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Introduction to the tool

1.1 Rationale behind the tool

Lack of baseline data and design parameters characterising rural wastewater in the
Nile delta is seen as a major gap in the development of sound sanitation strategies
for settlements under 5,000 inhabitants. Such data is usually made up of the
characteristics and quantities of the wastewater to treat, be it in the form of
sewage or septage. However, Nile delta ezbas and villages are very heterogeneous,
which prevents the definition of values applicable to all settlements; instead,
developing a baseline data in this context means understanding current sanitation
practices, the factors influencing the quantities and characteristics, and the extent
of this influence. For this reason, the ESRISS project decided to undertake a
thorough analysis of the sanitation-related flows (blackwater, greywater, animal
manure) within Nile delta settlements, with the following objectives:

1. Identify, quantify and characterise the sanitation-related flows

2. Understand the factors influencing wastewater quantities and
characteristics

3. Develop a model of the sanitation-related flows in Nile Delta small
settlements in order to be able to compare sanitation system scenarios,
based on the Material Flow Analysis approach (MFA)

4. Estimate the nutrient flows (nitrogen and phosphorus) in the perspective of
an optimal nutrient reuse in agriculture.

5. Develop a tool which will help designers and consultants to estimate quickly
the quantity and characteristics of the raw wastewater to be treated, on a
site-specific basis

Points 1 and 2 are developed in the ESRISS Report “Small-Scale Sanitation in the
Nile Delta: Baseline Data and Current Practices”, whereas Points 3 and 4 are
developed in the ESRISS Report “Modelling Small-Scale Sanitation in the Nile delta:
A Material Flow Analysis with Nutrient Reuse Perspective”, both to be downloaded
at www.sandec.ch/esriss.

The tool presented here is the result of the combination and simplification of the
materials developed by the ESRISS team during the four-year project in Egypt. Its
purpose is to help designers and consultants to estimate quickly (max. 3 days) the
guantity and characteristics of the raw wastewater to be treated, on a site-specific
basis, in settlements of up to 5,000 inhabitants, without industry, served or to be
served by a sewer network. It is a planning tool which permits to estimate the
wastewater quantity and characteristics both in the existing situation and in future
scenarios, for example in order to anticipate the sewage characteristics in villages
not yet served by sewer networks.

The tool allows to predict village-specific design parameters without taking any
samples. Sewage sampling was recognised as a bottleneck as it is very difficult,
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often even impossible, to be able to get representative samples; in all case, it is
time-consuming and expensive. Instead, the tool relies on the extensive data
baseline developed by the project (cf. ESRISS Baseline Data Report) and requires
the input of a minimal number of qualitative data to estimate values corresponding
to the village under investigation.

This tool is a result of the Egyptian-Swiss Research on Innovations in Sustainable
Sanitation (ESRISS - www.sandec.ch/esriss), a parallel research component of the
World-Bank funded Integrated Sanitation and Sewerage Infrastructure Project
(ISSIP); the ESRISS Project is led by the Swiss Federal Institute of Aquatic Science
and Technology (Eawag) in partnership with the Egyptian Holding Company for
Water and Wastewater (HCWW) and financed by the Swiss State Secretariat for
Economic Affairs (Seco).

1.2 Components of the tool

The tool consists of the following components:

e A step-by-step procedure on how to carry out the assessment of the initial
situation in the field (in Appendix)

o (Clear guidance on which stakeholder to meet, and which relevant data to
get, with the support of ready-made interview guidelines and survey
questionnaires (in Appendix)

e An Excel-sheet based model, which, upon entering the site-specific data,
provides automatically the range of wastewater quantity and
characteristics to be expected, including the flow, BOD, COD, TS, TSS, TN
and TP. It also delivers a factsheet for the village under investigation and an
estimation of the residual flows which do not enter the sewer network
(septage, greywater and liquid animal manure).

The tool is based both on the baseline data gathered within the ESRISS project and
the Material Flow Analysis model. In the two first steps, the site-specific data
collected from the Village Council, village authorities, households, sanitation
stakeholders and personal observation are entered in the model, which treats the
data automatically. The model then helps the user to cross-check the different data
for each sensitive parameter in order to predict the more realistic value when the
village will be served with a sewer network; thus, it is not a black box, but a
decision-making support. Based on that, it calculates the range of values to be
expected for the main design parameters.

1.3 Application

The model has been applied and calibrated in four villages with existing “informal”
sewer networks in Beheira Governorate (cf. ESRISS MFA Report). Further
application is recommended in order to strengthen it further and to adapt it to
other contexts, for example Upper Egyptian villages.
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This model does not allow to estimate the quantity and characteristics of septage,
in case of non-sewered village. It only provides an estimation of the quantity of
residual septage to be treated and give the average septage characteristics
measured by the ESRISS team. The factors influencing septage characteristics are
numerous and difficult to measure, and result in high variations (cf. ESRISS Baseline
Data Report). Thus, septage could not be included in this tool within the timeframe
of this project; it would be however a very useful further development, if the
concept of septage treatment plant is validated by the authorities.

THIS MODEL IS AN OPEN-SOURCE ENTERPRISE. ANY FURTHER DEVELOPMENT, IMPROVEMENT
OR APPLICATION IS WELCOME AND ENCOURAGED. FEEDBACK IS HIGHLY APPRECIATED. FOR
ANY FEEDBACK OR QUESTIONS, PLEASE CONTACT:

philippe.reymond@eawag.ch & demars.colin@gmail.com

Kawm Abu Khalifa, a small settlement in Beheira Governorate (picture: Ph. Reymond)
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2 Model description

The model consists of an Excel file, to be downloaded at www.sandec.ch/esriss,
which:

e Treats automatically the field data.

e Eases the crosschecking of the sensitive parameters, leading to realistic
estimations of these parameters in the future when the village under
investigation will be served by a functioning sewer network.

e Estimates the future wastewater quantity and characteristics by processing
the parameters computed/selected in the previous steps through a
material flow analysis model.

The procedure on how to make the assessment of the initial situation, how to
collect the data and how to enter it in the Excel model is described in the Step-by-
Step Procedure provided in the Appendix and the Excel file itself. The following
sections describe the different components of the model and how it works.

2.1 Structure of the model

The model consists of nine Excel sheets, as shown in Figure 1. The Introduction
sheet explains briefly the rationales of this model, such as described in this manual.
Step 1 and Step 2 are the two sheets where the field data is entered. Step 3 is
where the data from various sources are crosschecked, in order to define the most
realistic value for each key parameter. The sheet RESULT delivers the main result of
the model: the expected wastewater quantity and characteristics. The sheets
FACTSHEET-Village and Non-Sewered Flows deliver secondary results of the model:
a factsheet gathering the relevant information for the village under investigation
and an estimation of the quantities and characteristics of the septage, greywater
and animal manure which do not enter the sewer network, thus ending up directly
in the environment.

CompSheetl and CompSheet2 are the two calculation sheets behind the model.
CompSheetl is where the field data is treated, whereas CompSheet2 hosts the
simplified Material Flow Analysis (MFA) model. These two sheets should not be
touched, except if the user wants to adapt the model to his/her own conditions.

Introduction -~ Stepl-General info. Step2-Household Survey Step3-Crosscheck+Estimation
RESULT-WW characteristics
FACTSHEET-Vilzge Mon-sewered Flows
CompSheetl .~ CompSheet2

Figure 1: Excel sheets forming the model
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2.2 Treatment of the field data

The information collected on the field has to be entered in the model through two
Excel sheets (Step 1 and Step 2): the first one for the information collected from the
Village Council, the village authorities and the personal observations; the second for
the results of the household surveys. The format in which to enter the data is
always indicated in the Excel sheets; it has to be taken with care as the model
ignores the data in the wrong format.

All the entered information are treated in the first computation sheet
(CompSheet1), which consists in:

e Computation of the different parameters based on the answers of the
Village Council, village authorities, responsible of sewer maintenance and
personal observations.

e Statistical analysis of household survey results and computation of valid
answers, e.g. proportion of farmers in the village, water consumption,
average number of cow per people.

2.3 Crosscheck and estimation of the most sensitive parameters

While data is collected from different sources, it is probable that different values
are given for the same parameter by different stakeholders (a most common
example being the number of inhabitants). A crucial step in order to get accurate
values is to crosscheck the data for the most sensitive parameters, which have been
computed in CompSheetl and delivered side-by-side in the Excel sheet Step 3 for
comparison.

The most sensitive parameters are: the number of inhabitants, the water
consumption, the type of sanitation system(s), the interaction with groundwater,
the liquid manure production and discharge location and the discharge point(s) of
greywater.

Step 3 allows to easily compare the different values and choose the most suitable
one for each of these parameters. In what follows, further guidance and
explanations are provided for each of the sensitive parameters. When the
crosschecking process does not allow to get consistent results, further interviews
need to be carried out in order to get more precise data. These can be done during
the second visit in the village, dedicated to the second water meter readings.

2.3.1 Number of inhabitants
Three different sources of information are used to estimate the number of
inhabitants in the selected villages:

e The official data: a census was done in all villages, mainly in 2006; the
actual number of inhabitants is computed with the growth rate entered in
Box 4 “Personal observations”; the default value is set at 1.91%, as in the
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Code of Practice. NB: it appears that the official data often do not match
reality.

e The estimation from the village authorities (Sheikh el Balad or Omda)

e The estimation based on the number of houses counted on satellite images
(e.g. Google Earth) and the average number of inhabitants per house as
obtained through the household survey.

Figure 2 features the corresponding box in the Excel model. The default value for
the current population is the personal estimation. Most of the time, the data
coming from the personal estimation are more accurate than from the two other
methods.

The model also computes the population at the planning horizon according to the
selected value for the current population and the planning horizon and growth rate
entered under “Personal observations” in Step 1.

1) NUMBER OF INHABITANTS

Current situation

Personal estimation A 3256 cap.
Official (based on census and growth rate) A 3490 cap.
According to village authorities 2500-3000 cap.
Current population 3256 cap.
Default 3256 cap.

Population at planning horizon

Planning horizon 2020
Estimated growth rate 1.91%
Estimated population at planning horizon 3647 cap.
Selected value 3256 cap.
Default 3256 cap.

Figure 2: Box featuring the different sources of demographic information

Sanitation system

The percentage of buildings connected to bayaras, to a sewer network or directly
connected to a drain through a pipe is computed based on the results of the
household survey and the estimation from the village authorities. The model
considers that the houses discharging wastewater directly into the drain (pipe to
drain) are not sewered.

Figure 3 features the corresponding box in the Excel model. The default value
corresponds to the typical situation found in sewered villages. If the studied village
is already served with a sewer network, the "selected value" should be the results
from the HH surveys; otherwise, it will be the values of the planned situation.

-8- September 2014



ESRISS Project eawagm

aquatic research
www.sandec.ch/esriss

2) SANITATION SYSTEM

Discharge place
Bayaras | Sewer |Pipetodrain| n=
Household surveys 4% 96% 0% 23
Village authorities 10% 90% 0%
Planned situation 5% 95% 0%
Selected value 5% 95% 0% 100%
Default 5% 95% 0% 100%

Figure 3: Box featuring the different sanitation systems

2.3.3 Water consumption

Two different perspectives are used for the estimation of the drinking water
consumption, as shown in Figure 4: (i) the consumption based on two water meter
readings done with a minimum interval of one week, and (b) an estimation based
the common situation, based on the choice of the sanitation system selected in the
previous box and the performance of the water supply system.

3) WATER CONSUMPTION
1
A) Current water consumption : B) Common situation*
| Water supply
Water consumption n= : Fair Bad
|Median1 (L/cap.d) 74| 12 : Onsite sanitation (bayara) (L/cap.d) 60 60
Average (L/cap.d) 107 12 : Sewer network (L/cap.d) 110 90
Standard deviation (L/cap.d) 78 12 L ___________________________________
1
Water consumption vs sanitation syst. : C) Estimation of the water consumption
Avg. building with bayara (L/cap.d) Tanst 0 I
Std. building with bayara (L/cap.d) Tansn 0 1 Present value according to water meters n=
Avg. building with sewer (L/cap.d) 107 12 : (L/cap.d) 74 12
Std. building with sewer (L/cap.d) 78 12 I Estimation to be only considered for villages which
| are already served with a sewer network
Performance of the water supply system :
Estimation of water supply performance* Badl n= I Estimation for the selected sanitation system
Complaint about water supply 60% 20 : based on the common situation and the
House with water interruptions 52% 21 : performance of the water supply (L/cap.d)* 89
Frequency of interruptions (#/week) 5.7 11 1 Estimation to be considered for villages which
Duration of interruptions (hours) 8.0 8 : currently rely on bayaras, or for sewered villages
| with a low reliability of water meter readings
Selectedvalue 89 L/cap.day
Default 89 L/cap.day

Figure 4: Box featuring the different water consumption information
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The estimation of the current water consumption is based on two water meter
readings done with a minimum interval of one week. The sheet CompSheetl
computes the water consumption per capita for each building. It should be noted
that malfunctioning of a high proportion of water meters, as well as intentional by-
passing of the water meter through a second pipe system, may lead to aberrant
results. The aberrant values (<20 L/cap.d and >800 L/cap.day) are not taken into
account. Field work shows that there is high variation of water consumption within
the same village; therefore, the default value of the water consumption is the
median of the sample and not the average. The median is the "middle number" in a
sorted list of numbers, as shown in Figure 5.

Median

T Y

Figure 5: lllustration of the median 50% below S0% above

The validity of the current water consumption is checked by observing the standard
deviation of the results and comparing the median with the average. A distinction is
made in the Excel sheet between the water consumption computed for houses with
on-site sanitation system and the one connected to a sewer network.

In the case of a village which is currently served by on-site sanitation systems or
dysfunctional sewer network(s), the current water consumption will increase if the
village get connected to a proper sewer network. In order to estimate the water
consumption after the construction of a proper sewer network, the model relies
on the data baseline (“common situation”) and the performance of the water
supply system in the village. Table 1 synthesises the data baseline. It shows that, in
households with an onsite sanitation system (bayara), the tap water consumption is
lower, as people tend to reduce the amount of water consumed in order to
decrease the bayara emptying frequency (cf. ESRISS Baseline Data Report). On the
contrary, in villages with sewer networks, the water consumption is higher, but can
be limited by a poor water supply.

In the model, the water supply is considered as “bad” if more than 50% of surveyed
people are complaining about interruptions and if there are on average more than
two water supply interruptions per week.

Table 1: Estimation of daily water consumption

Fair water Bad water

supply supply
Onsite sanitation 60 L/cap.d 60 L/cap.d
Sewer network 110 L/cap.d 90 L/cap.d
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2.3.4 Liquid animal manure

The material flow analysis shows that the number of cattle per inhabitant and the
discharge location of liquid manure can have a big influence on the amount of
nitrogen, COD and TSS in the wastewater (cf. ESRISS MFA Report). It varies from
one village to the other and needs to be deduced on a site-specific basis.

The model synthesises the information regarding cattle and manure in the box
feature in Figure 6. The number of cattle usually varies between 0.05 to 0.5 animals
per inhabitants. Regarding the discharge location, the study shows that when a
village is sewered, most of the liquid manure ends up in the network. In villages
with a person responsible for the sewer maintenance, this amount can be lowered
(to an average of 10% in certain villages) due to the establishment and enforcement
of a rule forbidding this practice. Disposal in the street is less than 20% in villages
equipped either by onsite sanitation or with a sewer network. On average an
animal spends 27% of its time in the field; therefore, we assume that about this
percentage of liquid manure always ends up in the fields (cf. Baseline Data Report).

Selected value
Default value

4) LIQUID MANURE

Nb of Cattle Discharge location of liquid manure
n=
Nb. of cattle per cap (HH surveys) 029 23 Forbidding rule of discharging liquid NO
Nb. of cattle per cap (Vil. auth.) 0.15 manure in the sewer network?
Nb. of cattle per cap (Common situation) 0.05-0.5
% of house with cattle 91% 23 Bayara | Sewer Other n=

HH surveys 0% 65% 35% 20

Village with sewer network 0% 10-70% | 30-90%
Village with sewer network® 0% 10% 90%
Village with bayara ~20% 0% ~80%

*Witha forbidding rule to discharge liquid manure in the sewer network

Selected value 0% 65% 35% 100%
Default value 0% 65% 35% 100%

0.29 cow/cap

]
|
I
I
I
I
I
I
|
|
|
|
]
]
: Common situation:
I
I
I
I
I
|
|
|
|
|
0.29 cow/cap :

Figure 6: Box featuring the different information related to cattle and liquid manure disposal

When the liquid manure collection hole in the stable is not directly connected to
the sanitation system, it can contribute to higher concentrations of COD and
nutrients during the morning peak flow, as most of the women empty these holes
manually at more or less the same time. On the contrary, if a stable is connected to
the sewer network, the liquid manure discharge into the sewer system will be
better distributed in time, thus reducing the peak. The effect related to manual
emptying is taken into account by displaying a remark next to the daily peak flow
results in the Result Excel-sheet :

- When less than 50% of the liquid manure is manually emptied, the remark
indicates that the peak concentration should be lower.

- When more than 50% of the liquid manure is manually emptied, the remark
indicates that the peak concentration should be higher.
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2.3.5 Groundwater interaction

The depth of the ground water level can be considerably high in certain villages (up
to a few dozen centimetres below surface), leading to a significant groundwater
infiltration into the sewer network if it is not watertight (which is common), thus
resulting in the dilution of wastewater with groundwater. In case of a really high
depth of the groundwater table, some exfiltration of sewage into the soil could
occur; however, this process has been considered non-existent in the model.

The estimation of the infiltration (groundwater to sewer) phenomenon is difficult.
The model proposes an estimation based on the difference between the
groundwater level and the depth of the sewer network outlet as shown in Table 2.
The infiltration rate should not be higher than 30% of the flow.

Table 2 Estimation of infiltration

Proportion of the sewer Infiltration (% of total
network below groundwater sewage)
25% 10%
50% 20%
75% 30%

In an ideal case, where the outlet of a functioning sewer network can be observed,
the amount of groundwater infiltration can be deducted from the residual flow in
the middle of the night (from 2 to 5 am).

Figure 7 features the corresponding box in the Excel model.

5) GROUNDWATER INTERACTION

Estimated infiltration
Infiltration rate 0%

Depth of the sewer network and groundwater table
Depth of groundwater table [m]

Depth of the outlet of the sewer network [m] 2
Exfiltration rate (sewer network)- Selected value 0% [0-30%]
Default value 0%
Infiltration rate (sewer network) - Selected value 0% [0-30%]
Default value 0%

Figure 7: Box featuring the estimation of in-/exfiltration rates in the Excel-based model
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The type of sanitation system has an influence on where greywater is disposed of.
People who rely on an onsite sanitation system tend to decrease the load of
wastewater ending up into the bayara in order to reduce the emptying frequency
and thus tend to discharge greywater on the street or into a drain. Laundry and
dishwashing often occur outside, keeping a big part of greywater out of the

sanitation system.

The model estimates the percentage of greywater ending in the sanitation system
based on these observations, as shown in Figure 8. The default values are those

estimated by the model.

6) GREYWATER

Discharge location of greywater

Estimation based on the percentage
of sewer network coverage and the
baseline data:

Common situation:

Village with bayaras

Village with sewer network

Selected value
Default value

Bayara

Sewer

Other

3%

45-60%

0%

3%
3%

83%

0%

75-100%

83%
83%

14%

40-55%

0-25%

14%
14%

Figure 8: Box featuring the estimation of the proportion of the greywater ending up in the
different discharge locations
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2.4 Result: estimation of wastewater quantity and characteristics through a

24.1

simplified MFA model

Once the selected values for each sensitive parameter are entered, the tool
calculates the expected wastewater quantity and characteristics through a
simplified material flow analysis (MFA), adapted from the more extensive MFA
model of Nile Delta villages (cf. ESRISS MFA Model Report). The computed fluxes
are: the flow volume, the COD, the total suspended solid (TSS), the total nitrogen
(TN) and the total phosphorus (TP). In addition the BOD and TS are calculated based
on the BOD:COD, respectively TSS:TS ratios from the data baseline.

The amount of greywater, liquid manure and household wastewater disposed of
outside of the sewer network is also computed.

The MFA model

The material flow analysis (MFA) consists in measuring all the sanitation flows (i.e.
all the inputs to the sanitation system, the outputs and what happens in between)
within a defined system boundary, here a Nile Delta village; the model is illustrated
in Figure 9. The model entails 9 processes and 27 flows. Processes within the
system boundary are the household wastewater collection, the non-domestic
wastewater collection, the onsite sanitation storage system (cesspits, bayara,
“trenches”), the liquid manure collection and the sewer network(s). The processes
outside the system are: the agriculture, the surface waters (canals/drains), the
soil/groundwater and the atmosphere.

The MFA model equations can be found in the hidden column in CompSheet2 and
details can be found in the MFA report. The original model was simplified by
identifying which parameters were constant in all villages. The constant parameters
are further described below.
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Figure 9: MFA model of sanitation flows in Nile Delta ezbas

2.4.2 Simplification of the model: identification of the constant parameters

A good way to simplify a model is to identify which parameters are constant from
one village to the other and which ones vary from place to place. Parameters which
can be considered as constant were identified based on literature review, results
from the field surveys, interviews, observation, sampling campaigns and a
sensitivity analysis, as described in the MFA Report. The complete list can be found
in CompSheet2 of the model. The most important constant parameters are:

e The concentrations of nutrients, COD and TSS in the flows entering the
system, i.e. blackwater, greywater and liquid manure.

e The volume of blackwater
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e The proportion of greywater produced in the bathrooms in comparison to
the total amount of greywater.

e Quantity of liquid manure produced per cow and the time that cattle spend
in the fields.

The constant parameters do not need to be measured again and they are directly
derived from the baseline data (cf. Baseline Data Report). The most sensitive of the
variable parameters are those which need to be studied on a site-specific basis, as
shown in this manual, and whose assessment is described and supported in this
tool.

2.4.3 Precision of the estimation

The precision of the model is computed based on its application to the four studied
villages. Two different types of sampling were made: morning samples in two
villages and full-day sampling in two others. The results of the full day sampling
were directly compared to what was predicted by the model. The results from the
morning sampling were adjusted with factors computed based on the ratio
between the average concentrations during the morning and the average daily
concentrations.

Table 3 and Figure 10 show that the model matches the measured values with a
difference lower than 30% and even less than 20% for the flow. The sampling
campaign shows that the variation of concentration from one to another day from
the same outlet is also around 30%.

Table 3: Comparison between sewage characteristics estimated by the model and the measurements

M.Nassar K.Nuss K.a. Khalifa Fishah
. MFA 236 249
2z :

g "’é Sampling 257 276

Diff. -8% -10%
—~ MFA 131 119 268 176

F ®  sampling 112 111 272 216
~  Diff. 17% 7% -1% -18%
—  MFA 10 10 15 11

P :

(= Eé" Sampling 8 10 17 12
~  Diff. 27% 0% -11% -9%
— MFA 833 757 1'629 1'083

(a)

9 Eﬂ Sampling 823 605 1'499 1'366
~  Diff. 1% 25% 9% -21%
—.  MFA 251 231 474 318

2% -

g g Sampling 172 467 405

Diff. 46% 1% -21%

-16- September 2014



ESRISS Project

www.sandec.ch/esriss

eawag

aquatic research

The concentration of TP and TSS measured by the MFA are reduced by a factor of
0.7 in order to fit the sampling results. Indeed, these estimated concentrations
were systematically higher than the one from the sampling results (see MFA

report).

#+ Villages —— Perfect correlation
—_ 350 . 20
= =
8 300 85 y
£ E »
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g 150 : *
3 100 S .
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| = ™
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Figure 10: Comparison of the concentrations of TN, TP, COD and TSS measured with those estimated by

the MFA model
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2.4.4 Calculation of the peaks

Two types of peak concentrations were identified in sewage: (i) the morning peak
and (ii) the “unclogging peaks”.

The morning peak reflects the higher domestic water consumption at the beginning
of the day, as well as the discharge into the sewer system of liquid manure
manually emptied from the stables (see also section 2.3.4). The characteristics of
this peak were estimated by using the peak factor measured in Fisha el Safra during
a full day sampling campaign on a sewer network collecting wastewater from
around 250 inhabitants (Table 4). The sampling consisted of composite samples for
each 1h30. The main peak occurs in the morning and a lower peak occurs in the
afternoon or beginning of evening.

Table 4: Morning peak factors measured during the sampling campaign

COD BOD TS TSS TN TP

Morning peak factors 1.3 1.2 15 14 14 14

Beside the morning peaks, unclogging peaks occur at any moment of the day or
night. They are caused by the sudden unclogging of a blockage in the network. All
the accumulated sludge of the past days reaches the outlet in a short time. This
leads to sudden high concentrations, which could not be computed by the model.
Table 5 provides the factors calculated based on two sets of three samples which
were taken during unclogging events.

Table 5: Unclogging factors measured during the sampling campaign
— Based on measurements during two different unclogging events
cCoOD BOD TS TSS TN TP

Unclogging peak factors 3.0 31 )8 i 23 17
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3 Potential developments

Above all, the model needs to be applied to more villages in the Nile Delta in order
to provide more evidence of its validity and further calibrate it if needed. Ideal
cases for validation are (i) villages where a sewer network is existing and where it is
possible to take representative samples at the outlet in order to validate the model
estimations, or (ii) villages that are about to be served by a sanitation project so
that the estimated design parameters can be quickly verified after implementation.

Then, it is recommended to validate it for the other regions of Egypt, starting with
Upper Egypt, where conditions are slightly different than in the Nile Delta. The
model can also be used in other countries, in the MENA region and beyond. The
ambition is that it can be adapted to help planners and engineers working on small-
scale sanitation systems in any region worldwide.

This model is the result of the combination and simplification of the materials
developed by the ESRISS team during the four-year project in Egypt. Simplification
of such a complex system as rural sanitation is complicated and the estimation
methods presented here intend to generalise as well as possible with the limited
amount of baseline data available. Further studies could target the optimisation of
these methods. In particular, the estimation of the water consumption based on
the quality of the water supply (frequency and length of the interruptions, pressure)
could be refined. This is a key-aspect, as it is the most sensitive parameter and
water meters are not always available. It goes along with a clearer definition of
what is a bad/fair water supply, i.e., in which conditions it can be assumed that
people are able to use as much water as they want to. Besides, it would be relevant
to make more investigation on peak flows, with a focus on 24-hour sampling
campaigns.

Another further development concerns the estimation of septage/faecal sludge
characteristics. Due to the high variability of septage and the limited data baseline,
it could not be integrated within this model. However, with the rise of the concept
of septage/faecal sludge treatment plant, which would contribute significantly to
pollution reduction with a lower investment from the government, the estimation
of design parameters for such plants could become a crucial issue in a near future.

Further work on the user interface could be done. The model allows to estimate the
wastewater quantity and characteristics both in the current situation and in future
scenarios. The differentiation between the present and future situation could be
improved. Currently, this is done by letting the user selecting present or future
values in Step 3.

Entering data in the model is quite straightforward. However, the user needs to be
systematic and stick to the defined data formats. The comments in the Excel sheet
are here to help the user. However, the development of a system which indicates to
the user which data is in a wrong format would be an added value. So far, the
model discard such values without the user being warned.
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This model is an open-source enterprise. Any further development, improvement
or application is welcome and encouraged. Feedback is highly appreciated. For any

feedback or questions, please contact:

e philippe.reymond@eawag.ch

e demars.colin@gmail.com
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A Model-Based Tool to Quantify and Characterise
Wastewater in Small Nile Delta Settlements

STEP-BY-STEP PROCEDURE

STEP-BY-STEP PROCEDURE
1. Field work
a. Meeting at the Village Council (2 hour)
b. Interviews with village authorities and person responsible for
the sewer maintenance (1 hour)
c. Household surveys and first water meter readings (4 hours)
d. Personal observations (1 hour)
e. Second reading of water meters (2 hours)
2. Computer work
a. Entering data in the model (3 hours)
b. Crosschecking the sensitive parameters (1 hour)
3. Results
= Wastewater quantity and characteristics
= Village characteristics

1 Field work

The field work allows to get first-hand information about the village and get support from
influent people. It consists of: meeting at the Village Council, interviews of the village authorities
(Omda or Sheikh el Balad) and the person responsible of sewer maintenance (if existing) and
surveys with a representative number of households. Personal observations are also needed for
crosschecking purposes.

The field work has to be done in two steps: the first step lasts about a full day and the second
one (second reading of water meters) about one hour and has to be carried out at least a week
after the first step.
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a. Meeting at the Village Council (1 hour)

Meet the Village Council of the selected village
Explain the project

Ask for the official number of inhabitants (census data) in the village and the
date of the last census.

Take the contact information of the village authority (Sheikh el Balad or Omda).
It is recommended to ask someone from the Village Council to come along,
which eases the first contact in the village.

b. Interview with village authorities and the person responsible for sewer maintenance
(1 hour)

Meet the local authority (Sheikh el Balad, Omda). If the village does not have any
of them, find an influent and helpful villager.

Interview him using the semi-structured interview guidelines for Village
Authorities and Representatives (in the Appendix of the Manual and at
www.sandec.ch/esriss).

In case of a village already served by a sewer network and if existing, meet the
person responsible for sewer maintenance, who can provide more precise
information about the sewer network.

c. Household surveys (4 hours)

May 2014

The household survey questionnaire is provided in the Appendix of the Manual
and at www.sandec.ch/esriss.

Ask the local authority (Sheikh el Balad, Omda or influent villager) to identify and
propose a set of households where to start the survey. These households should
represent different main occupations, levels of income and social status. After 5
to 10 surveys, when villagers are more familiar with the procedure and the
members of the study team, select houses randomly, making sure that the
buildings are located in different parts of the village. Try to have someone from
the village to accompany you during the surveys; this will be helpful to gain the
trust of villagers.

At least 25 interviews are needed to have a representative overview of the
situation. A questionnaire should take less than 10 minutes, which allows to
realise all of them in about 4 hours.

Advice to carry out the surveys:
0 Always ask the question without giving a possible answer in the question.

O Take only the answer from the man/woman you are interviewing. The
answers from other villagers have to be ignored.

0 No answer is better than a wrong answer; when there is a doubt
concerning the accuracy or honesty of the interviewee, leave the case
blank and go to another question.
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0 Do not hesitate to ask a question again in other words and sentence
structure in order to confirm the answer.

O In case that a family leaves in several buildings (e.g., courtyard), make
sure to consider the data for one building only.

- ldentify each house on a satellite map (e.g. on Google Earth) in order to be able
to locate them during the second visit, when the second water meter readings
are taken.

d. Personal observations (1 hour)

- Personal observations are to be made while walking in the village, during the
household surveys. It consists in observing:

0 The existing infrastructure and practices.
0 Hotspots and problems related to wastewater management.
0 Sewer outlets and septage discharge points
0 Confirmation of the information collected during the interviews, surveys
and localisation on the map.
e. Second reading of water meters (1 hours)

- At least one week after the household surveys, the village has to be visited a
second time in order to read the water meters again. This is necessary for
computing the drinking water consumption.

- This field trip is also the opportunity to get clarifications, if needed, about
incoherent information and/or do complementary household surveys.

2 Computer work

An Excel-based model is provided, in which the collected data can be easily entered. The model
helps to crosscheck the data collected and estimate the future situation. The model is
sequenced in three steps, corresponding to three sheets to be successively filled in, as shown
below; the yellow cells signal where data should be entered.

The model is based both on the existing data baseline and on the Material Flow Analysis model
(MFA) developed by the ESRISS Project (cf. MFA Report). It is described further in the User
Manual, to be downloaded at www.sandec.ch/esriss .

The procedure is the following:

Stepl-General info.

a. Entering datain the model (3 hours)
- Sheet STEP 1 — General information: Enter the information collected from:

0 The meeting at the Village Council
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0 The interview with the village authority (Omda, Sheikh el Balad or
influent villager) and the person responsible for sewer maintenance

0 The personal observations

0 The planned system

Step2-Household Survey

- Sheet STEP 2 - Household survey: Enter the results of the household survey
while taking care of the following:

O Pay attention to units (e.g. frequency needs to be given in #/week)

O Put the results in the requested formats. (e.g. Y/N means that you
should put a “Y” or “N” in the case, # means that you have to put a
number)

0 If there is no answer in a question (e.g. people did not know the answer,
did not want to answer) leave the case empty.

0 Do not leave the case blank when an answer is zero, instead put 0 (e.g.
no children, no cattle)

0 If the answer is approximate then write the average value (e.g. “10-12
cows” becomes “11 cows”)

0 When a house has more than one water meter put the sum of both
readings; the details can be written in a comment.

b. Crosschecking the sensitive parameters (1 hour)

Step3-Crosscheck+Estimation

- Sheet STEP 3 — Crosscheck and Estimation: look at each box (one for each
sensitive parameter) and compare the different data displayed in order to
determine the most realistic value for the future situation:

O Instructions are given below each box in order to help checking the
consistency of the different data and estimate the most suitable value
for each parameter

O For each parameter a default value is given, which consists of an
estimation after construction of a sewer network. In case a village is
already served by a sewer network, most of the values can be derived
from the household survey results.

o If the information is not sufficient to choose consistent values,
clarifications may be requested or additional household survey can be
done during the second reading of water meters.

0 It is possible to estimate a future situation by changing the "selected
values", e.g. by entering the future population number or the future
water consumption.
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3 Results

3.1 Wastewater quantity and characteristics

Once that all values are selected in Step 3, the model calculates the wastewater quantity and
characteristics, including the precision range of the estimations.

RESULT-WW characteristics

Sheet RESULT - Wastewater characteristics provides:
a) The estimation of the daily average concentrations.

b) The precision of these estimations, i.e. a realistic range in which the real values will be
comprised

¢) An estimation of the wastewater characteristics during the daily peak (in the morning).
This peak flow is caused by a higher domestic water consumption in the morning.

These concentrations are calculated through the MFA model (Compsheet2) which take the
parameters computed in Compsheetl and crosschecked in Sheet STEP 3.

3.2 Village factsheet and non-sewered flow characteristics

The model provides extra information in two separate sheets: (a) a factsheet about the village
and (b) an estimation of the sanitation-related flows (septage, greywater and liquid manure)
which do not end up into the sewer network.

Mon-sewered Flows FACTSHEET-Village

a) Sheet FACTSHEET - Village: synthesises all the information about the village which has
been computed from the field work results; the factsheet consists of four different
categories: i) General characteristics, ii) Inhabitants, iii) Water supply and iv) Sanitation
system. This sheet mainly features the results from the calculations in Compsheet1.

b) Sheet Non-sewered Flows: provides information about:

o Septage: the quantity is roughly estimated based on the frequency of emptying
of bayaras and the number of trips per emptying event.

e Greywater which is not discharged in sanitation system: consists of the
greywater still ending in a drain/canal and on the streets.

e Liquid animal manure not discharged in sanitation system: consists of the liquid
manure discharged on fields, in a drain/canal and on the streets.

The characteristics of the septage and liquid manure are taken from the baseline data,
whereas the characteristics of the greywater are calculated through the MFA model.
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Interview Guide for Village Authorities and Representatives
48l 8 Cligad) ae AL Jul
- First Contact Visit 34 Jsi—

Contact: Philippe Reymond, ESRISS project coordinator, 0106 483 43 14 - philippe.reymond@eawag.ch

Materials: this semi-structured interview guide and detailed satellite images of the village (from
Google Earth).

Questionnaire for village authorities (Omda / Sheikh el Balad) daaall dlis)
1. How many inhabitants, how many households, how many buildings? Ol ane 53 g gall sl d2cla
2. General sanitation situation: el aall pua Sl
a. Bayaras and/or sewer system(s)? oy 4S5 ol 3 )l padiy
b. Any problems linked to sanitation? G gaa ol Alia Ja
3. Groundwater table 3 sal) slaall o guia
4. Location of drains and canals on the map oy jall e Cajladl s ¢ il yaas
5. If thereis a sewer: e lia K1)
a. How many systems? L shadll sae oS
b. Identify the locations of the main lines and exit points on the map iy Al e bagas
c. How many households are connected? If not, why? € 13Li ¥ 1S 131 ¢ Ledl Al sall ¥l aae oS
d. When was this system built and by whom? Ll a3 e
e. Cost per household — construction & maintenance? hall 5oL Al syl JS R8I
f.  Problems with the network(s)? A8l ae JSLEG Hla Ja
g. Which material for the pipe? sl 8 At cilalall L
h. Who is responsible for the maintenance (take the contact) ? (Aleall) dde Lliall e Jsdl (0

If there are bayaras: ¢_law 2 0¥ (IS 1Y)

a. Bayara emptiers: how many trucks, public/private, origin? $ies Y dxlis musll cly e 22c oS
b. Contacts of the bayara emptiers O i) 218
¢. Location of disposal points (map) ay 3l e o peall Ble (g0 palil) adle
d. Frequency of emptying Sl &l ye 220
e. Cost for desludging (cost per trip; is there any difference in the price according to the
season?) S sall Cana e CaBlial @llia Ja 5 (s jlaal) lpe 41 1 285 Lale
f.  Price difference between public and private truck(s)? 4w sSall ydalall cly yall G jaud) 38
g. What happens if someone cannot afford emptying? A gl ¥ (ad il cllia ol daasy 13l
h. Isthere someone in the village who builds bayaras? A al ) A edld Gl da

v. 26.05.2014 Page 1of2



ESRISS Project ea.‘ﬂfa.gooo

aquatic research

www.sandec.ch/esriss

i. Cost to build a bayara? bl ol A4lSS & e
j.  How are bayaras constructed (watertight or not, lining, bottom, measures to improve
infiltration)? (o8 A, H¥T) Sl ) oLl aty oS

k. Do farmers use wastewater from the bayaras in their fields?
0 siall 8 <l ) (e o paaall Blue () ga Dl axiin Ja

6. Quality of drinking water supply network: pressure, quantity, quality; everybody connected?
(Blaal) e 53, Aa)), Blaal) Jaiin) s o Bun (o8 AT o pllale ASail Al ga YT IS
7. What are the main professional occupations of the inhabitants? Ol alanal Al il gl ala
8. Are there significant differences in the inhabitants’ income and social status?
A Ml Cp amall (5 siaall s Jaall 8 il 5 (53 llia Ja
If yes: what are the different categories? Sl il o Le, Mans" ol adl IS
9. Are there any community members who play a special role in this village?
(Examples: leading an association, organising special activities, religious leaders, etc.)
(e Laiad Al adats Clinan apndiz Ul Qe o) 953 8 Lali |y 50 () sanly 3l 31331 (g0 (s llin Ja
10. Are there NGOs in the village? A Water User Association?
€ 3luall addiial dman 5 04 8l 840 Sa pe Cilalaia cllia Ja

11. What type of non-domestic building(s) are there in the village? Where do they discharge

wastewater? § oanall Coyall olya oy (il 5 € 2 a1 53 g sall A e sl A0 £l 5 e

Number & discharge place

gl (Sl g 2aall
Bayara | Sewer | Pipe to drain
Sy | | de il
Health centre dssasas
School A e
Mosque aala

12. Are there small industrial activities (e.g. milk factories, cattle or poultry farms)?

(eul_\”) 3‘)..}5...4 a:\.cl_\...a Adadl RESTY) JA

13. How many cattle does one household have on average? Do they live in the house, a separate
building or outside? (w4 r’i ol b (A ) andl 338 Gand &€ (daw siall) 3aa ol 5 ) LeShai Al S gaal) dae oS

¢ )i
14. Do farmers use manure and animal urine in their fields? BP NP FUR K PYEN LIPS PN REAY PL IR TS
Ask for contact number Ll S Jai] (Sar 3] ki o 5 520al ysialiad )
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Household survey questionnaire
bl il 73 sa

Contact: Philippe Reymond, ESRISS project coordinator, 0106 483 43 14 - philippe.reymond@eawag.ch
.ESRISS L\M\@A\qﬂ\wi sl (5 e gl (g peadll Jadl ¢ 5 piall (Gusia 2 gl ulid 1 Jial il

Team members: oY) (398 eliac
Person interviewed 4ililic i 5l adll) Questionnaire no JLuinY) a8 )
Surname | Date gl
Family Name Aikal) ansl Start time sl i
Household head?
End time sleis¥) i
(Al €)Y G Jpunal

Coordinates <Ll Duration 34l

Latitude uaxdl i Longitude Jshll ki | Interview completed?

CALEA JLaSiul 3 Ja

Version: 18.11.2014 Page 1 of 4
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HOUSEHOLD CHARACTERISTICS Jral) pailad -

How many households are there in your building? S5l ) axe S
How many people live in your building? § Cull 18 80 8 axe oS
Total 22l Jleal
Adults (18 and older) — men Jds
Adults (18 and older) — women Gl
Children (Boys / girls) Jlakal
What is the main occupation / source of income? £ Agda ) | il J3all jaae
Farmers g ol ez
Shop owners Jas Sl
Workers (builders, plumbers...) (&... 4Shu ol Jlac) Jale
Civil servants 4ide dedd Calige

To what type of sanitation system are you connected to? ¢ 4l Ja sall o pall & 5i L

Sewer network e i A0S
Bayara / Trench SRy
Pipe directly to drain ipaall 5 il call
If only sewer: go to section B1 Cl il (i i pom 4500 Lo 4/
If only bayaras: go to section B2 C2 ) 8l 5 Ly bis o

BLACKWATER — SEWERS sl -

For how long have you had a sewer connection? >l i yall dla el e 2ia
Do you face any problem with the network? § Capeall AS5 aa SO (o) Aal 5 o
How often does clogging occur (#/week)? § S 33 st g sl (85 je oS

How much do you pay per month for the maintenance of the network?
¢ Cayuall 4805 Alpn Qe jeal) b aii oS

Version: 18.11.2014 Page 2 of 4
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m BLACKWATER — BAYARAS <l ) -

Do you face any problem with the bayara? Bkl e COUSEL A 5
If yes: What kind of problems? (open ended) S B3 & 55 le
Does infiltration or exfiltration take place? 5kl (sl e et llia Ja

Winter Summer

. . 5 . .
How often the bayara is emptied (every x day)? What is the difference R )

between winter and summer?
Qeuja.“g_\u;éc Cadlid) ellia Llée)@ﬂ“fﬁ_)w\ &\)ﬂ\(ﬂgﬁfes

How many trucks are filled on average each time?
§ Lgana o Lo €550 JS 8 o Tiad ) il jal) dae oS

How much do you pay per month for the emptying? % lull o8 Jilie el JS adai oS

C

ANIMALS — MANURE [Explain relation to wastewater management]

(il slra B ol LgBle g gil) i) gaall AliLud) Cildlial)

How many cows do you have? ¢ LSl Al 8 gall 22e oS

Is there a collection tank (or hole) for the liquid manure (manual emptying) or is it
directly evacuated through a pipe?

5 50 A b Loyt o ol A 1 L s gl gpand ol lin o

If presence of a tank: How often are you emptying the tank? ¢ cle Il & )& a3 3 j oS

What is the final destination of the liquid manure? § Jiludl 028 sl i)
Bayara / Trench Bk
Sewer network e b yea A0
Canal / Drain (including pipe to drain) Cipaadl i de 1)
Street gkl
Fields BN
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16

17

18

How many water meters for the house? ¢ Joadl slaal) Hlalae dae oS

Is there any kind of problem with the water supply?
¢ il olye duali JSLES lia Ja

What kind of problems? ¢ O o L

Interruptions: frequency (time/week) and duration (hour) fobuall 8 g Uasi] cllia Ja
€ sl 5l 5 yal b g Uil Aol oS5 € & el 3 pUEY) il je 220 oS

Pressure: good/bad $ 2 ol o € oliall lara S
Do use an engine to pump the water? § olaa (s 50) Adan padinsi b
Bad taste, smell s pada o) A
FIRST READING OF THE WATER METER: sluall alac 3¢ 3
Number of people connected to this water meter? Blaall dlac 3¢) A
SECOND READING: A=l A0l 3 ) yal)

Number of people connected to this water meter? (crosscheck during second water
meter reading) Bl daad axdiidl IS dae

MOBILE NUMBER: b gall o8,

Version: 18.11.2014
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The ESRISS project deals with the sanitation planning gap in Nile
Delta villages which cannot be connected to large centralised
treatment plants. Led by the Swiss Federal Institute of Aquatic
Science and Technology (Eawag-Sandec) in partnership with the
Egyptian Holding Company for Water and Wastewater (HCWW)
and funded by the Swiss State Secretariat for Economic Affairs
(SECO), it aims to provide baseline data, policy recommendations
and planning tools for the scaling-up of small-scale sanitation in

Egypt.
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