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INTRODUCTION

The selection of the most appropriate water and wastewater treatment

method for developing countries by using the predictive model is not limited
to situations where an electronic computer is available. A manual
computation method has also teen devised. The purpose of this supplement

is to present the manual computation method in a step by step manner so

that a planner can take advantage of the systematic approach developed
within the computerized mode]x The steps presented yield the same results
as the computerized approach. This supplement will only deal with the
simple manual computation method. The detail approach of the model is

\not included here and it should be found in the model publication.

The twelve steps to manually determine the most plausible treatment method
are as follows:
1. Assign weights to the data sheet questions necessary for
determining the STL level for the commumity under considera-
tion. HWeighting factors are shown in Table 1, and an

example of a complete data sheetiis shown in Figure 1 on
page B-1 to B-8.

2. Total the assigned weights as specified in Table 1
for each of the designed individual questions.

3. Compare the above total to Table 2 to determine the
socio-technical level of the community.

4. Determine the operation equipment availability.
5. Determine the process materials avaiiability.

6. Determine the operation and maintenance supplies
available.

7. Determine the chemical supplies availability.



Table 1. Data Shest Walghting Facturs for Technology Level Determination
for Communities ia Lesc Daveloped Countrles.

——

v

Varicble Data Shest Part NI Fomible Welghting
Description : Question No,'s 1-19 Cholces Factor
Level of Educ. 1 1 0

2 5
3 10
4 15
Distribution of Labor
force 2 1 0
2 5
3 10
4 15
Income Choracteristics 3 ¥ 0
2 4
3 ]
4 12
5 15
% non-idigenous workers
., In Gov' t oand Industry 4 ! 4
2 3
3 C2
4 \
5 0
School ogerutors 5 1 0
2 5
Highest grode offored by local 6 0 0
16 2
7-10 4
1n-12 7
12+ 10
Distance to nearest high school 7 1 3
2 2
3 ]
£ 0
Availability of technlcal &
vocational training ‘8 1 5
. 2 0
Compulsory Primary Education 9 1 10
2 0
Availability of Inservice train=-
Ing progroms 10 1 5
2 0
Local Coltege or University L1 1 10
2 0
Chemistry in local college 12 1 -3
2 0
Unemployment laval 4 1 0
2 5.
Avallability of extension
services 15 ] 3
2 0
Schools of local college students 16 1 0
2 3
Level of technology available 17 ; g
. 3 10
4 15
Gov't os a lobor ueer 18 1 0
2 >
Avallability of public smploy-
mant services . 19 ; . :




Table 2. Socio-Technical Level (STL) and Their
Corresponding Weights

Socio-Technical Level (STL) Total Weighted Factors
| I 1-23
11 24-51
I11 51-93
IV 93+




8. Compare the basic processes and their requirements (Table 3)
against the physical resource groups (these are
determined by Steps 4-7).

9. Compare the various combinations of treatment processes
as outlined in Table 4 to the water quality of the
community obtaired from the data sheet for the community.

10. Compute the population scale as given in the data
sheet (Figure 1) according to the following guidelines.

Estimated Population Population Scale
500 - 2,499 1

2,500 - 14,999 2

15,000 - 49,999 3

50,000 - 100,000 4

11. Determine the total cost of construction and operation
over twenty years for the remaining combinations (deter-
mined by Step 9) of feasible processes using the
appropriate scale (see Step 10) and the appropriate
STL level (see Step 3).

12. Select the lowest total cost process or the lowest main-
tenance cost combination of processes determined by Step 11.

A MANUAL COMPUTATION EXAMPLE

In the preceeding section the basic steps were presented. This section
i1lustrates how to implement these steps. The example data sheet is
presented in Figure 1, the Water and Wastewater Treatment Planning Model
Data Sheet (page B-1 to B-8).

1. Using the data supplied in Figure 1, assign the correct
weights as specified in Table 1.

Data Sheet Question, Part III No.* Weighting Factor




Table 3. Water & Sewage Treatment Processes With Essential
Components for Operation
Process :;2:5:::;“ Resourcesa Required
Requirements
. g
3 3
H -3
£ sle | &3
Treatment S ) g P - - rie)
Methods 2w - 3 a el 2 ¢ 8 3%
v a - - v ©h ] i ot € mi
QL0 K] -t St e oot 7] 2 ] I ]
. °g 0 ol o 93 ° o a o LR
ez | Sl a| & |88 & |R23| 6§ |52
No Treatment PWl L] o o
Pre-Treatment PW2 ® L
(7]
ta| Slow Sand Filtration PW3 ® ®
[72]
vy | Rapid Sand Filter-Conv.| PW4 o ° o L L L
(5]
o | Rapid Sand Filter-Adv. | PW5 o ° o L |
o
x| Softening PW6 o 4 o o o
a
Disinfection W7 L o d d
o
wy | Taste~Odor - Fe, Mn PW8 . o o od ’
. .
< | Desalting-salt PH9 o | o o ¢ | o
x t
Desalting-Brackish PW10 LN e o L4 L
Containment Filter PW1l L i o
@
Primary~Conventional Ps1 14 i
]
‘Primary-Stab. Pond PS2 ° ¢
Sludge-Conventional PS3 ® o A o o
Sludge~Advanced PS4 L i ® o o o
o | studge-Combined (Imhoff)| ss © ® o
v | Secondary - Standard P P ® )
n Filteyr PS6
W | Secondary - High Rate pS7 ° ® ® ® e Py Y
o Filter
O | Secondary - Activated o P ® ®
o Sludge PS8 b hd
f+ | Secondary - Extended PS9 ° ° ® °
Aeration
o | pisinfection PS10 ® o .
: Aqua Culture PS11 o
= Dilution PS12 o
Individual ps1 | @ o
Individual (adv) PS14 ® ® o °
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Table 4. Acceptable Combination of Treatment Processes for Potable Water

CRITERIA LEVEL
Combination . PROCESS Rav Water Concentration Receiving Woter
CODE COMBINATIONS
cor Solids mg/l Receiving Water Volume (7-day
"Pi1/100 al Turb Or.h'er Low Flow Level)/Waste Volume
w1 VL 1-2 10
w2 PWL + PW7 i00 10
w3 PW3 100 100
. w4 P2 + PW3 300 800
: LH PW11 300 800
: 13 PW4 + PWT 2,000 100
: w7 PW2 4 PW4 + PW7 3,000 1,000
: w8 PWS + PW7 2,000 100
- w9 PW2 + PW5 + PW7 3,000 1,000
: w10 (any -cme. of Wl.to W8) + PW6 300 Hardaess
: 1381 (aay one of Wl to W8) + PWB 1-3 Fe & Mn
w12 PW7 + PW9 »3000 1DS
W13 . PWI + PW10 >2000 TDS
s1 PS1 + PS5 20 (or 3-4 C¥3/1000 PEe)
s2 PSL +ps3 20 ¢ " )
- s3 PS2 10 (or 1.5-2 " ™ )
: sé S1 + PS6 6 (or 0.9-1.2 " )}
: sS PS1 + PS9 3 (or 0.45-0.6" )
s 86 82 + S 6 (or 0.9-1.2 * )
- s7 S2 + P87 5 (or 0.75-1 " )
- S8 ' S2 + PS8 4 (or 0.6-0.8 * )
< | s (say one of S1 to S7) + PS10 250 2 (or 0.3-0.4 " 3
: S10 PS3 (Without weter garriage) . - NA
@ S11 PS11 10A (or 1.5-2 ™. )
s12 Ps12 40 (or 68 " )
513 PS2 + PS12 8 (or 1,2-1.6 " )

* Tne unit is defined as cubic feet per second of receiving watar flow rate/1000 populaiton equivalent. A population equivalent is & waste equivalent

to onc ocroon per day, nornally taken as 0.17 16309/day.


http:any-one.of

Data Sheet Question, Part III No.* Weighting Factor

il oo obelel B

2. Total the weighting factors from Step 1:
Totai Weights: 70

3. Compare the total of the weighting factors to Table 2
as follows:

Socio-Techrnical Level Total Weighted Average Per Capita Consumption

(STL) Factors Range of Water Per Day_(gal/cap/day)
I 1 - 23 25
II 24 - 5] 50
IT1 51 - 93 75
IV 93+ 100

STL for this community = 3

Estimated per capita consumption 75 accl

4. Examine question No. III-20 (Figure 1) on the data
sh~et. If three or Tess of the eight items are
checked, then this group of operation equipment is
considered available:

Operation Equipment Available 124,
Not Available

* No. 13 is omitted; it is used for a purpose other than weighting.



Examine question No. III-21 {Figuie 1) on the data sheet.
If three or less of the seven items are checked, then
this group of progress matarials are considered available.

Process Materials Available 11&
Not available

Examine question No. III-22 (Figure 1) on the data sheet.
If two or less of the maintenance items are checked, then
this group of operation and maintenance supplies are
considered available.

Operation and Maintenance Available 125
Supplies
Not available

Examine question No. III-23 (Figure 1) on the data sheet.
If three or less of the eight items are checked, then
this group of chemical supplies is considered available.

Chemical Supplies Available Yes

Not Available

Surmary of Physical Resource Availability

Physical Resource Availability (yes or no)
Operation Equipment Yes
Process Materials Yes
Operation and Maintenance
Supplies Yes
Chemical Supplies Yes

This step involves a comparison of several factors *o
determine if any or all of the basic processes must be
eliminated because the community does not have the
resources available. The primary tool for this compari-
son isTable 3, Water and Sewage Treatment Processes
with Essential Components for Operation (Table 3 is

also shown on page 21 of the Model). Two general cate-
gories of requirements are considered. They are man-
power and resources required. In the category of
manpower the following guidelines should be used.

a. In Level I communities basically only unskillad
manpower is available. (category C only--see
definition below).



b. Level II communities have unskilled and semi-
skilled, and some skilled labor available
(categories C and B only).

c. Level III communities with populations under
50,000 have unskilled and semi-skilled and
some skilled labor available. In Level III
communities with population over 50,000 and all
Level IV communities every categories of manpower
are available.
Manpower categories - Category A : Professional
Category B : Skilled and Craftsmen
Category C : Unskilled-Semiskilled

Category A and B occupations require a substantial
amount of special formal training. Hence the sources,
volume, and timing of their supply is relatively
easy to identify. In category C, by.contrast, most
individuals master these skills by relatively non-
formal means in the plant and on the job and do not
undergo formal courses nor pass through formal
in-plant training schemes. This is true even in
those craft occupations that for generations have
been termed "apprenticeable". It is even more true
in most of the new "industrial" skilled manual
occupations, which have emerged since the industrial
revolution. The skills cannot normally be gained
away from or outside the employing institution
because of the nature of the operation or the
special machinery and equipment involved or the
working environment itself.

The main supply of category B cccupations, which
require a secondary school education plus two to

three years of vocational training, is produced by the
training schools and schemes maintained by ministries
of the government which operate them to meet their

own specialized requirements. In many LDC's these
facilities are generally well-established.

A check on the data sheet (Figure 1, Part II) shows

that the population is above 50,000. Therefore none of
the processes are eliminated because of the availability
of manpower in the larger cities.

For the resources required, it is necessary to carefully
compare each of the processes and its requirements against
the summary of resources available listed above. If

a process requires a resource that is not locally available
then the process should be eliminated from the number

of feasible processes. (In this example no processes

-9-



have been eliminated because all physical resources
and manpower requirements have been met.)

List of the Feasible Processes

Water Wastewater
PW | Ps |
Pw2 PS 2
_Pw3 PS 3
PW4 Ps 4
_PWSE PSS
_PWE PSS e _
PW1 Ps 1
T NITE
P WO S0

At this point the process combinations obtained from Table 4,
Acceptable Combinations of Treatment Processes for

Potable Water (also shown a° Table 3 in the Model), can

only be made up of the above basic processes, and they are
examined to see if they can be used to process the water
given that the water quality is as specified on Part IV

of the model data sheet (page B-8).

In short, the above processes are compared to Table 4.
The combinations selected as feasible are those *hat are
capable of treating the raw water concentration as
specified on the data sheet and within the constraints
given in Table 4 and contain only those feasible basic
processes as listed in Step 8 above. The same technique
applies to the selection of feasible wastewater treatment
processes.

List the feasible combinations:

Water 1. PWI + PwT
2. Pwz + PW3
3. _ PW4 +pPwWT
4. Pwe + PW4 + PW1
5. PW5E + PWT
6. Pwz + PW5 + Pw1
7
8
9.
10.

-10-



10.

11.

Wastewater

1. PSI + Ps 5
2. Psi+ PS3
3 PS 2

4, PS | + PS5+ PS 6
5. PSs|I + P59
6

7

8

9

PSS+ PS3+t PST
PS{ + PSs3+ PS8

10.

The population scale is determined from the following table:

Estimated Population Population Scale Factor
500 - 2,499 1

2,500 - 14,999 2

15,000 - 49,999 3

50,000 - 100,000 4

The population scale factor for the community under study is
determined by taking the population given in Part II of the
data sheet (Figure 1) and comparing it to the estimated
population groups as given above.

The results of this combarison are given belcw

Actual Population 6018 |

Population Scale Factor f};

At this point the cost determination for the feasible
combinations can be determined. The objective of this step
is to determine the construction, and operation and main-
tenance costs for a 20-year period for all of the feasible
combinations that have been selected. To determine these
cost, costs associated with each of the basic processes

are calculated and then combined together to arrive at the
estimated costs of the feasible combinations of processes.
The source data for the various water treatment costs is
contained in Appendix D of the Model. There is one table
for each of the processes in Step 9 above. The first
feasible combination is PW 1 + PW 7. The cost and manpower

-11-



requirement for the basic process PW1 can be determined
as follows:
Type Estimated | Cost/Capita| Number| Total| Maintenance Manpower
of Cost | Population| by Scale & | of Cost* Requi red
STL Years Unskil] Ski11[Prof
Construction| 60,191 !
Operation 69,19 | 2.0
Total Cost =
The cost and manpower requirement for PW7 can be determined
as follows:
Type Estimated | Cost/Capita |[Number| Total| Maintenance Manpower
of Cost| Population| by Scale & |of Cost* Required
STL Years Unskil1] Ski11]Prof
Construction| (o (8] l
Operation 6o, (8] 20
Total Cost =
Summarizing
Basic Process
for Combination 1 Total Cost

PW 1
PW 7
Combination Total Cost 30711 20

Each of the feasible combinations must be calculated in
the sama manner and thus total costs for all of the
feasible combinations for water treatment are obtained.
The total cost for the various combinations is summarized

as follows:

*
Total Cost

Construction Cost + Operation and Maintenance Costs
(Estimated Population)(Construction Cost/Capita by

scale and by STL) + (Estimated Popu]ation;(Operation
Cost/Capita by scale and by STL)(20 years

-12-



'Ebmbination Basic Processes| Total Cost| Operatin Man:owerl

Unskill ro

1 PWw! + PwT 307120 4 o |0

2 PW2+ PW 3 1005295 5 0 o

3 P4+ PWT 64-5]/526 6 2 L

4 Pw2tpwa+pwt]| 6l 62130 6 Z |2

5 PWE+ PWT 1596342 2 i |

6 PWRH+PWs+PWT|q] (4872 6 2 |2

The final step in the process selection method involves the
selection of the lowest total cost combination 1isted above.

Lowest total cost process combination selected: Pw ! 1+ PWT

The computerized version has an additional feature that the
manual method does not have. That is the steps one through
twelve are simulated at five year intervals for a period of
twenty years. Inherent in these simulations are population
increases and a modest growth -in the technological level of
the community.

-13-



Figure 1
AN EXAMPLE OF
THE WATER AND WASTEWATER TREATMENT PLANNING
MODEL DATA SHEET

General Information

1. Location of Community

City Name Nakuru

State or Province Rift Valley Region

Country Kenya

2, Planning Group or Agency Rift Water Center

Demographic - The model requires some basic population data for the purposes of
capacity planning. ivio inputs are required. If local or site data is not available
please use a national estimate and also indicate whether it is national or local
source.,

Answer either A or B.
A. 1. Present Population - The figure or estimate of the present population
should reflect the number of inhabitants that the proposed water or

wastewater: treatment facility is going to serve.

Actual population 60181 or estimate the followirg:

(1) Between 500 and 2,500 people

—————————

(2) 2,500 - 15,000
(3) 15,000 - 50,000
X __ (4) 50,000 - 100,000

(5) Source

2. Annual population growth rate 1.8 or estimate in the following:

(1) Less than 1%

(2) 1% -1.5%



(Figure 1 Continued)
(3) 1.5% - 2.0%

4 2.0%-2.5%
(5 2.5%-3.0%
____(6) 3.0% ~3.5%
_(7) 3.5% ~4.0%
_____(8) Greater than 4%

(9 Source

B. Population estimate at last census

Date of Census Source of Census

Annual Growth rate at time of last census or present annual growth rate

Socio-Economic Data - The purpose of this section is to gather enough information
abaut the community so that it can be classified into one of the four levels of. devel-
opment. The approach has been to request information that is generally available
and can be obtained on a local level. Please include any other information you
feel is relevant.

CHECK THE MOST APPROPRIATE CATEGORY FOR THE FOLLOWING QUESTIONS

1. Average level of education obtained by inhibitants living in the community.

High Technical

Level None Primary School Institute College
(1) 95% 4% 1% 0% 0%
(2) 70% 19% 7% 3% 1%
x (3) 55% 22% 14% 6% 3%
(4) 9% 34% 42% 8% 7%
(5) Other




(Figure 1 Continued)

2. Average distribution of labos force in the community .

Level Unskilled Semi-Skilled Professional
(V) O 97% 2% 1%
X (2) 80% 16% 4%
(3) 61% 27% 12%
4) 45% 30% 25%

3. Annual average income per family in your country's currency.

amount unit

If available, also check the approximate U.S. dollars equivalency of this amount
shown in the following.

(1) Lessthan $100
_(2) $100 - $500

__x_ (3) $500 - $1,000
______(4) $1,000 - $3,000
(5 Greater fhar; $3,000

4. Among the highly skilled and technical workers (for example, engineer, chemist,
etc.) what percentage of these is non-local or non-native people.

[ ]

A1) Less than 10%
— (2) 10% - 25%
—x (3) 25% - 50%
(4 50% - 75%
(%) 75% - 100%

3. Are there any primary and secondary schools operated by voluntary or missionary
organizations rather than the government itself?

(1) es X (2 No

B-3



(Figure 1 Continued)

6. What is the highest grade offered by local schools on a regular basis?
(Circle one)

:23.456789101112@

7. If the number selected in #6 above is less than 12, how far away is the near-
est high school offering the 12th grade?

(1) Less than 10 miles (or less than 16 kilometers)
o (2) 10 - 30 miles (or 15 - 48 kilometers)
(3) 30 - 50 miles (or 48 - 80 kilometers)
(4) Greater than 50 miles. (Greater than 80 kilometers,)

(5) Other (specify)

8. Are there any technicai or vocational schools in the community?

_x__ (1) Yes | (2) No
9. Has the community achieved compulsory primary educuiion of at least six
years?
(1) Yes x (2) No

10. Are there any formal in-service training programs by either the govemment
or local industry for their employees?

_x (1) Yes (D No
11, s there a college or universityin the local community?
(1) Yes X (2) No
12. Does the university have a chemistry department or laboratory?
(1) Yes _ X (2) No

13. How do you rate the ability of the community to finance a water and sewage
treatment project?

(1) Unable to repay; the project is a gift because the beneficiaries are
poor.,

(2) Limited ability to repay; however, the benefits exceed the costs.

B-4
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(Figure 1 Continued)

(3) Repayment prospects are good; the beneficiaries have relatively high
incomes.

14, Is unemployment widespread?
X (1) Yes (2) No
15. Are advisory services widely available to farmers for community development or
for other programs designed to upgrade the skills and enlist the participation of
the inhibitants?
(1) Yes X (2) No
16. Do most college or university students of the community receive their educa-
tion in neighboring communities, neighboring countries, or other foreign
countries?
x (1) Yes (2) No
17. The level of technology available can generally be classified as
(1) Hand tools only

(2) Mechanical tools (i.e., gasoline powered equipment)

X (3) Chemical products (fertilizers, chlorine)

(4) Electronic technology
18. Does the government domina.te the labor market?
(1) Yes | _x_ (@ No
19. Are public employment services readily available?
_x_ (1) Yes | (D No

Questions 20-23 relate to the availubility of materials and equipment. Check those
items that arc never available in the community.

20. Operation equipment. Which of the following are never available in the local
community?

(1) Water meters
(2) Soldering equipment

(3) Acetylene torches



(Figure 1 Continued)

(4) Recording devices - such as thermostats
(5) Laboratory equipment i.e. test tubes
(6) Porfal:he power plants i.e. gasoline powered electric generators
(7) Motors i.e. 1-3 horsepower electric motors
_____(8) Water pumps

21. Process materials. Which of the following are never available in the local
community?

(1) Pipe (clay, steel, cement, plastic, copper, etc.)
_____(2) Pipe fittings
(3 Paint
_____(# Valves
_____(5) Tanks
(6) Vacuum gauges
@) He;:f exchangers

22, Operation and Maintenance supplies: Which of the following are never avail- _
able in the local community? '

_____;_(l) Silca sand

_____(2) Graded gravel
(3) Clean water

____(4) Gasoline

23. Chemicals supplies: Which of the following are never available in the local
community?

. Al2(SO4)3 (aluminum sulfate)
(2 FeCI3 (ferric chloridg)
(3) Activated charconl
_____(4) CaO (lime)
- B=6



(Figure 1 Continued)
(5) NaCo, (Soda ash)

L (6) CI2 (Chlorine)
_ X 7) 03 (Ozone)
__X (8) Laboratory chemicals
24. Major Water Source (check appropriate category)
(1) River or stream
X (2) Loke or impoundment
_______ (3) Wells
(4) Sea or brackish
25. Approximate per capita water demand (daily)

(1) Current demands 75 in gallomns (units)

(2) 10 year projection:

26, Is ground water available?

x_ (1) Yes (2) No
27. Are wells already drilled? Current Capacity? mgd
(1) Yes X (2) No

28. Is a central wastewater collection system in existence?
x__ (1) Yes (2) No

29. s the following wastewater data available? Please fill in the percentage of
people in the community that are:

(1) Currently connected to the system %

(2) To be connected within 5 years of the ,
start of the project %

(3) To be connected within 10 years %
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30. Are industriol and commercial concerns using the wastewater system and if so,
in what quantity (in thousands of gallons)?

(1) Currently

(2) Within 5 years

(3) Within 10 years

IV. A. Raw Water Quality - The purpose of this section is to provide as input to the
model the results of tests that have been carried out on the input or raw
water. Presently, the results of seven tests are requested; however, only two
are required, turbidity and coliform.

(1) *Number of coliforms 75 (MPN/100 mi)
(2) *Turbidity 92 (mg/| or JTU)
(3) BOD (mg/1)

(4) pH (0 —>14)
(5) Dissolved oxygen (mg/1)

(6) Temperature (°C)

(7) Chlorine (mg/1)

B. WasteWater Quality:

(1) *Hardness (mg/1)
(2) *Total dissolved solid (mg/1)
(3) *Dilution (CFS/1000 PE)
(45 *Fe and Mn (mg/1)

*Data needed for the predictive model
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