the 

access and use of water.  

The classifiers chosen are:  

1 Climate –  

 Tropical/subtropical  

 Arid/Semi-Arid  

 Mountainous 

 

2 Population size –  

 Small (<2500)  

 Medium (2500 < x < 10000)  

 Large (> 10000)  

Reasoning:  The climate influences the water resource reserves of a region. Therefore, when 

choosing the WSIs best suitable for a specific region, the climate must be considered. India can be 

broadly divided into 3 major climate types. As for population, it has been empirically observed that 

certain water supply technologies are better suited for certain population sizes. For example, 

community-based piped water supplies (PWS) require substantial water pressure to adequately transfer 

water to individual households. As the population increases, the effectiveness of distribution of water 

through this method declines. 

Slum Description Slum Number 

Slum Population, Tropical Climate 1 

Medium Population, Tropical Climate 2 

Large Population, Tropical Climate 3 

Small Population, Arid Climate 4 

Medium Population, Arid Climate 5 

Large Population, Arid Climate 6 

Small Population, Mountainous Climate  7 

Medium Population, Mountainous Climate 8 

Large Population, Mountainous Climate 9 

Table 1: Classifiers for Nine slum types                Source: Researcher’s Findings (2017-18) 

Using the two classifiers produces nine slum types (Table 1). The First step is to classify the 

slum under investigation (SUI) into one of the nine types and make a list of WSIs operating within it. The 
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question is “Why Should A Practitioner Do This?”. We posit that “WSIs belonging to slums having the 

same slum type, can be handled in similar ways”. For example, if a slum is classified as a type 6 (Large 

Pop, arid climate), then analysis of the WSIs within it will depend on the conditions prevalent in this type 

of slum. In addition, analysis of WSIs found in this type of slum, can be reused in newer slums of 

the same type.  

Design Part – 2 (DP2): Building on the information from Part 1, the second part provides a 

mechanism to segregate the identified WSIs into bins or virtual containers. This WSI classification helps 

in better data organization and intuitive analysis in subsequent sections. Available Information to a 

practitioner at the end of Design Part 1: 

 The ‘list’ of WSIs found in the SUI 

 The ‘type’ number of the SUI 

It has been proposed that a suitable Heuristic Algorithm should be used, which can provide 

an efficient yet simple placeholder for the WSIs. Once the WSIs have been placed/categorized in 

suitable “bins”, analysis and subsequent data control is more streamlined. Amongst the many Heuristic 

Algorithms, one of the simplest and time sensitive algorithms is the First Fit algorithm [3]. The Heuristic 

algorithm is described as follows. “For every item, the First Fit algorithm tries to place an item in 

the first bin that can accommodate the item.  If no such empty bin is found, or if the bin currently 

under use cannot fully accommodate the item, a new bin is opened, and the algorithm puts the 

item into the new bin.” 

Using this algorithm as the basis, two bins or virtual containers have been proposed in this work. The 

two bins/virtual containers are: 

 Slum Specific (SS) WSI Bin: The bin is populated with WSIs which are found in only 1 type 

of slum. When a completely new WSI is found in a slum (with no previous history), it should 

be placed in this bin. Additionally, if a WSI is found in two different slums of the same slum 

type, the WSI should still reside in this bin (as the slum type does not change).  

 General (G) WSI Bin: This bin is populated with WSI’s which have been found in more than 

1 type of slum. As the name suggests, this bin will hold WSIs which are more pervasive in 

nature (commonly found).  

WSI Tagging: Based on slum type (derived from part 1) and Bin type for each identified WSI, each WSI 

is given a tag, which highlights certain attributes of a WSI. The tag consists of two elements:  

 Letter: One unique letter (G - General, S - Slum Specific) indicating “TYPE OF BIN”. 

 Comma Separated List of Numbers with Subscript: A comma separated number LIST 

denoting WHICH TYPE OF SLUMs (As derived in DP1) have this type of WSI. The subscript 

holds the number of slums of each slum type that has this WSI.  

For example (Fig: 1): Let us assume that through field work, a Pipeline based WSI is found in 3 slums 

of type 3 (Large population, Tropical climate), 6 slums of type 6 and 8 slums of type 5. Such a WSI will 

be placed in the General Bin. Its tag will be as follows: Pipeline WSI – G (3(3),6(6),5(8)) (Fig 1A). Similarly, 

if a Water ATM is found only in 2 slums of type 3, then its tag will be: Water ATM WSI – SS (3(2)) (Fig1B) 

 

 

 

 General 

Slum 
Specific 
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Figure 1 : WSI Bin and tagging     Source : Researcher’s Findings (2017 -18) 

 

 

The flowchart shown in Fig 2, describes the recommended procedure of populating bins.  

 

Figure 2: Decision Flowchart   Source: Researcher’s Findings (2017 -18) 

 

Descriptive explanation of flowchart: For each WSI type found in a settlement, perform the following: 

A. Check the WSI under investigation (Figure 1 and Figure 2) against the contents of the General 

WSI bin. If the WSI is found in the General BIN, it means such a WSI has been explored before 

in multiple slum types. Now scan through this matched WSI’s G tag and perform the following: 

(a) (b) 
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 If any of the slum type number(s) in this WSI’s G tag MATCH with the current slum’s type, 

the subscript corresponding to the matched slum type is incremented by 1. The WSI resides 

in the General Bin. 

 If any of the slum type number(s) in this WSI’s G tag DO NOT MATCH with the current 

slum’s type, it means that although such a WSI has been found in multiple slum types before 

(hence its place in the G bin), it has never been found in the current slum type. As a result, 

the current slum’s type number is ADDED to the tag list and its subscript is populated with 

the number 1 (denoting that this is the first instance of this WSI being found in this slum 

type). The WSI resides in the General Bin. 

B. If the WSI is not found in the General Bin, move to the Slum Specific bin, and perform the same 

WSI comparison as described above (A). If a match is found in the SS bin, it means that such 

a WSI has been previously found in only 1 type of slum. Scan through the matched WSI’s tag, 

and perform the following:  

 If the slum type number in the WSI’s existing SS tag MATCHES with the type of the current 

SUI, the subscript corresponding to the matched slum type is incremented by 1. The slum 

still resides in the SS bin, and no bin change occurs.  

 If the number in the WSI’s existing SS tag DOES NOT MATCH with the type of slum being 

analyzed, a major change is carried out. The WSI is shifted from the Slum Specific Bin to 

the General Bin, as it is now found in more than 1 type of slum (Pervasive WSI). Its 

associated tag is modified from SS to G type.  

If no match is found even in the SS bin, it means that the current WSI has never been 

investigated before in any slum. A new tag is generated for such a WSI and the tag should read: SS 

(current slum type (1)). Such a WSI is placed in the SS bin. 

NOTE: The two bins G and SS are static in nature. Their contents are empty when the 

methodology is first used. Gradually, as more and more settlements are explored, these bins will fill up 

with relevant information of WSIs, following the rules described above). 

 

DESIGN PART- 3 (DP3): 

This stage prescribes a workflow which needs to be used to carry out the necessary field work 

to understand the identified WSIs so far. The workflow is divided into 7 stages (A – G) described below 

 

A. Stakeholder Mapping:  

This step maps the stakeholders involved in each WSI found in the SUI. Stakeholders are of 

three types: 

 Facilitators: Those only involved in facilitating the distribution of water (Government Bureaucrats 

(GB)/ Policy Practitioners/ Political Leaders). 

 Beneficiary: Those ONLY benefitting from/receiving the amenity (inhabitants). 

 Facilitator/Beneficiary: Who serve as BOTH facilitators and beneficiaries (Slum Dweller \ 

Committee). 

 

B. Effectivity Factors: 

This work promotes the use of the following effectivity factors to rate WSIs: 
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 Quality  

 Quantity  

 Cost structure  

 Accessibility/Distribution  

 Reliability/Adaptability  

 

C. Sampling:  

Indirect Data Collection/sampling is used in this work (interviewing stakeholders and using their 

answers as the primary source of information). Common methods of Sample Size (N) selection include 

(i) Cochran’s sample size formula, (ii) using 2% of total population etc. However, with informal 

settlements, the delta change in human population between slums, is large. As a result, the “2% rule” 

may be prohibitively small or large depending on the population of the slums.  Meanwhile, Cochran’s 

formula computes a sample size based on the degree of confidence required (93% preferred for this 

work) from a survey (As described in Equation 1). It does not consider the total population size and is 

more suited for larger populations. 

 

Equation 1: Cochran's Formula Source: WG Cochran [4] 

Additionally, there needs to be a factor to account for reuse of data. The logical understanding 

is that using this method will generate reliable data on WSI problems. Therefore, it makes sense to 

gradually reduce the number of interviews for frequently identified WSIs. To account for this, the 

minimum function is modified: 

Sample Size (N) = [min (2% of pop., Cochran’s number)]/ (1.05) (n-1) 

Description of the exponent n: It has been observed that excessive sampling of an area, 

follows the law of diminishing returns. This is specifically true for informal settlements as the population 

size is condensed within a small geographic area. As more samples are taken, it is often observed that 

no additional information is received, even though the sample size is increased. Therefore, a scaling 

factor of 1.05(n-1) is proposed while using this methodology to scale down the sample size considerably, 

without compromising on optimum data collection.  

An example is used to describe the utility of the exponent “N”. Let us assume that the Current 

slum under investigation is Type 3 in nature. Let us say, the identified WSIs in this area, and their tags 

are as follows:  

 Water ATM – G (3(3),4(2),1(4)) 

 Tube-well (TW) – G (3(4),4(2))  

 Bhari (privately sourced priced containers) – SS (3(2)) 
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For the current slum and its WSIs, the number N is the MINIMUM OF THE SUBSCRIPTS FOR 

THE CURRENT SLUM TYPE. In such a case, the number N used for sample size calculation = min (3, 

4, 2) = 2. The dividing factor (1.05) leads to the more optimum reduction in the sample size for interviews. 

 

D. Sampling Technique: 

(Both for Individual Interview & Focus Group Discussion) 

 Snowball Sampling Technique- To connect to important participants 

 Purposive Sampling Technique- Selectively identifying participants 

 

E. Interview Ordering – Interest vs Influence Graph: 

The next step is to determine the order of the interviews, by taking advantage of the classical 

interest vs influence (Figure 3).  

The following order is recommended while determining the order of interview:  

 High Interest & Low Influence (H In, L If)- this is being done to highlight the people centric 

focus of understanding WSIs 

 High Interest, High Influence (H In, H If) 

 Low Interest, High Influence (L In, H If) 

 Low Interest, Low Influence (L In, L If) 

 

Figure 3: Interest vs. Influence Graph Source: Researcher’s Findings (2017-18) 
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F. Master Questionnaire and Ratioing:  

A master list should hold all possible questions (what questions to ask the interviewees) needed 

to capture the effectiveness of the WSI. Field practitioners are not required to ask all the questions in 

the list exhaustively to each stakeholder and should exercise ratioing/selection while making choices. 

For example: The questions pertaining to accessibility or room for expansion, should be targeted 

towards facilitators of a WSI. 

 

G. Stakeholder Homogeneity:  

Based on the interview answers, homogeneity between the stakeholder opinions needs to be 

calculated for each effectivity factor. This is performed using table 2. Each column represents an 

effectivity factor, while each row represents a certain class of stakeholder. One homogeneity table is 

assigned for each constituent WSI (Table 2). The cells of the table are populated based on the following 

rules: 

 If certain stakeholder opinion is largely in sync with other stakeholders- Assign 1 point 

 If certain stakeholder opinion is moderately in sync with other stakeholders- Assign 2 point  

 If certain stakeholder opinion is not in sync with other stakeholders- Assign 3 points  

Once the table is populated for all effectivity factors, the sum of each column (each effectivity 

factor) is computed. For each effectivity factor, if the sum > = 9, the interview results for that factor is 

grossly non-homogenous and this is a concern. 

Stakeholder Quality Quantity Cost 

Structure 

Reliability Accessibility 

Government 

Bureaucrat 

     

Activists       

Academicians      

Policy 

Practitioners 

     

Slum Dweller 

Organisers 

     

Table 2: Stakeholder Homogeneity Scorecard     Source: Researcher’s Findings (2017-18) 

WSI investigated TAG (LIST) Quality Quantity Distribution 

Efficiency 

Cost 

Effectiveness 

Scalability 
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DESIGN PART - 4 (DP4): This stage provides tools and procedures to analyze the data 

collected and organized from earlier stages. For this purpose, a data format (Table 3) has been 

developed, to allow easy management for the policy maker. 

Table 3: Analysis, Recommendations & Shortfall     Source: Researcher’s Findings (2017-18) 

As shown in table 3, each WSI has 5 static columns, one for each effectivity factor and each 

SLUM TYPE where the WSI has been found, has two rows each. The first row is named “shortfall 

analysis”, which provides information regarding the shortfalls of the WSI found in that slum type. The 

second row is named “recommendations”, and provides the improvements proposed (on a per 

effectivity factor basis) for that slum type.  

 

 

The proposed method to populate the analysis table for each WSI is: 

1) Check the Homogeneity Mapping (from DP3) and choose the factor with the highest 

number first (least correlation). 

2) For selected effectivity factor, select the stakeholder opinions according to the order 

determined in the interest vs influence graph. 

3) For selected effectivity factor and target stakeholder, perform shortfall analysis based on 

the answers to the ratio-ed questions. 

4) The categorization of slums provides a policy maker an opportunity to suggest 

recommendations while keeping the SLUM TYPE in mind.  

5) Repeat step 1-4 for the next least homogeneous factor. 

6) All follow up improvements should ideally be based on / revolve around the primary 

recommendation (improvement suggestion for the most critical effectivity factor).  

As more slums and associated WSIs are analyzed, the data structures will keep storing all 

relevant analysis data. For a field practitioner, 4 distinct degrees of reuse can occur, based on whether 

the current slum and its constituent WSIs have been explored earlier or not. 

Legends used to describe 4 reuse cases below: 

 Existing WSI (EWSI): WSI type explored in earlier field work (FW), while using this 

methodology  

 New WSI (NWSI): WSI type found for the First-time during FW. 

 Existing Slum type (EST): Type of slum explored in earlier FW, while using this 

methodology. 

 New slum type (NST): A slum type found for the 1st time during FW. 

<Slum type where WSI is 

found>  

Analysis and shortfall 

     

<Slum type where WSI is 

found> Recommendation 
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Case 1: EWSI “found in” EST: Such WSI types have been analyzed with reference to the 

current slum’s type. High probability of reuse of analysis data for this WSI in current slum. 

Case 2: NWSI “found in” EST: WSI type has never been explored/analyzed before, but the 

current slum type has been visited before (it had different constituent WSIs). Analysis results relevant 

to the slum type can be partially reused and applied for the new WSI type. 

Case 3: EWSI “found in” NST: WSI has been explored before but in a DIFFERENT slum type, 

while the current slum type has never been explored. Previous analysis results for the WSI can be 

moderately reused. 

Case 4: NWSI “found in” NST: Both WSI and slum type are new territory. No previous analysis 

available. 

3 RESULTS 

The proposed methodology was put into practice in 3 Informal Slum Settlements (ISSs) of 

India namely, Mankhurd (Mumbai), Kalikapur (Kolkata) and Purvidinkhera (Lucknow). The table 4 

shows snapshots of how the method was used. 

Stakeholder List: 

1) Government Bureaucrats (GB); (A) 

2) Policy Practitioners (PP); (B) 

3) Academicians (Aca); (C) 

4) Activists (Act); (D) 

5) Political Leaders (PL); (E) 

6) Slum Dweller Organization (SDO)/ Committee (SDC); (F) 

7) Inhabitants (Ih); (G) 

 

Methodology 

Table 

1st SUI- Mankhurd 

Annabhau, SatheNagar 

Colony, Mumbai, India 

(1st settlement under 

investigation) 

2nd SUI- Kalikapur 

Colony, Kolkata India 

(2nd settlement under 

investigation)  

3rd SUI- Purvidinkhera, 

Haider Ganj Canal, 

Lucknow, India 

(3rd settlement under 

investigation) 

Design Part I 

(Categorization) 

Slum Categorisation:  

Climate- Tropical  

Population- Large Slum 

Type (3) 

WSI explored- Piped 

Water Supply, Tube 

Wells, Artificial Wells 

Slum Categorisation:  

Climate- Tropical  

Population- Medium 

Slum Type (2) 

WSI explored- Piped 

Water Supply, Tube 

wells, Water ATM 

Slum Categorisation:  

Climate- Tropical 

Population - Medium Slum 

Type (5) 

WSI explored- Piped 

Water Supply, Tube 

Wells, Mini Piped Water 

Supply 

Design Part II Piped Water Supply 

System- SS [3(1)] 

Piped Water Supply-  Piped Water Supply-  
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(WSI Tagging) Tube Wells- SS [3(1)] 

Artificial Wells- SS [3(1)] 

G [3(1), 2(1)] 

Tube Well- G [3(1), 2(1)] 

Water ATM SS [2(1)] 

G [3(1), 2(1), 5(1)] 

Tube Well- G [3(1),2(1), 5(1)] 

Mini Piped Water Supply 

SS [5(1)] 

Design Part III 

(Sampling, 

Field 

interviews, data 

ordering) 

Stakeholders Involved - 

(A), (B), (D), (E), (F), (G) 

Total Population - 

approximately 12,000  

Sample Size - 

[Min (Cochran, 2%) = 

Cochran] 109 

Order of Interview: (F)-> 

(G)->(D)->(B)->(A)->(E) 

Stakeholders involved - 

(A), (B), (D), (E), (G) 

Total Population - 

approximately 7500 

Sample Size - 

[Min (Cochran, 2%) = 

Cochran] 109 

Order of Interview: (F)-> 

(G)->(D)->(B)->(A)->(E) 

Stakeholders involved- 

(A), (B), (D), (E), (G) 

Total Population- 

approximately 2350. 

Sample Size -  

[Min (Cochran, 2%) = 2%] 

47 

Order of Interview: (F)-

>(G)->(D)->(B)->(A)->(E) 

Table 4. Results from field case studies  Source: Researcher's Findings (2017-18) 

 

 

Figure 4: Sampling    Source: Researcher’s Findings (2017-18) 

 

Other sub-steps of DP3 performed during field work, are shown via individual examples. Table 

5 below highlights some of the questions that were asked to inhabitants on WSIs.  

Stakeholders Quality Quantity Cost 

Structure 

Reliability Accessibility 
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Inhabitants  1. What is your 

opinion 

regarding 

about the taste 

of drinking 

water in your 

locality?  

1. Good 

2. Moderate  

3. Bad  

(closed ended 

question) 

 

2. Are there 

any issues of 

consuming 

tube well 

water? Giver 

your opinion 

about the 

impact of 

consuming 

tube well 

water? 

(open -ended 

question) 

1. What is 

your opinion 

about 

receiving 

water during 

summer 

months in 

your locality?  

1. Good  

2. Moderate  

3. Bad  

(closed ended 

question) 

 

2. Describe 

the alternative 

sources that 

you would 

want to install 

instead of the 

existing WSI 

in your locality 

and why?  

(open -ended 

question) 

1. What is the 

monthly cost 

of repairing 

pair parts of 

the systems? 

Who keeps an 

account of the 

operation and 

maintenance 

costs? Do you 

approach 

anyone for 

subsidizing 

the 

maintenance 

costs of the 

existing water 

systems?  

(open & 

closed ended 

question) 

 

2. Do you 

think that you 

will be able to 

pay for the 

capital costs 

of an 

alternative/ 

better WSI? If 

not then 

explain, why? 

(open -ended 

question) 

 

1. What is your 

opinion 

regarding the 

frequency of 

water supply in 

your locality? 

1. Good  

2. Moderate  

3. Bad  

(closed ended 

question) 

2. Define the 

frequency rate 

of water supply 

for other types 

of systems?  

1. Tube Well 

2. Piped Water  

3. Water ATM 

4. Water 

Tanker  

5. Any Other  

(closed ended 

question) 

 

1. Do you fetch 

water? How 

long do you 

travel to fetch 

water? Do you 

face any 

issues to fetch 

water?  

(closed & open 

-ended 

question) 

 

2. What is your 

opinion 

regarding 

distribution of 

water across 

rainy season 

and 8 other 

seasons for 

tube well WSI? 

 

(open -ended 

question) 

 

Table 5: Ratioed Questionnaire                           Source: Researcher’s Findings (2017-18) 

 

The homogeneity analysis performed in DP3 is described below. The table 6 shows the 

homogeneity analysis for Tube Well WSI performed in the 3rd SUI – Purvidinkhera. 

 

Stakeholder Quality Quantity Cost Structure Reliability  Accessibility 
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Government 

Bureaucrat 

1 1 1 1 1 

Activist 1 3 1 1 3 

Academicians 1 2 1 2 3 

Policy 

Practitioners 

1 3 1 3 3 

Slum Dwellers 

Organizers 

1 2 1 1 2 

Inhabitants 2 3 2 2 1 

Table 6:  Ratioed Questionnaire                        Source: Researcher’s Findings (2017-18) 

It is clearly seen that the quantity factor has the least homogeneity and hence is the most 

troublesome. During DP4 analysis of this WSI, quantity was given primary importance. 

 

 

 

 

 

Design Part IV Results: Based on findings due to the 3 stages, the 4th stage allows shortfall 

analysis and recommendations on a per WSI basis. Amongst the many WSIs explored in the 3 slums, 

the analysis performed on tube wells and pipe water supplies is shown in the table 7 below. 

WSI investigated Tube Well 

G (2,3,5) 

For Type 2 Slum 

 

 

 

Observations & 

Shortfalls  

 

Quantity 

 

Quality 

 

Cost 

Structure 

 

Reliability 

 

Accessibility 

1.Large 

scale 

retrieval of 

water is not 

possible 

through this 

WSI (fall 

short of 

CPHEEO1 

1.High iron 

content 

during 

summer 

season 

2. Tube well 

water quality 

is poor 

1.Capital 

Costs of each 

tube well is 

60,000- 

75,000 rupees 

(INR) (2015, 

India Mark II, 

Hand pump), 

whereby 

1.Scientific 

know how for 

accurate 

positioning of 

pipeline is 

difficult to 

gather due to 

the dynamic 

1.The 

outreach of 

tube wells 

beyond 500 

meters to 1 

kilometre is 

restricted due 

to flexibility of 

transport or 

                                                      
1 Central Public Health & Environmental Engineering Organisation, it is a technical wing under the Ministry of Housing and Urban Affairs 
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guidelines- 

135 lpcd of 

water) 

2. Limited 

presence of 

spot sources 

i.e. tube 

wells 

because 

certain tube 

wells are 

located near 

sewerage 

canal or drain 

community is 

not capable of 

taking care of 

the entire cost 

2. Approval for 

installation of 

the wells from 

the 

Municipality 

might be an 

issue.  

3.People 

within the 

community 

have stopped 

paying after a 

certain period, 

therefore 

community 

participation is 

an 

unsuccessful 

mechanism in 

this slum  

4.Often 

residents of 

these 

locations tend 

to migrate 

from their 

location based 

on the search 

for better life 

standards 

(jobs, 

education, 

amenities etc.) 

Therefore, 

huge capital 

investment 

made to install 

these sources 

might not be 

the best 

option.    

nature of local 

geography. 

2. Not a 

suitable 

solution for 

more than 12 

months X 3 

years, leading 

to short term 

and limited 

nature of 

solution 

physical 

movement, 

especially for 

elderly and 

physically 

challenged 

beings.  
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Analysis & 

Recommendation  

1. Scaling up 

of Water 

ATM 

2.Water 

Tanks in 

case of an 

emergency  

3.For this 

specific 

slum, formal 

pipe water 

connection 

can be 

provided 

from nearby 

schools and 

format 

Household 

Service 

Connections

. 

1.Use 

innovative 

low costs 

filter for 

individual 

households 

2. It is to be 

made sure 

that toilets 

are not 

located close 

to drinking 

water tube 

wells. 

 

1.Repurposing 

the funds 

collected 

through Water 

ATM into 

partial 

Operation & 

Maintenance 

of tube wells.  

1.Artificial 

recharge of 

water table 

through 

scientific and 

easy methods 

which might 

be easily 

adapted by 

end point 

users of tube 

well spot 

success. 

1. Mapping of 

water scares 

zone might be 

chalked out by 

water  

communicators 

to understand 

individual 

houses 

undergoing 

dearth of 

water supply 

especially for 

drinking 

purpose. 

Further, these 

houses can be 

taken care by 

introduction of 

conservation 

tools. 

Mechanisms 

like rainwater 

harvesting. 

Rainwater 

harvesting can 

be 

incentivized 

by the 

government 

especially 

both from 

centre and 

state funding 

2. Introduction 

of community 

level tube 

wells where 

the source 

should be able 

to sustain a 

minimum of 60 

to 70 

households. 

For Type 3 Slum 
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Observations & 

Shortfalls 

Quantity Quality Cost 

Structure 

Reliability Accessibility 

1. During the 

summer 

season, 

there is only 

a limited 

amount of 

quantity of 

water 

available 

which 

cannot 

support 

large 

population 

size.  

1.Due to 

dearth of 

space, the 

distance 

between an 

open drain 

and water 

supply 

networks are 

closely 

located 

nearby, 

therefore 

consumption 

of this water it 

during rainy 

season 

becomes 

risky (mainly 

bacteriological 

contamination)  

1.The locality 

has residents 

earning low 

income ((daily 

wage laborers 

ranging from 

150 rupees to 

400 rupees 

(INR)) 

respectively. 

Therefore, 

maintenance 

of the system 

in the long run 

might not be a 

feasible option 

for a 

marginalized 

community.  

2. In case of a 

poor capital 

cost support 

for installation 

of tube well, it 

will 

disincentivize 

investment in 

the long run. 

1. Strength of 

spot sources 

depends 

upon the 

quality and 

quantity of 

water present 

beneath the 

table. Given 

the 

geographic 

characteristic 

of the slum, 

there remains 

a question of 

sustainability 

issues of 

aquifer 

recharge in 

the long run, 

due to which 

a tube well 

might 

become 

defunct.  

2.Due to 

proximity of 

sea, there is a 

higher 

probability of 

groundwater 

turning saline. 

1.Reach of 

tube wells are 

within 500 

meters; 

therefore, no 

shortfall is 

accounted in 

this system. 

Analysis & 

Recommendations 

1. Scaling up 

of formal 

water supply 

policy 

provisions 

2.Adapting 

emerging/ 

coping 

mechanisms 

like Water 

Tankers 

1.Use of 

innovative 

costs 

effective 

filters. 

2. Adapting 

to alternative 

sources like 

rainwater 

harvesting, 

Water ATM 

etc. 

1. Promotion 

and scaling up 

of Water ATMs 

or Rainwater 

Harvesting at 

community 

level should be 

done  

2.Cross -

subsidy should 

be introduced 

1.Promotion 

of innovative 

filtration 

method due 

and de -

salination 

methods 

should be 

done. 

1.Periodic 

monitoring of 

tube wells by 

hydrologists or 

public health 

engineers can 

reduce 

exposure to 

contaminated 

water or 

disfunction of 

the system. 
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for this type of 

slum.  

For Type 5 Slum 

 

 

Observations & 

Shortfalls 

 

Quantity Quality Cost 

Structure 

Reliability Accessibility 

1.Shortage 

of water 

during 

summer 

season. 

1.The water 

supplied is 

Sandy   

2. Tube Well 

is located 

nearby to 

sewerage 

line due to 

which 

consumer 

often 

complain 

about the 

aesthetics 

related to the 

site location. 

1.WSI cost 

around 45,000 

rupees 

approximately, 

in semi -arid 

areas like 

Purvidinkhera 

area where 

groundwater 

conditions are 

not good, 

therefore 

cannot sustain 

the source for 

long period of 

time. 

1.Might not 

be reliable 

because of 

vulnerable 

ground water 

conditions. 

1.No issue at 

community 

level.  

Analysis & 

Recommendations  

1.Complete 

overhaul to 

provision of 

formal piped 

water supply 

Re -

use (Partial)/ 

No reuse 

1.Handy Kit 

should be 

provided by 

the Urban 

Department 

to these slum 

locations 

1.To stop 

supporting 

tube wells and 

re purpose 

funds to 

reliable WSI 

2. The notion 

of adopt a 

slum policy 

should be 

introduced 

1.It is 

important to 

overhaul WSI 

technologies  

2.Greater 

penetration of 

Piped Water 

Supply for 

informal slum 

settlements 

might be 

useful 

1.A better 

alternative to 

tube wells can 

be supply of 

piped water 

supply from 

nearby formal 

institutions. 

For example- 

Adopt a slum 

policy may 

introduced to 

eradicate use 

of tube wells. 

WSI Investigated: PIPELINED WATER SYSTEM 

(G (2,3) 

For Type 2 Slum 

Observations & 

Shortfall  

 

Quantity Quality Cost 

Structure 

Reliability Accessibility 

1.Informal 

slum 

1.Consumers 

prefer to use 

1. Huge capital 

costs is 

1.Even 

though a 24*7 

1. For a large 

population 
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settlements 

do not have 

right to 

formal water 

connections; 

this leads to 

dearth of 

water supply  

2. 

Intermittent 

water supply 

through 

pipelines 

this water, 

because of 

the good 

quality and 

taste of it. 

needed in 

piped water 

supply 

model is not 

available for 

piped water 

supply, but 

the 

consistency 

for these 

kinds of water 

system is 

higher than 

other 

sources. 

Therefore, 

reliability of 

this system is 

high. 

laying of 

pipelines in a 

congested 

area is difficult  

2. Stand posts 

/ public taps 

might not be a 

feasible option 

for individual 

household 

water 

distribution 

which is 

needed for 

physically 

challenged 

and elderly 

people 

respectively 

Analysis & 

Recommendations  

1. Additional 

WSIs like 

Water 

ATMs/ 

Rainwater 

Harvesting 

should be 

promoted 

these 

congested 

places 

1. There are 

no shortfall 

under this 

section. 

1. Intervention 

of 

governmental 

help and 

gradually 

formalizing of 

this network 

1. There are 

no shortfalls 

under this 

section 

1. Promotion 

of innovative 

engineering to 

allow lesser 

area of 

footprint for 

piped water 

systems, or 

technologies 

like rainwater 

harvesting. 

2. Community 

driven BHARI 

system 

 

 

For Type 3 Slum 

Observations & 

Shortfalls  

 

Quantity Quality Cost 

Structure 

Reliability Accessibility 

1.Community 

level piped 

water supply 

does not 

cater to 

supporting 

1.Urban 

Flooding in 

these causes 

mixing of 

drinking 

water with 

1. Huge capital 

costs is 

involved in this 

type of 

installation for 

WSI. 

1.Piped water 

supply is 

readily 

available for 

all kinds of 

use by 

1.It is 

available 

within the 

vicinity of the 

informal 
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more than 

10 families, 

at a time 

2.Pressure 

of piped 

water supply 

is reduced 

due to 

increased 

load 

sewerage 

water 

especially 

during rainy 

season. 

informal 

settlements. 

settlement 

location. 

Analysis & 

Recommendations  

1.Installation 

of Water 

ATM 

2.Explore 

means of 

composite 

system to 

expand and 

feed the 

supply 

system  

3. Scaling up 

of other 

reliable and 

cost 

effective 

WSI 

1.Regular 

supply of 

tanker water 

during rainy 

season  

2.Supply of 

disinfectants 

to this type of 

slums  

1. Intervention 

of 

governmental 

help and 

gradually 

formalizing of 

this network 

1.There are 

no shortfalls 

under this 

section 

1.There are no 

shortfalls 

under this 

section 

From the table above, it should be observed that since there is a common or general WSI- Tube 

well is existing in all the three slum types, recommendations data (given in the section) from the first 

SUI- Kalikapur slum (slum type 2) can be partially re -used in the recommendations data for Mankhurd 

slum (slum type 3) and Purvidinkhera slums (slum type 5) respectively. For example, data table for 

“Quantity” - Tube Well WSI for slum type 2 can be partially re -used for slum type 3.  

Conclusions 

The methodology provides a thorough roadmap to users (field practitioners, policy makers) on 

how to approach issues related to WSIs in informal settlements. With the use of detailed procedures 

and data organization structures, a practitioner can accumulate valuable time sensitive information 

which can be reused in larger domains. The model matures with its extensive use and deriving 

meaningful insights from large sets of data is no longer a problem. As observed through the results, the 

methodology’s implementation showcases the structured approach taken to tackle a problem mostly 

overlooked thus far. 

However, it should be noted that the framework in its current form proposes changes in the 

underlying technology/type of a WSI, based on analysis results. However, non-optimum functioning of 

WSIs in informal settlements can be attributed to a multitude of factors including: 1) conflicts between 

stakeholders in a system[5], based on relative strengths and influence, 2) lack of connect to a system 
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due to migratory nature of dwellers, 3) Improper implementation of an otherwise effective WSI 

technology etc. 

While this methodology provides a solid framework for exploration and analysis of WSIs in 

informal settlements, a more robust, multifaceted analysis of the shortfalls can be done while using this 

framework. There is scope for future improvements on the form and degree of shortfall analysis that can 

be done, in this framework. 
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