





- ANNEX

1 __;_;:S’tate of the Artin Seil Tfeatnient Technolo,e‘tr

11 "';l-;_:state of the Art in Other (“‘ountx 1es |

o A subleachmg system in Whlch househol& waste water travels thmugh
:trenches from each individual household has. long been -employed in the United
“Statesin reg‘lons where the construction of lar ‘ge sewage systems is unfeasible. A
_ typzcal example, is called the septic tank and soil Infiltration system. This system
assume' 'f'il:"' atlon bactel ial breakdown and (,hermcal absorptmn in the process of

the1 efox e,

the U'S Env1ronmental Protectlon Agency (EPA) and other institutes

have been contmueusly researchmg and studvmg proper demgn, constx uction and

. management fer ovel ten years -

B Here 15 a brlef mtroductmn of the sf:ate of the ar t in the U S

' )

Structure of the Septlc Tank and Soil Percolation System :

In the U S abeut 98% ef 1nd1v1dual household Waste water treatment

_ ) _employs a- septxe tank as ‘the first treatment, followed by a soil -
- Infiliration trench as the second treatment. A typical system is -
S shown m the prevmusly mentioned Fig. 58. Al A septxc tank cen31sts

-_ef one or two tanks, with rectlfylng plates’ attached at the’ 1n1et and

N . -;_outlet Unprocessed waste water enters. the tank Where components

witha 11ght specific gravzty, 0il and $0- called scum float, whlle large,

: _,.heavy solid partlcles settle 10 the bottom of the tank and become

'_ Sludge The discharge from the tank contains floating pollutants
 which have been discharged, s, from the center of the tank.

: iﬂThe secon d step m the usual type of on- locatmn waste water

_treatment prov1des water to a

trench constructed underground

causmg Inﬁltratwn through the soil, Fig. $8.A.3 shows a cross

R :Se(_:tlonlof this soil trench



2) Sml Inﬁltrat:on and Proper Load

The first condition for design o{' a proper soil Inﬁltratmn system is to
set a proper load. Determmation of the proper load from the’ results of

" measurement of soil Infiltration may be considered one method. The
auger percolation test has been provlded asa 31mple, inexpensive on-

~ location test procedure. It measures the speed at which water drops in
" auger holes filled with water to a ‘depth of several feet. If the testis
‘standardized, it is qulte effectlve in 1nd1cat1ng the permeablhty

characteristics of a given locatlon ‘ :

- Fig. S8.A. 4 shows the relatwnsh:p between the results of the
. Infiltratmn test and p0831b1e long telm load In the Fig:, the ordmate
shows the load i in units of gallonsfsq ft. /day (1gal/sq. ft 40 751/sq m).
The abscissa shows the time required for water todr op one 1nch in the
Inﬁltratlon tests, in one minute units. Lyons curve is an analy31s
which only con31dered the area of the botbom of the trench as the
effective Infiltration area, but has been revised to cons1der not only
the bottom, but also the sides of the trench as effectlve in Inﬁltratlon
Fig.88.A.5 shows the mvxsed Lyon’s curve.

The U.8. Publlc Health Servwe has declared standard waste water
- volume to be 50gal/day-room {=567. 81/day -room), and design values

can be computed by combmmg this value with the rev1sed Lyon’s
curve. - S

1.2 C'onsi'deration of Proper'Lo'ad in Soil-T'reatIhent

‘When processmg domestxc waste water with the soll Inﬁltratmn system,
the most important thing is to maintain proper balance between the quantity and
quality of the waste water to be treated and the soil Inﬁltratmn The following
itemg should be investigated in advance when domestlc waste water ‘will be
treated by soil Infiltratmn ' ' ' ' '

Quahty of waste water

Design volume

=
1
&



Preprocessing and its effects

Water quality: 1) SS volume

2) Volume of organic substances

And when specml waste water is introduced, 1t 1s necessary to determine
whether or not it LOIltBIIIS harmful substance.

So11 quahty ’

1)

.2)

Landscape conditions -
Type and structure

- Infiltration

Percala_twn capabilities

Retention capabilities

Other

:'Recipx‘ocal Relationships and Soil Infiltration

The following items should be evaluated from the perspective of waste
water freatment to maintain soil Infiltration. '

| .(1) .Wast';'e' water should be introduced into the mid-soil, well away

from the surface.

(2) The waste water introduced infiltrates through the soil by
| graviiﬁy,' and reaches groundwater after traveling a certain

distance,.

"(8) The groundwater absorbs this incoming water into its flow at a

- certain speed.

I'n'filtration

B The following condi_tionsinﬂuenceinﬁltration:

‘ (1) : .Sﬁ‘rfalce Characteristics

~ Special attentlon to the density of the soil surface is necessary
| dm ing constructmn when soil treatment utilizes trenches, as well

“as the presence and type of vegetation, and soil particle

formations and density.



(2) Type and Structure of Soil

The size of soil paxtlcles is most closely related to effiuent '
blockages Also, Infiltration capabllztms are notlceably
influenced by the characteristics of the soil structure. Since
strata havmg ideal umformxty are genelally rare, Inﬁltra’smn
capabilities can vary con51derably even in the same region, .

3) Phy’sxcal Chenustry Factors .

Temperatux e, dlstnbutlon of partlcle dlameter, chemical
propertles of partlcles the number of colloid par tlcles, the erosion
- and absorptivity of partlcles SR

(4) Biological Factors

Due te the structure of blologlca layers Whlch are generally'
active close to the surface of the soil, formmg an organic
substance which both prevents blockages when ‘the sanitary .
‘sewage load is proper, and at the same time is essential in the
function of breakdown and purification of organicsubstance.

II. - LagoonProcess

.1 Characteristics of the Lagoon'

The word ‘lagoon’ omgmally meant a small bog area; :but m the field of

waste water treatment, whether natural or mamnade, the deﬁmtmn means a

pond-like facxhty to process organic waste water by means of the pumfymg action
of microorganisms, during relatlvely 10ng term retention. o

There are various types of Iagoons whxch are often defined by plant :
configuratwn Generally they are classified by means, of the prmmpal mmroblal
‘purification mechanism, as shown in’ Tah. S8.A.1. '

These lagoons each have théir own umque characterlstlcs, w1th httle in
common. Asa rule, however snmiar charactex 1stlcs are as follows
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A relatlvely large land area is required, but construction costs are
mexpenswe since 1t isa non-mechamcal facility,

Contmle are few thelefore mamtenance management is easy and
inexpensive.

Retention tlme is long, and therefoxe changes in waste watel Volu;me and
quantlty ate rave; while there is great resistance against sudden influxes of any
toxic agents. However, once the treatment function deteriorates, recovery is
protr acted.

Apaxt from aeratlon lagoons treatment mechanisms are complex; systems
1esearch and’ analys1s lags -and feasible design standards and operations
gmdelmes have not been estabhshed.

Treatment eapablhtles may vary seasonallv due to env1ronmenta1 factors
“suchas tempel ature and amount of sunlight. '

" There are conce_rns that trou_ble may be caused in the surrounding areas
due to the stench of hydrogen sulfide and the production of harmful insects such as
mOsquitoes '

o In splte of the many problem points mentioned above in view of the low .
constructlon costs and the ease of mamtenance, lagoon treatment may be
descr 1bed as an excellent tr eatment technique. 'In the United States, where land
for such treatment eltes is in suxplus lagoons are being widely employed
prmmpally at small volume treatment plants. E.g., 30% of secondary sewage
Processmg plants in the U. S are lagoons 1t is also common in the industrial
waste water ﬁeld where the cannmg industry engages in seasonal operatmns '

The lagoon system is rarely used in Japan, because treatment sites are situated
close to mtes due to 1and use conditions, and the xmpact on remdentlal areas. In
the future, however, the lagoon might prove. valuable for small scale plant waste
water and for small villages in the ‘mountains or near the shore where it is
necessary to estabhsh treatment techniques with easy maintenance.

H_‘Z -~ 'Stﬁblli'zation Pond

Lagoons whexe the photosynthetlc action of algae plays a role in the

pumﬁcatlgn meehanxsm are generlcally termed stabilization ponds The
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stabilization pond is a treatment techmque whloh uses the natural self
purification action of a natural body of water, vmtually as iy, it1 is only because the
self purification mechanism is complex that analytical research lags, whlle there
are many confhctmg ar guments about techmques -

11.2. 1 Omdanon Ponds and Facultative Ponds

Stabxhzahon ponds are suboategox ized into omdatlon ponds and
facultative ponds depending on the water depth and the presence of an anaerobxc
layer. - ;

An oxxdatxon pendisa small lagoon w1th a depth of Iess than 0 5m and the
‘distribution of matter within the pond is: kept 1elatwe1y uniform ‘oy 1nd1rect
mixing, such as fluid cxrculatlon etc. The BOD materlal in the efﬂuence is
oxidized and dissolved by aerobic micro orgamsm in the sarme manner as the
activated sludge system, and the oxygen oonsumed in the: process is pr ovided
mostly from the photosynthetic aotlon of algae. Dlsso}ved BOD is removed w1th a
fairly high eﬂ’iclency, but the treated water contams a high conoentratmn of

algae.

A facultative pond is deeper than an oxidation pond 1.0-2. 5m deep The
layer near the surface, like the oxidation pond has an aeroblc envir onment for
photosyntho51s, the bottom layer whele sunhght barely reaches, is an anaexobm
~environment, BOD materlal in sewage is pnmanly broken down by the aeroblc
microbes in the surface layer Orgamc sohds, and alffae produced in the ‘surface
layer, are broken down by fermentatlon by the anaerobxc rmcrobes in the bottom
layer, espe(:ially the bottom of the pond Smce both aeroblc and anaeroblc
react1ons are. occurrmg mmultaneoosly in the same pond the pond is- called a
facultatwe pond 'l‘he concentratlon of aigae contamed m the tr eated water is not
as high as in the ox1datlon pond Most stablhzatlon ponds m the U S. are
~ classified as facultatwe ponds §

11.2.2 Mlcroblal Reactlons in Stabxhzanon Ponds

1) Photosynthems and Symbxoms

The purification aotion of x micro orgamsm 111 stablhzatmn ponds may

be described as the sym‘olotlc aotlon of aeroblc microbes and algae

ILe, aeroblc microbes use the oxygen generated by the photosynthesls'
- of algae to break down BOD matemals, wh11e the algae, on tho other-



_ hand use carbon dioxide, the product of oxidation, for photosynthesis.
- Thus; both bymblose with each other exchangmg oxygen and carbon
. _dloxlde andor gamc efﬂuent is purlﬁed in the pr ocess.

| A char actel 1st1c of removal of organic subbtance by bxologlc processes,

- is that the ‘organic substance are concentrated in living cells, while
some organic substance are transformed into relatively harmless
gases such as COz or CHy. In the above mentioned symbiotic system,
‘aerobic micro: organism. oxidize organic agents info carbon dioxide,
~and if all the xequued oxygen is provided by photosynthes1s, the

: ;reactwn of the complete symbiotic system is elmpiy to concentrate
.--BOD materlals in the cells of aerobic microbes and:algae, and

' mrtually no gaseous reactions can be expected The reactions shown
“in 'l‘a‘ole S8.A.2 are calculated with glucose (CsHmOg) instead of the

| BOD materlals in sewage. In this case, the reaction of the complete

: symblotlc system converts organic carbon into inorganic while oxygen
does not take part in the reaction. The theoretical COD is equal for
~ the orgamc agents of the reaction system (glucose) and the organic
. agents of the ecosystem (aeroblc micro organism cells and algae cells -

o sludge)

=In the foregomg theory, hypothetlcally, the algae photosynthesize to
'produce as much’ oxygen as needed for aerobic oxidation, But there is
_ no such assm ance in the actual stabilization pond ‘Since the algae
~ can photosynthe31ze independently of the incoming BOD volume, as
- . long ag there axe sufficient hght and inorganic salts, the theoretical
-COD. may inhcrease as a result of the reaction of the complete
'_symblotlc systen. In fact, in stabilization ponds where sufficient
i algae removal i is not hkely, and long term BOD measurement is an
: _Amdxcator, sometlmes that of the txeated water is higher than the
N ongmal 'I‘hls is the source of the controversy over the stab:hzatlon

. 'pond as a water tr eatment techmque
2)  : Anaeroblc Fermentation in the Facultatlve Pond

"'The stench of hyd1 ogen sulﬁde, and the rise of seum 1 which accompany

X anaerobic reactionson the bottom of the facultative Pond are regarded

tions management yet flll an extremely

' ”as a nuisance in opera
" Settling

';lmportant posmon among the Puriflcatlon processes.



suspended sohds in the influx water ard microor gamems produced in

" the surface layer, e.g. algae, decompose into methane and carbon
dioxide by anaerobic fer mentdtlon At this point, the first gasﬁ‘icatlon
of i mcommg BOD matel ial tak_es place (See Flg.SB.A.S).

Hendricks posited that photosyntheeis takes place in response to the

need for oxygen for the micro-organism oxidation of soluble orgamc
‘substance, and calculated the theoretical change m orgamc substance
in the stabilization pond.” The result makes ‘it clear that in the

symbiotic system of micro organism oxidation and photosynthesis in
" the upper layer, the COD component of the waste water merely

changes qualitatively, but no quant1tat1ve change occurs, and the

decréase in COD is mainly due to the anaerobic fermentatlon r eactwn
“in the bottom layer (See Flg S8.A. 7)

I, 2 3 Desuzn Data and Standards

| Feas1b1e desxgn procedures have not been estabhshed for stablhzatlon
ponds because the purlficatxon mechamsms are complex Oswald calculated the
oxygen volume per unit water area pr roduced by ‘photosynthesis from the radiant
strength of sunlight, and suggested a computation procedure to determine the
required pond area for a phys1ca1 ethhmum between oxygen volume and BOD
load. This desxgn procedure has remained unpopular, but 1s a basw theory of
oxygen equilibrium, and even now seems to be i in the main stream of stabxhzatlon
pond design, - In Fig, SS A.8 the etablhzatlon pond of the Sunnyvale treatment
plant, which receives domestlc waste water, and domestlc waste water from the
summer season only, is desxgned on the bams of oxygen equlhbrmm, as clearly
shown by the design data in Table S8. A 3. :

Because photosynthesxs is propox tmnal to water area m the des1gn
procedure fora stabzhratloﬂ pond whlch is based on oxygen ethbmum the BOD
. water area load i 1s treated as the most crltlcal de31gn factor, while retentlon t1me
(days) also has an effect on the treatment process (Fig 8. A. 9), and so'is percewea
as another critical design factor. - - :

Because the functlons of the etablhzatlon pond are greatly dependent on
ehmate factors, it is impossible to provxde natlonmde design. standards. Fig.
58.A.4 shows design standards. for secondary sewage treatment faclhtles in
several states of the United States. . There are no such desxgn standerds for
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mdustual waete water but 1

ig. S8.A.5 shows average expenmental data for.

stablhzatlon ponds of several types of industry,

na24 Struc ural CDHSldelatlonS

B

Conﬁgurai;mn and Layout of Ponds |

L Any configuratmn is acceptabie as long as no dead water area or

.' shartflows are produced There are many instances where multiple
 ponds are constructed to make effective use of land area. Fig. S8.A. 16

shows both parallel and serial layouts, and in the latter mstances, '

_ function dxfferentlatmns may be planned e.g. making the last pond

o 'an a}gae settlmg pond ete.

[captmns- -(a) series layout (b) parallel layout (¢) series-parallel

. Iayout]

2)-

Water Depth

_"_’.I‘he"depth of an oxidation pond is less than one meter, while a
facultative pond is 1-2.5 meters deep. When water depth is less than

one metér, adherent algae flourish and not only block the flow of

o wa‘ter, but are also a cause of ﬂoatmg particles in the treated water,

i

'_Intake and Dzscharge Procedures .

There are two mtake pr ocedures, the single point intake mode uses a

Spray to the center of the pond with pump pressure; the multipoint
mtake made uses overspills from a dam. The latter is superior

: - because the BOD load is distributed evenly over a pond. Similarly,

9

.‘there are smgle poxnt and mu}tlpmnt discharge modes. In either case,
an ovez spﬂl mode ‘with no scum accumulation is best.

| _[captmns (a) single point intake and discharge (h) multlpomt intake,
sin gle pomt dxscharga (c) mult1p01nt intake and discharge

Pond lee Structure

| -'The slope of i:he pond dlke is determined from the perspective of soil

'dynamxcs and the prevent;mn of erosion. The value of the general

' horlzantal vertical ratio is usually from 6:1to 2:1. Algae will flourish



5)

6

pear the dike, and become a source of stench and harmful msects, 50 11-,
isbest to select a construclton materzal whmh will minimize these

Recu‘culatmn of Treated.Flmds ‘_ 

Remrculatwn of txeated water in the stabxhzatmn pond has two |
ob;ectwes 1) moculatmg mtake water Wlth algae and 2) equal |

_'dlstrlbutxon of the BOD load CAn axxal pump thh load head hxgh
_volume is usually usedforremrculatwn o |

Rapx& All Mlxture Sysfem

Intenmttent mlxmg and stn-rmg was formerly employed in omdatlon |
ponds, but most recently, aeration mlxmg in the facultative pend has
been’ emphasxzed There are two ob,]ectlves in aeratlon n:uxmg '

- (1) Supply of supplementary oxygen when photosyntheqxs declmes or

even stops in wmter and at mght

- (2) To remove oil layers forxmng on the surface, and to famht%e |

g photosynthesxs by breakmg up thermal stratxficatlon

_'In the aeratlon mode, there are two modes, air bursts, and
. mechanxcal but except for the lateral shaft type machme,
' generally nelther system is econonucal m shallow ponds









© fab.$8.1.1 Treatme

;

t facilities for doméstic-yaste'water'kyétéﬁ' ‘

——

o City name.

Sewers

Flow néthod -

-T?eatﬁént'méiﬁad o

Dénwst-

e sewa~

| "San lorenzo

Ye§ _

_ Sp}fnkleh

sysfem_

Lagoon trgéfméﬁi'
st poﬁd?@naétébié
2nd '3rd pond agrobic
unié;_' : o
2001/persoﬁ/day

_BOD Séé/pe;son/daj :

g syst-

ine

© Capat

San bernard-
| Ypacarai

‘Aregua

‘No

Individual house -

'ho1d;treatmentu' ;
Septic tanc + perc-
coation tank
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Iab.33-3-1 Tréatment volume from the bottom of

infilthation

trench filter beds and soil permeability from

evalﬁation of facilities,

Soil

“dnfilthation (em/s)

Treatment volume
(n¥/day n?)

Gravel, Coarse sand <4.2% 1078 Unsatisfactory

Corse sand~ Fine 8.5x10°3 0.050

sand 4.2%x 10-2

Silt, Loamy sand 2.8x 103 0.034

“B.sx 103 '

Sandy loanm, Loam é 1.4x 1073 0,025
2.8%x 1073

Loamy poras, 7.0x 1079 0.019

Silty loanm t.4x 10-8

Sitt loam 3.5%x 1074 0.008
7.0% 10" 4 '

Tab.$8.3.2 Renmoval ratio

Perioﬂ 13 October 1988 ~

Water quality Removal rate
Samples _Raw.water Treated water Treated water
BOR 660.0 87.3 86.17
coD 2149. 1 150. 0 93,0
NH4-N | 185.0 131.4 2.1
T-N 1852.0 1847.0 2.1
T»é' 27. 1 i5.0 32.1

[
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Tab. $8. 3.3 Data of CEC, PAC

Demention No?l  VN6;2"-; | 7N6,3: '

CEC mea/100g | 16.3 | 2.6 9.4

PAC ng/100g 500 | s | a0

Water content | % L9 ‘.-_0.5' e 18

¥ sumple No.'l S?Juiy;iSBQ  River:Pitayquoﬁcrete Briﬁge (Plandsb})
No.2 7. July. 1988 River'Pfrayu Leftbahk_(ﬂéggsol)
No. 3 22. July. 1988 Aregua Poliée_Stafibn (Acriso1)t e
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Tab, $8.5.1

Lagoon tipe. and merits, denerits

“Handling HMaintenante

sonitoring
Good bacteria trisiment

is good

Tow,

! onothor gane aa above tor terated 1ngoon

method

Herits Demerits 80D. removel 'Reuction to TIOK and S . : L _Trestment Construction
’ ) rete - froed movenent Teehnical “Techincsl Authontetion Number of ligcessary of "Eftectivenesd cost
: . » ; I I ; - : diFicultiag. Level : . ""test points - Jhight technology - :
Gidation o need for first sedimentation Space i3 large S '_Reac_tion;is Not difficult Authorized Lok Sughtly Quite Hiddle
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INTRODUCTION

This report describes in detail t,he water pollutmn control plen wh;ch 1s a
partofa st.udy on Lake Ypacarai and 1i;s Basm ‘

 Lake Ypacarai, located ebout 30km east of Asuncmn is mamly a
sightseeing and recreatmn site af pr esent However, the Paraguyan Government
has a strong intention to use this Lake as a water supply source for nexghbormg
areas, where potable watex demand will i 1ncx ease in future. The gevernment; also
intends to continue to develep the Lake’ 3 sughtseemg and recreational charactor.
"~ Moreover, itis beheved that there is a potential need for rwers wzthm the Lake" '
basin to also ex1st as aquetlc recr eatlonal sn;es ' o

Te answer the above mentloned needs for Lake Ypacaral and the mflow

' rivers, it is necessary to establish a goal for water- quahty conservatlon whleh |
corresponds with the usage ob_]ectlves, and to de51gn a plan whzeh is able to
succeed based on the measures relating to the natural and socmecenomlc
conditions of the Lake basin’ and Paraguay '

Water quahty of the Lake and the rivers is always ﬂuctuatlng due to many
factors, and the fluctuation range is semetlmes wide. Therefore, it is necessary to
" continue long-term observation and research on. many 1tems, w1thm a w1de

geographlc area.

In this study, we were obhged to cieate a water pollution control plan o:nly
after a one-year field survey and a half—a«year exammatlon due to the restrzctlon :
of time. Consequently, the plan presented in this report is just a tentative one |
and must be corrected in accordance with the results of the research and
investigation which should be contmued hereafter ' S



CHA PTER 1

THE PRLSLNT POLLU'I‘ION SITUATIONIN
| " 'THE LAKE AND ITS BASIN E

11 . Relatmnshlp between Human Actlwty and Env1ronmenta1 Change .

o Rigd 89, 11 shows the 1e1at10nsh1p between human act1v1ty and
enwronmental change with a focus on water pollutlon

The Spamsh gove1 ment founded Asunclon in 1537. Next to the lake the

-3'c'ity"of San Bernardino was founded in 1881; ‘Therefore; basic changes in the

_ 'basm ‘areq began in the 20th century From the P1rayu river valley to the lake

tself was graseland but this was enlarged when a big part of the-forest in the
area was cleared away to'create arable land for farming. - ‘

, Paraguays populatlon is 1e1at1vely small since it hasn’t reached 4

nnlhon ‘However, around 20% of this populatlon 18 concentrated m the National

: Cap1tal regmn Thus, the populatlon per square kilometeri is only 7.5 overall, but

in the c1t1es it is almost 2, 000 Fur thermore, the populatlon increase is 2.54%

overall, butin Asuncmn and its nexghbomng cities, San Bernardino and Luque, it

is extremely high, between 7 and 8%. With such a high populatmn density
| ar ound the Lake basm va1 1ous p1 oblems in the hvmg env1ronment have ansen '

Figs 89 12 and 89 13 show the dlfference in dlstnbutlon condition of the
‘c1t1es and arable land between 1965 and 1988, During these past 23 years, the
vast growth of the c1t1es is qulte appal ent, - : -

_ Due to deforestatlon m the mountam reglons, much of the vegetatlon has
| ,-'been lost Durlng frequent intense rainstorms Iastmg for several hours and
dumpmg as much as 80 to 120mm of rain on the area, large amounts of sand and |
mud are Washed away, thus plomotlng the scale-down of lake and marsh area.
| Arable land created through deforestatmn has been degraded by plunder farming.

The humus layer is suddenly lost, and year by year the layer of topsoil becomes

‘thinner and thmner The lack of forests has also reduced the amount of water

. ﬂowmg into the. rivers and the water e quality.

When the area around the N etxonal Cap1ta1 was no longel able to

' pl oduce vegetatmn it was converted into housmg developments giving origin to
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