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REPORT:SUMMARY
 

A 1i', Project Title: 	 LOWER COST METHODS OF WATER AND WASTE 
TREATMENT IN LESS DEVELOPED COUNTRIES 

Contract Number: AID/CM/TA-C-73-13 

2% 	Principil Investigator: Regents Professor George W. Reid 

Contractor: 	 -The university ot Oklahoma
 
Office of Research Administration
 
1000 Asp Avenue, Room 314
 
Norman, Oklahoma 73069
 

Contract Period:o 	 From 3/1/73 to 12/31/75 

4. --Period:Covered by Report: 6/1/74 to5/31/75 

5. 	 Total AID Funding of'Contractto Date: $269,000 

6. 	 Total Expenditures and Obligations through Previous Contract
 
Year: $59,400
 

7. 	 Total ExpendTtures and Obligations for Current Year: $135,000 

8. 	 Estimated Expendituresfor Next Contract Year: $74,600 

B. Suimary ,ofAccomFlishrents and Utilization 

in relation to the research objectives, the following accomplishments have been 

madeduring the. report period and life of the project: 

1 Prediction Mdel --- its process and resource matrices are com
.plete, and field evaluation under way. 

2 Dbto format complete, and undergoing field testing, 

3 Two levels of field test kits complete and undergoing tests. 

4 Contractual studies for processes and at sites 6onstituting a globalnet
work have been initiated, work identifild iand contracts concluded, 
Processes inc!ude: 

(1) Slaw sandfiltitlona. 	 Water: 
(2) 	Alternatives to chlorination 



(3) 	 Rapid'sand filters; valve less, dynamic, 
multimedla, multideck-settlers 

(4) 	Containment filters, coconut, rice, etc. 

b. 	 Sewage: (1) Lagoons, oxidation ponds 
(2) 	 Night soil 
(3) 	 Algae and fish production 
(4 	 Estuarial disposal 

Aerated Lagoons 
5. 	 Contractual studies for states of the art, cost and demand valida

tions, survey of innovative practices and historic studies are well 
underway. 

6. 	 Initial plans for documentation (5) and global workshops are com
pleted. 

In summary, the project foundation is well established, and the state of art papers and 

project process contracts are well underway. Provisions for initial model tests and 

dissemination through a global conference have been made, in addition to a substantial 

amount of cooperative and complementary effort from PAHO/WHO/ IRC/WB and others 

forthcoming. 



CONTENTS
 

A.Introduction and.Background.,..* * .. .	 1page 

B. .Statemert of Proiect Objectives as Stated in the Contract .... 

C. c6ntnued Relevance of Obiectives. . . . . . . 0 4
 

Do Accomplishmentstoar ...... . . . . . . . . . . . . 6
 

E. Utilization and Dissemination of Results . . ...... . . . , 10
 

F. Statement of Expendituresto Date e e a a a o a 11
 
Significant Problems and Effects . . . 12
 

G. 	 Work Plan and BUdget Forecast for the Final Period . . . . . . . 13
 

Figure 1. Lower Cost Methods ofWater and Waste Water Treatment
 

Appendix I, 6 Models
 

Budget Statement fortheFinal Year. ... ........ 15
 

inl-ess DevelopedC ioUnies 5
 

Figure 2. Data Flow for Water Treatment Method Planning Model... 7
 

Figure.3. Activities Chart . . . . . . . . . . o . . . . . . . . 16
 

Table USAID/OU Global-Program . . . . . a. .* . . . 9
 

Information andling and Demand/Cost 


Appindix. 1L. Sub-Contractedr Studles
 

Appendix Ill. claborted Studies
 



ANNUAL RESEARCH REPORT (1975)
 

A. Introduction and Background 

Research on the present contract has been in progress for 27 months and an addi
tional seven (7)months (not including any extension) remain on the present can

tract. The basic rationale of the project was to see if it would be possible to 

forecast which of the many available water and waste water treatment processes 

could be looked at from the frame of reference of maximum compatibility of in

country resources. 

For many years developing countries have been using developed countries' tech

nology without modification, sometimes to their detriment. That is, treatment 
devices used were simply not compatible with in-country manpower and natural 

resources. Each failure of an imported high technology resulted in wasting local 

resources. Not only are public funds normally invested in such development but 
the non-effective uses of such funds in a particular country could also deprive it 

of other public services, and in some instances, a failure could result in the de

fault on loans to develop water resources. 

The project to date has developed a methodology for comparlLig processes and re

sources directed towards the most compatible in-country process selection. Four
teen (14) in-depth process studies are now under contract, at anetwork of nine (9)global 

LDC sites, utilizing five (5)different water treatment studies and six (6)wastewater disposal 

studies. (See Table 1) These are directed primarily at demonstrating the value of unique 
and adaptive technological transfers. The processes are representative of the most 
likely candidates. As originally proposed, site contracts are appropriately divided 
among Latin America, Africa, tHe Middle East (including North Africa) and the 

Far East. In addition to these activities validation of the application of the user's 
modelI the historic studies of the use of water and sewage Frdeveloped countries,. 
and the testing of the analytical support kit are being conducted. Concurrentwith 

theseare ithe state of the art documentation and an innovative technology survey 



of unpublished information on processes in' developing countries. For dissemination, 
a technical workshop, publications, and global conferences are planned. 

Throughout the life of the project,contact has been made with as many inter
national agencies and organizations aspossible. Widespread interest hasdeveloped 

in the project and its expected work products. Much cooperation and some co lla
boration (WHO primarily) with agencies such as UNEP, World Bank, etc., has been 
established. Most of this activity will intensify as the project moves into its dis

semination phase. 

B. Statement of Project Objectives as Stated in the Contract 

The contract was to develop a system of matrices dealing with processes and in
country resources, that could be brought together in such a fashion as to identify 
processes that would be optimal in terms of resource conservation in LDCs. 
Specifically, it would be technology appropriate to the ability of a country to 
supply the resources to build and operate it. Once the matrices were developed, 
in-depth studies at global sites representative of appropriate water and sewage 
treatment processes was to be made to see 1) if the conceptional approach was sound 
and 2) to ascertain overall performance of 4-5 processes each. After the methodology 
was developed and tested in the field and the unique and adaptive processes studied 
in depth, the final order of business would be to its documentation then to find what is 
necessary to bring them to the useful attention of those involved in this activity. 

Although the contractual objectives have not been modified, the scope and purpose 
of the project have, of course, lead to a better definition of the objectives, in
cluding identification of sites where appropriate technologies can be tested, idenifi
cation of a data management system, and preparation of 'State of the Art' documents 

on the various processes. 

Questions also arise as to the types of activities necessary to get DevelopingCountries' 
acceptance of thelmost 'a iate, echnology. That is, todeterminer if Dveloping.pro 



Countries will be willing to use older, tried and proven processes that are more 
in keeping with their resources rather than developed countries current technologies. 
The older types of treatment historically were adequate for developed countries as 
they developed, so an effort will also be made to identify them. Because of their 
concern for utilization of the project's finding, both WHO and UNEP will assist 
in publishing and dissemination of the project' s final products. 

Additional enhancements of the project also include the development of the classifi
cation of performance tests to insure the adequacy of any given processes, an in
country analytical kit, for process data the identification of manpower requirements 
and, perhaps, educational remedies such as relevant short courses. 

The specific objectives are: 
1. 	 To develop a system of matrices dealing with treatment processes


and in-country resources that will help to identify and select the
 
optimal process(es) in terms of in-country manpower, material 
and acceptability; 

2. 	 To develop state of the art documents on adequate LDC processes,
through literature search, use of experts, LDCs' mail survey as 
well as through the development of field validation studies of 
lepresentative processes. These are selected to cover the impor
tant processes and the global factors such as human, social and 
economic resources, levels of technology, size, climate, etc. 

These studies are to be conducted by LDC contractors assisted 
and monitored by the Uniyersity of Oklahoma Project staff and 
other experts. 

3. 	 To develop and test an in-country analytical kit for supporting

the control and/or the evaluation of treatment processes.
 

4. 	 To conduct a Technical Global Workshop on Low Cost Methods
 
of Treatment of Water and Waste Water in Less Developed

Countries to bring technical experts and contractors together

to exchange ideas, approaches, and findings and to review
 
and evaluate the program.
 

5. 	 To integrate the project findings into a technical document (or

,documents) to be published with WHO assistance and to structure
 
and conduct with UNEP three global conferences to bring the 
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findings to representative decislon-makers on the selection of 

treatment processes in LDC's. 

The overall project information flow is shown in Figure 1. 

Continued Relevance of Objectives 

Although many facets of the project have been worked on by others around the 

world, and some have made progress, there are a few who have worked on the 

entire sysiem. Relevance of the objectives has naturally increased because of 

accelerating interest of international agencies, developing importance of tech

nological transfer and especially in that of water and waste water treatment. In 

fact, the project has developed into a truly global one, with a "snowballing 

effect" with numerous national and international participants becoming meaning

fully involved. The scope of the global contracts developed are very comprehen

sive in that the methods of treating water and sewage which may reasonably be 

used in developing countries are completely covered. The contracts themselves 

are more in a nature of catalyzing effect. The subcontract monetary amounts are 

rather small;. the funds are usually only for graduate assistants at universities and/ 

or for providing special materials. Of real importance to the participants is that 

of being involved with the global effort and having a mutual possibility of exchang

ing information at their various levels of expertise. 

It has not only been interesting but gratifying to learn that more and more inter

national agencies have "discovered" the need for more assessment of the state of 

the art relative to water and waste treatment processes in developing countries. 

The latest activity has been the formation of the "Ad Hoc Working Group on Rural 

Potable Water Supply and Sanitation," made up of representation from UNICEF, 

UNDP, UNEP, IBRD, WHO, IDRC, and OECD, who have recommended the under

taking of the development of a global network of sites to study processes similar to 

that initiative through this project. 

This group recently surveyed selected institutes in Asia, Latin America, and Europe 

in an attempt to determine in effect the state of the art of rural potable water supply 
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and rural sanitation. Ultimately the group intends to recommend the establishment 
of a new international effort:to provide more knowledge, trained manpower, and 
new methods to solve the rural problems of water supply and sanitation. 

Although the Ad Hoc Group is supposedly concentrating on the rural aspects of 

water and waste treatment, it in effect is overlapping the current AID/OU study. 
Every effort is being made by the Project Director and his staff to keep all such 
groups informed of the project' sprogress and to encourage cooperation and coordina

ion at all levels of time and effort. 

In keeping with this need for coordination and cooperation the IRC/N Lwill 
correlate their $250,000 study on slow sand filters with those smaller funded 

studies of the project. 

The engineering firm oF Camp, Dresser and McGee has agreed to test Tne preaiCrive 
modelon four sites; two in the Philippines and two in Indonesia; Columbia (USAID). 

Others indicating support and cooperation are: 
1. 	 The World Bank indicate a need for the State of the Art Documents 

currently under preparation. 

2. 	 AID is interested in using a modified kit in Zaire. 

3. 	 WHO, PAHO and others have agreed to help support the inter
national workshop and to aid in publishing and disseminating the 
results. 

D. Accomplishments to Date 

The detailed matrices are completed and operational; the resources model with a 
useirs manual is completed, computerized and operational; the process matrices 
..that accomany the resource model are completed; the data formatting is completed 

1*These techniques were reported in the first Progress Report. The model is shown in 
Figure,2. 
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and has been communicated to the International Reference Center for incorporation
itoa Study to locate innovative technology in LDCs. The needs of water and 

waste disposal in terms of the demographic and scio-economic parameters of LDCs 
are being determined-(Appendix 1). The problems of data availability are begin
ning to resolve tlIemselves in sampling and data processing. 

As was stated earlier, the work has been undertaken in two broad divisions. One 
involves literature search, documentation of the various matrices, and the testing 
of these matrices and processes under actual LDC global conditions. The other 
involves in-depth at site studies of representative, unique or adaptive technology, 
costs, suitability, etc. Initially it was envisioned that possibly only three global 
coordinating sites*might be selected: one in Latin America, one in Africa, and 
one in Asia. This approach has been modified since it habecome apparent that 
we need several sites in Latin America (coordinated through CEPIS) and perhaps 
two smaller ones in the Caribbean. It also became apparent that we needed sites 
in the Middle East as well as in Africa. The division there has been between the 
arid and sea contiguous or fringe Middle Eastern Arabic countries, and those that 
are basically in the East and West African domain. 

All of the sites have been visited, and are under contract (see Table 1). These 
contracts are tabulated in Appendix 2. The site data format isbeing finalized 
in cooperation with IRC/NL. As has been indicated earlier also, a number 

of collaborated studies-have also been arranged and are shown as no cost items in 
Appendix 3. 

The selected technical experts are functioning in two roles, one to visit the pro

fects, and the other to assist in the preparation of 4the State of the Art Documents 
(see Appendix 1). Inaddition,the historlc use studies are underway, and the 

Global Technical Workshop on Lw.Cost Methods, to be sponsored by USA ID, 
OU, WHO, PAHO and the World, Bank, is being,planned for November 1975 
(Appendix 3). 
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E. Utiiization and Dissemination of Results 

.There is'sufficient, feed back" from inst tuions, etc., to warrant the conclusIon 

'that the resuIts of this project are wanted and that if successful,Ithey could be 

very useful. Although the dissemination phase is the final phase, throughout the 

project, potential users have been kept informed and are aware of the potential 

results. For example: (1)USAID plans t0 use several of the field kits in Zaire, 

and there are several others interested; (2)the consulting firm of Camp, Dresser, 

and McGee, USAID in Columbia, and WHO in AIgeria are interested in using 

the predictive model; ond (3) the resultsof the innovation survey and State of the 

Art Documents will make it unnecessary for theWorld Bank to tnitiate such a 

planned study. 

The principal investigator will present a paper on the project, at the June 1975 
AWWA meeting in Minneapolis. This will be the seventh paperat National or 

International meetings requested since the start of the project. 

The Ad Hoc Group discussed above (C)has indicated an interest in the project' s 

results as Well as possile: cooperation and coordination. 

Since there-is minimal data available!in many of the.area where the project is 

addressing itself, the expected results ofthe project should fill definite needslof 

many individuals and organizations around the world. This is particularly trueof 

adaptive and modification of essentially low technology processes - not the high 

technoloav arouDt". 

G Tech-T.e.IRC/NL, WHO and PAHO,. and others, will,jointly sponsor;,the1, rlbal 

nical Workshop (Appendix 3) to facilitate the'dissemination throughouttfheworld 

-in
the appropriate technical areas. 

-After the completion of. these process studies, the researchers involved: in each 

instance will bebrought to&ther-in a workshop in which'the technical soundness 
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ofthe pr-edictive and the valued phases of the program will be studled in detail, 
and finally documented. This dOcumentation will providea basis for three global 

or regionalV conferences for dissemination to the ultimate user and assist a develop
ing country to accept the most appropriate technology. Since the older types of 

treatment historically were adequate as the countries developed, we will prepare 
a suitable document that will also describe these. This will aim at breaking down 
some., the potential barriers against the use of the project's products. 

The final outputs of the project will include a state of the art on treatment of 

water in developing countries including historical uses, a user's manual for the 
predictive model, a study on the formulation of demand and cost models, and a 

unique water and waste test field kit using in-country materials to be used in 
small water plants. The final report will include technical papers published by 
each principal investigator on cost, efficiency, etc., of the candidate unique 
and innovative processes, four processes in water, five in sewage -- slow sand 

filtration, containment filters, rapid sand filtration, and alternates to chemicals 

for water; and lagoon, aerated lagoon, estuarial disposal, night soil disposal, and 

fishproduction from algae for sewage. 

The contract global study sites will initiate a network that should become self 
sustaining on confined research on adaptive and unique technology for LDCs. 

The globaltechnical workshops are planned as a staging area for the broader 
dissemination of regional conferences (see Appendix 3). 

Statement ofr Expenditures to. Date 

Expenditures to Date 

Category Amount 
I. Salaries and Wages $:'61,311 

'2. Fringe Benefits 15,731 

3r. Travel 20,704 

4. Consultants 4,0 

51 Equipment and SupplIes, 21,000 



Category 	 Amount 

6. Subcontracts 	 $ 48, 000 

7. Other Direct Costs 	 5,000 

8. 	 Overhead 28,654
 
Td1TA 1 $194,400
 

Significant Problens and Effects 

The delays'normal to such projects are primarily due to those associated with 

individual communications and professional acceptance. Many facets of the pro

ject have 	been worked'on by various people around the world, and individuals and , 

organizations have made progress at present, although no organized network exists. 

The fact that the project is global in nature, has, in an initial sense, cast itself 

as a competitor of WHO, IRC, and other international agencies. Many of these 

agencies were skeptical of USAID's ability to make progress with such an "unreason

able' low funding level. The Bilthoven Conference in 1973 for example, requested. 

$2 million for a similar effort, and the Ad Hoc Group of intemational agencies (p..4) 

has spent 	approximately $70,000 surveying the problem definition and apparently 

arriving 	at conclusion that,what should be done, is what USAID is already doing and 

recommending a $40 million level. This prob!emof overlap and communications has 
been largely resolved and real cooperation between the various international groups 

and individual investigators, and the USAID/OU project is now a fact. The, small, 

monetary amounts of the site contracts and insistence on students active in the research 
role almost insures the participan W lf-sustaini pg involvement. This has actually 

separated 	those interested in,money alne, from those who are more interested in the 

conceot and ratinnalA. 

This overseas delay necessitated an extension in time. Many of the projects may 

well have sufficient momentum to endure on their own through a subsequentjyeari 

however additional support would be very desirable... If the sites are successful,., 
,a broad base network of, self supporting research n LDCs-inwaste and water 

would be a significant output.. In.any event it would be. remiss If the lkagesi 

develop, 4 kttween such, a wide variety of universities and governmental agencies 
were not n :tained at leastunti the projected globalconferences take place. 

-12-etke 	 ac. 



G. Work Plan and Budget Forecast for. the Final. Period 

The project work is divided into resource and process aaa, mernoaoiogy or models, 
global field model verification and in-depth studies of unique adaptive waste and 

water treatment processes. The test kit and predictive methodology, including a 
user's manual, are completed. The basic methodology shown graphically In Figure 
1, is completed. This computerized program, using socio-economic inputs as well 
as process cost, predicts costs for operation, maintenance, and construction at four 

socio-economic levels and four scale levels. 1 

The field work, just started could not begin until the technology to be tested in 
the field was developed with site selections that assured that all different types 

of innovative, adaptive and translative technology would be looked at. Our 
literature search to date has been established as the basis for a proposal made to 
the IRC to use some 900 participants of the IRC to detect the unpublished ir.nova
tive and unusual techniques being used around the world. Documentation for the 

individual in depth process studies at the global sites has been completed and 
instructions for the collection and modification of all kinds of relevant data are 

being followed. 

Each of these extended studies will require additional site visits: Latin American 
in October 1975; Middle East and Africa in September, 1975; and those of the Far 

East in August, 1975. The purpose of these visits, in addition to monitoring and 
assisting in the local investigations is to help strengthen the linkages between all 
the studies. (The consultants who are preparing the state of the art papers on water 
and sewage will also be used on the site visits along with the staff.) Once the 
draft of the state of the art documents has been developed, it will be presented at. 

Because low cost methods are not necessarily low technology, the process matrices 
are being developed to include all technological levels of treatmerits of water and 
vYaste water for the purpose of model development. High technology methods will 
not be field tested at an LDC site, unique and adaptive likely candidates will be-, 
subject to in-depth tests. This is an important distinction. 
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the global workshop. The experts, LDC study directors and consultants will 
evaluate the completed resource model and th e global cost and demand studies, 

as well as experience a face-to-face exchai,Je with contemporaries. Following 
the workshop with its suggested modifications, the state of theart papers, the 
literature surveys, the direct mailings, the cost demandstudies, andthe historic 

practices studies, and the on-site global studies will' be assimilated. The 
documents will be printed by WHO and along with the technical report on each 
contract or process will form a basis for regional and global dissemination, perhaps 
throughat. least three global conferences.. The global conferences address them
selves to the important aspects on the problems associated with obtaining acceptance 
of recommended technology by the LDCs. The program is shown graphically in 
Figure 3. 

As can be noted on the Activities chart, the project terminates before some benefits 
thatwere not part of the original proposal, but vividly identified en route, can be 
capitalized on. It has been indicated that a longer support period for the contracts 
might have the added advantage of strengthening the nucleus of water and sewage 
Research Centers -- even though, the contractual obligations can be completed in 
the present time frame -- such support would approximate $30,000 in contracts. It 
should also beL noted that USAID, might want to capitalize on the entire study to a 
greater degreeby holding regional and global dissemination conferences. This 
couldlcost $20,000, mostly for travel. Both of these activities are suggested as 
possible follow-on second contracts, by these organizations or others, and perhaps, 
mightbe ' looked at" for matchina funds frnm Intprctr 4 nn n-?- e,,u IIIIID4 

WHO, etc. 

Because of the credibilityof acceptance, it ISplanned to study the problems 

that must be Overcome in getting. LDC's to use more suitable or appropriate
technology. It .isonly the rather low technology processes that has not ben
 
sufficiently• studied in-depth,
 



Budget Statement, for the Final Year 

Category Amount 

Salaries and Wages $22,000 
Fringe Benefits 2,600 

Travel and Transportation I1,000 
Consultants 9,000 
Equipment and Supplies 1,000 

Subcontracts 3,000 
Other Direct Costs 15,000 

Overhead 11,000 

TOTAL $74,600 
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Appendix I (i) 

Swho international reference centre for community water supply 

the hague, tlhe netherlands
 
13 parkweg, telephone 070.-514441. -,
 
telegr worldwater the hague. telex: 33604
 

date 
eference 
eferonce 
nclosuro , . 
subject Practical,Solutions in Drinking Water Supplyad 

Wastes Disposal for Developing Countries.
 

Dear
 

As you know,:'6nAgin'eers who are desi'gning systems for"drinking

-
water supply and wastes treatment and disposal" are often ma

king use of'e'itng techniques andinforomation from existing.
 

literature "In 'other case's they rely on personal' experience.' 

Ofcourse, textbooks'have been written on drinking water
 
supply and waste 'disposal. However, they usuallyf deal with 

o'y"which may not'be 

priate in the area where one is working. Limited res6urces,
 
with respect'to'lfikance, material and spare 'parts 


the lates"chn l applicable'-orappro

on the'"one
 

i
hand and problems'as to'lack of trained personnel"ind: even


sociological problems:on the other hand, often prevaiil 'ifi
 

developing countries.
 

Inventive men :
ailO"ov'er the world' and*-in"the"lapse of time
 
have Improvisd, ....nvented Land adapted devi'es'in prdviding r
'." 


society with "thie drinking watir 'and zsifiitary servic'es1'i s' 
requires The,1ave "t6 do, so, when funds are limited, seci
fic mateY:ek'not a,ailablie -r "'simplifie'd 'solutions ae nee-ded'of
 
Practising "hit~riy engindets 'mayj 'rcain "dreer.;l-dve - w 

loped or met with some innovative device or procods as mentio

ned',:.There should be a wealth of information on these .
 



techniques or practical solutions, since every engineer i.
 
seeking a more optimi
I .1 1n. performance is making adjujtdfitsme oradaptat on" s 1, - I.." . 4Yr : ," -:,) .,1
adaptations. In-,,-, 
 es they even do so for the simple
 

reason in,order to.kee. the.supply or services running.
 

Scattered as this information may be, 
if it is compiled to
 
*a-reference of "Applications of processes using.indigenous
 

resources, self help techniques, etc.," and: regularly updated
 
.and widely made available, it can become of great.value.
 

It will then be available to engineers, who each in their own
 

locality and with limited resources are struggling trying
 
very hard to provide their fellow-men with the necessary sani

taryiservices. And so we have directed this letter to 
a se
lected number of practsingSanitary Engineers who are involved"
 

in the provision of drinking' ate supply'ad' the disposal'of
 

was te.
 

Bt means of this questionnaire we intend to make a start 

with suci.,a..suryey.and information.cplle ction; it results 

from a cooperation between•the,, International Reference- Centre.. 
for Community Water Supply and.,the,,University.of Oklahoma. 

Application of certain techniques may very well be, widespread
 

and generally accepted but never published. We feel that a
 

collection of such data is very much needed. Therefore the
 
University has ,started a thorough survey of the, literature
 

on innovative and.adoptive technologies for water ,and sewage
 
treatment as,elaborated above.
 
The InternationalReference Centre .for..Community Water Supply
 

is now requesting your collaboration..-i this effort. Weshould
 
like to requests you to make such .information available.tous,
 
so that we can make it widely known. This, we 
feel, .mayhelp.
 

the increased provision of drinking water and better sanitary
 

services especially in developing,countries. ,It goes,.without
 

saying that,,your.cooperation will .,be.duly acknowledge in, the
 
book. If every.;one, who is working ,in,thies wouldsearch
 

-his files ..
or.his territory,iand report iat least o e successfu 
.device,,.pr~ocesor even untested idea to ,our entre, a.procesg
 

bfI extremelyyauable .information.exchanwe,will be started.
 



,thisultimate
Fro both information supplier , 
will benefit.
 

uyjectives
 

This action is intended to collate data, design and proces
sc3 from the field, which are innovative with respect to
 
more .simple operation, easier control, use of readily avai
lable,material, low cost and adaptation to local situations,
 

cond itiqns,which ply to circumstances prevailing in deve
loping countries.
 

Which kind of information are we looking for ?
 
Some exampl!es of information which we think are or 
ent f'ant
 

are:,
 

- Bank filtration: Abstracting ground water near a river
 

(Water resource)
 
-
Lifting device for water such as Persian wheel(hydraulic)
 

locally developed handpump etc. (pumping)
 
- Simple constant dosing of alum (Chemical dosing
 
- Mixing channel: Flocculation by means of hydraulic rorce
 

(Flocculation)
 

-
High rate settler; use of multiple plates or tubes (Sedi
mentation)
 

-
Slow sand filters; use of,local materials (Treatment)
 
- Local filtermedia: coconut husks, etc. 
(Filtration)
 

A Al'4 _ 0•- Elimination of rate control in filtration (Process Control) 
- Applying of hypochlorite in a perforated pot hung in the water 
(Disinfection) 

- Bamboo pipes for watertransport: succes. limitations 
(Distribution) 

-
Public standposts sturdy construction, effective manawement
 
(Distribution)
 

-Waste water collection, simple waste treatment.
 
Available data on construction', cost, Operation and'maintenance
 

will be very useful- also.
 



Why should you contribute ? 

because you can-draw oet peopl 's attifntin.to, o6e: untried 

idea of yours; 

- because you may find from the intended guide that for some 

problems you have been struggling withq a solution mignt-.naw 

been founI i anothdl 4rpart'of yhe(ui" sworld.urely "gt' 

a copy o thatgui ; 

- because you ight like to contribute to this guide and elp 

people to obtdin teir saitary services in a more effici'ent
 

and cn way at an accelerated pace "by providing tii w'i:1 

self-help techniques.
 

iease inuicaze your -intenzion -to .conri-bute.,orgive-reference

,to 6prospective" c'ntributord'bys bndih'g 'bck' 'byreturn"forbrm 


mail. Contributions are anticipated not later than 31 ay Q7". 

We ,sincerely hope that this project can have youratention and
 

support". 

Thanking -you for'you rinterest'"and response.
 

Sincerely yours.
 

D rs.J v.. Damme
van-


M nager ' 



FORM 1.
 

Intent of Contribution
 

To: WHO International Reference Centre for Community Water 
( Supply, The Netherlands. 

I am/am not* preparing a note/idea for your data colection
 
on Practical Solutions in Drinking Water.Supply.and Waster
 

Treatment for DeveTping Countriese. 
Itonierns the following,topic: •
 

It wilrlb sent tdyou before:
 

(ultimate date 31-,1..ay,, 1975). 
I ouggest you send your quentionnaire also to
 

r. • Mr;': 
Address: 
 Address:
 

Address •
 

-Sigpqd; 
Addrespil 

appropriat ,Circle
answer 

Please send, thii8 heet to-IRC 'by return.ofL Matil. 



who International referencecentrefor community water supply 
the hague, the netherlands 
13 parkweg, telephone 070- 514441 

Re: :Practical Solutions in Drinking Water Supply and Waste
Disposal for Developing Countrieev
 

flame of Innovati /P'ac~ti"'tSbltfion:
 

the device/process/method is tested- 3 untested o 
Subject area:waftr supply 
M water treatmet distribtin:E
 

waste collection 0 waste treatment M other
Location:-Country 


City/Villige
 

Characteristics of device/process/method.-

System is an adaptation 
-- a simplification 
 uniqu4
 
Significant use 
of-local'material: yes 
0no
 
Cost saving J foreign currency saving 
Gives: quality improvement M 
 capacity increase M 
 better efficiency M
 
Operation: simple 
M needs special skill 
Spare parts: localJE import 7 
Acceptance by community: good 0 requires prom9tion
 

Background information of the community in which the innovation is found
 
Community: urban M 
 rAlM Number of people:
 
V.ajor means of livinki# agriculture 
 trade r7 industry 7 other 
i)rinking water: Consumption 1/cap/day; Price US$ 0, /cuem. 
Community Vater supply: 

Connection: house r7 public standposts r other
 
source : surface water 
M well other M
 
supply : gravity r handpump [D electric pump r7 
 otherM 
,process : filtration M chemical treatment Q disinfection DotherD 
operation/maintenance: good r adequate inadequate M 

.ajor,sewage disposal: 

individual [ municipal. 
treatment: yes. no ]
 

Please 
check the appropriate box.
 



Descripron oif 'eifi'l 

, il ease'. indi~cate, the ,principle,of the deyice/proce s or. met hod.... 

reported.
 

A sketch, diagram or picture will be helpful-,
 
Please include operational and cost data (if available).
 

Reference: publicq.tioni, manufacturer if ,any
 

Reported by: Name :
 

Title :
 

Ldress:
 



Example: 	Practical Solutions in,WperSu
 

Waste Disposal.
 

Name, 	 nnovation. 'impleypochlorinator foor- :watei-"didsinfectbin 

Country 	 Sdani
 

MateriaI 	 Used plastic jerrycan 

Characteristics : self help, local construction 

Principle : Constant dosing of a hypochlorite solution by 

arranging a constant head of liquid above the
 

opening of the glass-tee (see sketch).
 

The dose can be changed by:
 

1. using 	another opening size of the tee
 

2. changing the concentration of the solution.
 

Operational difficulties:
 

1. the orifice should regularly be cleaned (clogging) 

2. the liquid should "freely" fall through the orifice into the
 

rubber hose (otherwise the constant head principle will not apply).
 

:Cost : Total cost US$ 9.00 

-Reported:by: H.E. Grombach ,WHO Proiect Sudan 42. referred Vn TPSED 



Rubber

__ 

240 mm- I6 n!- 360 m.
 
9 in.
 

1t30 mm |I130 mm I
 
n
5 in. Cover 

-I cover, 

pRubber Sieve Rubbetoppe. ] Stopper, 
Glass -"Tee= 

I ----- ___ 

E __ _ _ _ _ _ _ _

Rubber Hose E " ube Hs _. ._ 
zz z z,:_Z...:,-0 1 ubber Hose----

Rubbr 


_____ ____ ___ ubber - topr-

CPlaUtic Jerrycan
Coop
 

To Clean Water Tank To Clean Water Tank 
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STATE OF THE ART REVIEWS
 

ON 

WATER AND WASTEWATER TREATMENT PROCESSES 

IN 

DEVELOPING AND DEVELOPED COUNTRIES 

Purpos 

The purpose is to provide an overview of the state of the art o,wuur unu 

wastewater treatment in developed and developing countries. It will not 

cover every process or system in minute detail; rather it aims to provide the 

reader with background information on the subject, and serve as a reference 

point 	for further detail.
 

I. 	 Approach 

A. A survey will be made of thepublished literature including articles, 

books, documents, and papers writteni'in the English language (or 

translated into English) as well as German, French and Dutch. The 

period covered is 1960 to present. The literature will be that reports 

on the application of one or more processes tht deal with the subject. 

B. 	 A review of the data/information from the IRC/NL survey of unpublished 

materials will also-be.:ade and;%incorporated . in this study. 

Ill.G 	e t ilb ....... ""fferira h rp r 


Ineffec, each report will be a comprehensive rference 'to currently available 

treattnebnt operatior~s and/or processes.,• -There 4wilIbe; one on water and one 

on wastewater. Information will be". provided on the reliability of processes, 



pertormance data, economic factors, and ranae of commerciallv available 

equipment as an aid to those individuals/oraanizations enaaaed inwater 

and wastewater treatment management. In addition the reports will be 

useful to the researcher as well as those who are more involved In nlannnn 

in the larger framework of a country's health and economy. The following 

is presented as the working outline of the reports. The first outline is the 

general one used for both reports. The second and third is for water and 

wastewater treatment respectively. 

A. General Outline 

'I . Kecommendations and Conclulions 

2. l.,Intr6duction and Background, 

3. The Problem (Water and Wastewater Problems):. Especially as 
,applied to developing countries (Urban as well as rural 

4. General Processes Employed 

a. Developed Countries
 

b Developing Countries
 

5. Advan ed PrnrAcat Fmnlnvm~au 

a. Developed Countries 

b. Developing Countries
 

6 Innovative andcAdaptive: Processesi
 

a. , Develooed Countries 

b. Developing Countries 

Appendixes
 

Information., Res6ueces by, Country.
 

(1) Individuals 

(2) Organizations (Reference Centers, consultant.i etc. 

b. Blblioaraohies-

The bibliography will contain general, selected and 
absctracted reFerences that 'pertain to 1theconceptsi-tj 



principles or results of the application of the 

processes described in the text of the' eo',,% ' 

(1) 	 General 

(2) 	 Selected: 

i. 	 Cited 

ii. 	 Abstracted (Descriptors and identifiers most 
descriptive of the documented abstracts will 
be included). 

c. 	 Glossary: 

Definitions of all pertinent terms 

d. 	 Tabulation of Processes by availabili (manufacturer, 
costs, etc.;) 

B. 	 Water Treatment 

1. 	 The processes as inaicaTea in te general outline will be broken 

down by (1) General; (2) Advanced; and (3) Innovative and 

Adaptive. These in rturn will be divided in terms of developed 

and 	developing countries. 

The 	 processes covered are: 

PWI: Drilled Well
 

PW2 Pre-Treatment
 

PW3 Slow Sand Filtration*
 

PW4 Rapid Sand Filter - Conventional*
 

PW5 Rapid Sand Filter - Advanced*
 

PW6 Softening
 

PW7 Disinfection*
 

PW8 Taste-Ordor - Fe,'Mvn
 

PW9 Desalting - Salt (Sea Water)
 

PW1O ,DesaltIng - Brackish
 

Pw1 1 'Coagulation Pressure Filtration
 

PW12 Innovative - Containment, etc.*
 

Contracted field studies of AID/OU.
NOTE: These categories (PW and PS) were developed for.the predictive model, 

and may be expanded as needed. 



1. The processes 	 covered are: 

PS 1 Primary - Conventi-..-.
 

PS 2 Primary - Stabilization*
 
Pond"(Iagoon) 

PS 3 Sludge - Conventional 

PS 4 Sludge - Advanced*
 

PS 5 jSjudge -,Combined -Imhoffi,
 

PS,6,N Secondary., Standard FiIter
 
-PS 7 Secondary - High Rcte"Filte
 

PS 8 Secondary - Activated Sludge
 

PS,9 Secondary 	 - Extended Aeration 
PS 10 Disinfection
 

IX, CombUstion)"
PS 11' Tettiary (RD, 

i 12 Innovative 	 (Estuarial Disposal,
 
Fish Production)*
 

2. Process Description: 

Each process will be described"fi narraieas wll as accompanied 
by flow or schematic charts. The following will be covered: 

(1)Advantages
 

(2) Limitations
 

(3) State of ,Development
 

(4) ,Costs: 
a. Operational 

b. Construction 

(5) Needed R&D 

Contra cted field. studies. of AID/ . 



3. Process compilations will include: 

(a) 

rrocesses 

(Developed or 
Deveoping), : :..Re 

CoUntries '.q ,"V 

marks 

22.. - - - - -I .. .. ........ 

4. 

(b) 

P roesPro cess _____ 

Water 

0 
I 'I 
__ __ _____°___ 

" ." "' 

I II 



(c) .Watewater 
(Seiage)-.,, 

Z-14- t~fP ! ,i 4

,Y, 0 

0.0 

. . 
... 

..... 
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DEMAND AND COST MODELS
 

Introduction
 

Predictive models to provide estimates of water requirements cand,.,, rit 

Y~ain'ii' ths Idenwcreated fforl1the developed :cotintries i ,Thereria re 

,.q ea num6er ofresponbive , models;',using estimated population, income-, ,
 

urbanization, etc. 
 Before designs can be undertaken, the demand for-,water or
 

amoiuints ofsewaged'"ist'beprovided. u-These estimates along with cost .estimates
 

are ecessarytto 1validatfe the overall predictive -model. 

In devaloping couhtries,,,most of the water:supply and:waste water dis

posal construdctiosisvae .fortnewsystems, '-The,socio-economic andcultural 

conditions in developinglcountries -are different ,from,the United"'States. 

It is not knowniftie ,criteria used in the rdevelopedlcountries,.for design 
° esp will'-be :of use., Itis felt, from whatnexperience isravailable, 

t V'i il not,be of use, ' so':this study is.aimed at,,developingmethodsoto 

estietate 'demandsand costs; for cons truction,and::maintenncee ofwate;,anda. 

was te waterl-system-indeveloping countries. 

S- The; models, developed ,in.,-theset stdi'esares Dased ontheassumptionltb t 

ec6nomic', labor aid,resoircesnconditions in'developine countriqst arer generally
 

different fro h~*os'ei" tihhe highly industrialized cbuntries:.,,xbut 'thestide 

that the methodology of previously devel'oped format might be useful. How

isknown
abotA- ter'a waste Vaterdemand and 



costs in tnese countries and all present dataon demand and cost of water
 

and waste water are mainlykavailiablleor the United States (112,3 4) and 

they do not include soMbi of Ithe devel'ping; countries variables which may 

drasticallv affect the eakta nf water and waste water systems.
 

Objective 
i ,Th'e 'purpose :or cis .t cuay:is tokdevelop. mathema~tical. predictive,equa

tions"for estimating 'demand !and cost: of Lwate-r, and yaste water ,in,developing 

sg,160, In Gthi tudy, .rfour:sub -models va re being ,.developed as,,,shown .in the, 

.ollowing and eventuallyffalllwllbe grouped together iasshown, in,,Figure,1:
 

.. 1...1r'Water,Demand Model, fori.Developing, Countries
 

vt'.l,2.w-Wste WaterDi.scha rge.ModeliforDeveloping Countries
 

• '. cbst of WateroTreatment in Developing! Countries 

;- 4.',,Costof! astfWa ter.Treatment in :Deveopingountries .
 

6., -PThe basic technique used in i'this i.study, i-,stepwise mul tiple regression
 
echnique.'"Predictiver equations forjwaterj demand, wastewater generation, 

osts: of .water andrnwaste water. processe8gin:>deve 1oping .ountr e ,are,developed 

y using available cost data onslowsand filters.,L.rapidsandofilters,,, ,. 
Ehbilization poids.?;o an adctivetedludge, frome'Africa; Asia and Latin America. 

'M Thee equbtions°)for estimating waterrdemand-, waste water,discha rge ,1,water 

costs Iby,d i.aste cwater rocesses ;:are in .the follwina., fnrm. 

Yx+Bx+Bx .... + x, 



where Y = variable'to be estimated, e.g., water demand
. . ... .. ... . . . . . . .. g l ,.. ... .. . .a. . . . . " !, . 

Xy= variablesus d in making es.timates, '" .... 

rB1 regression coefficients.. 

Some of the predictive equations forwater demand. (equations 2, , 4) and
 

samples of the applications,,of the end product, of the..models are shown on" 

Sample ,Problem of A Practical Application of.the Models and Figure 2., 



Abbreviations of Terms Usedin Demand and Cost Models 

Dw.Af = Water demand in Africa gallons per capita per day
 
Dw.As - Water ddmAnd i'ziAia gallorisI per iapita per'day

Dw.LA = Water demand in Latin American gallons per capita per day

Dw.DC = Water demand in Developing Countries gallons per capita per day
Dww.Af = Waste water demand in Africa gallons per capita'per day
Dww.As = Waste water demand in Asia gallons per capita per day
Dww.LA = Waste water demand in Latin American gallons per capita per day
Dww.DC = Waste water demand in Developing Countrins gallons per canita ver day 
Cwc.'Af* = Unit construction cost in Africa in 1975 dollars 
Cwc.As* = Unit construction cost in Asia in 1975 dollars 
Cwc.'LA* 'Unit construction cost in Latin American in 1975 dollars 
Cwc.DC* = Unit construction cost in Developing Countries in 1975 dollars 
Cw.op.Af* = Unit operational and maintenance cost in Africa in 1975 dollars 
Cw.op.As* = Unit operational and maintenance cost in Asia in 1975 dollars 
Cw.op.LA* = Unit operational and maintenance cost in Latin America in 1975 dollars 
Cw.op.DC* = Unit operational and maintenance cost in Developing Countries in 1975 

dollars 
XI Price of treated water $/1000 gallons 

X2 = Population of the town in thousands
 

X3 = % of National Literacy
 

X = % of public stand post
 

X % of home connected to water supply
 

X6 -Average annual income in 1975 $
 

X - Average annual temperature in F 

X8 -Percentage of cost of imported water supply materials
 

X9 - % connected to public sewerage system
 

X10 = % of household system 

X1 National average person per household
 

X12 = Design population in thousands
 

X = BOD of influent in mg/l13
 
X - BOD of enfluent in mg/l14 
K - BOD removal efficiency 

17= Design flow in MGD
 
I - % cost of imported waste water supply materials
 

X 9 = Design population equivalenc, 

*These equations will be developedfor -each water and waste water processes e.g.

Slow"Sand Filter. Ranid Sand'W1t-, r - i''m- Sludge, and StabiliiationP*oid.' 

http:Cw.op.DC
http:Cw.op.LA
http:Cw.op.As
http:Cw.op.Af


Figure 1. RELATIONSHIP BETWEEN WATER-WASTEWATER DEMANDMODELS G WATER 
WASTEWATER COST MODELS FOR DEVELOPING COUNTRIES 
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-
.Sample :PrdIi"F 'f a P~ iil AppilicAtion of 'the Models
 

The'-Governments 1of-Kenya, Mexico and Taiwan want to build a,small
 

new-town.in 'the interior' The projected population for each town
 

(Kijiji-Kipya,-NuevoPueblocito and Hsin Tsein) is to be 5,000. Both
 

water,and waste water treatment plants must be!built simultaneously.
 

A consulting .firm is requested.to recommend for each new town a low
 

:ost Drocess which suits the country's socio-economic-cultural and
 

environmental-conditions.
 

The following are some historical data for each region in Kenya,-


Mexico anid Taiwan, respectively:
 

Kenya w 

(X3) % of National Literacy 65 65, 85 

(X4). 7of Public StandP ost 65 45 25 

(X5))?-. 7.of Home Connected 25 45 65
 

(X6);, Average Annual Income "$1060 $1060' $106u
 

(X7)- Average Annual Temperature 80 40 60
 

The'sample predictive equations for.each region areas fol!lo "s 

D ZZ7 b + 0.582X. (2)+ .O4bX,+,O.359X, + O.Ol2X

Vw af 

D 8 ', 22.-55+--O033X.+.- '-.80X*~as ... 2: 5. 

)w.la = 7.7,+ 0.018X3 -0.237X 4wla 3: 4. 

http:requested.to


Start
 

Xl, X;, X3, X4, XS, X6, X7,,X8 

Input 
X9, XlO, Xll, X12, X13, X14, 

XIS, X16, X17, X18, X19 

Calculate Water Demand (gpcd) 
and Design Capacity 

Cost 
Reg. ? 

Wse'water 
Demand ;/ 

Yess 

Calculate processes Calculate wastewater 

.costfor construction demand & demand 
/operation & maintenance capacity 

''Print Lower Cost Process/ * 

/.1 e. g.; slow sand filter, rapid.._ : 
/isand: fiiter, stab.: lagoon, -

/ actiVated, sludge, etc. i 

End
 

*jigur~q 2..:DemandI and Cost Models Flow Charti
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Appeudik, II 

SUB"CONTRACTEVSTUDIES 

(i) 
 USAID/OU Project Water and Sewage Sub-Contracted In-Denth
 
Studies (Overall Programs)
 

(Ui, 	 Identification of Sub-Contracted In-Depth Studies by Watet
 
and Sewage Processes
 

(iii) 	Detailed Status of Sub-Contracted In-Depth Studies
 

(iv) 	Possible Alternatives to Some In-Depth Studies
 

NOTE: 
 All the Code No's in Appendix II are just for identification
 
purposes. They are not in complete consecutive order.
 



APPE Nb iki I 

us' "-'PRbJ'EC'T!WATER.AND SEWAOI 

SUB'-'!COIqTRACTED...!IN-btPTH S DIES 

(OVERA LLTROGRAMS) 





Coe . Country 

I 	 Lima, Peru 

3 	 Delft, The 
Netherlands 

4 4 1TheeH-guea 
5 " leads 

.Dubendorf; 
Switzerland 

Beirut, 
,Lebanon 

Appendix IT (i)
USAID/OU PROEC -ATE1-_AND SEWAGE SUB-C ONTRACTD INL-DEPTH STUDIES 

___________- 'Overall Prostrams 

....
* .ParsonAinTitle of 	 DateStudy Charge Institution Start/End Duration 
2 Aiitj

U.S. $ Brief Description of Project 
Evaluato'n of Lower lIng. Odyar - Dept. of Engr 6-1-74/ 19 Months $20,000 Totevaluate:lower cost metkiods 
Costent lhods!f 0 Sperandio and Environ-Cost of t. .... ado 	 12-31-753. (CEPIS20t0e0Amei n 	 - of water:treatment-:In-Lain 

n
Aerica 	 $26, 432) Aierica?,Pan American .signed 

Health Organ-

ization
4A •Study -on Historica 
;Methods.-of Water and 

Sevage..Tretment.-;-

Professor 
Khoppert 

Delft 
Universitv 

12-1-74/ 
8-1-75 

8 Months $2,000 This is principally a survey on 
hist.oricalmethods. of-vater 
treatment In Europe and North 

:America. Sewage treatment 
method will also be ineltided. 

bcies RelatecvtoelYear 
Water and-Waste 
s ater arence 
Water-Treatmentin 

Dr. ; 
Vt 

K-' G. WOIieii-
re f-

Center 

=,!:-774/ 
1e-1-er 

45.000 AAj_) A survey..of..Innovative,.ox 
'tactical Methods for Water and 
;ewage Treatment; 

LessDeveloped '2) An In-depth study of the Use 

Coutriez 
f Sand Filters for Water Treat

ment in Several Developing "Coun
tries; 
(3) "State of the Art Documents 

A Study: on Historical JDr !H. : 
Methods of Water and Wasmer, 
Sewage Treatmant Dil. In& 

EAG 12-:14/ 
16-1-75 

6 Monthi $2,000 

of Water and Sewase Tr.atinnr 
Basically it is a survey on 
historical methodssof.sewage 
treatment in Europe and North 

(1) Utilization of : 
Seawater. in the .Treat 
ment and Disposal 'of 
Sewage, and 

Dr.. George 
M.-Avoub 
and 

Dr. Aftin 

American 
University 
of Beirut'e . 

12-1-74/ 
12-i1 7 

1 Year $7,500 

America. Study on water treat-meet~will also he, lnel,,do_ 
. ;nis is research to explore 

the possibility of.developinggn
acceptable process for 'the treat-

(2) A Study of.-Using.. 
Asbestos and Pine 

Aea. ment and disposal of sewaze by 
using seawate.r and low cost in 

Needles for Filtra- country materials; 
tion in Water Treat- (2) It will study the develop

ment of containment filter for 
mwater treatment by using asbestos 
and pine needles as treatment 
media 

Coez: 

Sub;-contract 

1sent--out om
 
6--24-74
 

on
 

'10-25-74
 

Sub-contrat' 
sent out ton
 
11-14-74
 

(handled
 
through 

Sub-concract 
sent out or, 
12-9-74. 
Sisned on 4-2-75 

S"b-contracr 
sent out on 
11-13-74 Signed 

on 11-22-74 

Sub-contract 
sent out on 

-1874 
signed on 
430-75 



Appendix II (1) Continued 

.cox 
. country Tit~le of study 

iPerson .n 
Charge imtfrutinn 

Date 
Start/End Duration 

Amount 
U.S. $ Brjef Description of-PoJect Ca-ent 

9,Akaa
Turkey 

Upgrading. of -an Ozi-
dation Pond to an 
Aerated Lagoon 

Dr.- S. 
mile 

Erol Envfronmenia 
Engr. Dept 
Middle East 
Technical 
University 

12-1-74/
12-1-75 

r-year $7,500o It is a study of-upgrading an 
oxidation pond to an aerated is 
goon. It will explore the 
possibility of increasing capac 
ity by includin- aeration. 

Sucrtact 
sent out on: 
l-14-74. 

:-s 1-Yairobi; 
Kenya 

-12 -Yanila, 
-Philippines 

14 Taipei, 
china 

Research in Kenya o " Dr; Erasto 
Socio-Economic Condi- Hug&
tions which Pertain; 
to Cost of Construc-
tion and Operation of 
Water and Sewage 
Treatment Facilities 
and Quantity of Watex 
Cons mp tion 
A Water SterLlizatior Dr . Reynoldo
Study in the Philip- L aca 
pines 

'The Study ofMicro- Mr. Ma-chan 
bial Treatment of:. 1o 

Nigxt. soil and Sewag4 
Sludge" 

University 
of Nairobi 

Natioriel 
PolliitiOn 
Control 
Commission 

lsitute of 
Environmen-
tal Sanita-
tion PRA 

12-14-74/ 
12-1-75 

I-1447/ 
. 12175 

12-1-74/ 
.12-1-75 

l-Year 

lYear 

1 Y 

$5P000 

15,000 

$7,500 

The research will deal with Sub-contract 
socio-economic conditions-in sent out on 
Xenya as relating to water and 11-13-74 
sewage treatments. Signed on 

12-5-74 

'To study warer steriiization In Sub-cc-_ract 
the Philippines, primarily in the senr out on 
maintenance problems during pro- 112-10-74_,___o 
cAssing. and-signed on 

1-21-73 

so mu me treat2en: of. ight Sub-comtraccsoil ad ewage Sludgesnt:ou 
sent - our on 
1-14-75 

~2-3-75 and signed on 

16T Jakarta, 
Indonesia 

A Study on the 
Ultimate -Disposal 
of.Lagoon Effluentg 
as .Nutri6hts for 
Fish. Production_ 

Dr. Wilfredo 
Reves 

WHO 
represents-
tive at 
Indonesia 

12-1-74/
12-1-75 

1 Year $4,000. To: study the ultimate disposal
of lagoon effluents as:nutrients 
for.milkfsh. 

Sub-eont-aet
sent out on 

12-1074 

,48 Bangkok,
Thailand. A Study of Slow andRapid Sand Filters 

for-Water Treatment 

Hr. Charu
Chandr-

Praphorn 

Division ofEnvironmen-

tal Health, 

tailand 
Lnistry of 
aalth 

12-1-74/
12-1-75 1 Year $3-000 To study problems associatedvith.the desigi. and-operation 

of filters used in filtration. 

Sub-contr-act
iint-oUtLtc.-n 

12-10-74 



APPENDIX II (ii)
 

IDENTIFICATION OF SUB-CONTRACTED
 

IN-DEPTH STUDIES
 

BY WATER AND SEWAGE PROCESSES
 



':Appendix I (ii)
 

IDENIFIATIN O SU-COTRATEDIN-DEPTH.STUDIES
 
BYWATER AND SEWAGE PROCESSES
 

.A ater Process 

Pocess. Country and Institute 

Slow Sand Filter Thailand/Ministry of Health 
'Rapid Sand Filter Peru/ CEPIS 

Coconut Filter Thailand/Ministry of Health 
(Containment Filter) (end others)
 

Alternative to Philippines/National Pollu-

Chlorine (Cl2) tion Control Commission
 

B. Sewage Process'
 

Process Country or Institute 

Lagoons Indonesia 


Oxidation Ponds Turkey/Middle East Technical
 
(Aerated Lagoon) University
 
Estuarial Discharge Lebanon/American University 

& Chemical Treat. of Beruit
 
Night Soil, Algae Taiwan/Institute of Environ-


mental Sanitation
 
Trinidad 


Code:o
 

18
 

1
 

18
 

12
 

Code No.*
 

16
 

8
 

14
 

In the process
 
of drafting the
 
study proposal
 

See'Appendix II (1)
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OF 
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Appendix III (ii:1)
 

,DETAILED STATUS :OF SUB-;CONTRACTED,IN-DEPTH STUDIES
 

All the following status reports are identified by the Code No.'s
 

corresponding to those shown in Appendix II (i). The Code No.'s are
 

followed by the sub-contracted organization, person-in-charge, and the
 

location of the organization.
 



CODE No. 1 

-CEPIS/PAHO/SPEANDIO
-LIMA/PERU
 

Ea ain Lower Cost-Methods off W AV 'I'van 'u Latin'Aiimerie-l" 

A. A brlef Description of the Prolectl 

The purpose of this project is 
to study and evaluate lower cost methods
of water treatment in Latin America. 

B. Present Level of Acomplishient
 

CEPIS initiated the in-house preparation of the project, and its water
treatment adviser traveled to Ecuador, Bolivia and Brazil in order to establiE
contacts in the field and select the sites for the water plant studies.
 

Four places were selected to conduct the research: Cuenca (Ecuador),
Cochabamba (Bolivia), Linhares and Prudentopolis (Brazil). Viradouro and,
Cordeiropolis, both in the State of Sao Paulo, Brazil, were selected as 
 I.:
substitute sites in the event that any of the first four sites does not work
 
out.
 

Description: of :the Sites 

. Cuenca (Ecuador) 

Cuenca is a city located in the Andes, at 2500 m above sea level, 'with
a total population of 120,000. 
The designed capacity of the water treatment
plant is 120 It/sec, and it has been upgraded to 360 It/sec by constructing
two new hydraulic flocculators, including asbesto-cement plates in two of thi
three settling basins, changing the sand media filters to dual media filters,
and taking out the rate controllers to work with variable declining rate. 

-ne treatment plant,is operated by the Empresa,de.Telefonos, -Agua Potable y Alcantarillado (ETAPA), owned by the local government.
 

Contacts.were made with tis agency
'and "they gladly'of6eedCISieii1
cooperation.. tests wi lstart'as soon' a's,' theAggre6emen ibetween CEPISaid
ETAPA iJs forniaiiz'ed. 
 ~' 



As an incentive for the local water workspersonnel in charge of the
 
lnvcsItgntion, a supplementary' salary of US$ 
to. 

50.00 per month was offeredhecqemist; (HS$ 600 per. 12, months) sand atotal,of US$ 900 to the opera-qf: .r 
tion engincer who will coordinate the collction of data.
 

Some equipment will be needed, such as jar test apparatus. colorimeter
 

and a ilach kit with a total cost of US$ 1200,. 

2. Cochab amb a,.(Bolivia) 

Cochabamba is a city of 300,000 inhabitants and located at 2500 m above 
sea level. At the moment, a new treatment plant with a maximum capacity of
230 it/sec is under construction with IDB funds. The installations are prac
tically finished, but there are still some details lacking. 

The plant consists of one horizontal hydraulic flocculator, three high
ratde. settling basins: with",asbesto-cement plates,, and six declining,rate dual


/'medial: filters, that are backwashed without auxiliary pumps. 

The plant, which is scheduled for completion this May, is administered 
by'the Servicio de Agua Potable, Alcantarillado y Desagues Pluviales (SEMAPA)

of Cochabamba, a government agency. They have enthusiastically agreed to
 
collaborate with the project 
and will start collecting data as soon as. an
 
agreement is formally established between SEMAPA and CEPIS.
 

As an incentive for local water works personnel, a supplementary salary
of US$ 50 per month (US$ 400 in eight months) was offered to the water chemist,
and a total of US$ 900 to the engineer in charge of; collecting the data at.t-ithe 
completion of the study.
 

The equipment needed will be a colorimeter and a.'acHilt-4iftW- a total
 
£.est of US$ 1000. -,
 

3., Linharei~s (Braz'il) 

j'LUnhares is 'a city bytihii i*.-a"'taeo.s'iu~no.Baiwt
 
a population of 40,000 inhabita 

Recently two upflow filters were consurucceu wicn a capacity ot au it/see
to' complement the conventional treatment plant with a capacity of 36:-.lt/sec. 

This site presents the possibility of comparison between conventional 
,treatment (coagulation, sedimentation and filtration) and contact clarifier 
treatment. It' offers the additional advantage that it"hasiibeen keeping useful
 
records in the past, which could be analyzed and compared with those at. 
Colatina, a near-by city that also has upflow filters.
 

The plaitis administered by the Fundaqao de Servigo Especial de SaL..

PGblica (FSESP), a national agency of the Ministry of Health.
 



An an incentive for the local water works personnel in charge of the
i nv lsation,,a supplementary salary, of US$ 100 per monthr was offered to 
t lmW Ltcmist,(US$,800 in andeightmonthS) a, totalofUS$."00 to the
c'ng,tneoiwh'lo wil. coordinate the. collection of .data 

1he only equipment needed will.be.a potentiometer,an ,,a colorimeter
 
with.a total cost of US$ 800.00
 

4. Prudentopolis (Brazil)
 

This is a village in the State of Parana, Brazil, with a total popula
tion of 8000 inhabitants.
 

At the moment, a treatment plant is under construction that is due for
 
com plit'ion( in May with :a capacity of -o IIl11t/sec. 

The plant has a very compact and economical design. One mechanical 
flocculator, four high-rate-settling basins, and four dual media declining
rate filters of the self-backwashing type are located in an area of 4 x 4 m. 

This plant is being constructed and administered by the Companhia de
Saneamento do Parana (SANEPAR), which has offered its full collaboration to
 
the research project. They are prepared to temporarily assign three water
works operators to the plant, in order to have round-the-clock attendance
 
(normally this is not done) and make it possible to collect day and night
 
data.
 

An additional salary of US$ 100 per month was offered to.edch of the
 
waterworks operators (US$ 2400, three operators, 8 months). 
 The engineer in

charge of the research did not accept supplementary payments.
 

The equipment needed will be a jar test apparatus, a colorimeter, a
 
potentiometer, and a spectronic 20; all with a total cost of approximately
 
US$ 2000.
 

Data to be collected
 

It was agreed with all the agencies involved in the project that it will
 
cover the following areas:
 

1. Economical study -
 Data on the investment made in the construction and

operation of the treatment plant, according to a questionnaire which
 
will be submitted to them.
 

2. Demographic and socio-economic study -Data populationon and state of 
development of the community according to a questionnaire which will be 
submitted to them. 



Tbchnical ovaluation of the plant - It will cover day-and-night 
operational records that describe the efficiency of each process.
 
This will be a highly detailed type of information taken with' ,
 

specialized equipment, which will make it possible to obtain precise
 
curves for evaluating the plant.
 

C. Work Remaining to be Done
 

The development of the project in the following month will be:
 

To sign the sub-contract with,the water,agencies in charge of the field;,,. 
investigation. 

.....o purchase the equipment needed- and proceed, with the. distribution
 
Maccording to the list included, in. the appendix ..
 

To, start the:collection ofdata,as soon as. the agreement between ;the
 
lvater agencies and,CEPIS is signed. .
 



DE No. 3
 

DELFT UNIVERSITY/PROFESSOR IKNOPPERT - I m Ur.Lflr.---r~i~b
 

TITLE: "itavuuy un nisroricat mernoas or water and Sewage Treatment" 

A' t A B:ie f'es'ri !t+of'the:pr61e 

" Th "ftS riu~ic pally a surveyon liistdicamethods ofdwiater 

retmn 1fio %nNrt:merica'. Sewage 
will also be included.
 

B. 	Present Status
 

The sub-contract is being handled throUgh IRCO
 
!, ! , -V: 



CODE No."A & 5 

INTERNATIONAL REFERENCE CENTRE/VAN'DAMME - THE iAGUE/N.L. 

ITI'rS: (1) IIA Survey of Innovative or Practical Methods fo, ,ater and 
and Sewage Treatment".. 

nt~DevSevorang Xountries".(2) -"An In-depth Study of the Useof Sand Filters for Water 

(3) "State of the Art Documents on Water Treatm,
 

A. 	A Brief Description of the Projects
 

(1) Project involves the data collection on innovative practical solutions
 

on drinking water supply and wastewater disposal"by the WHO International
 

Reference Centre for Community Water Supply,. The study is aimed at a sur

vey;qof field practices which are usually notobtainabl ,fron recorded sources.
 

The 	details to be surveyed include:
 

a. 	The merits of construction
 
b. 	Cost savings
 
c. 	Ease of maintenance,.,, ;. 
d. 	Acceptance by community
 
e. 	Level of Technology of the Community where device i
 

located.
 

(2) This IRC/NL study is divided into two phases. General objectives of
 

phase one is to study the performance of slow sand filters under specific
 
conditions and possible adoption of the system to local conditions includ
ing a possible use of locally available materials. Phase one consists of
 

essentially pilot studies. This will be followed by phase two which con

sists of village pilot plans.
 

(3) 	This study consists of State of the Art documents on:
 

a. 	Water treatment in general.
 
b. 	Village (or rural), private emergency, temporary,
 

innovative, practical or other devices used for
 
water or waste water treatment.
 

The IRC/NL will select, incooperation with OU, the expert for this study.
 

B. 	Present Level of Accomplishment
 

(1) The questionnaire has been designed and pilot tested. Presently it
 
is being mailed to all personnel at WHO and all of the IRC's mailing list.
 
It has been requested that the data (the completed questionnaire) be com-'
 
pleted and returned by June 1, 1975.
 

The data will form the basis for a state of the art document to be drafted
 
by a consultant. In his letter of March 25, 1975, Van Damme stated that'..
 
the selection of the consultant was to be done in April,, 1975.
 



.(2) The IRC/NL has a study on slow sand filters already started at
 
a,cost of $250,000. T eedt eod'dts'rmat and
 
publish the same information to us that we would have gotten had we
 
had individual contracts underi:thislauspices., Thesiacontracts'are f,
 

with Brazil, Sudan, Turkey, Thailand, Kenya, India, and Ghana.
 

(3) The consultants have been selected and the terms of reference
 
drafted. Further details will have to be.worked out:concerning what i
 
is expected from the state of the art document on water treatment.'
 

Work Remaining To Be Done
 

(1) Analysis of the survey data by the consultant. The compiling
 
of the data 'i'sfmeant for i~etsein he! workshop:planned& for- November.,p.q
 
1975.
 

( '2llo'f
t'o documents will be reviewed by-both the >,IRC/NL iand
 
OU.. The coiplpt final ;report should lbe ready.,for review by Summer
 
1975., This will be in time for the-'Ifternational "Workshop" scheduled
 



CODE No. 6 

' ',j 	 T ~ A t ,,Y5qpR, DUBP DW1 SWITEID' 

TITLE:.. "A Study.on-istorical Methods,.of Wastewateri Treatment! 

A*,
! A.Brief Description):of:the.Project
 

'This is basically a survey on historical methods of sewage treatment in
 
Europe and North America. Study on water treatment will also be included.
 

B. Present Level of Accomplishment
 

A 35 page rbportf has been.prepared with ithej ,following :contents: 

Water Technology - Antiquity and Middle Ages 

Introduction: Objectives, 'InformationSources 

-Water, Utilization for Irrigation, ,Drinking ater 
.'Water, Supply through, Wells and Springs,) 
-Conduits,: "Dew 	Mounds!
 
Water Treatment, , ,
 
Wastewater Discharge
 
Examples
 
Conclusions
 

Middle Ages: 	 Water Utilization,
 
Various Uses
 
Water Supply, Fountains, Surface Water
 
Wastewater Discharge" 

C. Work.'Remaining to be Done 

The report has 	been prepared in German. It is now being reviewed.: Some.
 
of the technical findings need to be shown in greater detail, whereas some
 
of the "historic background information" will be shortened.
 
The revised report has to be transiated: into English.
 

http:Methods,.of


CODEIO, 4&No. 


AUB/AYOIUB PErUT 4 EA~ 

TITLE: (1) "Utilization of Seawater in the Treatment and Disposal of
 
Sewage"
 

2) 
"itazuy or using Asbestos and-Pine Needles for Filtration
 
in Water Treatment"
 

A. A Brief Description of the Project
 
(1.' ThisJis- research 'to,'explore the p6ssibilityof developing an'acc pt

able process for the treatment and disposal of sewage by using sea
water and low cost in-country materials,
 

(2) It will study the development of containment filterfr-Water tret
ment.by using asbestos and Dine needles as treatment meAdn
 

B.
 

The sub-contract was signed on April 30, 1975 and works are now underway.
 



METU/UUGAI4A.AUKd"
 

TITLE: ,Upgrading of an Oxidation Pond to an Aerated Lasoon 

A. A Brief Description of the Project
 

It

It is a study of upgrading an oxidation'pond to an aerated lagoOn. 

1wiilexploe ,the.pqssibillty.of ,increasing;apacity 

by includingaeration.
 

B.-jPresent ,Level'-of Accomplishment
 

However, with tne
The sub-contract has not been signed and returned. 

approval of Oklahoma University on several minor modifications 

requested
 

by METU, the signed sub-contract should be returned to Oklahoma Univer

sity anytime now. Oklahoma University has also arranged Mr. Jacobs
 

from the Aqua-Aerobic International, a U. S. company, to meet withnDr*.'
 

Ulug concerning the 5 hp aerator to be delivered to METU.
 

C. Work Remaining to be Done 

A full-scaled research activity of this projedt 
should be underway seu.
 



- .oC O DE N0 ,. 11 

UNIVERSITY OF NAIROBI/MUGA - NAIROBI/KENYA 

TITLE, "Soci-Economic Conditions which Pertain to Cost of Construction
 
and 	Operation of Water and Sewage Treatment Facilities and Quantity
of Water Consumption in Kenya" 

.A. Brief Description of the Project
 

This research will deal with socio-economic conditions in Kenya as relating
to water and sewage treatment. To be more specific, the research is currently
dealing with the followine aspects: 

1. A survey of socio-economic conditions, prevailing;,in Kenya 
as, whole. which hav i a h ,in nn; th . 

2. 	Actual case studies in three chosen sites, namely, Kisumu Town,
 
Nyeri Town. and Mombasa Town, to show the reality of the situation.
 

B. 	Present Level of Accomplishment
 
Concernig No.,,. abovecren'tly,therelevant data is being'collected
 

and 	almos't hia,1'f f-hetoAl r_, n~f*4- MnyaindaA 114+n -ia~hVA 

has 	been done'.
 

Concerning.No. 2 above, visits to Hyeri Town and Kisumu Town have been
 
made, and samples of the population that are to be studies haVe been
 
chosen. Consequently, data are being olected inthese tw'o "sites. 

C. 	 Work Remainingto .beDone. 

1. It isplanned.to continue collecting data on socio-economic conditions
 
in Kenya which ,pertain to the research. A. out the' ame- amount of 
time spent in collecting the first portion 'of,the data will have to 

rbespentin collecting the remaining half .of the data. 

Fieldiwdrk is planned foriMombasa' T 'whe.e. no fiel'd wor n';goi" 
von i.at, present. 

uata coilection in Hyeri Town and in Kisumu Town is not' combletbd:"' 
yet. ollection of these data will need to be-completed
 

t.e task.of analyzing data to be' collected fr6m HYeri' Tow'Kisuamd ' 
Town; , a d Mmbasa Town wi:eginsoon. 
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CODE No, 12
 

N.PCC/LESACA MANILI,0iiLIPPINES
 

.TITLE: -"AWater Sterilization Study in the Philinnines"
 

A. 	Brief Description of the Project
 

This research will study water sterilization in the Philippines, primarily

in 	the maintenance problems during processing.
 

B. 	Present Level of Accomplish1ment-


Preliminary work, like evaluation of qualified personnel who can handle
the work,,tliterature surveys, preparation of necessary laboratory

reagents, selection of suitable analytical methods,,takinginto con
sideration the simplest yet analytically acceptable method.han hArn
 
done,
 

Study emphasis has been focused on four (4)areas, all of7which are
representative of the conditions existing within a specific locality.

The 	areas classified are as follows:
 

1. 	Small towns or cities with no existing water treatent
 
where have -esidentsto depend entirely on artesian wells
 
,(drilled wells),openddug wells, sanitary dug wells

(enclosed with pump)", deepwel s and Infiltrationgllre 
for their water supply. 

.AreaS, which depend on xatural springs 'and other siface...	 te a . .. .. at r supply,.... . . ...maer s ourceof wat'er supy 

3. Areas served by waterworks systems with centralized water
 
treatment but the consumers have to report to either one oi
 
the different types of wells as supplementary water source
 
due to water shortage especially during-lthe summerm6nths..!
 
Housing subdivisions withcentralized water systembt
 

i acking~proper treatment prior to'distributions.
 

To establish base-line iniormazion as to the approximate number

"apd.springs in the country, an inquiry from the Wells and Springs Section
6f 'the Bureau of Public Works was conducted. 
Present available information

from said office revealed that there are 25,500 artesian wells (drilled
wells) throughout the Philippines serving approximately 350 people per well.

It has also been gathered that big-cased deepwells which serves as water
 sources for water works systems are estimated to a total of about 1.000
 
throughout the country. 
 The Philippines is richly endowed with natural
springs which accounts for the 7,000 spring development projects all over

the 	country. 
Some regions have to resort to infiltration galleries as
 
water source without any preliminary water treatment also.
 



C. Work Remaining to be Done 

In order to'have a more completebackground regardfng the actual number of 
wells, springs and other sources of water supply in a specific locality,
 
inquiry from local municipal health officers and other authorities will
 
also be undertaken. Simultaneously, pin-pointing of the sampling areas and
 
initial water sampling will also be carried out.O --

A preliminary chIthiiation on a small laboratory scale (about 2 liters in
 
glass jars) of the different water samples will be tried using HTH, chlori
nated lime and sodium hypochlorite as chlorine gas alternates. The quality
 
of the water samples before and after sterilization will be determined
 
using the simplest but accurate method.
 

Dosages from 005 mg/l to.1.00 mg/i will be appliedusing HTH only because 
- ,fOits Chlorinated lime and sodiumhigh percentage of 'available chlorine. 


*ypochlorite owing to its very low percentage of available chlorine will
 
be applied in dosages ranging from 1.00 mg/i up to 10 mg/i. Other dosages,
 
however, will be tested if necessary, as the study progresses.
 

Based on the most ideal confirmed dosage, actual water source sterilization 
will be accomplished. From the standpoint of economics , the study-will' be 

in some already existing water sources,for specificlocalities. 

A 6n-' the data is compiled, all the esuits will be 'evaluated nd2the -
final report will be prepared. 




CODENo. 14
 

IESPHA/LO - TAIPEI/CIN'A 

T L:,!"The.Study.of Microbial Treatment of Night Soil and q.wnaj%R1,,An,, 

A'7Bi'ef Descdription'of "the 'Project, 
'"o study the treatment of night soil and sewage,sludge in Taiwan. 

B. Present Level of'A~cmplishment
 

IThe research schedule of this project is shown in,.the attached Table T-1.

3:e 'first two,parts of study, the study preparation and'the pretreatent 

',study, have been done. The works done'for these 66' parts aie shown in the 
attached TableTt,-T"'2.2 

thestwo.p.ts'ashow n in the 

Work Remaining to beDone
 

-The rest of the' study is 'kpe ted : to b finish d between April and November ,as shown in Table T71. Detailed works involved in each nart are qhnwn in 
~Tible ;T2'. 
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Table T-l 

Study Preparation 

1974 
. Dec. 
.. ... 

-

Jan. 
J.n. 
.... 

Feb. 
.....:. 

1975 
-ar. 

___ 

Ap 
Apr. 

I 

May. 
. 

Jun 
Jun. 

J J 
Aug. 
u 

Sept.. o . 

Pr~e,eat .ient 
Tra mep.y 

stud•. 
d 

- ---- -- -

. Y. 

Treatment by Chlorel la -
_.... _ 

--. ': :arvest . -P$.1population . .. - - -. 

.study.,,. 
Tc ' liar tlCh l o re l 

. , .-

Ccntinuous Cperations r- - A-..y , . . 
. 

.-......,--"• - __ 

- - - 1", 
•" . 
-T.. 

-
i! T, 

Cost coomparisons for: 

a)treatment and algae re-
covery,and b) treaLent and 
1disciharge r) Pastarjfj Ition,0SandaoPIicatcnto.soil. 

- -

" . 

I........"___ 

i 

Writing Repor 
-1 ......"............. __ _ 

Z.IJ 
___ .. 

... '.. - 17

_._ 
. . ' . . ... ... 



Table T-2
 
".. Works have been-done . .. . .. 
 Works remaining to be done


Study .pOreparation 
 Adding study instrument including an oven and 
 .
 
a centrifuge, renovating the pilot plant andI: setting up study schedule. Jretrea--ent 
 d ........
The.study of the character of nightuoil and
_ ,__,__.......... ___ 
______.. 
 the culture of green algae and PSB.'fcr seedi
Treatment +-bY,,PSB study . - . 

The study cf the characteristics of 7$S3, 
nightsoil and sewage sludge,+:treatment, by 

.. PSB including paramteters of P11,temoe-aturi4
 
.1 -depth of liouor and duration.
-Treatent'by Chorella 


The study of the characteristics of--gremnalgae, nightsoil tre-tnent by.2reen .Ilgve
.......- ........... +,+.... ....i ,. . -+.... .
........
 including parameters of PH,CC2,depthb
' f
 
liquo,temiperature and duration- ..........
To THarvest PS1B population 
 Th.s ud f he be t wa f r-- c l • i i
-u---ud- ..........
 ________._and
To. :'avest Chlorella studj. the quantify of the product. . .
" 
 The st----udy cf the bes o rc 
la
 

I!,,. " " ; 4 =-+":'':-collectin er.d the ouanti o le~cu:
 

• ;Coninuus+ pertio....++ + ........+..... ........ ConLinuous treatoent by FS 
 and grien aime
Costuous Operation; 
 the thicker nighcsoil is Lreated- y P3 
"+ " ....: .. ...... + hen "it is treated by green a~gae ':o see" 

l I ..... ........... ..........". .. the process is practical or not.
.Cost Co oparisons fcr: -.. ........ _ ...
 ....... .. ,..
.... , .............[ ,•-+-++'?+' .7 : .
, ..... .co +, + - ... '. '::., + +: 

• 

'+ isons b.. ... ..... ....nd.
The cost. +'+t+ ..... .. .....a +.n ..
 
-a'.treatoent and algae re-+--' . + - .;.:j: .:.+++--: ...+.+-.. .+,Tecs_ . omrsnbt:e
'+ - ' - " -:: .. '+++' . ++=. .... ..... ramn n
.......!i....... ............. .........................-- '................... ..
 .... ove-,nd'+))++-..............
et ....................... 
 .algae ; treatwent and dlscharme;pasturz tto2and discharge ) pas- !......".... 
 and-applcatin to soil,........

-turization and applicati n 
 - ....- ...to soil. . ......... u+

- W ti ng eport 
 .....
.........i....... ._Jroit•in '
 
-. P a n ~ : + 

1 
C.t
 

-- - -- -- - -- -- - --- - -- - -.- -- - -- -- - -- -- - --- -- 



TITLE:',,MA Study-ion -,thetUltimate.Disposal ,ofLagoon iEffluentsas Nutrients
 
for Fish Production"
 

A. A Brief Description of tne Project
 

To study the ultimate disposal of lagoon effluentsias.-nutrientsfor
 
milkfish.
 

B. Present Status
 

The sub-contract was sent in December 1974. However, it turns out that
 
Dr. Wilfredo Reyes, the WHO representative in Indonisia, cannot sign or
 
supervise the sub-contract, even though he is attached to the faculty in
 
Bandung. He has been making an effort to see if the study can be super
vised by other people. Unfortunately, the Government of Indonesia through
 
BAPPENAS has apparently not acted upon the request of the Institute of
 
Technology Bandung (ITB) for approval of the cooperative research project
 
between OU and ITB and hense, ITB will not be able to undertake the study
 
at the present time.
 

The proposed study is a very relevant one and it should be conducted,
 
besides, Dr. Reyes should also be kept involved in the USAID/OU Project.
 



CODE ucii '1ie
 

MINISTRY ,d0 IAulPI(PHOjN -4G KTHAILAND,
 

TITLH : 'A StUdw6f S ow and Ranid Sand tFilters Ifor. Water Tre4t;6e- tl 

A. A BriefDescription of Project
 

.To study problems associated with the design and overation of fi
i4,er~used4.in filtratibfn.
 

B. Present Status
 

We have been informed that the sub-contract has been signed and is
 
on it's way to the States.
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APPENDIX II (iv)
 

POSSIBLE ALTERNATIVES
 

FOR SOME IN-DEPTH STUDIES
 





!POSSIBLE 'ALTERNATIVES FOR1SOMtE INODEPTHf STUDIES 

!to contractual icomplie tions. -The Indonesia studywouldz-be veryuefu"'.. 

There are also some problems associated with-the possible studies iii'
 

'Kenyadue .0 tie 'l os .rof pers onnel ,there. : With.1these losses ..initmind,
 

other, suggested al~ternatives 'which 
 mightr::be rexplo'red are .indic ated : 41v 

in the followifng.' 

First, '4there isIthe ipossibi lity,.of 'conducting 4a 's tudy ,in ,Saudik1 r.I 

•Arab'i~:aJ After osome ,discUssions tWith them,, :,it there u:s "a poten.seems 

.tialmilhich would,.reur ver l'ttl':onyother.',than-simply for _i1 ~' 
ouuunicatjonsono,,r part.. 'Somei's tudies on AIthe, applica ti on of the v I 

sewerl'ess utoilet .'mightcb~fe'asible;, Since rwatertis expensive~i ';.cm -, 

Saudi Arabia, it is possible to get trade-offs betweenwater-savingsr 

against the energy fcost .on such ,a.:.toilet. 

bt Next mit to Yfind"a:site:'to• explore theki,might;be .WorthwQhi'le 

iidssi'btNlitylof the' small"scale .waterzlpasteui izer as.'sanzAlternatifve 

1,- .... there' would bea-alworld-wfdecmarketfor. 

liuch acdevIaQ. 

-) J-There:riscalso L .!'0pbssibility.fo'r'! another exploration in iTaipLi 

An additiool-.;proposal, frou. Taipei':hds !0been received ;:, This newf-proposal 

p'o odd c~toco idue a dtudyion ' ;thde panning approacito municipa 1,: evage
., omnit vg
 



disposal in'Taiwan by, lookingam hee,'omna conditions and, their 

reltiosh~paro~Ir~erntivs.~~'?Ih1~;,s:,;retty.,;clo~e' to the kinds 

of studies that 'one of the 0. U. students, Ws, Adam, is: already 

frBut. itAqB qoscs. seerne that.,this. Wouldf 

li~imply.Aequ4@@t I.4~e con 011 ng :assistance,!of;:.- .rRw. sihmniA -

Sim~lar~tVIhIipiroposiali s -dycould 

take*L1n; ilidad with 14a'>arrowe!.A lob jet$.ve .of.,aimp .ltesting.,aAsingl-e 

al.teruative. ziai ly the' seweriess'."toilet. 

,P~ alsoi.bewdr 

While'. Dr. Talboys.,is i~: 

Trintdad,,jbe ould -be;,In.'~pos.tionl:to isupervise'.,this -study 

mi~uL 0alo ,Albert Wrigft",'u1ht, bl- pss ible' to, go .iiack',toGhaiua,,to 

inn6VAitivetand. ~lctos t sm=6~rfiltration;jtechniques which. 

are not~bc ig.:,ex by_,thetVaDamcwne'a!,-IRC/lRL, group -. 'This .,could,.plored 


beery:~pq~tabl'. 

Finally, some other, elements imight -,-be--explogable. xLOne .4.'s to~ 

coordinate a '.study with ithe ,'CandianR athroutgh'Dr~irichael. -McCary ','and 

the othe'vlta -i-thtthc: IIASA ,In-''Laxemberg, ,Austria,--, Thd lattev~probably 

would ihgve~ito~.bse v~kd-ot h gh- the American cademy *,of.:Sciences;,,t 

Hc~weVer, th s uiopea gru sbc ng'very interested-in-water quality 

modl-lugja wich:u;migi t ;fit. t to t-our modellingdeeloingou~ie 

,I 

itfhesjP~seutntl wich'them has Ibeen cntntim.wS'OM comuaunicatio .d
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Appendix II
 

COLLBATED!STUiES
 

(i) i IRC/NLSand Filter Study Participating Institutes
 

(ii) Model Validation Studies
 

(iii) Sewage Lagoon Study
 

(iv) Water Field Kit Test and Lagoon Study in Kenya
 

(v) 
 Global Technical Workshop on Compatible Water & Waste Water
Treatment Methodology for Developing Countries
 



APPE Nalx .lIvllr(i) 

IRV L AWFILTER"STUDY 

o4kilCIP;A,'..-TING INSTITUTES 



Appendix I (i)
 

IRC/NL SAIN.DFILTER STUDY PARTICIPATING ,INSTITUTEs
 

.BRASIL: 	 Universidade de Sao Paulo 

Chefo. de Departemento de 

Hidraulica e Saneamento
 
SAO CARLOS
 

GHANA: 	 University of Science & Technolgy-

Department of Civil Engineering 

KUMASI 


INDIA: 	 National Environmental Engineering 

Research Institute 

NAGPUR
 

KENYA: 	 University of Nairobi 

Department of Civil Engineering 

,NAIROBI,, 


PAKISTAN: University of Engineering and 

Technology 

IPHER 

LAHORE
 

SUDAN: University of Khartoum 

Faculty of Engineering and
 
Architecture
 
KHARTOUM
 

THAILAND: 	Asian Institute of Technology 

Environmental Engineering Division 

BANGKOK
 

TURKEY: 	 Middle East Technical University 

Environmental Engineering Department
 
ANKARA
 

Dr. Aui.'Carlos de
 
Camargo-Vieiral.
 

-. Prof. A. M. Wright
 
Mr. J. G. Monney
 
Mr. T. C. L. Brew
 
Mr. J. Bruce
 

Prof. N. Majumder
 
Mr. S. Gadkari
 

Prof. R. Jones
 
Dr. K. Y. Baliga
 
Dr. A.'Bayoumi
 

Prof. M. Islam Sheikt
 
Prof. Dr. K. M. Yao
 
Dr. M. Nawaz Tarig
 

Dr. Idris A. Mahmoud
 

Prof. M. B. Pescod
 
Dr. Nguyen Cong Thanh
 

Dr. S. Erol Ulug
 



APPENDFX ,II (ii) 

MODE VALIDATION STUDIES 



Appendix'111 (ii) 

Model Val dati Studiea
 

(.i. 'Model Study in Columbia
 

oA
Model Study will be conducted
 
-h is with the USAID/Columbia.
 

2. Model Study in the Philippine,
 

A Boston environmental engineers consultant firm, "Camp, Dresser and
 
McKee International (CDM)", will collect data in the Philippines for
 
the model studies.
 

Data requirements have been sent by CDM to their representative in the

Philippines. 
CDM is planning to provide data from the Philippines Ten
 
Cities Water Supply and the Surabaya Water Supply and Wastewater Study

project as input for the model's computer program. CDM's Philippines

project involves study of water supply for ten widely separated cities
 
or urban districts having populations of the order of 50,000 to 100,000
 
or more, each presenting a distinct and different problem. Some of
 
these should provide good test cases for the model. 
Data are expected
 
to be collected by the Summer of 1975.
 

3. Model Study in Algeria
 

InAlgeria, through Dr. Schulmann who iswith the WHO office in Copen
hagen, there is a possibility of model testing at their expense. Of
 
particular interest to them is the application of the Model developed

byOU for the studies on national level. They have indicated that at

the present moment they are searching for funds to conduct study on
 
the development of water and sewage plants in that country.
 



APPENDIX All. (III) 

SEWAGE LAGOON STUDY 

APPENDIX III (iv) 

WATER FIELD KIT TEST
 

AND
 
LAGOON STUDY IN KENYA 



Appendix III (iii)
 

SEWAGE LAGOON STUDY
 

In Tunisia, the AID/OU project has a small study which is simply the

aquisition of data collected by Dr. Oswald, who is with the University

of California at Berkeley, on the operational lagoons.
 

Appendix III (iv)
 

WATER FIELD KIT TEST AND LAGOON STUDY IN KENYA
 

The main purpose of this study is to conduct a study of lagoon operation

and to test the Water Test Field Kit through the assistant provided by

Dr. Ken Govaerts of the Peace Corps in Nairobi. The Water Test Field Kit
test has been done and the evaluation results will be considered for fur
ther modifications of the kit. 
 Dr. Govaerts is also planning to collect
 
field data for the lagoon study himself. Several visits for waste water
 
systems have been planned.
 



',-APPENDIX'r I (V) 

GLOBAL TECHNICAL WORKSHOP 

ON
 

-COMPATIBLE WATER- "&WASTE WATER TREATMENT
 

-METHODOLOGY FOR; DEVELOPING'. COUNTRIESI
 



Appendix III (v)
 

GLOBAL TECHNICAL WORKSHOP ON COMPATIBLE WATER WASTE WATER
 
TREATMENT METHODOLOGY FOR DEVELOPING COUNTRIES
 

Voorburg, The Netherlands
 

qNovember,l6-23, l"975 -


OBJECTIVE: 
 To bring together key field people and selected experts
 
on water and wastewater treatment technology to-en'able
 
them to exchange information and to establish a basis
of-*commonality, thus furthering a global acceptance of
 
concepts of adaptive and innovative technolo2v for dA
veloping countries.
 

PARTICIPANTS
 

(2) 	Institutional participants may send additional
 
representatives.
 

SPONSOR: USAID/OkLAHOMA Project & IRC/N 

CO-SPONSORS: 
 UNEP
 
WHO 
PAHO
 
BANKS
 
Others
 

Program Schedule
 

Sund~y_ 6th 15.00 hrs: Introduction, Reception
 

Mond.> 1jth a.m.
 

New 	International Approach-to Rural Water Supply and
 
Sanitation - Dieterich, WHO 

Low Cost Water and Waste Treatmen"t in D.C. AID/OKLA
Project - Re14,"OKLA , 

IRC - Community Water Supply, -in D.C., Innovative .Survey,

Slow Sand Filtrui lon V-Dammo, IRC/NL
 



MondUA !Lth 	 p.=. 
COntt. General :Discussion,':Chairan - Butrico (PAMO) 

Rapporteur - Law, 	 (OU) 

L,,J8th,IX ..

Sate-of AftheArt -Chairman Swisher
 

I. Low CostWater 	 Treatment- Huisman, Delft 
2. Low Cost Sewage Trea.ment Halina, Texas U/Ou 

3. Systems - Discenza, Maine U/OU
 

4' 	Innovative Survey. Tjook, IRC/Nl 
Rapporteur - Martin, (OU) 

p.m.
 

Workshop: Group Sessions
 

i. Water Technology
 

2. Sewage Technology
 

3. Itformation Group 

4.' Systems 

3ednesdayxl9th 	 a.m. & p.m.
 

Workshop: Group Sessions
 

1. Water Technology
 

2. Sewage Technology
 

3. Information
 

halrmon 
 Rapportcur 
1 Arbolaia.(CEPIS) 1. Htalina (Texas/OU)
2.. Reyes (WI10) 2. Canter (OU)
,3,. TJook (IRC) :,3. Martin (OU) 
, WZcrford (WB) 4. Discenza (Maine/Off) 



General Sesslion- Summary of Workshops
 

Chairman. Reports
 

1. McCarry (Canadian) 1. Arbolata

2. Reyes
 

3. Took
 
4. ee Saturday)
 

pom. 

General Discussion, Continued and.Histqrk Studie 
and Villge or Emergency Studies - Don (London) 

F!ridaY. 2lst a.m. Systems Approach
 

General Considerations - Reid (OU). , 

Socio-Economic Data - Warford (World Bank)
 

*odels 
 ,- Discenza (Maine/OU)
 

p.m.
 

,Technical Data-.,Law (OU)
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