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REPORT SUMMARY

Pro]ecf Tlfle LOWER COST METHODS OF WATER AND WASTE TREATMENT
. IN LESS DEVELOPED COUNTRIES -

Confract Number AID/ CW TA-C-73-13

‘ P'r'lncnpul Investigator: Professor George W. Reld

Confracror Office of Research Administration, Unwersrry of Okluhomq
1000 Asp Avenue, Room 314 "~
Norman, Oklahoma 73069 -

e, C‘ontract Period: from 3/1/73 to 12/31/75
Per fod covered by Reporf 3/ 1/73 f0 5/ 3]/ 74
o Tofal AID Fundmg of conrracf fo dute $l48 00

""; 6 Total expenditures and obli |gaf|ons fhrough previo,
o year: $59,339 : N

7. Total expenditures and obl |gahons for current year $59 339

L 8. Estimated expenditures for next contract yeclr $160 000

B * Narrative Summary of Accomplishments and Uhllzahon i |

- In relation to the research objectives, the following accompllshmenfs have been made o
durlng the report period and life of the project: s -

. The detailed site matrices are complete and opercrflonal
. The resources mode! is complete. computerized and operohonal
. The process and cost matrices are complete ' :
. The data formatting is complete and arrangements "have been made wui‘h o
the IRC to locate unpublished and innovative material relevant to LDC
C water and wastewater freatment
5. Initial field trips to Latin America, Europe, the Near East, Africa, and
" the Far East have been completed. The global study of sites representa~
tive of appropriate water and sewage treatment processes is underway. :
- A subconfract with CEPIS has been made and tentative contracts in Turkey, .
~ Lebanon and Africa have been drawn up. Site selechons are belng de-
v _terminad in the Far East. —
“6. The bosic field kit is ready for field tests

' ‘-‘hww—-

“In'summary, the initial steps as detailed in the original objectives, have been accomplished
and a firm foundation for the continuance of the research has been established. Arrange-
‘ments are being made to produce various " States of the Art" papers. These, combined with
the on-site global studies and the other work products, will be documented and presented in
three global conferences. WHO and UNEP are cooperating with the documentation and
conferences.
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VA'NNUAL‘- RESEARCH REPORT = .

A Generel Background

For mony years less deveropeo countries (LUL) hove been usmg developed

. counfnes' technology wifhout 'modifiochon ond someﬂmes to fhelr defriment.

A sugnificonf example hos been the use of woter ond waste water treotment

perr of hme. In effect to0 often all of the resources I'hot hove gone mto

thelr development hove been for nothlng. SRy

‘;ulnstcnces could lead to default on the loans used to deve lop wul'er resources a
treaf waste water. The situations usuully reflect a complel'e lack of orgomzec

wofer delivery systems and sewage dlsposal in addlhon to hiah lncldence nl" wi



g ('IOO 000) orgamzed communmes buf not so prominent w:thin the Z,ma|o‘:?"’“

: _bome diseases. These problems are generally mdicahve of small (500) fo large

i metropolntan areos. bl

Statement of Pro|ecf Ob|ecﬂves as Stated in the Confmct.




%-g;UNE,P,

'. ;include rnterests and certarn aspecfs of the problem area thaf were found in. WHO

=':and 1'seve 'iiafher Nahonal groups such as: lntermedrafe Technology.

Continued"Relevance of Ob|ect|ves

As mdicafed in Part B the oh|echves conhnue to:be; relevant Any savmgs in the
EdeveIopment of wafer resources and waste disposal. sysrems fhat can be: lmplemented
,vby,fhls pra|ect ’ -certainly. could be looked at as: an: expansron of the abillfy to bring
.pure 4and_adequate wafer to.more people. An. lndlcahon of.increased relevance thaf :

;occurred aﬂer the pr0|eaf was. awarded and research underfaken s was the: mferest

ofL _NEP rn slmllar achvmes. . Low: cost water.and waste water. treatment technoloQY F‘j

‘for developlng countrles , has been stated. as one af thelr prlme ob|ectwes. Aﬁer

meehng with professronals of the lnfernahonal Reference Cen}er (IRC) and varlous "
faculty of. many caunfrles and presentahon of fhe pr0|ecl' at. several mternahonal
meehngs, lt became mcreaslngly apparent thal', mferesf in, fhe ob|ecf|ves of 'fhrs
proiecf was world w:de. .Few.seem! to share. fhe overal I ob|ectives; howe\rer, slnce

fhere appear to. be a greater mferest in providing mformahon on low cosf technology ‘

(pracess model) On the other-hand there are groups such as the. Club of Rame, and X



http:faculty+.of

s normally not fhe answer for fhe currenf hme frame. The second and thrrd class :

types ol" freatment hlstorlaally: ere' dequate for DC's and wrthm fhelr ":_lsymg

affluence were qurfe safisfacfory. The ,DC,'s have been able to use higher

technology as thelr economy escalates. Because of this concern the pro|ecl'

‘

direcfor suggesfed:to ﬁWHO and UNEP slnce they by charfer are mterested

|n fhls parhcular area, fhat fhey publish and drssemlnate I'he pro|ect material

s“ documented and verrf’ ed by fhe global sfudles. : WHO through |ts

IRC's would publush it and UNEP would assrst |n the development%of:,"reglonal

':"'workshops fo brrng |f to the)aﬂenﬂon of the approprlate reclpients.‘ To thls

’ntffhen fhe ob|ect|ves are mochﬂed An addlhonal enhancemenf of lrhe scope

‘tof ork'rls fhe development of fhe classﬂ’rcaflons of tesfs that wnll insure the

f odequacy of any given process and a l<|t to go along wrfh this. Another
elaborahon will be the rdenhﬁcahon of manpower requurements and perhaps,

f:?educ‘a_honal remedies su‘ch,_as' relevant-‘ short "co’u‘rses;

:Di*' Accomplishments to Date




L freld was developed The srtes selection matrlces, whlch was developed "

'Tnltrally to assure that all dlfferent types ot mnovative, adaptwe and

‘.translatlve technology could be looked at are lncluded Our Irterature"r"

search to date ot publlshed sources has uncovered many blts and preces

of data/ lnformatlon to t’t mto the whole. ln addrtlon we 've also found
thai s 4 .

unpublushed mformatlon of a slgnlflcance to vanous facets of the pro|ect

u.}..
i [AARREER

' The srgnit‘ cant f' ndmgs and other accompllshments for thrs reportlng

3 l

’ period are on schedule as proposed Sltes have been selected after mltlal
trlps to Europe, Central and South Amerl ca, The Carlbbean ,the Mlddle East,

Africa, and the: Far East were completed A subcontract has been completed

(

0

with the Latin Amerrcan group and contracts have been drafted t'or the Mlddle

Eastern/Afrlca groups. The baslc data manlpulatlon format has been

e establlshed as the basrs ot' a proposal made to the Internatronal Reference

St

Center to detect the mnovatwe and unusual techniques that are beung done

?‘around th'e’worlcl through-the ' Internatlonal“Refere_nce' Center,” thr_o_ugh the

"Db"cui?ientatldn ‘l’or"-th'e confracts with‘the’x‘g"‘élob‘asl'”slte"s’ has ‘:bee’rlifz‘cdd\"pleted_r
ﬁand mstructlons for the collechon and codlfl cation ot' all l<|nds of relevant
data undertaken. 'I'he basuc fleld kit is complete and ready for shlpment

2 The process‘matrlces have been developed although """ t mlth:' detarl that

ultimate Iy be aval lable but certamly in the detavrl that was envrsloned;' :.

““in’theproposal ~The; resource model and'the various’ mdlces that wrll go_jﬂ,, S

have‘been developed and'-compu er zed




The mai" findmg fhar suggests possrble complicehons was, rhe fact thar

many others have worked on various facets of the pr0|ecr as we envrsron

It Some'ofl these indivrduals ond organizahons have made some progress '

whereasothers hove made liﬂle or no progress. AII mrﬁally were qunte




3 Re.earch Deslgn.

A was s fe V earlrer, fhe research has raken fwo broad divrslons. : One |s on

sl

ith ‘,,‘_overal_ k‘,llferature search documentafion and fhe varrous matrlces, mosfly f.l

on campus studles and the orher is the: fesﬂng ofi rhese matrlces under acfual

globa‘ *‘condihons (e.g. freld studles) The global fesfs ‘are- hlghly rmporranf.

»slf_. as envisroned mrhally in. rhe proposal, that as; global sites were selected
i,there mlghf only be’ lhree' one in fhe Latin‘American couniries; one'in’ Aﬁ'lCﬂ‘.‘.‘l
and one in Asia. . 'lhls approach has been modified-since.its become apparent
fhar we; need several srtes in Latin America (coordmafed through CEPIS) and
perhaps fwo smaller ones in.the Carrbbean. It also become apparenf fhaf we.
sneeded a srfe in: fhe Middle East as wellias in Afrlca. ‘The division rhere has |
been befween fhe dry arrd and sed conﬂguous or, frlnge Middle Easfern Arabrc

zcounmes and fhose i'har ‘are. basrcally in- fhe Easf and. Wesf AfI‘ICO domaln. In

addmon

‘‘‘‘‘

;,;pofenhal slfes have been selecrea. m Talwan yit Thailand, Indonesra and
rhe Phlllppmes. Flgure 1, the pr0|ecfed work schedule arrached at fhe end of -

fhls reporf mdlcates fhe slfe coverage. [E

\ﬁ."" - . " ' " s

We plan fo selecf rhree o ; four experts’ and have them visit fhe srfes in’ addmon

to taklng fhe collafmg and evaluahng mformahon broughr info our da_. ban

on: all the dlfferenf rreafmenf processes and develop a Sfare of fhe Art on each'

|ll then ‘be used in the global conferences

s:time. some of rhese experrs have been

rdenfrf‘ ed"}‘l_Dr. Pasveer, of Delf (Wasfe Trealment), Dr. lves, w:fh fhe Umver- :7‘

srry of London (Water Treafmenr), Dr. Cleaseby; om’ ”owa Sfate Umversiry

(Wafer Treatment); and Dr.. Meadows, from Darfmourh};(Syste m

Resources and Populahon Pro]echons)
. . R ‘:


http:basically,.in

 The five Appendixes discuss in detail th following: _

i 5ﬁ°|dre- :



The problems‘-'of data’ availabulify are begimlng to resolve themsel’"es in samplmg




Talboys and Reid is scheduled for the June 17 meeting of the Assocumon
Fronferize Mexicana, Esfadoclmdense de Salabridad, " Lower Cost Water and

,;.'Wusfe Treatment--A Global Research Project.” This will be presented |nv |

.;:‘Monferrey, Mexnco.

},-‘Af thls time it is not possible to site ev:dence of cases where,fh applricahon o



P S*ﬂ*ement of Expendifures and Obllgaﬂons and Contractor Research

Expendltures to Dafe *' k

~,',Careg‘o[y_ o '.f,-;"fAmounr

. Salarfes & Wages o b : _;,,_$l9 844 .
ange Benefits | l 830?
" Travel &Transporfahon %‘::ff 115 486"‘?”
' Consulfanfs e ]o 977?.;;
i"f"quuupmenf & Supplles v 2, 202 :
:"‘;;{Subconfracts B | ‘-0- '
Other Drrecf Cosfs | 1,872
~‘:0verhead ' | M

TOTAL $59,357

Mﬁcanf Problems and Effecfs

,l-'The expendlfure rafe has been slower than: anticrpated , prlmarily because of a: reluc- :
: jtance fo undertake the freld sfudles wnfhouf adequate preparahon. All of fhe mmal
~ fleld vrsrrafions are now complefe, and the Iag or walhng was warrenfed in vnew of
;kithe accomphshments. One facet of the expendlture rafe has been fhe subcontraofs; :

mosf of whlch have been agreed upon in pnncrple alfhough consumaﬂon has been de-:.

layed because’fof fhe problems dealmg with a varlety of enhfies from varlous countries



http:Expenditures.to

_:"lf does appear from site visits, etc.; that we will need a longer period for the subcon-‘,.‘

":tracfs. Now they are for 12-15 months, but most will probably require an extension
Tlt also appears that significant offshoot studieswill materialize from this study, an' o
ample is "The Feasibility of Alternates to Seweroge vsSewage Treatment for LDC's

’On suggestion is individual toilets, publlcally maintained and managed. Studles ||ke

jhis‘wnll require additional funds,



G Work Plon and Budgef Forecast for the Coming Period
Theonhcipofed accomplrshmenrs for the remorning perrod are. indiooted
i rn the uftached Flgure 1. The first |mporfonf step wrll 1

“of fhe various globol srfes sfudres in Mrddle Eost Afrrco ond the For Eost

; Eoch of fhese srudres wrll requrre srfe vrsrts. 'l'he slre'vrsrfs afé" mdicofed

.“"for: the AUB and Turkish controcl's, m October. e'sife vrslf‘v‘on the Afrrcon

: confrclctsi wrll be m November ond those of fhe For Eosf wrll be m Morch_

E 1975 iThe *purpose of 'fhese srte vrslts in oddmon to assrstmg in fhe research,

r,“ .
.g $inn

m July of fhe followmg :yeor to deve op fhe tofov program. :‘TV rst‘grouplwrll

§ fest fhe progrom mcludmg the completed f’ eld krf fhe resource model ond

: fhe globol cosf ond demend sfudres. Followrng the ossrmrlohon of fhe Stote

o

of fhe"vArt popers, fhe Irferofure surveys, the drrec'r morlmgs, fhe cosfidemo d

studres, fhe hrstorrc prochces ,tudres, tb on-slie globollstud _s wllll'be' puf ‘

= fogether ond documented ond fpresenfed in three“globol conferences.‘ : The
3 3
report of the globol conferences wrll conshful'e the pro|ecf's flnal repori'

One other important ospect wrll be some studies on the problems ossocloted




2 ‘;’.‘h'There are no marked departures from fhe procedures and actrvrties underway

f al' ?he present time. One slighs deoarl'ure from the orlginal proposal is rarhel"";*'i

"rhan ass|gn an expert af any pamcular srfe for a long tour, fs to asslgn hlm”""‘l "

'for a shorter tour and have hlm funchon m a two-fold manner. One wrl l be

i

:‘,in the development of the Sfate of the A t Paper and fwo will be l'n fhe & sl

fprofesslanal or'consultahon grou ' whlch wull brmg together all aspecfs of

'falvprogram The global contracfs wrll funchon under _AID confractual ,

quiremenrs and wrfh‘defunihve msfrucﬂons as fo the work fo be performed

:as well as ahumformb approach to use of personnel and data arrangemenfs.

jBeoause‘ low vcosf methads are nof necessarlly low fechnology fhe ,process



- »__igylobcl ;ci-'j'_i:ntqfncﬁcnql ‘prclg_rc‘rn; i

o , 3verbc|l assurances from WHO cmd UNE P of thelr desure fo be deeply ”volved

in fhese globul conferences.

Amcun‘t: ,
| . $30;000-
\Frmge Benefuts o D | 4,050
Travel and Trcnsporl'ahon 15000
Consulfanfs SR ;12 000“
»Equupmenf and Supplies 20 000
Subconfracfs f50 000
ther Direct Cosfs "f12,'|50
Overhead “16,800

C ] ee———

TOTAL o $160,000
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" APPENDIX I

The Second Generation Field Kit:  This is the final description of the

"7 kit to be furnished initially fo the field test sites, Field. -

" experience with the kit will be incorporated into the SR
final version of the kit for general distribution.



HELDIKIT 5

,The fi eld kuf is deslgned fo provrde quallty checks on.the water and sewage’ facllmes B
ﬁ developed in this pr0|ecf. ‘ Slx test were def‘ ned as belng opproprlote to provrde an ade- ‘
quofe heolth mdex of the water in questlon, these test are; Ph, chlorrne resldual, tor=.

'bldufy, collform, biochemicdl oxygen demand, and dissolved oxygen.

Obijectives of the kit were that it be: economical and rugged; responsive o data needs,
available for mass dlsfrlbuhon, usable by in country skills; and that expendables be re~
plocable in country. Development of the kit was to be in stages beginning with a sophis-
ticated kit for highly accurate analytical measurements where manpower and supplies
weref:'dl/oilgb‘:le,“' to oi sirnpleikif with adequate results where unskilled manpower and few

chemicals if any were available. -

The initial kit. consisted of. commericolly available test kits such as La Motte or Hach.
These were accurafe, ond requrred knowledgeoble operofors. “The chemicals had to be

* ordered out of the. country-and the cost was over $250. -We have developed a kit which
consist of materials ovollable locolly and can be mode fresh each doy before going into
the fleld Results are odequate and require'no- sl<|lls or: specnol knowledge. There are
seven drfferenf preces of equrpment, mcludmg fhe fhermometer and the cost is under
$100: for the entire kit.

The- l<ll' mcludes o manal. that wull provrde photographs of oll operoflons plus plctures

of fhe"équrpmenf n 26d ‘d“for eoch fesf. The offachmenf provrdes olternof e _methods

for performmg eoch tesf, olong w:th mformohon on references, sferillzohon and drs- :

ent form m the k|t~




)

‘pH determination - presently involves pH papers, wide and narrow
range. We are workmg on simple methods using more available ma=:
terials i.e., litmus. The attachment includes a listing of liquid in-

* dicators including instructions for mixing universal indicators.:

3)

»

%

vaurbidi% - a sample bottle is provided for collection of a water sample.
T

¥is is then compared to standards in the kit. Instructions will be in=" -
cluded for making new standards, along with: references to. ofher mefhods g
i.e., turbidity rod, Jackson candle. '

Chlorine Residual - a sample is taken and potasslum iodide and sfarch

are added. [f no chlorine is present there is no color development,
if chlorine is present a blue color is formed.  The color being.propor-

tional to the amount of chlorine. Reference to the O=tolidine method

is made in the attachment.

Coliform = Most probable number - a series of culture tubes are prepared

using powdered milk and beef bullion media. Dilutions of the water

are put into the tubes and incubated, either by conventional methods
or a cloth holder which can be worn. Brom cresol purple is placed in
the tubes, upon a drop in pH the purple color changes to yellow. No
color change after 48 hours indicates a negative test. MPIN table is
included and reference is made in the attachment for alternate media.
We are presently working on utilizing a simpler method eliminating the
brom cresol purple, since this may not be available locally.

Biological Oxygen Demand - we have replaced this test with the relative

~ stability test. In this test, a water sample is taken in a sample bottle,

methylene blue is added (oxidation-reduction indicator) and when all the
oxygen is used in the sample the color turns from blue to clear. By com-

paring the number of days it took to turn clear and using a K rate of .17/day

we can tell approximately how much oxygen was available in the water,
This test was introduced because it is far simpler than the standard BOD

~ test, which increases the probability that the test will be run at all. Also

the results we get does give a good idea of whether or not the water con- .

~ " tains adequate oxygen. Reference is made in the attachment to the stan-
= 'dard BOD determination.

6

Dissolved Oxygen - a ferrous sulfate method is being introduced into the
kit, final test are being completed to ensure it will provide consistent -
results, Commercnally available ferrous sulfate capsules (iron anemia) are
dissolved in warm water. Ten, 10 ml. water samples are set up. In each
tube, methylene blue and sodium hydroxide are put. Various amounts of -
the ferrous solution are puf in each tube. The tubes in which all of the. . . -
oxygen is consumed will give us a yellow color, where oxygen is presenf, T
the color remains blue, this has yielded results within + 1ppm. L




| 3) 'Dropper’.bottle o
4) v:;Plastlc water sample bottles |
5) 'fPlc;shc dlsposable syrmges (mstead of pipettes):
6) Cenhgrade thermometer
7) Potassium |odrde” B
8) Starch
9) Brom cresol purple
10) ’Powdered mllk
1) Beef bulllon .l
12) Ferrous sulphute capsules
13) Mef"aylene blue |
14). Sodlum hydroxlde

‘15) Mrneral 0||

There muy b& some"“ufﬁculhes in- obfammg Brom cresol purple, sodium hydroxrde, cmd




Chlorme Resi~l; starch. Make up starch solution before going into 53}“
* the field "dropper bottle provided. :

.2, Coliform; milk, bullion, brom cresol purple. Make up milk and bul--
- ‘lion solution. Add media and brom cresol purple to tubes and sterilize’
- before going into the field. Brom cresol purple doesn' t need to be made
up each time but it should be added before sterilizing to avoid contamina=-

tion.

'L_ 3. Dissolved Oxygen; ferrous sulphate capsules. Ferrous solution needs to
" be made up before going into the field. Mineral oil and covered with

" “mineral oil, just a thin layer.

2. Nead 16 do before going o field:




z 3. Procedure

5 A. Take a plece of w

range 'pa}per,' cllplfln the

:: B, Compare the color of

 the paper fo the charton
the dispenser.




If the wude range paper indicates the pH is between 7-10. take the narrow
‘ mnge paper and follow above procedure fo obtain a more accurate pH

: reqdmg. :

“ If the pH is above 10 cr below 7 then the pH of fhe water needs to be adlusfed
After treatment the effluent pH should be w:thm the 7-10 range. g W

eplocemenf reagents. |

H paper, narrow (7-10) and wide (l H) range*ﬁ

B. Refer fo appendlx for alternate mdlcators. B

A+ Make sore standards e sealed and not leaking

B




3. Procedure -

A. Fill the sample com- -
pletely full wuth the wafer
to be tested, . .. bk

B. Compare the sample with
the two sfandards, he
white top of fhe k|f, as u' “
background. |




Determine whether the sample s less than 30; s then 70'or gredter than

i ‘D, Starch solution
./ in dropper

L agars s B s a e bW v

‘Make sure:there are potassium iodide crystals. .




3. \Préc:.edore

A. Fill the empty fube
(to the neck)'.Wi_fh’féf.»;.',,

fluent sample

B. Allow the Sdmélé'-'éff

chlorinated v_vafér tostand ’-"

10 minutes after COll:vl'éétlolf_,\:f

R Sy SFE
g b




iodide. .

Q-
ah
L
O
o
=
o
o
©
<
U

stals of potassium

Add ﬁvé‘“?.t“o ten drops
of starch sqlg_t

D

ion,




E. Shake the sample"
thoroughly after addlng

the above chemlcals.

+ | VN AW A S, WEM, W G S,
7 — — = TR, VI ¢ S W, W
VIR, SENN ¢ A, SN G SR GENAE - VRN W

F. Allow the mixture to stand for five minutes.

111e color observed five -minutes after the reagents are added should be re=
corded. . Any increase of color intensity upon longer standing should?"’be “

dlsregarded

H. A faint B_lllue_c.olpr
indicates fhe‘f propera-
mount of chlbrine. “No :
color indicaf;s absence of .
chlorine and dark blue in--

dicates too much chlor_inéﬁ. "




If fhere is natural color or turbidity in the water fill the second fest fube :

| w:fh the effluent sample and add the starch solution. Don't add the potas-

) -.,_,.,vf'slum iodide crystals. Compare the two tubes for detection of blue color. .

lacemenf ‘ . '.jj'

'~"'Potossium |od|de :

-vs.arch soluhon, Mlx 1 gram of clean sforch (preferqbly orro wufh enough

» cold wofer to produce a thin paste. Pour obout 200 ml (7 ;

:'.f"wofer into this poste and stir. Boil for a few mmufes. Thl ) uhon may be

“”.-"‘preserved by adding a few drops of chloroform, buf a fresh solvuhon should
be made at least every two weeks or more frequenﬂy fo glve fhe besf results.
lf scales are not available 1 teaspoon of sfarch to 4 cups of water wull give

y :opprox1motely the same resulfs.

" C.. Refer to appendlx for olfernafe methods. '

. 'l Needed m fleld |

A Somple boﬂle - B lOcc syringe does - " C. 15-sterilized tubes
o net require needle " containing media and

e iy e e A e ] . VU e e

R om cresol purple.
Sy ) L ’='f ' o
oy e b gk i i I
: P . L |
. e 8
©




| 2 Need fo do before going to f’eld

'/'«x 5

; rops "f

it »Screw cups on hght and Ieeve covered untll in the f‘ eld.

B f:'-""Make sure ‘the syrmge has been cleaned Ihomughly wnh soap and water and-

rinsed wuth dnslnfectant (bleach), makmg sure to rmse with- water te rmse

oul' ell fhe dlsmfeciunt. If glass syrlnges clre avallable, sfenllze. Refer |

s appendlx for sferllizaﬁon. ‘

3. Procedure

A. Fill the syringe with
the water sample to be
tested.




B Take the 15 screw capped
: tubes, each contammg lOcc.
- of broth and 3-5 drops of
cresol purple and using thef
syringe put lOcc. of sample
info l'he flrsf 5 tubes.

G Put lec. of sdmple in-

€

. to the next five tubes.

| ?ur‘O lcc of sample
mto rhe lusf ﬂve tubes.

4



E. lncubate fhe tubes for
48 hours at 35° (o 1F out-t
door femperai'ure is nof thls
high and mcubator is not
available, the test tubes
can be held close toohés
body .in shell;holder: (pro~
vided).

F. After 48 H‘ours, tubes
that have.changed from
purple to yellow show a

positive test. Record the .

number of tubes in each.

% 1: ‘g 4 >'g(~ >‘Wkﬁ ﬂ ’ group fhof show: posmve re=
D a o e .@l‘.} a’,%i;:é;’. \ su“s' -

[

sk



G, Obtain MPN (Most.Probable Number) ~ -

MPN lnde:

Other eethfﬁdiien_é?-ih’dicafe valuegreefer Iﬁ'an'Z o

H. If collforms are found in numbers hlgher than 2, fhen posslble contamination
could be taking place. Rerun test fo check. If positive again the water
freotmenf system should be checked.

4 Reagents

i Q A Brom cre$O| purp'

:jLecfose 3Broth

Bulllon,ff59rems R
Powdered milk - 5 grams

:‘MIX‘ both |n one Ilter of distilled water, heat to' dlssolve componenfs. If

*‘scales are unavallable 3 1/2 teaspoons of bulllon and 2 1/2 feaspoons of

: ";'Ipowdered milk can be mixed with 4 cups of wafer. :

C Remember to mix media and fill tubes before gomg to. fhe fi eld




V.. Dissolvedeygen I

-~
[ £
.SI

O O el e
i Inndis. A
R [ M

_i‘and should be used wuth fhe needles, to- gef under

-
T IS [T
[ee—

i ‘fhe ouI cover. -»l

¢

VC'} Sampl e bottle
250 ml

;'.f 5'

BOttle fo mix lroq
solution in. 500mly




-2. Need to do before going intofiekld;,ﬁ f

" A Make up Ferrous solution, and cover with a thin laysr of mireréliofl,

3, Prbc;edure

A. F.u fhe sample botfl
with wafer fo be fesfed -
Making s sure the boﬂ'le ls

submerged when flllmg, and
tapping the boﬂle fo make .

.sure there are no frapped aurv';
bubbles. -

B. Mix the irdn’: solution
gently by swirling it ktd‘ -
evenly distribute the mux-

ture.




C. Fill the two syringes
marked iron with the iron
(ferrous) solution. Be sure
to place the needle under
the oil and tap gently to .
dislodge an)‘l'oi'l_dlrbplet}_s‘ ,

from ihe"h‘e‘gdvqu'ij‘i:é.

D Fil fhe syrmge_ marked

sample from 'fhe sumple boffle‘
and put 'IOcc. of sample lnto _
each tube. Leﬂmg the sam-
ple run down the sldes of
the tube to avoid gef_ﬁng
iR 3‘"-7\'-:-} _ 'oxygen info'fh’é water.

f e




'E. "In each test tube add
5 drops of methylene blue
and 5 drops of NaOH.

F. Using the: yrmges con=.

taining the iron’ soluhon

place; = . S
10cc. of the so|ut|on u. fube #IO
9cc.'in tube 9 J;

8cc. in tube #8
'7cc. in tube #7-

- " 6cc. in tube 76
:28-’;"5-.“' H\ 5cc. in tube #5

ﬁﬁﬁﬁ? m 4cc. in tube #4

38 MEE@ “‘_‘ | 3cc. in tube #3

\i - 2cc. in tube #2
) | lcc. in'tube .-#T

,gen.




G Placmg yeur f‘ inger over. the end of the tube invert each tube' gently to'r mix.

ihe solutlon. "

“H, Affer two mmutes note"

fhe color formahon.

": Gomg from tube 1-10, the first tube in whnch the soluhon is clear or straw=

colored is the break-point. o

v 'J Refer to charf for approximate DO (dussolved oxygen reedmg)

-Brec|k between blue

and straw DO
all cleclr 0-lppm
between 1842 - ;- .0~lppm"
: 2&3. 7 0=2
3&4. 1-3
'»"‘4'_&45 L _2-4:,:,

=21



:'f' 4. Re‘agents o

A Ferrous sulphclfe capsules are used, trode name Feosol Spansule (capsules f
" contain 150mg of dried Ferrous sulphofe) Dissolve 2 capsules in 5QOmI. B
(or 2 cups) of distilled water. The water should be 45-50°C at the ﬁmerflﬁe
capsules are put into the solution. The capsules are pulled apart and the "
~ pellets dropped into the water. The solution is covered with mmeral oil.-
The solution should be made at least 5 hours before use, |f can however, be

made up the day before.

B Methylene blue~- dissolve 0.5 grams of U S. P mefhylene blue m dushlled

o -"water fo make 1 liter (4 cups) Scme as Relahve Sfablllfy

‘NaOH U.s. P. Sodlum Hydroxlde pellets are used l grom ls dlssolved in
"-"'jilOOml.of dlstllled water, or 10 pellets in3 1/2 ounces. SR

: ”Mmeral o:l - commerclollyavalloblemmeraloul, used to cover soluhon.

Syr‘mges - syrmges are plashc and mclude 30cc. synnges. _ vGIass or plashc

can”'be used, and of ony slze. Also plpeﬂes ccm be used m place of syringes

;*:',Alfernate mefhod m oppendml ,‘93-,’ :

§ Vl Relahve Sl’abllll‘y
Needed m fleld

5

“Dropper bottle for

:‘ A‘ Sample botfle
S S methylene blue

2. Nesded before going irfo field

[ —



3. Procedure

A. Fill the 300ml. glass =~
stoppered Béftlé?@ifh sample,. -
avoiding troppedauraswuth o
the dissolved oxygen measure-

ment.

B. Add 16.drops. of methylene .

blue mdncafor soluho

mix by mvertlng fhe otfle.

4 "‘s -
Toar



CiPut woter around _thesfopper‘to make ‘sure no oxygen-enters.and.incubate .

20 C plus or mmus 2

: “Observe sample twuce 10 doy (mormng and evemng) unhI there ls no blue

ecord the number of duys requured for decolorlzahon or the relahve stabnllfy

: 7~tpercentc|ge shown in fable. It is rarely necessary to mcubate longer thun 10
‘ S da)'S- ol 4 :

FA relatlve Sl’OlDIlll‘)’ of 75% signifies that the sample confams 'a Upply of oxy-
',“Igen equal fo 75% oF the amount needed nAL :

lhe |ce chesf (klt) can be used to prowde :
“ . *urly consfant femperatures. The tem= ,‘ —
ligf_{"pereture needs to be checked.about BRI
{,f.)ff;f:_.every 6 hours. Cool temperatures as

:,.,m a cellar can also be uhllzed

4. Replacement o

. M lhylene blue. Dlssolve
of U S P methylene bI

hlled water fo make l llfe

W A
I
e s
N )
PEEERS
3 i
o i
ey
v ,
B
l Iy i
- S
2 99+l
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. Equupmenf qufchemicdls

AL Glass stoppered

D, Plastic water sample

" bottles, wide mouth,

250ml.

c.’ Dropper bottles

B. ‘Screw capped |
" 125ml. capacity

- culture tubes
~150mm + 16mm

E. Plastic bottles F. Tube racx
iron solution

. ~wide mouth, 500ml. R ET
LTS

CIERNE I
D g

290 § fanes!

e e s
o .
¢ ¢
3
L '

.

\. S i “ ,""»"'”
»
T
1
1
i

| st -




;18 gauge drsposable
_.fneedles

10ce. syrmge
colrform fesl' R

_
e fiens

o me -~ s
b
= Sty e o s iy

s

[

J. Thermometer - K. PH paper, pH 1-11 and pH 3-8
~ -1010260°C k : -
PHYdrlon \
o ey b\
] K::JA:.‘)&LSQS]}MEO \‘.; N

r-\_g ; 4;\\7

v"h 7
f

S --LD ﬁ['l/

; ‘;.<:e‘§;6nrigrade- Thermometers

ropr

h"ll'"l.’."-’nf i Tr’" TRIN m - i
i (; il i xr'lni f] '"ﬂ'ﬂl'r_ ”

"—"":.’...“-:.‘.’:;.']— ﬁ"nmg,;p ll"l T
0 u,\,-.-:r».-..um....u .-.-P a-..m.....m.-so-c-—";;c/ \J/

'G:mt"\/omm -IM-;.Il

-y 2’ nuull'uﬁ.

"'.._L:.f* Potclssuum |od|de obfam Iocal R., Merhylene blue - order

Afrowroot stclrch obtam. Iooal S, Sodlum Hydroxrde (NaOH) -

r‘ order

'-T, Mmeral or| - obfcun local

1a24



II. Compames where equnpmenf and chemloals can:be: obtamed

A.

C.

D,

HACH Chemlcal Company i PO Béx'907
Ames, lowa 50010 w

U, S, A,

Sargent Welch lnfernahonal Dwusion

7300 North Linder Ave,
Skokie, Illinois 60076
U. S. A.

Curtin Scientific Company =~ PO Box 1546
4220 Jefferson Avenue - h
Houston, Texas 77001

U. S. A.

or

Curtin De Mexico, S.A. de C.V.
Mexico 13. D.F., Mexico

-Apartado Postal 13265

Antonion Maura 29
Colonia Moderna

Fisher Scientific ,Interndtionql Division

"+ 52 Faden Road
- 'Springfield, New Jersey 07081

U. S. A,
OR

Flscher Scientific de Mexnoo, S. A,

. Medellin 43-1402

- - Mexico 7, D.F. Mexico

. Many tests are standardlzed throughouf I'he world ‘A reference, to, premse and;:

standardlzed test is: . ¥, _
Pl Standard Mefhods for fhe Exammahon of Water and Wastewater

ffPrepared and publlshed by Amerlcan Publlc‘ .Health Assoclahon -
5 e . American Water Works Association -
bo b ./V Water Pollution Confrol Federahon

;‘p,_blucaﬂon ofﬂce;» Amerlcan Public Health Assocluhon

i e o 1015 Eighteenth Street, N.W.

Washmgfon, D.C. 20036
ULS.A,

27
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A good general book on lab procedures and equipmen_f is: |
Chemical Technicians' Ready Reference Handbook
written by: Shugar, Shugar, Bauman -

published by: McGraw=Hill Bock Company
Manchester Road
Manchester, Missouri 630”
U.S.A.

f' 2. , Indloators

nqmd mdlcutors con be used to tell wherher a:solution:is basic or.acidic.

) .?,?_1'52’;;,".‘\kfv_For example, Thymol blue has a transformahon mferval of l .2-2.8, at
l 2 and below it is red as the pH goes above 2.8 the lnducofor turns yellow.
) The fact that a liquid redcts acid to phenolphtalein means slmply that
, "‘“Ifs pH is less than 8, and when d medium is alkaline. fowards dimethyl

‘-yellow, we know merely fhaf its pH exceeds 4. 2

INDICATORS 2
N i At ~_Color change
Name - - -+ Transformation Interval .. Acnd ‘Alkaline -
- Thymol Blue S 1,2#2,8 ST T T red-yellow
- Dimethyl yellow - ©.2,9-4.1- red-yellow
Methyl| Red - 4,4-6,3 red-yellow
Brom cresol purple - - +.5,26.8 yellow=-purple
Bromthymol blue 6.0-7.6 yellow=blue
Phenoi red " 6.4-8.2 yellow-red
Neutral red : o 6,8=8,0% ‘red=brown yellow
a Nopfholphthalem - . 7.8-9.0 -rose brown=blue green
Phenolphthalein L - ..8.0-9.8 colorless-red violet -
Thymolphthalein .9.3-10.5 colorless=blue |
Tropeolin "v"”: 1-12.7 yellow-orange brown

b T. M||obedzsk| cmd S.

named u cop" Thls exfraof"exhlblts the' followmg colors, red ot pH 2,

ajti: studled the alcoholic blue cobbage extroct

e



"rose ot‘\4-5""' blue ot 7, green ot 8, yellow at. ll The solutron is ob- g
:?toined by extractlng blue cobboge with 50-60% alcohol Solutrons
should be stored in orange colored bottle. Other extracts are generolly
= unstoble and cannot: be used in alkalire solutlons because they decompose

rapidly.
¢. Universal Indreators

l) methyl red, -naphtolphtholem, pl‘wuurpmuuwuu mumluyl’ﬂOl blue ond
thymolphthalem. Mix equal volumes of 0. l% solutions of the above.
fi ve. This. solutron is red at pH of 4.0, yellow at 6, green-yellow at

7, green at 8, blue-vrolet at 10.

2) ’lOO'mg phenolphthalein, 200 mg of methyl red, 300 mg of dimethyl
yellow, 400 mg bromthymol blue, 500:mg of .thymol blue in 500 mi.
of alcohol, (methyl or ethyl), with sufficient 0.1N alkali added to
produce a yellow color (pH=6); oronge-red at pH 4, yellow ot 6,

yellow-green at 7, green at 8, blue at 10,

| Turbldrtx “
l. Jockson condle (refer to Standord Methods)

2, St. Lours or Boylls Turbidimeter (refer to Standard: Methods)

3. Turbldrty Rod:..:A calibrated.rod, attached fo one end is.a fine plantinum wire

‘of 'Imm in dlameter whrch is at rlght ongles to the rod l 2 meters from this
wrre, ls ottoched a wue rlng through whrch the fme wire is observed when
the rod is lowered into the woter. To obtain the turbidity of a water with
ithrs instrument, the. rod is lowered vertically into the water being tested.

:The observer places an eye immediately above the ring and watches the plati-
num.wire as the rod is being lowered into the water. When the wire disappears ’k;
from. sight the position of thesurfoce of the water is read on the calibrated
'scole of the rod, this i is reod m parts per million. - The rod shall be groduoted
as follows; mark of 100 sholl be ploced on the rod at a dlstonce of lOOmm. B

from the center of the wrre, ond other grodotrons mode 0 thot

1290



Turb|d|ly (ppm) Vamshmg depth of wire (mm)

10 794
,,:,zo;v 426
40 228
60 158
80 122
100 100 -
~ 150 - , 72~"
Sk 300.. i 43 id
400 "'35.4
~ 500 £:30,9"
1,000 . 20,9,

2,ooo’ _.14 8“

C Chlorme Reslduol

Orthotoludme method (Stondord Methods)
K‘D. Collform ¢ ’

The techmque is the some however cerlom mofenols con be subshfufed

~7.‘"~<" TN

a. using durhom tubes (mverted vnols) to detecf gas produchon msteod of
Ybrom cresol purple. f, 5 ' s
i “_’b.‘;_‘usmg pH puper msteod of brom cresol purple, shoulcl end up with a pH
V'i.‘;‘:“ofobout5’ L e R e e

i‘?:l;"unsfeod of ploshc syrme, con use’ glass syrmges or| gloss plpeﬂes.

msfeod of powdered m|lk ond bulllon, con use regulor medlo.

8 groms of peptone ond beef exfroct (nufrlenf brofh)
5 groms of Lactose IR R N d

Y eloﬁve Stoblllty*'f‘“

| BOD tesf, refer fo Sfondord.:Mefhods__



fm'l t 01'1{

rater

by;; heahng the- water to produce steam ond then cooilng the steamto ob- ‘

y S’lcam n

i

Tk | !_nm Wa@

‘0“"(6 oy

to more ‘complex types that can be purchased: from. supply houses. ,These :
range fnom s|mple glass apparatuses -




enough femperoture (uslng \
organisms. ' " Rt v R Tl SR
Glassware can be heated in. on oven ot 170 C for 60 mmutes, or 'put inan /outo-.-'if

clave or pressure cooker (shown)

“ with 15 pounds of pressure |
~at 120°¢C for 15 minutes.

- Medlo can be sterilized in " L "
an outoclove or pressure cooker os obove or it can be e S
‘Qbolled for 15minutes, . S o

;C'C')i;\‘i_f\/ERSION ABLES

i~16 toblespoons =1 cup or 8 ounces '

1 f805poon—5ml. L o
1 tablespoon = 15 ml

1 cup = l/4||fer B

1 pmf— 4732 liters

‘l gram = 0,0352 ounces

-T'ounce (ovolr) 28 35 groms
1 kllogrom 2, 2046 pounds i
1 pound 453,6 grams

1 fluid ounce = 29. 57 cc or:mlli.;.vf'
'l quorr— 946 mrlhlrters
1 ||ter 1.06 quarfs
1 liter = = 2.113 pints”
1 gallon - 3.785 lite
’:Temperofure Convcrsion
Kelvin = °C+ 273 -
OFarenheit = 9/5 C +3
Cenhgrade = 5/ 9 (o



(6 48 fotal)

- .-.'5) ‘_;;125m| dropper bottles =4 44 each)(5)
R AR (2 20 fofal)

Sargenf Welch S
; ”;6) 2 wnde moufh plashc bottles - ( &5 each) '
g e S (1 30 fofat);

v ,‘Sorgent Welch ,
ic e mouth plushc botfle = (s

"'( 92 tofal)




arrowroot starch -
3) Brom cresol purple, soluhon
4) powdered non-fat drymllk,

5) beef bullion, 3oz,

oo Kittotal

FALT

134



APPENDIX:1I-
R DRVELOPENT O T POCES MATIX
A Mefhods of EsﬂmaﬂngCosfSOfWasfewaferT reetme'htf 'SySterﬁsi Irj"}he" Unifed States

“:A"Mathematical Modelfor. Estimating Cost of Water and Wastewater: Treatment
Sysfems for Less: Developed Countries :

C. ' Cost Transfer Matrix






A METHODS OF ESTIMATING COSTS OF WASTEWATER TREATMENT
REEE SYSTEMS IN THE UNITED STATES

ICapraI operahon and mainfenance costs shouId be esﬂmated before w choIce of the

: 'process to be used Is selecfed It |s nof enough to esﬂmafe construcﬁon, engineermg

’ .

'and Iegal : fee costs because fhe operahon and maIntenance of some sysfems may: go very

'hlgh due fo power consumpﬂon.

_Land requrrements pIay a slgmfucanf part in stablllzction lagoon desrgn and expendlture. '
However, for convenhonal pIants, lond costs are usually smaller in comparison with

overall. costs.” They may be consrdered as a separate entity f for englneering estimates.,

In. some cases, especralIy in urban areas, the land required for burlding the' plant may
not- be avarIabIe or may be very small. In such situations, the-stabilization-lagoons -and
oxrdahon ponds should be eIrmmated from the process to be selected. TabIe 1 shows
vanous wastewafer treatment: processes.

In the pasf, comprehensuve assessment of the cost of wastewater:collection and treatment
in fhe United Stafes has been made by various: individuals or agencies. Smith and EIIer3
have deveIoped a Iog-log regressnon equahon for predlchng capital, operahon and:main-
tenance: costs of wastewater treatment plants. Their analysis assumed cost was'a funchon

of flow.and population and did not take into the consideration high BOD!s produced by -

industries. ‘
Thelr equahon is in-the form
Y= b
m . B
where TR SR

v g EC"P""' °°‘*‘ or P°' °°P-fo op“‘ enance costs
X P°PUIuI'lon S o SR T AR T

a and b¢ are consfants

The estlmahng relationship of Smlth and EuIer has been ad|usted upward to 1973 dollars

on the basls of an assumed 6. 25% annual mflahon rate5. Table 2 shows a compurer

=1 '_



TABLE 1

‘Land*"  ‘Power**

+Aeration'Lagoen 8 *
Piloiny, Seliigrigon
Activated Sludge

s X

*vs 'very signif icant‘ **pow felnf; reqmred i

s significant
“ns not sianificant.

=2
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8 3108 1,76 55,88 - 10 sn.m - 1,00
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';’ prinf-out of costs at various populahon level. Consfruction(is'iglven i':‘ dollars per ‘caplfa -

'i ?and operahon and maintenance in dollars per caplta per year,.‘.

Table 2 shows that the cost of construchon, operahng , and maintaming stoblllzahon
lagoon at lower population is conslderably Iower than rhose requrred for bunlding and

;.,maintaming conventional wasfewater treafment sysrems.

fThus sfablllzaflon Iogoons ’ compared fo convenhonal disposal sysfems seem to be econo-
| mlcal at smoll communlﬂes of Iess fhan lO 000 populahon. However, in view of fhe

ﬁj;necessify of a Iarge frack of the land especlally wrfh hlgh populatlons, convenhonal

.

:,' Studres have been done of mumcrpal sewage frearmenl' consl'ruchon costs for 291 pr0|ects

: ?bunlf in Illinois between 1957 and 'l968l * These sfudres used |easf square regressron ‘ana-

‘ lysrs'to relafe design populaflon equwalent fo consfruchon costs,

»:A regressl’on equahon was also developed for estimating lagoon land costs, plant opera-
,"fhng costs, and FWPA construchon mdexes. The equahons l"or eshmafing construchon,
. perahng r and land: costs were. developed in the general geometric form:

C KP; :

. C- elfher consrruchon ’ operahng or land osfs

K- regressron consfanf e
f]‘f,_[P Sewage treatmenf capacrty or, average annual load freafed

n= slope of fhe least square regressron llne._

A new eduation was also developed fo account of future expansion of the:plant inithe



http:developedL.to

P -'ca'poolty of new oddifloh
S= capaclty of exlsﬁng plont

n, m= slope consfunfs.

Followlng are:the summary of equahons developed for lllinois.

Stabi:lageon. - : S Cl = 349p"* 90
. Primary dlgester C -4290P . 06
Prlmary vacuum o ' C = 634P 2 32
Trlckllng fllter dlgesfer C = 1069P '362
Trlcklmg filter imoff C - 7381»,'_328
Activated Sludge (in place build) P.E. >10,000 € = 3746p+4%
Activated Sludge.(in place built) P.E.<10,000 € =91p™%
Activated Sludge (Factory build) C =1298p""877
l.ogoon land cost C2 =22.1 P'877
: Convenfional plant operating cost C0 = 2\3.3Prl'2]3

1apie: .:3 glves I Ilinois construction costs. Other cost estimate studies have been done’ ‘by
Vebr ;. chhushum m Rchm'Z, and Assenso4. Only Assenso used populalion equivalent
,_ifo develop the equation. However, he developed only one equahon for all fhe pro-

cesses o

.Shah and Reld2 developed seporale equations for each process. In fhelr study they ln-
[cluded \a dummy vorloble fo occounf for different fypes of: secondery freatmenf plcmls.
‘{:Summary of their equahons are. given below b

*

Iny=bo+Zb InX, ' a
N R LTI Y S '

f;;EquoHon a is for primary and secondary plcmtsf

D' and D2 are dummy vonobles

vl
LAt
LT



e Actlvated sludge,

TABLE 3

7?'£¢bﬁiﬁf9¢t‘ﬁﬁlf?5t?CQWPa'fsonéfvffﬁliinois.SeWése;Tféatm¢nt’P'antsff°réiési?isssﬁbéséﬁﬁs}

- :T tal:cost for desagn RE's off:-
treatment plan .500° 100 - 200! 5000 10 ooog.,-

183ébbo«~287@800e;‘ '

dlgester

Truckling fllte
' lnhoff

Activated sludge,
mj_constructgd
.in place ‘Qj

293,200 397,800 1,081,000~ - 1.63

factory buult

: 22;300.{212 2oo§f3zi;gpo o
;"‘;Trccklung fllter o ' R |
o addltlons ‘

’ ?zsu,soo},387;1bd. 753 900

i Lg}35;300~ 3zs Bsoﬁisdh,QbO 1 °°2,°°°1
;{?66.200 124,000 201,000

fez{éoo4

272.5665




i

ESTIMATED MEAN CONSTRUCTION COSTS PER DESIGN PE
FOR SELECTED CAPACITIES

ij;Type of ' PE Flow in MGD Estimate of
?;¥Plant ‘ Designed Designed Mean Cost

3}‘Suandard-Rate 100
7 Trickling 1,000
@g*Filter 2 10,000
O 100 000
500 000

_ 1,000,000
‘High-Rate 100
_Trlcxllng 1,000
~ar11ter : 10,000
§ 100 000

500 000
1,000,000

- Activated 100
~Sludge 1,000
R 10,000
100, ,000

500 000

1,000,000

=3

$ 222.91
77 .98
27.%&

9.
4,58
3.33

120.1k%
61.81
31.80
16.36
10.28
8.h41

127.62
5.7
3
18.89
12.11

2.99

146.93
71 27
k.57

16 76
10.11
8.13

COO-=00
CO0CO-—-0

—t
o —

[ ] [ ]
-

-
owun =

O0O0O—=00
OCCO0O0-=0

—
.

coiLo

COO0O-—=00

O\
oococolLo oo

-

fAll oecondary 100
~Treatment 1,000
~“Plants - - : 10,000
,Combined‘; 100, OOO
SRR - 500 000

1 000 OOO

—

e e AR “uoyBpBssq * Q" Y4 /SIuDld
- 4uoiluyoal l;gs%V.,,,9}_;#93_1.ysl{?ng;gg?:;:-99;.4,9!4!;453539 sanbjuyos ‘yoyg *q° Y
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Equaﬂon b Is for secondarymunicnpalandprimaryandsecondary :
indusl’rlal wusfes..;:__' e L

Table 4 shows consrue

SLT RS sy
: I l-8;"
[ AN AN

Hion costs, applying Shah and Reids equations.a, b, ¢, d. -
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'B. A MATHEMATICAL MODEL FOR ESTIMATING COST OF WATER
i AND WASTEWATER TREATMENT SYSTEM FOR
' LESS DEVELOPED COUNTRIES -

";.Wlth_ increases in populat:on, urbanization and industrialization, the demand ot' water ls

r"-lrkely to go up in Less Developed Countries. More and more wastewater quI be dlscharged .

’:lnto rlvers, lakes, and ooceans causmg health. hazards, not onl)l to human bemgs, but to

"wildllfe. The problem of thrs part of study, therefore, arlses from the need o'_ K.

mate of constructlon, operatron, and mamtenance of water and wastewoter systems |n Less_ >

.Developed Countrles. At the present the LDC' s opply a rule of thumb or cost estimates

.‘from mdustrlal countrles. These estlmates may not glve actual estumate in Less Developed

vCountrres since most of the materlals, equrpment, an "'techmcal manpower hove to be im- -
;"ported For example, Table 1 shows per caplta constructron, operation, and maintenance
osts: i ;?'U S and LDC (lndlo)

-"In thls example, constructron, operatlon, dnd mamtenance costs are much lower i m the LDC
b‘v(lndla) than those ol" the UfS" Thls |s beca : ej‘{_land is cheaper in LDC and constructlon ma-

fterlols and labor for constructrng |agoons are locally avarlable. However, in the case of

lbefore ,constructron is undertuken & Wrth ith is. model lt; should be posslble to optlmlze the :

R

st costly process wnth the envaronment condltlons such ‘as clrmate, soil ‘type, lrfestyle,
’preclp:'tatlon, source ot' water and slze‘ of the clty"x Fleld data wull be obtarned from varlous

's in order to produce a representatlve value from the model

:The purpose of the model will be

""To provnde administrators, engineers, public officials in LDC's concerned

- with particular future water and wastewater systems with information which
~would allow them to assess the general level of construction costs to be antici=
~ pated prior to a detailed engineering determination of an estimated cost. .

=10



A TABLE l
U S WASTEWATER TREATMENT COST Vs, LDC COST

"LDC (INDIA)

oo oper. & Maini, | ‘3 | 0per.'& Main..
_CONSTRUCTION | dollcrs/yr. S ,;fsCONSTRUCTION dollars/yr.
| .. dollars/capita | - copita | dollals/_oaplfa ~capita

, L ess | om0
§tub|||zof|onf ST TR SRS
{Lag

.. Cost to Consumer for Collechon and Treatment. _oleastewater U Ser. EPA July,l970
2Low Cosf'Waste Treaimenf, CPHERI, Nagpur,'~lnd|a','l972 -

3lnclu des ,Lundv Cost




e

COST OF EXISTING WASTE TREATMENT PLANTS IN BANGKOK;

AN

COST IN U.S. DOLLARS'
150,000

. 350,000




2.To provude f‘nonclal gundance in mokmg preliminary decisions concermng;‘j’-
"futurev wofer and wastewater process in Less Developed Countrnes.

vTo provude fhe leosf cosfly operahon and mumtenonce processes .in’ LDC

;‘u:"\..TO‘ estabhsh costs usmg envuronmenfal Paramefers of LDC. o T

,C":FCoslt Sltldy -que‘sl;ior'\noire‘

To .represenfoh'v,' fleld dal'o on octuol construchon, opemhon, and maintenance

afer ond wosteWoter processes, ‘questionnaires (Flgure l) hove been sent d:recfly
ot LDCI_: ‘At fhe presenf flme queshonnmres have been sent only lo Afnco. The For Eosf,
':H,.fMlddle*-Eosf ond Lofm Amenco wull follow. ln the near fuw?e, queshonnolres wnll be

" sent | |

,(
i

‘followmg msmuhons. .

"‘ubllc _eo h' Engmeermg Cenfer, Nogpur, India
2 Umversnty of Ncnrobl, Kenyo

Amerlcon Umverslty of Belruf, Lebanon‘

j’\.-’Asnon lnshfute of Technology, Th: andf" |

5.: P
iiéll;%{~;,”leC/HoIland -
7. IIRC/Zurlch | -_-_'i
8 ‘ UN P

‘. Accomponymg the cost queshonnalre, a leﬂer ond summary of the Low Cosf Methods of

: Woter and Woste Treatment in LDC' s huve been included. Due to problems of handlmg -

: mail and problems which may rise in dato collecflon, it has been necessary to send one

queshonnolre to local government (Capital City) and the other one to national govemmenff
agencies dealing with construction of the Water and Wastewater Sysfems. Table 3 shows
-vthe cosf sfudy flow chart.




Table 3. contstudy.Fiow chare

ENVIRCHMENTAL DATA

‘ rxoczss DATA

| :§§:.;:yle Consttuctton Cont -1
Source (water) Opcratton & Ml;pcennnca CQa' =1
Size (populatton) | | DOD's: i =
Soll |

P
"} National
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QUESTIONNAIRE 1

| WATERTANO'WASTE CONSTRUCTION COST STUDIBS
. ;_OOR DEVELOPING COUNIRIES
BUREAU OFfWATER RESOURCES anp ENVIRONMENTAL SOIENcEsxﬁjj‘LjTO
‘ | UNIVERSITY OF OKLAHOMA
NORMAN OKLAHOMA 73069
f;:‘:‘ FEBRUARY 1974
,Plnase‘eOpOIyﬂflowing date.as shown in the tables for water .and- wastewater

‘treatment processes,.: Indicate if, the flow is in metric system or English -
(MPD). ‘and: if the cost 13 in local currency or in U, S. equivalent dollars.

Have you ever had any piOblemfﬁtth‘OPeréttonal'anﬂ meintenaﬁcelbf your
plants’ R ‘ : : J

’\(

t : . P

Please do not hesitate to- send any iuformation on- water and'wesCe
treaCment in your country which you feel might be of*help inﬁ' :




Figure la

‘ WATER TREATMENT PROCESSES
(AID-UNIVERSITY OF OKLAHOMA LDC PROJECT]

Year.

f;;frapid sand filter)ﬂ

rency or U.S.

_ Dollars)**

‘{Name of = Population Design Capacity Construction Operat:lon +(
the Town Const:ruct:lon " d- - Million Gallons Cost (in Maintenance
or City Completed B e per Day (MGD)* local cur~- Cost/Year

(in local -
currency or ° ‘|
U.S. Dollars)#|:

CYATH T e




Figure 1b

WASTEWAIER TREATMENT PROCESSES ,
(AID-UNIVERSITY OF OKLAHOMA LDC PROJECT)

Name of the Country ~*° -~ 7

ame of the | Year ~ . . | Type of Treatment Plant | - Population - Flow Into | 5. Days ?SfDayst" Construction .Operatiﬁf

own or City Consttuction-’ - (e.g. Lagoon, Activated ‘Served . ‘Treatment | BOD of - BOD of . |- Cost (in | amd- "
T Completed :LSIudge, etc ) N Plant MGD*| - Effluent | .Inffluent |. local'cur- | ﬂainte-

N : ' SRR R | remcyior U.S.| nance | -

8 ~Dollars)** Cost: pe':, )
eI Year (i

local

currenc; -
or U.S.

- Dollars

I ‘design capacity is in metric system,: pl 1ﬁd£§ét§al'

_Please indica ﬁﬁcurrencx.



: Mefhodolog y

Upon the return of OU/ LDC/ COST queshonncure, mulhple regresslon and correlatlon
- methods will be used to formulafe construction, operation, and momtenance mafhemahca

'_equahons for each process in LDC's. The model will be SUdeVlded mto i'wo parts.' N

| 1. Deterministic Cost Model

In this part the cost will be assumed o be funcflon of flow m wofer cmd
wastewater will be function of populafion B¢ uuvalenf. AR

Thus:

c=f <f.l.,o.w) forwater == (1) i

o ébmmury of Qs‘chh_ equations shall beshownasonTabl es 4, 5,6,7

Pf&lﬁ&b%lisﬂc Cost Model

. Because per capita cost of water and wastewater processes may.be. mfluenced]
; by the environmental parameters of the country, city or vulluge, suchas .
lifestyle, climate, source of water, precipitation, efc.,_an eqdahon"c' ld™
be developed using the environmental. index. :

) Per COPita/C_ostf f (L], byr bar Lyr Lsr L



;water”Treatment'f&f‘“““

L

‘! N ',.?«Ladtin,:_‘l,Au;..‘... IR,
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~ . America

Cra ™

Slow Sand Filter i

Rapid.Sand¥Filié:f];"iﬁ
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‘Water Treatment
‘Systems -

Slov Sand Filter

Rapid Sand Filter:

- Latin “veoaniDevi Countries
-America ... l.ess Dev.:C




L= F 0 Py Py ) =0
l- —f(F F2, F3, F4) -- (10
L= A Anr A A4) =l

U, = Industrial

]~
U2=’

U3 = Sub., -“Ag’ri/cﬁl ture

~U 4= Normadic -

Agriculture
L, = Lifestyle € ‘

"_E,.l = Groundwater

ce B g Riverx

"R cySource _— .

Lo




L = Soil w= \
R Ag= Clay

> A4 = Sand-clay

5 ‘With-prewous parameters in. mmd, the probabnlmes of f‘ndmg VOI‘IOUS parameters in any
“"'Iocahon where fhe plonf is. to be buult wull |

L-,_formulafed as’ follows and shall be used to

o .locate the Ieast costly process m fhe reglon
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~ For L
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Fmally a computer print out will then be developed which can estubllsh the Ieusf cosfly

process, given the envnronmental types of the region. See Table 8..

=24
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- “Activated Sludge

‘ Tnckhng Fllfer



©ICOST TRAMSFER-MATRIX

‘Numerous studies have been published regerdlng cosf at for 'weter ‘ond ‘Waste 'freofmenf
fecillfles in the United Stafes. Smce u.s. dato ore reodily ovonlab_' ’ the method used
in calculating costs of reaiment facilities in LDC's is besed on’ U S. osf This is

accomplished by brecking cost of operoﬂon and momtenonce, and consh'ucﬂon costs :
‘down into bacic components (i. e, lubor, mafenal; erq ) for each cafagory of scale
(population) and each technology Ievel Coeff’ ciek';fs for. a cosf i'ronsfer equoﬂon ere
produced from socio~economic data collected l"or lha slfe under study ‘The equohon ls g
multiplied by U, Se cost producfs, total eperaﬁon k:md moinfenance, and capufal costs for |

each freofmenf process for an Indlvlduol slte bosod on local condnfions.
,g -

’he procedure is as follows.

A DA ;:’Determme for eaich treatment process lhe percenfage ‘of the total
i, cost involving labor and materials. Asan example suppose con- -
" struction of a conventional sedimentation~irickling filter installa-
- Hon cost aralysis showsd 50% lakior and 50% material . Operahonal
_costs mlght breok down as 80%. labor ond 20% morenol :
" Labor costs: are furfher divided mm skalled and unskilled. Malanals -
. are divided into the percent that can b purchased m-counfry and
i the’ percent that must be imporfed SR .

.t,.

v

'.ifops l,qnd ore shown m Toble I wnth fypxcal percenfages for the mcklmg filter process.
These valtJes wlll dlffer wllh popu.aﬂon slze and ﬁ'om country. to: codnfry, dependmg on
fechnology Ievel

f',
e

\

TABLE 'l S
Percepfage ; Lobor ond Moteriol

‘-‘.,Construchon Cosf
N Percent . T
“?Skilled ,Moferlal . In=countr

Process Lobor =L Un od

Trlckllng - i
ﬂlter ‘


http:equation.is

B. Operoﬂon ond Moinfenonce Yeurly Costs

,’l-’erceni — Percent
« Process ,‘::.;‘Lobor Unskulled Skllled ~ Material In-counrry o .- impe
il | 80/ 60/ 20/ % .

';.of a treo e facr_vliiy is: the sum of lobor ond moterrol (excludlng lo';d

legol and eng‘ineering) ond by mulﬂplylng the percenf lobor by torol cost, ‘the lobo g :
ﬁon of »the 'cosf moy be obfomed. As in our example, if the enfire focillfy cosr wosv$30 :
“per copiro, I'hen lobor would'tbe $30 (50%) $I5 00 per ooplro for consfrucflon. If totol

f“Y°°" Y:°Pv°""°llﬂ9 COSfS 0"6 $6 per. copiru, then labor amounts to $6 (80%) $4. 80 Un=
skllled lobor would cosr $4 80 (60%) $2 88 and s0 forrh However, the $30 ond $6 ore“.;_ :
U 5-, ﬁgures, ond bosed on U S. wages ond materrols cosrs. f unskilled laborers in on e

B ,' 'LDC"fre only pold $'| .00 per hour os compored wlfh $3 00 for U.S.- loborers, fhe cost of ¥ :
- Operahon of rhe freafment focilrry in the 1DC will be reduced fo $2 88 ('l/ 3) 96 per

caP”“ per yeor. E Ihls some location may be requrred to poy skllled croftsmen P Who ure

‘vm shorr supply ond must be |mported $9 00 per hour., Co ::,;

fThis wouldﬁmcreose ihe cost of fhe fomllfy operohon to $4 80 (20%) 9/ 6 $l 44 per T



http:onlypaid$1.00

'_.,4The actual values for cosf of labor and materials will be collecfed for the resource matrix

i}'as de ribed eurlier. From fhls dofa fhe_,vcosf fransfer coefﬁcnents wnll be caleulated cmd
ftotal per. caplfa cosf for construcﬂon,

and operahon and mamfenonce will be. avallable
,for:evuluafion in fhe selechcn o’f :fhe mosf appropnafe (least cosf) treatment process. Tables’ :
"2 fhrough 13 shcw fyplcal values for a number of posslble appl lccmons.

28



TABLE 2

-~ WATER-OPERATION COST TRANS]

. TECHNOLOGY ' LEVEL'
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- APPENDIX 111
RESOURCES MODEL



“THE RESOURCE MATRIX (THE'MODEL)

lnherently models have been the sub|ecf of much of this pr0|ecr. The concepf developed
malnly as the problem structure, As a structure or definition of the problem, the model
includes the objectives and variables which can be used to express the problem and the
.Way in which these variables are related to each other. The model will also be used to
guide computation, and this discussion will emphasize the predominantly mathemaﬁealffyij 1

methodology of interrelating sets of data to obtain the solution,

Generally, if the problem can be defined in terms of quanhflable varlables, mcludlng

an objective variable, and if these variables can be set in a computational routine or
algorlfhm, an cptimum solution may be sought within the confines of the model. What
“happens when a problem cannot be this highly structured, such as in the case with the
‘one under study? When it does not fit the assumptions required by an algorithm such.as'
||near programming, heuristic programming may be appropriate, Heuristic programmmg j?'
is simply the development of a search pattern which will lead step by srep, toward a:’
. feasuble solution, The search pattem contains trial and’ error steps as well as mafhema-
‘hcal techniques. The heuristic approach wrll be used aa soluhon technlque for Water

‘ ‘and sewage treatment planning in- LDC counfrres. -

s frifThe procedure takes rhe fnrm of a network of parhs, slmllar fo ) maze ,_thaf Ieads from

' ‘f;-.,f,lhe starhng condlhon (presenf wafer or sewoge freafmenr) fo fwo or more fmal decnsrons.‘f

";,The-cholce of the final decision depends on wluch pafh |s followed . Each} patl'u Ieads;

_«;;§,¢f0'-only one declslon , although many- pafhs may lead to the. :sam' declsion. The selee

|on of pafhs is determined by using the: approprlate dec isio

o ln rhe network. The outcome of a partlcular declsion rul v\, V_;depends on the condmons* :

existmg at that junction.

The heuristic program is being prepared in two forms, which is normally the case; the
first is a schematic diagram depicring every possible step in the decision process and
| showlng the route segments., The route segments connect the various steps in the deci~ -

~ sion process and form a network of paths leading to the final decision alternatives,
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Decision rules will be specified for each junction to determine which route segments
are to be selected, and hence, which path will be followed in solving a particular prob-
fem. The second form is a’computer program to be prepared by transcribing the sche-

matic 'diagrarﬁ into a form digestible by the University of Oklahoma iBM 370 computer,

~The input information needed to apply the decision rules must be all'quanfifaﬁve»oi'-r‘cari_"
be assigned a numerical value. The result is a mathematical model. All that is l;e'{quilv"ed’i )
is an appropriate scaling technique and some dummy variakles. This will be describéd-, X
in greater detail in a later section. A heuristic program in mathematical form has the L
appearance of an analytical model. Inspection will generally not reveal ‘fhe_true-nafﬁfé
of the model, although one would suspect that the model is heuristic if it is ch_‘)ﬁlex',”fj:j :
nonlinear, and especially if it contains many independent variables. A mo‘hemuhcal
model can be classified as heuristic if the relationships between the variablesareesti-

‘mated intuitively rather than by mathematical or statistical ancxlysi's}_j

The besic désign objective of the heuristic program has been to construct a ind&el that
 conforms to the procedure, rules, and outcomes of the human dédiSion"pfbcéss befng :

“examined. Models of human decision making behavior must be based dn'obsérvdfio'n of
that behavior, and this heuristic mode! is no excaption. This investigationv'inCIbded i

interviews with a number of participants involved in the decision process, observations .

of the process in motion, and has traced the procedure from start to finish, -~ -«

To summarize, the mode! to be set forth is a heuristic one due to the cbrﬁpléxff&f’bf the
“decision making process. At this point the resedrch design calls for a heuristic S|mu|a- .
‘tion model to represent the decision making process in the selection of water qnd-sewczg.‘e‘”

treatment processes. The remainder of this section wiil show the information flow_iqnd ;

the detailed description of the model components, The basic structure of the m’d_del;ﬁj;”

shown in Figure 1. Each of the components in the model is discussed in enoughdefail

to show why and how these data are included in the madel .
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Sociocultural and Socio-economic Factors .

The importance of noneconomic factors in the planmng and |mplemenration of wafer and
: sewage treatment processes have long been recognized. Social and cultural consldera-. |
tions supported by institutional rigidities cause people to respond n differenf ways, of-x.

ten affecting the success of the project negatively,

1 Improvemenf of the well-being of the people in the LDC's is generally classlfied m the
development program of an area. Developmenl’ .as we know |f, |s a product oF Wesfern »
culture, based upon Westem beliefs and values, mcluding specral athtudes roward work
savmgs, individual dignity, and the role oF fhe mdivrdual in defermmmg hls own des- : :'f
tiny. ‘In a free environment, where success is oﬂ'en measured by materlal wealfh lndl-

‘ vldual progress and industrial progress combme to build ¢ a more producflve economy.
The mdivldual's goals and the economy's’ goals are, on the Mrole, fhe same, . Ease of

, upward moblhty and social approval of economic success mohval'e the indlvidual fo

j ach leve .

!,"However, ina non—Westem soclety ’ dlfferenf values, bellefs ., and attifudes often make
‘.'-"fhe appllcaﬁon of a basrcally Western economlc system very dlfﬂculf. Therefore, it |s
‘_importanf to understand these differences as well as the culture of other countries to
apply what might be useful from our own. developmenf process, Considerable cufhng
and fitting is generally necessary if, indeed, a plan for water and sewage treafmenf

lmprovemenfs can be tallored at all,

fWesfern soclehes with rhe bulk ol" fl\e world's economlc wealth have undergone and are
'iundergomg a variety of revolutions. Some examples include: materlalrsm, fhe concepr
of human equality, and the importance of science and technology. These are a parr oF
Westem tradition. " Although similar movements are underway in fhe LDC's, there is a |
time gap. In all the LDC's there is a lack of adequafe |nshful'|ons to brldge the gap, .
der. The following discussion relates to the rmporfance of the basrc socral insflfuhons
in the LDC's.

-4



The role of the ‘individual in'the. fomlly affects his’ contnbuhon fo ‘the ecohomy.'

i the
"exfended l’amlly, whlch consisfs of many relofives, the’ lndwuduel confrlbutes hus eern’-‘

‘mgs to the group and, inturn, is cated for by the group. There IS much féss. emphosls '

'lploced upon individual performance, and the. individual's rewards ere nof essocloted 1
dlrecfly with his performance. lndlvcduol incentive is dampeéned; there |s lmle mcen-k
vhve to work harder or fo be more produchve. The' extended femlly has ‘considefable "

'lmpecf upon lobor moblllfy. The son ‘who s responslble to his father or grandfather will

ot eesilyfkmove from rurel to urban employmenf or even to another job. If he does so,

c kﬂnues fo hove strong famlly tes and may. ebruptly feturn when instructed to do'se

.s"hove resl'rlcfed roles; their occepfonce in ‘the' world of work is .
Xamp e, in the Nerfhwest Fronher ol" Wesf Peklston, wome# are essen-, |
|cfed to fherr homes- fhe purdoh cusfom even proh|b|ts women' from showlng -
r face ’jiunpubllc. As e resulf very few women are’ in fhe work force. ‘Complete
‘f'emonclpohon of women, fo eneble them to compefe on equol ferms m the worlcl of work,
{‘;'IS sfill not e fecf in mony developed countnes ’ and some form of dlscrlmunohon is us- .

uelly prechced

3:';?Every soclefy has its ¢lass strucfure , even the mosf ecenomlcolly and: lndustrlally ad-
: ,'venced whlch act by the ||m|totlon of mobillty and’ relefes dlrecfly to ‘individual econo-
;..-mic produchvlty. Rigid class consciousness in meny trodlflonol soclehes restricts the
?‘i‘moblllty of people and limits their potent'iel as produchve workers. Socaetelly deter-

: :mlned classes of |obs for SpelelC closses of people |nter|ecf such rlgldll'IOS fhaf it

;."useless for mony to asplre for beffer |ebs.v An exomple oF this is fhe casfe';fsysfem

lr‘dla whlch establishes moblhfy boundarues for mony WOrkers. ;

v'i[Rd‘Cvldl dlscrlmlnohon _provides another exomple of socnetal restrictions whlch keep m- :
:.;le‘ldUalS from holding jobs in which they can make the greatest contribution to them-
selves and the economy. Lack of educational and economic opportunities for mlnorify" .
| groups in the United States has kept many individuals in below capacity posmons. Dls-
crlmlnohon has entailed economic costs to the United States, not-to menl'ion lhe soclel

costs or the moral aspects of these restrictions.
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i ,Western culfure emphasizes the importance of the individual in determining his own des-

| tiny. This attitude has, in part, a religious basis. In fact, most individuals have con-

. siderable freedom to work, to achieve, and to move from job to job. Where restrictive
institutions establish narrow social and economic parameters, the individual .is not Free |

- to perform at his optimum capacity. If the individual is institutionally "boxed in ',',;:h_lsA', ;
opportunities and his rewards are less than they might otherwise be. To a degree, sucH
“a situation exists in the United States today, and those people affected are said to be

victims of the "system." This is not unlike the "system" in LDC's; however, the restrlc-ff{

- tiveness and the number of people directly. affected differ, Many poor. people in the .
United States feel they are poor not because of their own failures , but because thenr

opportunities are limited by the "system." The "system" is. fhe sum total of econom f

~.social, and political institutions that affects people -~ essenhally the way fhey |IV8

and what they do -~ and this leaves much to be deslred for fhe provusion in an environ- o
ment in which the individual could play a more vugorous role in fhe defermmahon of husv ;
.own destiny.,. Incldently, although institutions prowde |mpedimenfs fo growth for |nd|- '

- viduals and economies, they also provide rationales for lack of accomplishmenfs. ; Fafe, |

the government, and the landlord are often blamed for fa:lures and mlsforfunes.

| As communihes become more urbanized, the rlgldihes of the tradmonally onenfed rural -

- ;socleﬂes give way to a more flexlble way of life. Better communications: and far |

Isolahon often fosfer new social ‘awareness. . Famlly and class become Iess lmporfant- i
"rural customs are quesfloned and violated. This contact between rural and urban people“-‘,'
@brmgs about changes in rural areas., - New institutions emerge that are geared fo fhe ur=_
_'banized and mdusfrlahzed society. This breakdown in traditional institutions and the .
establishment of new social and economlc rules is called modermzation. It brmgs wifh ‘{','

‘it new freedom , and it also means a Ioss of confrol and oﬂ'en insfabillty.

g Looking at fhis from a commumfy |evel, it appears thaf a good way of consldermg the .
}sociocultural factors is to determine a community's stage of development. The sfage of
development is the sum of the sociocultural and socio-economic factors that are such an

"eSsential part of any community or group of people. The approach in this researc‘h‘_ has



-set-up four levels of development;so:that.a

inko one of thee levels. The characteritics and dealls on

|s described below.
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}i’Eeye|s3:of ‘Development:

‘Level | communities are those whose economic and social progress is dependent upon con%‘-i
 tinued employment of outside high-level manpower in a wide variety of core positions |
in major public and private institutions. In this stage the indigenous human resources
are insufficient to permit these communities to move forward on thelr own. Almost wufh-

- out exception they require extérnal aid for progress.

Normally, the Level | community is essentially an ognculfurcd society, ’fhe mo|or|fy of

~ the population is rural or nomadic. The bulk of the rurol population surroundrng the . ]
commanrty is engaged in subsistence ocﬂvmes contnbutmg morgmolly to the morkef eco-_~
nomy. Those engaged in cash crops , such as feo or vegetables, are a small mlnorlfy. :
The modern sector of the economy consists of fhe offices of the cenfrol governmenf and .

: with its regional and local bronches, a few |orge plontahons fradmg esroblrshmenfs in
the larger villages, and a few industries such as' food processmg , bol'tllng of beveroges ' B

_or an occasional textile mill, Where they exlsf orl and ‘mining mstolloflons and. fhe L

’i,clﬁes ond towns connecfed wrth them are only enclaves |n a vosf rrodlhonal society .

and fhey only employ a smoll frourron of the commumhes manpower.

ln a l'ypiccll Leve| I commumty fhe employed Iobor force, /eonmg fhose persons who

-:'f_{cre in some way connected with the morket rather thon the subsustence economy , is a
‘_very small proportion of the total population, | The bulk of the populohon is engoged

l‘_'m frodihonol subsistence activities and has very Iltﬂe contoct ‘with the modernlzmg
‘,sectors of the community. There is a critical shortoge of all categories of high- Ievel _
manpower: professional and subprofessional, administrative and clerical, teachers, su- i :

pervisors, and senior craftsmen. In many of these communities the total number of nohve'z

- persons in the population who have a secondary education or ecuivalent is cerfomly Iess

‘than 1 per cent, and in some cases, it may be closer to one-tenf_h;of 1 lper_cent._, ]

]|
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fi ln many Level I commumtles, the populatlon is no longer stable, but is beglnnlng to m- -
;'crease as progress is made in the control of dlseases with the expansion of health services,
'ln some areas, overcrowding on the land, the initial thrust of education into these areas, ;
:and ‘the building of roads has encouraged the movement of people to larger towns and :
fcrtles. Overcrowdmg and unemployment are becomrng notrceable in the larger urban

"‘areas.

;The educatlon in Level 1 communities is: underdeveloped at every level. It reaches o'rly-f'.ff

a small fractlon of the populatron, its qualrty is low, and rt s rncapable of meetung eVen".;‘_"
Lthe mrmmum needs for local high-level manpower. Many of the schools are operated |
‘by "voluntary agencies"” or missionary orgamzatlons and the: varrahons in curricula a are
wlde. ‘In'most of these communities, the bulk of the primary school teachers are "un-
":quallfred " which generally means that they have had little more than six or seven’ years
of primary schooling themselves. The characterlstlc pattern of most Level I communltres '
is that many pupils start in the first grade, then drop-out, and then come back againas .
repeaters and drop-out- agam. Some schools offer only one or two' prrmary grades. Thev
result is that a great ma|or|ty of those who' attend barely learn to read and write, and 3

"most ot' these |apse agaln into -llrteracy at'ter a t'ew years. ,

f.Wlth “’econdary education;” there are usually many more school leavers wanting to enter

s ondary educatlon than there are availalsle places. Typlcally the second—level enroll- '

‘mentrate is approxrmately 4 per cent, but it may be as low as'1 per cent. OF this amount 5
the techmcal or vocational schools account for a very small portion of enrollment, Like -
the primary schools, most of the second-level schools are operated by missionary organlza?-'i-“,
tlons or private groups. Most of these schools charge fees which in terms of average in- |
‘“ome are “high, therefore, secondary education is generally available only to the richer

_classes and even for them, the opportunities are narrowly limited, Generally, ‘second-
ary schools are of rather high quality with the curriculum designed to prepare studenl N

t'or higher education.

Higher education (third-level) is avallable to only a tiny fractron ot' the population.‘

Most Level | communities send’ thelr students abroad or to nerghbormg commUnlties. |

e
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. The on-the~job training of high-level manpower is generally not well-developed or. pro— :
perly utilized, Formal in-service training programs are rare. Thus, the sheer experience
in working on a particular job with certain superiors and subordinates constitutes training
on the job. Promotion and transfer ase much more likely to be made on the basis of poli- -
tical considerations ar’ personal connections than on demonstrated competence. In some
cases, expatriates are more interested in moking themselves indispensable than in train-
ing their local counterparts. The private sector often does a better job of i in-service de-
velopment of high-level manpower. The oil and mining companies usually have craft- i

training centers, formal on~the-job frcunmg programs for their own employees.

',A final difficulty is the dearth of organized progrems in community developmenf fbndée

- mental education, literary improvement, and in many cases agricultural extensuon ser -

",‘vuces as well. Here the problem is not the mappropnateness of such measures in. the less_;':;

,:.fdeveloped communities but rather the mablllt)r to get them orgamzed and sfarted

' posuhon in a larger city rather than a fleld ussngnmenl' in some remote rural area_ 'A s _a"' |
result the distribution of high level manpower is far from desirable, It is concentrafed m
the larger cities, whereas most of the cirtical needs, such as ngncultural exfensnon and
::commumfy development, are in the smailer communities. The occupational composmon |
is generally ill-suited to the communities’ needs. For example, engineers are in very. :
bshorf supply, but engineering technicians are even more scarce, and as a result, engl- .
neers must perform work beneath their skills simply because of the lack of supporting per-
-sonnel, Also, there is a preference for administrative jobs over technical jobs because |
the former are thought to carry more prestige and authority than the latter. And finally, -
the contact with and lure of the advanced cities and countries, plus the international
agencies, causes many of the more ambitious individuals to look outside their local com- r_"j;

munity for even better opportunities.

'One last problem deserves mention == the communities which insist on rapid. Iocalizaﬂonr

of the government services, a phenomenon colled the "leap-frog d:lemma, " becaus ¢ of .

o M=10



strong pressure in. fhe politlcal purl'ies, Iocal naﬂono's with very Iittle education and
'experlence may he pushed into senior posiﬁons for which they are not well qualified,
‘stmp|y because well-tained people are not ovanlable. But they never-fhe-less acquire
fenure in these positions in time, when other local. nationals with superior quuhflcohons
emerge from schools and universities, fhey are forced to accept inferior positions. This
results in a tragic waste of falenl' Iow morale ’ and undermining of the’ efficiency of the

employing organization. '
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LEVEL I COMMUNITIES

) Level l. cornmuniﬂes could also be called "relatively advanced" ones. These partially
developed communities for the most part are still dependent upon the more advanced'
;communiﬁes or central cities for critically needed scientific and engineering manpower.
But fney are able to produce the greater part of their own non-technical high-level man-
power, such as teachers, raanagers, and supervisors with some assistance from advanced
countries or other areas within the country. They are still unable to develop enough -
strafeglc high-level manpower (paiticularly engineers, scientists, and highly qualified
teachers) to progress on the road to industrialization completely under their own power.
As in the case of Level | communities, there are wide differences among communities in
the Level Il category. Those in the lower part of the range still have many of the char-
acteristics of Level | communities and those in the upper part of.‘\'fhe range are approaching
a state of near self-sufficiency in high-level manpower fhaf is characteristic of the semi-

advanced communities in Level Iil,

‘The Level Il communities are primarily bssed on agricultural economles. On the average ,"
.about 65 percent of the active population are engaged in agrlculfure related occupahons,’
‘whereas 83 percent are involved in the Level | communities. In many areas a large por-fk,
tion, approximately half of the population, is engaged in subsistence ac: |V|f|es oufsude
th= macket economy. Most of the agricultural population produces at leosf some commo-
dities which are sold for cash. In some areas there is a nucleus of modern mdusfry and ;
in some communities the industrial sector is sizable, Some cities have textile facforles ’
and light metal manufacturing plants while others have large mining or petroleum com- ~J

panies, most of which are partly owned and operated by foreign concerns, Banklng and

commercial establishments are much more developed than they are in Level | commum-
ties, as are the systems of transportation and communication. Thus, the modern secfor

of the community is larger and a great deal more complex than that in the Level l oom-

munity, and government employment no longer dominates the labor market,

In nearly all Level Il communitiet, there is widespread consciousness of the need for rapld.;;

economic and social development, yef in most cases there is no clear-cut sfrafegy for

n-12



‘achieving ff._ But in comparison with Level | communities, there is more widespread par;
ticipation of the people in the political life of the community and conséquent!j? greater -

pressure for expansion of education and general improVemenf in the standards of living,

N
'
!

In the area of manpower, a rough profile of the manpower problems in fhe'fyp?c_:c;ll_ Level

‘ll:community .are: : |
1. Scientific, professional, and technical personnel of all kinds are in
- very short supply and the most critical shorfages are to be found in the
subprofessional categories such as engineering and agricultural tech- -
nical supervisors, and senior craftsmen. In this level, the community
is far from self-sufficient in manpower of this kind, and must continue
to import a significant number of persons with critical skills.

2, On the other hand, the Level | communities have little difficulty in

. filling from locai resources its requirements for administrative person-
‘nel in the government services, primary school teachers (of low qualifi-
cation), and most white-collar employees in both public and private
establishments. In fact, university graduates with law, humanities,
and arts degrees may have difficulty in finding "suitable" employment
in the government ministries and often accept menial positions in the
white-collar category. They are no longer in the commanding position
enjoyed by their counterparts in the Level | communities, while at the
same time, they are not so likely to remain unemployed as is so often
the case in Level Ill communities, :

3. In contrast with the Level | communities, the pressure for localization
of the high-level manpower has abated. Local nationals are in firm
control of all government ministries; they own and manage most of
the communities' industrial and commercial establishments and they
hold fairly high positions, though not necessarily the top ones, in
many of the expatriate enterprises. The majority of the second-
level school teachers and university professors are local naticnals.
However, the community is still dependent upon expatriates for
technical or senior managerial fields, for which local citizens are

. not yet qualified for which they have had little incentive to prepare.

4. - Many of the new university and secondary school graduates are em-
- ployed by commercial and industrial establishments rather than the
~traditional government ministries. However, relatively few of them -
take teaching positions in secondary education despite the great need
in this area.

3. - In the lorger urban areus, there is mounting unemployment, particu- .. .
~ larly amorg primary school graduates who have had just enough education
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. to make them dissatistied with fradifional rural 11Ving and nor reaily

. enough to make them quallfled for medium- and higher-skilled jobs
“which may be available in commerce, industry, or the government
services. In general, there is widespread under-employment and
overcrowding in *he surrounding rural areas, coupled with backward-
ness of agricultural methods and feudalistic systems of land tenure.

,:‘,|n short , the profile of the Level Il community shows fhat the partially developed com=
"'munities are faced both with critical shortages and burdensome surplus of manpower, o i,:
and it also suggesfs that the human resource development |nshfuhons m these areas are ‘

;not producmg the numbers and klnds of persons whlch modemlzmg economles demand

‘“ﬁ‘ln the parﬂally developed communlhes, fhere are generally many klnds of mstlluhons L
for on-the-|ab training of manpower, for ellmmahng rlllferacy among adults and for
":communlty development, but in general, they are given much less attention than: lhey
“deserve and in many cases their potentialities have hardly been discovered ' let alone

’ exploited. The large oil, mining, manufacturing, and commercial establishments par- -
ticularly those which are managed by expatriates do a reasonably good job of training
their own craftsmen, technicians, and junior managerial personnel, and it is possible
:,‘fhal' some of those trained find their way into other activities in the economy. . In some
citles, fhe central governments have established public admmlsfratlon tramlng cenrers ,

', but these reach only a tiny frachon of the government employees.

}g’f_Some governments mmls‘rles have set up trannmg courses for agrlculfural asslsfants,rme- :

,{‘dlcal assistants;’ and rallway employees. However, in most-LDC's. the armed forces have

'.flrather extensive craff and technical lramlng programs ‘which are effecli n developmgv ‘
skilled personnel. In some cases, local industrial employees have started managemen’r |
training programs, occasronally in cooperation with interested educafional msflfuhons. s
Many Level Il communities for the most part have not been able to develop comprehen-f -

sive and intensive programs to increase the capabilities of adult employed manpower.

.Probably the greatest need in Level 1l communities is for massive agricultural exfensionf"'.“"
“services and rural community reorganization and demonstration projects so that there ' ; : ;_'

‘j'ca'n'i be a transformation of traditional agriculture and rural life, There is a fremendous,ff?"_;_‘j:
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,{;need for advnsory servnces to farmers ’ bas!c educahon in communlry developmenf und

"other programs to upgrade the skills and enlist the purticipaﬂon of the rural masses. : 1;

De pife the fact that fechniques of human resource development are known, they can- :

.fnof be' apphed effectively unﬁl the cppropriate organization and institutional sfructure":t"
s builf. .
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- LEVEL Il COMMUNITIES.

,,,,,,

about half the distance between the partially developed (Level Il) and fhe advanced

communities (Level IV), This secondary school enrollment is more than two hmes rhat |
of Level 1l; and their third level enrollment ratio is three times higher; its primary en- A
rollment is 50 percent higher. The semi-advanced community (Level Il1) has avallable
practically all of the high level manpower that it needs except with the possrble excep-‘;
tion of scientific and technical personnel. Although shortages of scientists and engmeers
persist, they are not great enough to prevent the community from successfully lmporhng
and adapting modern technology without substantial external help. In shorf lhe Level .‘
Il community is "over the hump™ in human resource developmenf. .lt is on rhe"ro ' d ‘fo ,»l
becommg an advanced community and it can travel on that road largely unde; |fs own

power.

The quanhfy and quality of hlgh level manpower m fhe l.evel lll communmes ls far be-v
low those in the advanced communities, The Level{ Ill ‘commumfy is a Follower rafher .
than an originator of scientific, engineerlng, and org nlzaﬂonal lnnovahons. Actually‘
a community in this level has a broad base ol" prlmary educahon wrth generally well-' |
leveloped secondary schools and maybe an msfrruhon of hlgher educahon. lt has nol
seen able to develop the research manpower and research lnshfufes whlch are charac-l | 7
‘eristic of advanced communmes. At manpower - buildmg mshruhons fhough capable
»f supplying initial minimum needs | are often |mproperly orrenred fo meer the challenges
»osed by rapid modemlzahon. In some cases, too many people are bemg fralned m i

lelds for whlch the prospective demand does not match the supply, . |

ndusfrlalizaﬂon is well advanced in Level 11l communities, Most of fhem are no Ionger""_"

»redommanrly agricultural, Transport, power, and commumcahon are, on, the whole,""" '

vell-developed there are however, bottlenecks i in elecrrlc producfion, rallroad service,:}.t

rrigation, etc., partly because of a shortage of lhe skllled and fechmcal manpower:f ‘

vild and operate them.
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o ELike many of the less developed communlfies, some of the’ Level m communlhes hove

B srupluses of unskilled human resources.  There is a relative surplus among certain fypes |

of unlversrty graduates. - Unlike the advanced communities, however, the level of eco-"
3 nomlc development is still not high enough to absorb all these finishing higher educatlon
" regardless of the field of study. Even among those professionally trained, there are

| l|l<e|y to be relative surpluses and shortages. In the ‘absence of alfemahves, a relahve j
| ‘Voversupply of high-level manpower in one community may lead to emngrahon to other |

'areas where shortages are more pervasnve. -

:Mosf of the Level ur communifles have achleved Iegal universal compulsory primary edu-

» or af leasf slx years. There is a conflnulng problem of primary school dropouts

) e L vell lll communifies. In many of the Level III commumﬂes, second- Ievel edu-

- 'caﬁon is shll narrowly academlc and primarlly unlverslfy-onenfed Only a mmonfy of

. the ellglble age group are exposed to it, and fhere is often a high dropout rate, as in
prlmary educatlon, there is-a shortage of competent teachers at the second level in most _
. of fhese communities. Limitations on access to higher educahan and the crowdmg and
consequenr poor quallry of mstruchon, have led students in some Level Il communihes .
o go ro ofher areas for advanced training, This is certainly less true than sfudents m

Level ll or Level ] commumhes, but it persists where the system of hlgher educahon |s

-‘nor y f}adequare to meet fhe needs of the semi-advanced commumfy

:‘X'ln some I.evel III communities attention is being paid to upgrading the quallficahons and
n |mprovm9 fhe performance of people already employed in strategic occupahons, On rhe'}f
g |°b fralmng has spread more W'del}' among employlng institutions in- communmes of thls
o level Apprenticeship programs and votational training are more advanced i in Level lll

: “',,communlhes generally, although there is growing recognition that vocational progroms "

: fourside the plant may not produce the skills required byexpandmg enterprises | m the ab
i .sence of close coordination with specific manpower needs of these firms, ln some cdses,
vocational schools have been established in localities remote from enterprlses which

‘employ their graduates. Thls is a wasteful use of human resources. o
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: ~v-;G;§neurq|ly the salaries paid to high-talent manpower in science, engineering, _qn'd. man-
,‘-;‘qg.li'cal positions in most of the Level Ill communities are sufficient to affr.ag:fv young |
people to train for these fields, The prestige of the technically trained man is high.,:
and professional management is more highly regarded as a career than in the lesser.-
developed areas. Government administrative posts also vary high prestige and sala.ri'e__s, |
but they are no longer the sole high-status occupation; in fact, government salaries may
be lower than in other professions requiring equivalent education and skills. .Alvlchﬁpn :
of high-level manpower by other means than the relative salary structure hus qdvq_néggj
somewhat in Leve!l Il communities. There are public employment sewices; althp’ugﬁ‘\
these tend to service blue-collar workers rather than professionals., Somg:qffempfs hove
also been made to establish registers of ;ci_eqﬁfié and technical p{el"sonnellv,:bqf‘g’gen‘e‘}gﬂl'-
ly the employment opportunities for (fhe.selpegﬁ_lhq‘ are sufficient without the assistance. of

formal placement procedures,
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 LEVELIV. COMMUNITIES

& The fypical commlmiry in the fourth level of human resource developrnenf is'in‘an ad- ‘- f
;*‘vanced mduerrial economy. It is capable of moking major scientific,* technologlcal
'and organlzafi'onal dlscoverles and innovations, This is because it has a relatively -
large stack of high level manpower, particularly scientists, engineers, and managerial.\ {'l'v’
and fadmmlsfraﬁve personnel. The community has made a heavy commlfmenf to educa-
ﬂon, especlal ly to higher education, and to human resource development generally. ‘
Since rapld changes in fechnology affect skills and occupations at all levels i in the v
g advanced industrial community, education and frainmg tend to be geared to flexublllfy ‘

:srafher than' to specialization. S L el R R
Measures of educational developmenf show narrow differenhals, but they are’ still sub-
sfanflal For example, Level IV communities have over 3 times more sfudents enrolled
‘in: ﬁrsf—-level (primary) education than do Level | communities and about one~fifth more
than Level 11l communities. Even the percentages enrolled in scientific and technical
"l"acilmes are higher and those enrolled'i in- humanmes, fi ine arts, ‘and law smaller in the
‘advanced communities than in the communities of fhe lower levels of human resource
developmenf. Fmally, the advanced communities spend a larger percentage of their
income on publlc educafron than do Level 1l communities and percentagewise this is

'nearly ane-fhlrd ‘mofe’

gy D}ém"’agraphic‘criterla

RANT

Demography is' generally def‘ned as fhe sclence o of vital statistics, ‘meaning’ deafhs,
bll’l‘lls.“ marrlages, and m ny‘ofher defalls mfluencmg change in populahon. Thls
scnence can be and i |s applled on global “national, and regional or local scales; For .
wai'er and sewage freatment pr0|ects as defined by the limitations of this research we‘
are looklng at demographic criteria on a local scale or community level, The baslc :
mstrumenf concerned with the details influencing the change in populahon is fhe
1ahonal population census. Most nations take a census regularly every. ten years, al-v\

hough a smaller number take a populaﬁon census every five years, ..
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‘.O’hfoin_.ing accurate statistics can be a serious problé_msf Even in areoswufholong j

hisfory of census-taking, some people are missed by enumerotions,. and demogrophers;-f .
must adjust for undercounting and wrong answers in analyzing the results. The ’re‘qt‘Ji‘re-v
ments of a census can be especially discouraging in LDC's where resources of money ond
trained personnel are limited, and the diffi culties of gathering information are formld-
able. . On a national level in 1972, the United Nations reported that ubout 30 nohons, S
with a combined population of over 200 million, hod never taken a. census, ,whnle others

did'so only |rregu|<:|r|y.I

It |s not a sumple matter to counr each person. In; mony LDC communmes, women fend
not to Irsf those chlldren who dld not survive the first weeks of mfoncy.v If: locol custom .
decrees that only the head of a household con be intervuewed women or chlldren moy be_

undernumerored

ln cullures where people are. not tradmonally age-~conscious, ingenious mefhods of de-

termlnlng age have been devised. For example, Kitiyu youths in Africa: receive special
names identifying rhem as members of groups which passed through the circumeision ritual
togefher. The. choroctenshc names permlt enumerators to estimate ages. for these cohorts

.folrly a,cc_uro_tely. S

Anofher methocl mvolves the. case where enumerators are provided.with: colendors of re-
ligious, nclhonol or local events. Then they ask respondents what fhelr ages were or

fhe hme of significant past events. However, this technique tends to resulf ina. w heap-
ing" of replies around the dates of the most eos:ly remembered events. A slmllor phe- "
nomenon is seen. for oges ending in the numerals 0 and 5, since many, people spontoneously'

reply to quesflons obouf age in multiples of 5-~the number of fingers: on one hond ;}These ,

heoplng porferns tend fo dlstorf rhe frue. age-disfnbuﬂon of the populohon.



http:reply,.to

_7“'" areas where lh°'° °"° few ""9"“9 P°°Pl°. _:SUch as’ Level l and II communifies drs-'w i
‘}cussed earlrer, fhe enumerator is often an overworked schoolteacher or local offrcial

,"Tl\ workload and deadlines of census-lnfervrewing can’ creafe pressures fhat mayl have

dn dverse el"fecr on the data. ,,_’»:

""Finally, in analyzmg the census returns, generally fhe earlner the' sfage of economic

'developmenl' of ihe counh'y or: community, ll1e hlgher the degree of sophrshcahon re- o
{'qurred fo evaluate dafa and defermme whaf is happemng to the population. “The: drlem- : fy
“:{ma for LDC's is thaf they often lack framed analysfs fomiliar with demographrc varrc:l;»les.‘_';j
“under drfferenf conchtrons, while experts from other. counfrres cannot evaluate: fhe dafa

f'because they are unfamilrar with the Iocal cultures.

With fhe'se limitations well -understood, the demographic inp'ufsf’to" themodelwerede- .
srgned to be those mosf readily available. ' Those selected. were | «
' " Present populahon by 5 year age groups and sex
Ereyrous population
Survwal rate -
Birllr rate
"*Mlgrahon -
_fLabor force by calegories
* A Professional
& ‘“'B:wTechmcal-.-Skllled L
- € Unskilled

In uflllzmg the model, some cases may arrse  where the above demographic variables are.
",’anl' avallable on a local Ievel In thls slfuahon, estimates by knowledgeable mdrv:duals

“and groups should be soughf. . The evaluaiion of the labor force data will be dlscussed m

"f‘-more detail’ under thie manpower: supply mpuf dafa.. :




.. Manpower:Supply -

Probably the most difficult cbmponent of the model is measuring the manpower supply
- at the micro=planning level (community level). What, then, is the manpower supply

- of a community, and how can one determine the human resources available? The first
step involves becoming familiar with the economy of the community as it is currently
and as it is likely to develop in order to identify present and potential areas of man=-

- power stringency. This does not imply a listing of all types of trained people who are
- +in short supply in terms of those required fo provide basic services of water and sewage
. treatment to the population, such as engineers, chemists, physicians, or those needed

- to speed expansion of the commercial sector, such as qualified managers, accountants,
marketing and production specialists. Such a listing would have little point since the -
specified manpower deficiencies would not necessarily be related to the ability of, the
;commumty to employ such people if they could be trained. Communities in LDC's are.
poor cities, and they lack not only trained manpower but a great many.other ‘esse,ntlal‘s.
to speed economic and social expansion, such as capital or infrastruvctbre';-‘-‘infq‘ct, the

community is likely to be handicapped in varying degrees along each of these fronts.

.'Therefore, a manpower study i'i a LDC community must begin by sorting out and assess-

| ing the problems connected W|fh fhe acqunsmon of skill and competence and the effec-
_tive employment of trained people in water and sewage treatment projects. It cannot
long ignore the relation between this small superstructure and fhe Iarge base of. unedu-

cated populahon that must sooner or later be caughf up.

.. A common error in both LDC's and developed countries is _to.fb_cus:éx¢lpéiy'e"li,ldnzilrﬁd;tters
-of manpower supply and to a failure to give full consideration to man'pv'OWeAr. utillfiafion.

* Since underemphasis or neglect of utilization is an error because a trained pgrsgn,Who is

' ﬁdf used or who is poorly used is not really an asset, manpower analysis must pay porfi?-
~cular attention to utilization since improvement on this front offers one of the best pros=
f_ifpecfs of securing a better balance belween a limited supply of and an unmet demand vfo‘r;,‘::

*if{sk.q I, -
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“f":i’f.'ln dealmg with a manpower profile, the first problem |s the lack of precrslon in fhe

':""’i?concepr of employment levels. Even in the developed counlrles of the Wesr, a slg
* ficant proporhon of the labor force does not work for wages’ or salarles. They are not*
l employees, but are self~employed. In most countries, self-employed persons are fo”be
* found in agriculture, small or cottage mdusfrres, repalr and malnfenance serv:ces, e’
tail trade, and the professions. In. the developed counh'les, agrlculfure and small |n-
“dusiries of the one-man or famlllal characfer accounf for a rarher small proporhon of
" the labor force, while trade and repalr and malnrenance services are’ mcreasmgly
' ‘commg under fhe control ol" large orgamzafrons. Borh of I'hese frends result m a sfeady
. lncrease in the employee elemenf in the total labor force. Professions, of course, ‘con= .
' tinue to have a large elemenf of the self-employed ‘though the fendency is towards an |
' "5'5|ncrease in the employee elemenf, owmg to increasing’ governmenfal responsibllmes m

fhe socral fleld WIl‘l‘I the r rlse of fhe developed manpower and welfare sfate.

The labor markef isa flexrble area expandmg or’ conrrachng wita, ‘economic. and labor :

for 'chvrhes. However, whrle fhese changes may fake place over hme, at any one

?’5 fﬂme afhe labor market area must have rigidly defined: boundarles. Thls is necessary s S0

"‘3;_”'fhat eshmares of labor demand can be matched with'a correspondmg labor supply and

’:'.‘";related f' igures of populafron estimates and economic activity may be compared to the
manpower data. Where possrble, the labor market boundarres should be the some asa
jmmor crvrl division. This will permit easier |denhf|cahon of the labor market-and wrll

al low comparlsons to be made wufh other types. ol’ data which may be avarlable or fhe :

:"f"local level Lo C e

:j‘";Numerous publ ished sources have data presenfed for lhe LDC's as a whole wrrhouf re- :'

"1'3‘;:’gard(ro fhe locdl labor market areas it confams, fhe assumption exists fhaf the nahon

J""‘"fm its entirety constitutes a homogeneous labor market, that is, a-person can move from o
“f“lone place of employment in the country without moving his place of residence. This |
“can be the case where the land area is small; it can be frue over time, though it rﬁlghl ,
““not be true for the short term » or it can be a valid assumption with respect to certain |
elements in the labor market situation or for the specrflc analyfrcol purpose that fhe dafa.

compilation was designed to serve.




'Af\.af‘ﬁ'i'spoi‘nf, the qaestion_pan,B;ék;q;kea,",i,s;it’warfhwhile to pursue questions which can- |
rvl'af\be. 'analyzed indepth ' *here is no reliable data? The answer is simple: while
statistics are important, they are iiot the only means of understanding complex issues such

as manpower. In the absence of detailed statistical data, there are many wayss in which
pieces of information can be obtained to assess the availability of manpower for water and
sewage treatment plants. To illustrate with the matter of manpower shortages, without re-
liable data about the supply of trained manpower and the flow into and out of the training

| stream; and without information in depth about the strength of the demand for trained man~
power in the various sectors of a society, it is difficult to reach sound judgments about: fhe

: magnitude and severify of various manpower shortages. .

T he"'fallowing scheme based on the levels of development presented earlfef helps a plan?-‘
ner determine the relative availability of various types of manpower needed fo operafe

a plant. The main emphasis of the scheme is operating personnel, as opposed to consfruc-‘
tion personnel. Investigation up to this point has indicated that failure of a pr0|e<_:vt;almost
alwaYs occurs in the operation and maintenance of it rather than during the construction. |
Therefore, skilled workers required in the coistruction stage are not included because they
can easily be supplied where necessary by the,international constructian industry.. The
occupations required on water and sewage freatmenf programs in. fhe post-consfruchon sfage’
~ fall into the following categories: ... . .. ‘
1. Unskilled - Semiskilled. .
-2,  Skilled or Craftsmen. . .. :

.3, Professional

~_category C, by contrast, most individuals master these Skl"S by relahvely non-formal 'mean: ; :f_'

in the plant and on the job and do not undergo formal courses or pass ’rhrough formal ln-plaaf

training schemes. This is true even in those craft occupations that for. generahons have been

termed " apprenticeable." It is even more true in most of the new " lndusmal" skllled man o
- val occupations, which have emerged since the industrial revoluhon. The skllls cannot nor

" mally be gamed away from or outside the employing institution because of the nafure of ‘the: .



_plus two fo three years of vocahonal frammg, is produced by l'he trammg schoels and -
' schemes maintained by ministries of the governmenf whlch operate fhem to meet fhelr
L own specialized requ:remenfs. In many LDC's fhese fuculmes are generally well-

' estubllshed o T R o

The dlsh'lbuhon of fhe Iabor force fo ach .of 1'he levels ‘of commumfy development IS ,{'

DISTRIBUTION_'.OF!LABOR FORCE

Unskllled

- Seml-Skllled < Professuonul
97% 2%_ : | ,} ]%.{ . ;
27%},»» |
30%,"5' ‘

. Level Il communities have only unskll
- available. (Categones A and B only)




- Figure 2

ThePercent of Each Category of Workérq o
For .the Various Levels of Community Development:




..Level 11l communities have only unskllled and semi~skilled labor
avallable in populations under 50,000, In populations over 50,000
Level 111 and Level IV communities have all categories of manpowe!
available.

.Local Resources and Available Maferials

"One of the. -primary oblechves of the planmng scheme bemg developed in; thrs research. -

{‘efforf is.to; suggesf systems or processes whrch make use. of local materrals. Thls P rpose
‘of this group of inputs gathers some baslc data concernmg fhe physrcal resources | : |
commumty and also de\"ermmes whaf processes are currently being: uhhzed to. freat wafer '

vand sewage. .

er:,water and sewage h'eafmenf have been menﬂoned togerher. The

ri (y‘_go togefhe,,..\;flhe deslgn of the wafer supply system is grearly mfluenced
e s ,mfahon services proposed to be used. : Sewage freafment is, fherefore, fhe re-
.verse slde of fhe com from water supply. Thls iss seen clearly |n the pracfrce of drsposrng
human bodlly waste by means of a waterborne prped collechon nefwork “Such sysrems .
are, however, Iess than 200 years old Among fhe frrst were I'hose |n Hamburg (1 842) ;-

‘_‘ London (l 855) ’ and Parls ('l 860) Sewage sysfems became posslble wﬂh fhe advent of ‘
‘abundant quanfmes of wafer supplred to fhe household and became fashionable wrth the

mvention of fhe wafer closef. .

‘~Waterborne sewage sysfems have served admrrably in cities: wrfh high-density populafrons
where abundant water is cheaply avallable, and where the level of wealth can supporf .
the high capital costs required. They are also appropriafe where the natural envrronmenf}

has a capacity to absorb a concentrated flow of wastes in. an (untreated or seml-treafe,_,f

state. These conditions apply in some major metropohfan areas in LDC's but rarely. do m‘

smal ler communities or rural areas.

'3 The lrsf of available processes for sewage treatment is for waferborne sewage systems; |

i'herefore, some communmes, due to their size and their inability te provide the volumes, :

w2z



- of water required, will not be considered for sewage treatment. [n areas of water short-

‘dge; such as arid and semi-arid regions, considerably increased costs would be entailed
to provide the water required. The cost of sewage systems (as also with piped water
supplies) increases as the density of population declines, and such systems are both in= -

appropriate and unnecessary for low density dispersed rural populations.

Therefore, some communitie: will not be provided with a plausible sewage treatment
" ‘method for the reasons discussed above. However, the kinds of data requested in the:
,""fdllowing list are appropriate for requirements of both water and seWage treatment sys-
tems: | |
A. Highest Level of Technology found in the Community
1. Hand tools _
i 2 Mechanical tools (i.e. gasoline tractors, electric motors)

’ "‘Chémicol materials (fertilizer, pharmaceutical supp|ie's)' R

-Ele‘(:tfo‘nfc technology (compbfers, equipmenf utilizin'g‘ transistors)

‘Ceni'ral village pump |
2 ;,Plped water supply to houses SR

' ‘,Sewage collechon sysfem :

.v seWage freclfment

jWafer Source v
'l . ;Rwe,r or stream .
20 Lake or. impobundme‘nt“
-3;';'.W°I Is (Is ,groundwafer' availabl

' Sea or brackish

D, "‘;'Péw'er Availability
."‘ 1. Electricity ‘
2. Petroleum produ;;lfsf;;;:.
3. Coal " RO 56




E Wosfewol'er Quanfify

o1 lsa cenfral collection, system in exisfence?

2. N Number of peOple co fo the system.
“"3'.‘5_-7‘,”5Number of people o be connecfed wrthm 10 years.
4. '.._"Are mdusfnol or commerciol concerns using the sysfem?'.‘ :

':':'_"'5‘,:::.2;:'Number wnthin IO years,

b F Equrpmeni' Avon lable
o ”jv}_l . ngrowler tractor
2, "v,:»»Back hoe

. \ _‘ Trencher

.;‘j;Crone o

"-'Plle drwer o

;Cemenf mlxer 3
Scraper

= _W_elder_

. Hand power' tools.
10. Trucks

ll '..f.::‘;Alr compressor

1  ::‘:', :Mefers . S

3, Lown mowers

| Blowers |

15 Record mg devrces

16. ‘ -Loboro fory equ lpmenf
"Motors

orfable power plcnt

ok PAlywood

2 El_ecmccl wire -
3. . .Concrete blocks.
4. . -Reinforcing steel .-




* Fasteners

Blasting

'.\1 oi_j'.

Cement
. Aggregate
Structural steel

: 10, Structural wood

O o
.

~11. Pipe (cloy, steel, cemenf, plashc, copper, efc )
12. Pipe fittings
]3. .- Paint '
14- »Volves o
Tanyks
,K.Gouges

,;Heot exc.hangers
' ,'f_Sihco sand *
.}Graded gravel

20. Clean water

21. ..:Gosollne
i'_'i‘~',2'2.,fv.}"f,;‘fAl2$O .
7’*-'.FeCl
_".'1:24'\;' .Acﬂvafed charcoal ¢

: ;lee o o
26. Soda ash
'r:‘2‘7:;‘.‘jlj"t~Chlor|ne | ot
28. Ozone . o 3
29. Luboratory}_ich_‘ mlcols :

AvmlobleProcesses fochfer and Wasfe Treofmenf L

In order to transform raw water into potable water conformmg with quality requirements,
some treatment processes are required. Table || shows both water and sewage freatment
processes and the manpower and mcuterlals requirements associated with each process on

an operahonol basis. The processes begin at the elementary level and proceed fo ones .
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TREATMENT PROCESSES

© TABLE II-

. .ESSENTIAL COMPONENTS FOR CCNSTRUCTION AND OPERATION .
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“that require the technology of a very modern economy. The function of the model is |
to evaluate the inputs described earlier in this chapter against the requireme'nfspif the -
‘processes. Treatment is generally carried out for health reasons in order to remee‘ 2
harmful bacteria or dangerous substances and for aesthetic reasons. In some: cases, ‘
treatment may be carried out for economic reasons, such as water softening, or for
other special purposes. The treatment processes to be carried out for a WCIfel" supply
system depend on the raw water source and its quahty, on the quallty reqmrement for f

the treated water, and on local conditions and economic poss|b|hhes.

As indicated earlier, the remainder of the charf |llusirafes fhe fypes of man‘ wer',

'jmaterials, and equipment needed to build and malnfum plonfs fhar employ the

processes. The determination of the manpower requirements for each process; has,fol-

lowed these forthcoming guidelines:

1. Examination of the numbers of personnel of each occupation
employed in each activity on existing water and sewage treatment :
projects, especially those that have been implemented rap:dly ond
successfully. ,

2, Evaluating the adequacy of the current manpower density by consulf-
ing individuals familiar with the various activities, and by observing
. the divergence between the best practice and the common pruchce,
~ efte,

3. Relating the manpower densities recommended on the basis of ex-
. perience to other project parameters to determine the manpower
. coefficients. Usually the paucity of data does not warrant the use
. of sophisticated statistical methods, and only simple curve fcffmg is

appropriate.

”'fhe»u'se of these guidelines at the micro-planning level makes possible a fine dissegrega~ -
‘fion.,'fhe introduction of the planners' judgment, and a comparison amorig différenf pro??'
{ects and couniries, The standards derived from this method seem to represent sahsfacfory
"manpower levels deduced from the experience of successful past projects, and hence

reasonable figures to be used in the planning of water and sewage projects in the future, -

11-32:.



““Financial Criteria™

Plonnmg a wofer and sewage ireofmenf proiecf slmply because an area is dry is a fempl-
ing: exerclse for fhose who wish to make fhe L deserf bloom," but some shifting on the
bosrs of cost in relohon fo overcll I benefits is reqmred Ideally, the value added by fhe .
jpro[ecf should be equol to’ ‘that oddecl by similar investments elsewhere in the commumty

; ln vrew of the dofa defrclencws, it is neorly alwoys necessary to use approximate f’ gures
_bocked wifh heroic ossumphons. However, this will force the asking of the correcf ques-

S
PR PAR TN

‘fIOI’IS Cll' ibe opprolsol sfage, and it wrll be better than no evaluation at all,’

Water. and sewoge treofmenf progroms could be justified in the traditional manner by uslng
mcremenfal revenues col lected by sponsonng ‘ofganization as an expression of consumer
wrllmgness fo pay. A rdte of retum could then be calculated based on these revenues,

and fhe economrc cost of the pr0|ecl could be determined. Mainly for reasons of pricing
polrcy and income dlSl‘l"lbUl’lon, the rate of return is often not a useful tool to justify water
and sewoge treatment pr0|ects. This is particularly true in LDC!s for the following reasons.
First, pncmg schedules generally involve income recllstrrbuflon rather than efficiency.
Therefore, the revenues collected generally do not correcfly express the benefits of a parti-
culor project. Second, incremental revenves and cosfs of the project and major programs

_ can generally not be determined with accuracy. Thlrd, pr0|ecfs selected on the basis of-
rate of return are not always the most economlcol a project may appear atfractive be-
cause it supplles large per capita volume of water to hrgh income famllles rather than the :, §
mlmmum per copita volume to a lorger number of low i mcome fomllles. A hlgh return un-. .
cloubfeclly demonstrotes that rhe wrllmgness to pay for wafer |s hlgh. However, thiscan
:be a reflechon of an uneven mcome dlSlTIbUl'Ion rather fhcln lhof wofer is: percelved to be ,
) ~4more voluable rhe hlgher the per copl’rcl consumphon. On fhe conl'rary, without the in-
“ : come clrstrlbuhon effecf, the morgmol volue of pofoble wofer is. mosf | rkely to decrease

‘}wrfh hrgher per coprfa consumphon. o

-;:’T,“-’%Therefore, the economic justifi cohon of a project is difficult because of problems in-
: ~esfabl|sh|ng the level of returns. Water is both a producer and a ‘consumer good. As a

’vProducer good it is possible in fheory o estimate the producer's "willingness to pay" -

1ii-33



. Vof,'uh lll’y.

At present, investment is usually iushf’ ed by fhe mtulhon f the de ision maker who '

knows the benefits of water and sewage treafmenf m ofher areas and who: es,»fhe po‘.,_!;_;‘j:

tentiai benfits for the site under conslderahon. However, m rnan / of fhe LDC's the

proposed scale of investment is now such fhar mtumon is an insuff’ cnent basls for de-

cisions, A more analyhc approach is needed and IS sef forfh in fhls's‘ec‘hon m ferms

of the mode! bemg constructed.

.,\_

‘,.‘Ccmmumty water and sewage treaiment proiecfs mdrrecrly asslsf health |mprovemenrs,
‘:cash drop produchon » tourist industry, and other actwntles.‘ Emphasrs is offen placed:
according to the.wewpomf of the advocate. - However, planners should fake a broad
~ or balanced view of the proposed project because no project is exclusively ¢ a health

~ project or a beef cattle production project. Generally, water and sewage treafment
pro]ects can be classified into three categories:

l. Pure charity pr0|ecfs where the beneficiaries are poor and prospecfs
~ for increased income and repayment are minimal;

2,  Projects where beneficiaries are poar and payment prospecfs are not
- good, but nevertheless, social benefits exceed social costs, For
~ example, projects in areas to alleviate government famine relief -
.. - expenditures or prolecrs in or near game zones to keep herders and .
~ cattle from game viewing areas, thus safeguarding tourist revenue;

3. Projects in areas of high population density, generally with compara-
- tively high. incomes from cash crops or industrial carabilities. This
-also includes arable regions with potential for expantion of crop area -
or yields when labor becomes available. Also areas where absence
of drinking water for the entire year prevents permanent settlement.
In these areas repayment prospects are good, particularly if credli' is
provided for investment.

Clearly there will be different financial and economic |mp||cahons to the program ac-f"

cordrnlg to the weight of these project types. For maximum economic growfh warer :

and sewage freatment should be provided to selecf agrlculfural areas and fo arabl_“,area

. PR
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"_;'In caregorles (l) and (3) fhe lowest total cost wiii be used to derermlne the plousrble . :
' "fype of warer or sewage freafmenf sysfem. However, ln category (2) SIl‘UGl'lOnS where )
. the dbllll’)’ to repay is llmlfed then fhe lowest malnfenance cost wil ] be the overrldlng

'N‘facfor m fhe determination of the most olauslble sysrem fo |mplement Total cosf m all ;

f-cases consrsfs of rhe-

e . Copital cost mamfenance cosr = )1 cost
- (construction cosf) for 20 years Yl e

In'most cases the planfs were cosfed out for a fwenfy year l |fe. In’ the ofher cases ‘ where‘, |

the equipment does not generally last fwenfy years, fhe fofal cost has been adiusred s

: fhar all costs wnll be ona fwenfy year basns."t‘"“" 5

i fhe LDC'e on fhe natlonal sfafe, and local Ievel, m nearly all’ cases, ‘no long-ferm B
: 'f' nal commlrmenfs can be made for warer and sewage treatment projects. General rargefs
are necessary bﬁr itis appreclafed that flexlbllrfy has 1o be maintained so that changes
f:;:can be made: should overall fi nanclal resource’ prlorlfles change and should experlence re=
, veal the program ‘to be either too ambmous or’ too modest. Generally, a single f‘noncral |
 year time horizon is too short i in‘the planmng env:ronment, and if rigidly applied, it can
preclude the use of plonnlng ds a tool for fhe agencles involved. Therefore, governments
" ofren commlf rhemselves to- long-term arrangemenfs even fhough no specific authorizations
are made beyond one year. Loans and conl'racrs are enrered into fhaf clearly bind the

governmenf to Iong-ferm programs.

::f’T‘Time~ is‘an important dimension to be considered in reaching afi nancual declslan. If |s
i’:’llkely that in many projects water and sewage treatment requirements will increase over
“time as a result of population growth, migration, and the increasing awareness of the

 utility of water and sewage freatment. The problem is then to establish to what extent

=35



coprtal should be committed now in order fo cope with future demands or whether lnvesf- :
ment should be deferred. It is certain that the total cost will be a lot higher if cupocufy
has to be increased in ten years time for additional facilities and equipment must be § m- '
stalled. A case in point is the Kyeni water project in Kenya where it is anticipated i m
the early years of the project only 25 percent of the capacity will be used and that i

will be 20 years before full capacity will be utilized. 2 In this situation, the olfernahve

of putting ir., half the capacity and returning ten years later for expansion was relecfed

- on the grounds that the savings would be small and that technical problems were invi-

sioned. For the more typical case, there is inevitabl v a budget constraint for the pr0|eci~
and more people will be served today, for a given sum, if there is no excess capacrfy in
the initial project to allow for grewth in demand. This dilemma can be resolved, in. -
principle, by estimating the discounted costs for the two approaches and comparlng fhese
with the respective discounted benefits. However, major problems exist with respecf fo
choice discount rate and cost estimation » but the main obstacle for a woter or. sewage
treatment project is the difficulty of identifying and quantifying the beneflfs. lherefore,
intuitively it appears that the latter approach involving a larger number of projects with

~ limited capacity is more appropriate. This approach has been incorporated into the model.

Evldence to support this view can be found by considering the queshon of fhe refurns to.
-varying amounts of water, What is the minimum amount of water requnred per family and

- what are the marginal returns to increasing supplies? These ‘questions not only refer fo
“the capacity of the system, but also to the degree of sophistication. It has been shown

© that the amount of water people use is inversely related to the distance people have. to..

‘I,walk White found no such assocrahon, though there was a clear difference ln‘yo;lorn‘e

I D. Carruthers, "Issues in Selecfion and Deslgn of Rural Water Projects," ‘Discussion .
Paper No. 88 (University College, Nairobi: Inshfufe for Development Studies, . December,
1969), p. 8. - .

3Dennls Warner, "Rural Water Supply and Developmenf-A Comparison of Nme Vll lages |
in Tanzania," paper for East African Agncultural Economrcs Conference, Nolrobl,
Kenya, 1969.
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used between people who carry wafer ”

- home.‘_"

ln fhe deslgn of a sysfem one orher ﬁnanclal aspect: should be consldered ﬂ~af bemg fhe =
) 'problem of operahng cosfs and mamtenance. When a water or sewage treafmenf pr0|ecf
lbudgef runs |ow, expendrtures ona"y";‘arer qual ity may be regarded as non-essenhal | |
| Skll led and mgulcr mainfenance is necessary for successful operation of fhe plonts. l .
caplfal scarce economlcs subsﬁfufmg for capital costs by accepting mcreased mamte- L
"nance expendrfures in prmciple shou ld prove the best policy because fufure expendlfures‘ f

are heavrly dlscounted. ln prachce, however, obtaining the resources for operahon and :

marntenance costs |s uncerfarn, especially for cafegorres (l) and (2) dnscusse' [ arl
For this reason bias foward technlcal rather than economlc efflclency is probably

serlous as apparenf, but neverfheless, it needs consldermg.

’The Resourcve:Mod'el"v

_ process consrsfs of fwo parfs (l) The main: program, or fhe course sort, exammes fhe socro
:"economnc - soclo-culfural demographlc, manpower profile, and the Iocal resources.
These' vorlables are “ mafched“ against the requirements of the process available to freof
wafer and sewage. . (2) The fmal sort, enfered after processing: in the main program is |
) ‘complefe, atfempfs to modlfy fhe soluhons arrived at in the main program by evaluafmg f'
the fmancral |mp||cations of the commumhes under consnderahon. These fwo parts are

s ‘lllusfraled |n Figure 'I whlch |s fhe flow dlagram of fhe enhre program. -

. 4Gilbert White, " Change and Disease in Africa - Domestic Waer Use and Cést.

| ','UniVersify of Chicago, 1968, (Mimeographed)
-



; The upshot of this interplay of variables_is shown in Figure 3. The figure g’iyes_ﬂ»)e : ,"'
’i water treatment portion of the model. Figure 4 gives the sewage treatment porfién' gt_f":
fﬁe model. By tracing fhrough the tree diagram one can easily see how the pi'ogram
works. For example, the selection of a water treatment process begins with the calcula
tion of the demographic data for the particular community under consideration. Thls is

._shown on the left side of Figure 5. If the water source is from the sea, the model is not
_applicable since a desaltine package plant will be required to treat water. In other |

- cases the model is applicable and it proceeds to the decision rule on the determmahon '
of the technological level of a community. From the fechnologlcal level the process |
selected depends on the avculablhty of laboratory equipment values and metal pipes,
‘silica sand, chemicals, and ground water. This completes the course sort.. The fmal

sort evaluates the process selecfed from the course sorf on the basis of mamtance <:osfs.w

I"._'l'he defermlnahon of, fhe totalycosf for the sewage.and water treatmenf process IS as“__

:Consequently the_total cost over.a
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;._Tofal consfruction cost per capita m u. S. g
‘ ,‘z.:Tofal construction cost for the process -
- Tofal mamtenance cost for the process for one yeal
= Total | cost for the process for 20 years FSEE
= Populahon served R
= 'Consumpflon Rate (Gal/ Cap) LDC
. Consumphon Rate (Gal/ Cap) DC

X """"TZ:VPercenf Unskilled Labor—-LDC
X]2 :,_=_, Percent Skilled Labor--LDC -
X2]= " Hourly Wage Unskilled Labor--DC
X3] = Hourly Wage Skilled Labor--LDC

R Hourly Wage Skilled Labor=-DC"

i _Percenf on-~site materials manufactured ;

A
X,
L

" -Percent off-snfe maferlals manufacfured :

. Cosf on-slfe maferials manufaciured--LDC/ DC

4. 50,000 == 100,000

: -ff’ff»An assumphon has been made that the costs per. capita.within each of the above popula-

:;'.'1; ’vhon groups are uniform enough for fhe purpo



"‘v“.'The model will be computerized by transcribing the schematic diagram and cost formulas

: “*;,..info a FORTRAN computer language. Figures 3 and 4 represent the water and sewage

treatment method selecting process for a community. Few of the decision rules were o

specified by planners; most were intuitive processes observed by the writer. L

: The output of both modules provides a seemingly plausibie water supply and sewage frear-f :: ff

. menr alternative for a specified community. The details to be prowded mclude '

1. Total cost over a twenty year period which includes both the capital
or construction cost and the maintenance cost. .

2, Manpower needed for the effective maintenance and operafron of fhe
el planf or plants. : T

3. The output of both freafed wafer ancl/ or, the arnount of sewagem-
"fluenr fhaf the suggesred mefhods are capable'of‘ handli g

-~ JB ob|ecr|ve of fhls secﬁon has been fo descrrbe fhe methodology and procedures used

in fhe developmenr of the heuristic model for the selecﬂon of warer and sewage ireaf-
menf projects in less developed communities. Initially, the model concept was pre- '
g"'senfed to show how the problem was defined. This led to the discussion of rhe varrables
 that have been identified for close attention. The proposed heuristic program was dis-
cussed next. In this instance, the decision process consists of selecting a plausible

" treatment process to characterize the decision process which planners appea to fol low.

 Pertinent variables and relationships were developed from. mfervrews wnh plann s ¢

| engineers who actually make these kmds of decisions. The above drscussron of the orob-

lems gives a static view of the model.
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'APPENDIX 1V

HISTORIC AND INNOVATIVE TECHNOLOGY' OF WATER
R -AND WASTEWATER PROCESSES



“HISTORIC'AND INNOVATIVE TECHNOLOGY or WATER™
|  AND WASTEWATER PROCESSES -

| YThe most chollengmg task: foclng Less Developed Countries. (LDC) is-the: odaphng of the

exlshng fechnology to. meef the needs of the rural communmes. Conduhons in LDC"'

are much dlfferenf from those of mdusfrrul counfrles. The solution to water ond wusfe-_
;_.woter whlch are adaptcrble in Developed Countrres may be of. llttle value fo the rurol

communmes of LDC's due"f cllmohc condmons, culfurol dlfferences, scorclty of tech

;;.nicol personnel ond ofher envu ronmenfol soclo-economrc facfors. _

Too. often. LDC Technology frunsfer is. done without. the- review of the historic technology.
The fransferred technology is usually foo sophlshcoted too cosfly, ond does not. moke
use of the country moferlals and locally available labor (unemployed or underemployed)
Someflmes the moferrals have to be shipped from the cities or overseas to the tural com=
‘munities, whlch fakes too long. In the project' s six months program report (November .
..;-'1973, poge 29) it was. shawn that most of the failures in water and wastewater treofment
'plclnts were due to fechnlcal problems or in operational and maintenance and neglrgence

of fhe operotors.

Technology whlch hus been in exlstence in these countnes musf nol' be lgnored slnce it

|s fhrs"type of fechnology whlch can be upgraded purellel wuth new and mnovohve rech-

: inology .i Some of the l'llsl'Ol'lC fechnology such as the use of bomboo plpe, r|ce husk and
coconut frbers may answer some of the problems of rural wofer in LDC's. Evoluafron of -

| 'fhe hlstorrc technology in con|unchon wuth fhe use of rice husks - hos been done i in Thollclnd l

~‘f.‘The-‘Agency'for Interncmonol Development |n co-opemhon with‘th Universlty of North‘

EfiCarollna has: consldered various’ problems ossocroted wnrh fhe,“ ter supply in Less Developed‘;ﬁ;’

The‘use of local 'moferlols, ond problems oncl some of‘fhe ksolutrons rn LDC wer

"L_:,Counfnes.

:‘employed crushed almonds, while Indlans used crushed nuts and C nese
V=1



Although a great number of devices for feeding alum are available, they. are cll expen- '.
+ sive and need skilled operators. Since alum is commercially produced in dry and liquudﬂ_-
form the amount requu'ed for the coagulation must be weighed if in dry or volume faken‘if

if in solution. In India for example (Six Month Report, November 1973): openal'ors |

alum in great quantities indiscriminately as to actual requirements, -

~ A simple inexpensive feeding device has been successfully operated since l959 in Sanhago,
Chile, at the Los Viscachos Water Treatment Plant, a rapidsand filter plant freahng up |
to 6 cubic meters per second (137 millions gallons per day) (2). - Locally produced ungrindedl
“alum in cake form has been developed andused at this plant since 1959, it has been found
the initial cost is relatively small and llffle mechomcal equnpmenf or maml’enance is re=

qulred S N o : k ;' 4 it

ln lndonesla (2) , it was’ found fhot fhe common source of water was shollow wells or sur=
foce wofer collected in ‘sarth dams or druwn from streams.” Most of the wafer was’ sub|ecf
_to bacferlol conlommoflon and’ furbldlfy was hlgh It was found a- slmple purlflcahon and

f‘dlslnfechon unit could be made of local material for the use in mdlvnduol houses.

SMALL SCALE PURll'lCATlON OF TURBlD SURFACE WATER
SIMPLER AND LESS EXPENSIVE e




‘:.:"Fagures la, P lb, rllustrates a slmple and less expensrve household wafer puriﬂcahov

.~ unit (2) Dlsmfechon sedumenfaﬂon and ﬁ lfrahon could be. accompllshed by uslng fhisw.
'ﬁ :i'ype of purlﬁcahon unit m small communmes in, LDC “The filter can’ be made °,,- sand
| of average size about 1/2 mm @. Acfivated charcoal clay, benomte, or charcoal madt
from. coconut: shell could be. used fo aid coagulaflon. For. dlslnfechon chlorme is. used

TS l"'i S e
. i

SMALL SCALE PURIFlCATlON OF TURBID SURFACE WATER (zl

- Figure:1b. Ho,useliold Water-Purification Plant. .

S ; o
Broken pneces of alum-cake are placed ina wooden fower or bm. _ Wafer fhen is sprayed
.,.; from fhe top of the fower over the alum. The water then passes down over the cakes, alun

| |s drssolved and fhe alum water soluhon falls 1hrough fhe base of the boxes and flows fo _

“the. selecfed dlscharge lme.f _»




ff»‘vl;of or. investmenf in complex mechanical equrpmenr is reduced and operahon and maln-' :

tenance can be met by using local materials and local skills. - Because fhe alum-cake —_

'_~>feeder is made of wood the corrision problem is nil. Furfhermore, failures due fo me L
- chanical or electrical causes is almost impossible.- Fmally, no expendltures need be:
‘made in grmdmg and screening alum-cake. This:low. arade: Gnburified alum:car ha ticad

~ without any defrrmenfal effect,

"i'Consfruchon and operahon ofa smal I 20 liters) portable chlorinator as shown in Flgure =
‘.?2 has been successfully used in rural water SUpplles in fhe Sudan (2) The porfable chlon- |
f{nafor conslsfs of mvested plashc jerrycans of 20 llfers capaclfy, in fhe base of wl'uch a

,’ 'hole l1as been: cur A sieve and a loose-fitting, non-aurhght cover are removable for
frllung and access. The float may be made of sfyrofoam commonly used as packing mat-
erials, Glass tees.as are used for the liquid intake. In the Sudan, chlonne of lime has
been used as a dlslnfectmg agent, and mlxed at fhe rate of 100 grams fo 5 liters of water
’m a buckef and is al lowed to stand for some hours before pouring into the chlorinator,

raklng care that the inactive sediment i is fhrown away.

‘ther alum-cake soluflons fedde' -ha"‘e been"lsed in peru and lndla (2) Frgure 3 shows

:The mfluenf wafer dlssolves some of

an. upflow alum-cake feeder use

’ fhe alum as it passes upward to fhe,.overflow level

_As rhe submerged alum dlssolves, it's volume |s reduced and dry alum above fhe overflow ;
: level smks unhl submerged n l'hls case. fhe amount of alum submerged remams consfanf '
raf any -constant rate of mflow and the denslty oftfhe alum solunon dlscharged is also.

:consfa nt. -

soluhon of 5 000 ppm

Allowmg for 25 percenf chlorine content nn the chlorlnezof k |me,v'_i_f
' J 1:ppm-to: 25,000 liters.-:

The‘ t ‘ral“cost has been about $9 per unit and all miateridls has beon: locally obtained: ex-
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“ c co'sf chlorinahon of warer supplles. The chlormaror ls slmple and readr ly made from local

'zmuterrals clnd surfable for drsmfechon of smoll wafer supplies. It operafes under umform

‘lv-'vrgure 4 shows fhe feeder, whrch consrsfs of a circular bow! of earthware or plashc

-:?fw.rh a cenfral hole in the botfom plugged wrfh a flghl‘-flﬂ‘lng rubber stopper. The bowl
E floafs in the hypochlorlte soluhon, desrred submergence, stability and trim berng achleved

‘ by balashng the bowl wrfh pebbl f quarrzrte. To sfop flow from fhe feeder, the bowl ;

' Health has initiated research on the use of hand made non-mefal I|c sfrcnners made of

, coconuf shells. The performance of the strainers is still under mveshgahon. The p.re-

liminary observation so far indicates that hand made strainers, which can locally be
manufactured are cheap and can serve the tubewell as. satisfactori ly as fhe facfory-ma

ufactured metalllc clofh strainers, but their effect on water qual ity, |s shl | ‘under-obser

vahon -
V-6
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‘_"'“:"'ln Maloysla 4) expenmenhng of well chlormuhon with perforafed plasflc bags contammg
'91 :1 mixture of chlorine of lime and coarse sand which is lowered inio the well |n a coco-i

nut shell is underway . The coconut type CMO"Imfor shown on Fvgure 5 has been: used on

900 liters of water with the wnfhdrawal of ten percent of fhe content per day, fhe resldual":“?j.

~chlorine of 1,0 ppm at the sfarf gradually dropped down to O l ppm in 22 day"‘ T o

T plastic bag B"X10%. with | e
L. 228°Q mixtyre of

. chloride of limeg R
. ond coarse sand {1:1) P

;jtamed,"”in:” he commumfy where the treatmenf process is. locafed** Wha::"us produced-_un

;_‘_;’.Nqirobl‘or chgkok muy nof be avallable m a small rural commumfyv.mland ;»_-j,Ohe reason

**A letter from Mmisfry.
monfhs to get repair parts, -



fl ,;epldemrc, rndustrlol dlschorge, etc. g

It-is’logical to say,., LDC' s need emergency planmng For wafer treatment ln fhis case

"‘some,of \the mefhods used in fhe Unlted Stafes durmg emergency could well be cpplied

{m rural communlhes of LDC's. '

;Mos "of fhe forlures in wofer freofmenf hos been observed ro occur durmg operohon ‘and

"‘”,The "construchon parf is normolly slmpie lf fechmcol monpcwver ond meons

‘.of fmoncmg |s ovolloble.

:Summary

Both hrsfornc and innovative fechnology research is needed. The unpubhshed lrrerofure
’m LDC's is, needed to correlate. the method used by local peOple before the mnovoﬂve
technology was imported, As such the project will be reviewing more LDC llferorure

‘in-water and wastewater treatment especrally trying to find the umque processes whrch»:.

*Emergency Planning for water uhllfy Management, AWWA Mcmuol of Wofer Supply
pmchces.



* BAMBOO TECHNOLOGY IN WATER TREATMENT AND TRANSPORTATION
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Figure 6
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NOTE: As. alternative for slorw sand fi ter. ycomnu
~ filters which are enormously found in- ‘South’
East Asia and’ practically a11 East and Centra :

. Africa could be used for.wyater treatment. & -

"+ Village

Concrete Drum or—_g. '
Wooden Drum ;

Pipe

Distribution and Treatment of Water for Small
Community in East Africa or S -“E. Asia.
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Figire 7. Windmills, bambo and coconut for water treatment in small rural comiunity of East Africa: ™ =
- " or South East Asia i

U /£Y FCEES

. -stream reservoir ' <

Here windmills are sed_at: bot

= deldvery point f Ui LT egyedy madd of T

- -coconut -

- ::unde'fgrroimd storageta.nic
-/ stores filtered water . - -



- Figure 8. Using Windmill, Bamboo, Wooden hand’pump and Coconut Filter}—l"

for small rural community in LDC, -

nutsi'f‘
(made out
of old tire

© ;used @s intake . -

R PG i
~f11ter3made‘of D, . Theii e
coconut . - . R ETe .

conerete— —— ULl

ﬁﬁdé}éfound storage tank stores » - _

i filtered T PRI

oo R water -~ Note: evaporation will be very -
small settling process will continue
water temperature low.




hav';f :nof appeared in the publlshed llterature‘; We ulso plan to develop a mafrix for

) wafer and wasfewater which shows the causes of: faﬁl lpres of. wafer cmd wastewater treat-"“
_‘menf planfs in LDC' S.. This fype of mufnx can be useful in updahng the exusflng plants,'

".'in LDC Such a matnx wnll be as shown as on Flgure 9.

' The other thmg whl‘ch |s needed and whlch we wnll confmue to review is the water de-:

: f' fo average LDC consumphon. Fmally‘. mafrix for 'i

B o

o comparlson of water demand in: vanous countrues could be as follows (see anure IO)

¢ ;

Cphsffdir’it& : dll ForV populcmon P > 100

PR " d2i ‘For'population P > 50,000
d3i For population P > 10,000
d4i - ‘For booulation P > 10,000
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Figure 10. LDC WATER DEMAND MATRIX

Clty

Vlllage

- d2i-

T d,,

d3i

a1

.°"W °°P'f°/ doy 'Eallon/mplfO/dﬂ)' lgallon/caplfo/dﬂ)'ﬁ Sy

"Fd

« 4]

s 44 EIR

summary‘tf

Average |

Vildyyray st/

d3]+d3]+ ces

+d3i/.




",Richurd J. Frankel

Evaluation.of Pilot Water Treatment Units Using Inexpensive Local Materlals
. as Filter Media for Supplying Drinking Water to Rural Commumhes in Lower

Mekong Basin Countries.
Bangkok, Thailand, January 1974,

Water Supply and Sanitation in. Developmg Counmes, AID/URC IPSED

‘Series items no, 1,15,20, 8, 9 4 12 2 16 6 3 IO

| History of Water Supply, Blbllcol T‘mes fo 1850 1850 fo Presenf Tme, Water and
g_‘Sawage Works, Morch 1953

.*{::1 f,fEmergency Planmng For Water Uhhfy Munagemenf, AWWA Manual of Wafer :

" Supply, Practices. - -
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'APPENDIX V.

DATA MANAGEMENT:



‘The proiect staff has been collecting relevant Iiterature (dota & mformation) concernhi

;the development ot' water and sewage processes: that are compotible wuth developlng
countries resources. This ett'ort isa continumg one and hos been accomplished t'o‘”,, e
most part, - In oddltlon , work has been done on searchlng specialized brbllographies and'}-
sub|ect categorles for all literotures. |

lmtially /. the collected lrterature’ s being classrfred m a manual retrieval system.

work has been done to uf together specralrzed blbllographles and sub|ectv cate-.

lgories ol’ vanous publlc_ |onl ,The Sub|ect Category ls shown ln Table l In oddrtlon
: to Sub|ect Category va blbliography sheet is added to each publrcotion, providing some |
"int'o otron as to ‘the nature and contents ot' the publrcatlon. A sample of thls bibllo--”; \

vvgraphy sheet is shown |n Flgure 1.

,The Un wersrty began by: canvassmg the worldwrde ||terature on processes and process L

appl Acotions. However, t'ew of the unique applrcotlons has. been found in this t'oshlon. |
—,Therefore , the Unlverslty and the International Reference Center/The Hague are’ coop-l'
_eratmg to complete the literature survey by looklng t'or locally publrshed or unpublrshed
-exomples of unlque or adaptive processes through a mall survey. The llterature seorch
'plus the results of this survey will be evaluated by treatment process experts, and a
J"state ot' the art " document produced and dlstrrbuted

The OU pro|ect needs to. know the stote of the art in' Less Developed Natlons (LDN s) ‘;

water treatment The Systems belng used have deve loped largely,

yrgh technology, technology transfers ’ modrfied or adaptlve technology, and
ffinally‘ unique technology. The systems used by developed countries will be found |n :
8L the lrterature and this literature search is being conducted by the OU pro|ect staft' on 4
continumg basis. The unpublished field report data will be conducted by an OU/ IRC
‘instrument using the WHO/PAHO field engmeers. These data will then be evaluated :

“:collated and presented as "State of the Art.Docg_uments. A




TABLET

Subject Categories

100 Socio-Economic

110 Demographic
120 Economic reports
130 Political criteria

200 Technology

210 Water supply

211 Treatment processes

212 Process design criteria
213 Materials for construction
214 Process manpower

215 Process operation and mamfenance_ :
216 Quality control ~ ’
.. 217 Current research and development

220 Waste water

221 Treatment process

222 Process design criteria

223 Materials for construction .
224 Process manpower

1225 Process operation-and mamfenancew;
226 Quality control )
227 Current research and developmenf

'~::\'“300 Management

310 Planning

320 Programs

330 Environmental

340 Manpower

350 Orgamzahon and admmistrahon

400 Health and Diseases

410 Health protection
- 420 Health promotion
430 Health planning

500-Bibliographies

510 Bibliographies
520 Abstracts
530 Indexes

600 Contacts
610 Individuals.
620 Organizations



BLIOGRAPHY.

SibjodtCatry

V:mqéjf"f "Publication
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:-';l'.he'defa flow and participaring groups are shown “in"Figure 2,

In order to properly evaluate and caregonze rhe maferial ,it is,necessary to develop a f
Iogical formatting of information as |f |s accumulated where lfAIS srored manufacfured

of retrieved by hand or machme. ;

The formatting, envrsroned here ,”mus be munipulared by professronclls ’ ‘clerks, and i
' machmes. Basically, the. dara wrll; relate to’ waferﬂand sewage processes and’ human and

physical resources,

Fmally it is necessary to have fhe formafhng mpufs responsrve to two generali" roups of

data, | data from publrshed and ll dafa fro A ubllshed (ﬂeld report)’ sources-i EE

Table 2 mdrcates fhe fype of. mformatlon that. wrll be obramed on rhe general purameters ,i’ '
Table I outlrnes fhe process dato bemg s009ht and Table ill mdlcafes the resourée data

needed




Figure 2

| THE DATA MANAGEMENT PROCESS

f  -ABSTRACT
\ LITERATURE SEAR

:‘nc/wuo/ou
1}§UNPUBLISHED RS
. -DATA SURVEY . -

" 'FORMAT DEVELOPMENT

. AND TESTING = =~

i ¥ RANSFER TO
fCEPIS AND OTHER
ngATAHBANKS

QONSULTANT

smm OF THE ART

e
PUBLICIZING -
V-5




2b”ﬁ;fpcﬁglere*rhe foiiowiﬁg#
f_NAME AND TITLE OF INVESTIGATOR

Lo
A
3.

f&i"'

5.

'B.egf;Select the category rhat mosr'accurately describes the site for‘this

. .gro ject H

1. LEyEL OF EDUCATIONHOBTAINED (01 cl

‘z;*f;;
S (Circle one) .

SR | Lésa“than?$iO ;

. .DATE PROJECT DEVELOPED

 CONSTRUCTION COST_ ‘f'ﬁﬁ”

TITLE OF PROJECT

LOCATION OF PROJECT : o
' (city and country)

t apprOpriate category)

v




| LEVEL OoF WATER TECHNOLOGY DEVELOPMENT (Circlefone)

’1 Central village pump
'jPiped water supply to houses

-3 Sewage collection system
"“4 Sewage treatment

ii FUNDING SOURCE IN-COUNTR! (Circle one)

10 2 73 3t or 1ess s

LRESOURCES AVAILABLE IN COUNTRY (Circle one)

~1oozfg} z;-7sz¢, 3 Less than soz o

‘;In the fudgment of the investigator, which of the“following most
1{appropriate1y describes this project' ’

-’:TECHNOLOGY ADVANCEMENT (Circle one)=

i 1 Simple transfer of a process - that had been successful elsewhere
2" An adaptat1ou of another process but altered to: be more suited
2. to local characteristics . . = Er
-A'unique process developed especially for the characteristics off
‘;this site v

fQUALITY OF PROJECT FOR RESBARCH (Circle one)

3 :A‘breakthrough for enhancing the development of . this country
2 ‘An: 1mportant feature for the local people but not significant
: 0 overall development “of ‘the’ country ‘
3 Redundant, ‘of 1ittle use to.the people:




| TABLE 3
PROCESS DATA

f*ﬁ?lease indicate the appropriate data for this proiect°"

1. QIP THE PROJECT CONSISTED OF A WATER SUPPLY TREATMENTS DEVELOPMENT
 PLEASE INDICATE BY CIRCLING THE APPROPRIATE DATA:

Source:
1 River or stream

2 Lake or impoundment
3 Wells

4 Sea. or brackish

1::A»Treatment,.'b K 1\ R




() - Gapacity in million gallons per day

. mm)

"-’ik\{.;Less than 40 inches
(2) 40050 .
3) ?.-;,'Greal:er than 50

'."é*


http:8.DLsinfedt1i--.me

P THE PROJECT CONSISTED OF A WASTE WATER: TREATMENT ‘DEVELOPMENT; -
PLEASE' INDICATE THE APPROPRIATE DAT :

eif;*iType of treatment’ process (Circl

Oxidation pond :
Primary sedimencation‘~
Trickling -filter
Sand filter
Activated sludge

_ Aerated lagoon -
Irrigation or land disposal
Dilution ) v
Package plant

p#nhomo&b"

Af;‘Design capacity (Circle one)

1 Leea than 1 HGD
b 1:=.5MGD.
”'“ﬂS,f 10 MGD S
-d Greater than 10 MBD ;"

e

‘More than 2 hours

(310,000 - 45,000 -

‘()
(2).- Brushed S
(3) fSurface aerato

V=10



ffh;kv
b

.

b2

l Less than 1% :
2.1 - 3% ‘
13 3% - 5%

.:fEstimate cost breakdown for Ehl grojec s

mnoa

Percent of total project cost

a son 1ot
A5%°=90% oo
Q{Greater than 90% ,Q

Lese than 102
v b 210% -25% . ,,,.' Lo
T c 2570 .. 50% ’ L. v »2:‘._':.5

nf@;nyj

‘Zi'ifPercent of unskilled labor

508 751

ﬁiﬁa Less than 25% o
el s “fGreater than 75%

o-o o

3. ’}Percent’”or engineering

" c sz " 1oz

4 kj%ib 4z -,5z | ,.d Greater than 101,1.

‘foﬁjApproxlh"te hourly wage for unskilled workers.

. aLess than'$i50 e $1.00 - $2.00
‘,gb $ 50 - $1 00 'v d Greater than $2 OQ

*S}f%{Apprdximate hourly wage for skllled labor '

‘a sz.oo-saoo o e $4oo-$soo
b $3 00 - $4 00 R d Greater than $5 00;

3 'LMATERIALS

.M“«n Percent of materlals found in-country}‘_':7f3

& aon-2sw e 50%e 75%
‘:b -25% - 50% e d 75%ﬂ,wﬁrr,f

?Estimate demographic data°;,ﬁ5;

¥ ‘ANNUAL POPULATION cRow'm RA'I'E f;_;"

'POPULATION DENSITY (PERSONS“PE"::; QUARE ':‘ -

1’;500 < 2,500

1 Less than 500 ‘ 4 -
‘ ;S;wGreater thon 2 SOO;

‘2 500 - 1,000
-3 1,000 - 1,500

AR


http:than.$5.00
http:00!$4.00

'f??;fUJLIFE EXPECTANCY IN YEARS

1 Less than 40
2 40 -5 -
3 50 - 60
4 . 60+

b suRVIAL e <INFANT MORTALITY UNDER OVE YEAR OF Ack) pEA 1,000
| .POPULATION s L A

1
2
3
4.
.

;Greater than 100
50 - 100 - ¢

30 - 50

10 - 30.

waess than 10

50 *CALORIES INTAKE PER. DAY

-ﬂLess than 1,000

1,000 = 1, soo

;21,500 - 2,000
Greater than 2,000

Va2



CTBLEV
azsouacs DATA

;:From the lists of componenta needed for water and sewage treatment deveIOpment:?
projects, indicate by group those that generally are available at or near th"%;f
: site. VCircle any component in the list that is never available, e

"1, aj)MANPOWER (Circle if grouping is generally‘available)

i lflcraftsmen (Circle 1if never availablc)':

a Carpenters e Electricians

. 'b _Masons =~ ' £ Plumbers : .

£ e Welders' - g “Cement finishers
d Pipe fitters g h};Paintera_

2 Eguipment ogerators (Circle if’never“availaﬁle)

')a,,Grader

- b.. Crawler tractor
- ¢ Scraper

o d ;Crane

37,Professiona1 and technical (Circle ifinever available)

BT

“_ @ 'Design engineer _ T v "
- b ‘Construction engineer =~ - £ Estimator
- ¢ Chemist g Lawyer

"d Biologist , , h Accountant

VZQ;'; EQUIPMENT (Circle if grouping is generally available)

1 Construction (Circle if never available)

;ﬁScraper o
“Welder: i
“Nand power" tools,,
- “Trucks .gugy e
 Air compressor.

fifﬂCrawler tractor
Back hoe

Trencher .

-d Crane - et

‘e Pile driver

*:‘Cement mixcr

_-wi-‘-: * ,=f*f@=

2 Ogeration (ctrcle 1f neva availablc):

;3 a 'Mctcrs m,yLaboratory’equipm ft
- b Lawn mowers £ Portable power plant
¢ Blowers T .8’ Motors
~~d Recording dcviccs _,Th}ﬁtumna

Va3



3, MATERIALS (Circlc 1£ gruuping iaigenerally available)

ver Vvailable)

flfSCOnatruction (61rc1e‘1f1

a Blasting ‘, 'f: Plywoon

b Cement i 8 Electrical wire

¢ Aggregate ~ h Concrete blocks

d Structural steel 1 Reinforcing ateel
e Structural wocd‘ J Fasteners

;az"Process (Circle_1£"neveﬁfavailable)

. T ——————

"Pipe (clay, steel cement, plastic, ccpper.'etc.)
Pipe fi ttings

- Paint )

“Valves

‘Tanks.

. Gauges

jHeat'exchangers

' °° o n-o o®

-3*§Qperation and Maintenance (Cltcle if.never available)

‘a” Sllica sand
-b. Graded gravel
- Clean water ‘
d- :

34f Chem1ca1s (Circle if never ava{lable)’

e Soda ash’
f Chlorine
B P o “g “Ozone 'f - '
‘e Activated Charcoal _h‘,Labo:atorjfchemicals~




AUTOMATED DATA RETRIEVAL SYSTEM

As part ot' the problem solutron r but not part of the AID pr0|ect would be the develop-

_at,:lllCl'fs, countries or PAHO-research centers. -

_:Such a system is assembled out ot “oft' the shelf " ports, and is responsive not only to the

isystem uses a mini computer capable ot storage and retneval asa very flexrble mode, as

well as provrdmg srmulatlons, it can mtert'ace wrth‘other systems, and most |mportantly

rus avallable at a very low cost as compared to larger:systems ; see Table IV

Such q system uses $8 discs of 250,000 characters, .no special training required and re~

placable selt-dragnostrc parts.

.The real tlme data retrieval sy..tems avarlable on the commercral market can" e modified:

»l° meet esse“““"Y C'"Y need The ma|or consrderatrons, other than cost should e

, mamtenance and flexlbrllty. The software and hardware desrgn proposed here“v

‘_are a direct result of the experience gained by the Oklohoma Foundation and rts Asso-
fkcrates from the Ozarks Regional Commlsslon's Resource Management Informatton System, _
whlch is a five state system with over fifty remote terminals.The users: of the Ozarks
System were mexperlenced in retrreval 'system operations and none were trained in com-
'puter operatlons. Most of the operators were experrenced in the fields of urban plannmg,t
economrc development and mdustrial development therefore the system design was such ~
_thot they could operate the retrreval system ina conversatlonal mode, This. experrence
:hos resulted |n the development of a set ot very tlexrble computer programs that con be
joperated by non-computer personnel " These programs and the systems experience with’

Ethe Ozarks pr0|ect are the basis for this proposed system.

".ln most systems, the designers are equlpment manufacturers and therr deslre to sell equip- ,;

lfment is predominant in the design of the system. Srnce the Oklahoma Foundatlon for

V=15
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.TABLE IV

COMPUTER SYSTEM CHARACTERISTICS

'Central COmputer )

Operating Speed

Storage Capacity

Cenputation
~ Capacity

Core Storage

Tape Storage

Simult.'Operations"

,,Cos /Hookup hour
Cost/Operating Hr.

Cost/Operating Hr.
% Usage S o

00st/Ma1ntenance

Maintenance Pers..hw

Qperating Pers._}nﬂw

Retrieval-Calc. o
" Software

Retrieval-Cri teria

ﬁrProfessional

- LARGE

COMPUTER

$3.000 000

- Excellent H
Unlimited

Eeltont

Ercess 100K

Auto Switching

UnTimi ted:

,»d$zéb%j
ei$44bf'
féig Ogé

Nonea;

Retrieval,SORT-MERGE Extra

Non-Operating
Software

MEDIUM
,_conpuren,x

e$1 250 ooo
TfExcellent
,Unlimited

oyt

2K B0 Bt

“huto Swit:ching"'gi
510 MU s

s
s

3K
fAuto Switching :
4:MTU-

MINL-
COMPUTER.

50 m1111on
characters

iSatisfactory C

16 bit

5 .

$7 50

$7.50
?f$3 000’

;:Non-Computer Pers.

viNon-professionaT

%Complete

;Included
§Includedﬂ
;xncxuded




l\eseorch and Development is a non-proflt corporotlon and is not an equipment monufac- :

tu ,9"' our ‘system design is based on maximum utlllzotlon of exlstlng technology that

produces the best system for the least dollar of copltol investment,

One' of the mo|or foctors to be considered ln the mltiol estobllshment of the system is the

rate t whlch the cllents will use’ ‘the system. \ The vorious remote termlnols use rate wlll

| vory greotly ot the stort up of the operotlon, and expenslve high speed equipment for &
eoch remote termmol is very uneconomlcol However the system proposed enables the '
system monogers to expond the system on a need boS|s. The cost savnngs in mointenonce

“costs olone wull normolly poy for the enhre system expanslon.

Thls proposol presents the computer system in severol parts; a brief descrlptlon of the
computer hordwore components ' wrth speclficctlons glven in Appendrx D a descrlptlon
of the operotlng system in App(mdlx A a descrlptron of the MERCURY. retrlevol ond

cnolyses progroms in APPe“d"‘ B; a P"esentatron of modular assembly of the compute'" o

system , with cost trade offs; and a scope of services with estlmoted performonce schedules.'f

The t'ull copablllty of the. proposed system ls shown in Flgure 2. The- mlnl-computer,

NOVA l200 or equrvolent hos a 3200 word memory and is mterfoced kuth vorlous in-

‘of encveloedis.

The system wi accept:a wide range of devices for entering.files; printingfiles or for

lnput commonds.



FIGURE 2 8
MINI-COMPUTER SYSTEM
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" Output Devices = -

r‘;‘,»f;The hlgh speed llne prrnter has an ompur capaclty of 80 000 characfers;;? minufe,

@ assumlng an average of elghr (8) characfers per word - an output of."IO

:.\mlnufe. The nommal operating speed durlng actual retrievals}; s I

,f;words ‘per mlnute ..

The oufput may be recorded on regular paper fape dewces assoclafed wirh fhe feletype

:}'vor pri ted by rh‘a feletype on erghf of our fourfeen mch paper.",")Normally the feietype

_ls used for entermg commands or copying very small frles because oF |fs relaﬂve slow

' prlnhng speed ten ('l 0) characters per second

‘»',The cathode ray tube or "televeslon " outpuf devrces have grear uﬁlity m mputﬁng file'
iand parhcularly m retrlevmg mformahon where no hardcopy of rhe oufput is requrred

L Prinrlng devrces are now avarlable hrch when mrerfaced wifh the CRT's e|emmare fhe’.
:hardcopy problem and rheir mcreased speed thlrfy (30) characfers per second make _

”them very compehhve. R




