4-2-3 Comparison of Alternatives

{1) Principles of Various Sewage Treatpnent Processes

“The standard composition of a unit process in each sewage treat-

ment process and the principle of thé réactor_afé suﬁmarized_ou

Table 4-3.

1)

Conventional Activated S$ludge Process

Enflow sewage enters  first a grit chamber where grit and
screenings are removed from the raw sewige, This then flows
into a flow equalization tank to alleviate the flow‘and load
fiuctuation, thereby supplying a constant flow.go fhe-prim_

ary sedimentation tank.;In the primary sedimentation tank

sﬁspended'matter ié ééparated from sewage, and the super{
natant overflows 1intoe an aeration tank cﬁntéihiﬁg return
sludge from the final sedimentation tank and 1s mixed and
aerated, The soluble organic matter in- the sewage is removed

by the action of activated sludge c0mposedfof aeroblic miereé

organisms In the‘aeratidn tark, The mechanism of treatment

by activated sludge is as fellows.

] Formation of activated sludge composed of aerobic

nicroorganisms, with zooglea bacteria as the foundation

. % - Adsorption of organic matter by activated sludgeé

k- Oxidation and assimilation of adsorbed matter

Then the nixed liquor of sewage and activated sludge is

separated Into sludge and supernatant, which 1s chlorinated
in a disinfection tank to be discharged into a receiving
water uody.- A part of the settled sludge is handled awnd

disposed as excess of sludge and while the rest is returned

to the aeratfion tank.
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2)

3)

4)

Extended Aeration

This process 1s the same in principle as the conventional
activated sludge process, Howeﬁer,\by keeping orvganic load-
ing low and by prolonging aeration time of the activated
sludge, the amount of organic matter diminishes and micro-
organisms goes ‘into the endogenous respirvation whereby the
microorganismg oxidize and degrade thelr own cellular matter
to obtaln energy and some of them starve. Thus sludge géne-

ration is kept to a minimum,

Oxidation Ditch

"This process is regarded as a kind of extended aeration inm

principle, and is a kind of mechanical agitation process in
which rotors are installed in a recivculating ditch to mix,

agitate and aerate,
High=Rateé Trickling Filter

The conventional activated sludge, extended aeration and

oxidation ditch processes are classified as suspended biolo-

. glcal treatment, while the tricking filter is a kind of

fixed biologlcal film treatment in which a film is formed on
the surface of gravel media and acts to remove oiganic
matter from the sewage. The main components of the film are
bacteria, fungi (mold and enzyme), algae and protozoa. The
removal of o¢rganic matter involves the ;three following

stages:

*  Adsorption of organic matter by the biological film
% - Oxidation and assinilation of adsorbed organic matter
* Falling-off of biological film from gravel media due to

overgrowth
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The trickling filter is classified 1Into conventional and
high-rate processes depending on how much organic and hy-
drauli¢ loading are. The econventional  trickling filter
process has good characteristics and can rerove 75 to 85
percent of BOD and 883 but the site requirement, is 5 to 15
times more than that of the high-rate process, and, because
of frequent generation of filter flies and offensive odors,

has been disc¢ounted as an alternative,
5) Rotating Biological Reactor

While in a trickling filter, sewagé passes through gravel
wedia fixed by bilological film, the disk fixed by blological
£ilm rotates in sewage., The rotating disk is ordinarily 1
to 4 m diameter and 0.7 to6 25 mm thick and several tens of
disks are connected to a driving axis at intervals of about
2 ¢, The disks are made of styrofoam, polychloride, poly-
ethylene, plastic, woodrack, waterproof veneer etc.. Sewage
flows slowly between disk parallel to the disc surfaces, the
disks rotating with approximately 45 percent of their sur-
face area being submérged at any one time. As a reéult of
rotation, a biological film is formed on the disk surface in
a week, and this promotes the BOD degradation under the

aerobic conditions by oxygen absorption from the air.
(2) Characteristics of Pach Treatment Process

1) Conventional Activated Sludge process
(a) General Characteristics

* For normal municipal sewage of with BOD of 100 to 300
omg/l, an 85 to 95 % reuwoval fs achieved, making it
superior to other processeés,

% Transparency of treated water is high.
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% Stability vnder variable temperatures 1is inferior to
that of other processes,

% - Sludge generation is considerable.

Table 44 Performance Example of Conventional Activated Studge Process

Name of Plant Abashicd Sewage Tfutnrnl Plank " Saysmadad Sewage Treatment Flant

tocation Abashiri City, Hakkatdo Poef, Sayuma £1ty, Sadtawa Pref.

Dry Veatlier Daily’ - .
Hax, Sevage Flow 9,37) cu.mfday 7.700 cu.m/day

Type of Sample __!n.ﬂuenl Eff.luent_ ’ Il:bflueut Effjuent
Season sp. Se. A, W. . Sa. Sw. A, . Sp. Su. AL W $p. Su. B, W,
Ate Tewp. o 6.4 18,2 10,0 -8, 6.4 15.2 10.0 -4.4 _ 16.3 26,3 11} 6.4 153 28.) 121 6.8
Water Temp. ("CH 13.2 16,8 15.8 11,3 13.1 13,0 ¢1.0 u.} 19.1 25.5% 16.9 12.8 190 25,6 17,1 $3.0
Travspatreacy {cw) 1.7 6.2 4.0 28 CERD SO 4TS L0 2,9 3.4 3.0 30 £8.7 97.8 B1.8 £0.)
it - - 1.06 7.6k 7.47 7.061 7.00 6.61 1.05 7.06 7.6 7.5 1.3 7.6 6.3 .5 6.6 6.8
Taeon (egf1} 202 188 250 152 : 3 16 13 14 - 391 A 227 zu'— 17.4 8.4 9.335.8
copn (egf1} 154 40 0136 123 16 20 18 20 115 103 93.4 I 9.8 6.1 0.6 1.3
ss {vgft} 234 206 152 23) i 6 5 11 . 206 153 )26 u.z e;o L0 £.9 1.4
Coltfors Group. = - 2.6 §.0 5.3 (.3 o o0 0 & ' 3.0 z.r. 2.1 . 1.6 0 M & 4

(#ica) " ae? xlo’ x10® x10° 216" 510% a10* xi0* -

®107 a1l x10

_II:;I_;: Sp. — Sprlng. Su. - Sumer,. A, - Aulumn, W. - Winter

(b} Maintenance and Operation

Sééff level nceded fof mainfenance and operation 1is high
owing to the many points to he inspected, and ‘a high and
complicated technology for the adiustment of HLSS,' air
supply, return sludge volume, ete, 1is required, ﬁowevér,'
since the operational system for the coﬁﬁeﬁtional activated
sludge prOCess is well established iu comparion with other
processes, if highly qualified and experienced engineérs are

engaged, the maintenance and operation are facilitated,
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{c) Costs

2)

Aeration system, the aeration tank volume and air supply are
less than In the extended aeration system, but additional
facilities, such as a equalization tank and a privary sedi-
mentation tank, are necessary of cope with fluctuations in
quantity and quality. Therefore, there is almost no differ-
encé between these two systems in terms of construction
costs and this is also true of maintenance and operating

costs.

Extended Aeration Process

(a) General Characteristies

Though this preocess depends how good or Sad maintenance
and operation are, performance is generally inferior to
that of the cenventional activated sludge process,
Transparency of treated water 1s high,

Over a range of water temperatures, sfability remains
excellent.

Nitriffcation is to be expected. By aerating sewage
for a long time under the low organié¢ loading condi-~
tion, autotrophic 5acteria such as nitrosomonas can
1ive in the activated sludge and act to promote nitri-
fication, which stabilizes the treated wate¥ quality,
The generation of excess sludge 1is controlled to a
mininum by long aeration. The volume of sludge produc-
tion 18 in general 0,5% of treated water compared with
1 to 2 % in the case of the conventional activated

sludge process.
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Table 4-5 Perrormance Example of Exténded Aetacion Process

Hame of Fiant Toyama Sewage Yreaimenk tlant

Sskursgnoks Sevege Treatment Plant

Locatlon

Romord Clty, Aomark Pref.

Toma City, Yokyo Meiva,

Dy Veathier Dally

Hax, Sewage Flow 1,600 tu.afday . .2.623 c-'-.l-hh)_:

Type of Sawple Infl:eat . [‘i!lhlnl ) lrnt"luent . EEflueat

Season Sp. Su. A. V. $p. Su. AL W Sp. Sw. A, W Sp. Su. A, W,

Alr Teap, (°c) T ~ W9 1?04 < 1.9 ?.l'—';.t - - - 1.9 22,4 7.8 312

Yater Teap, ('C) - 15.5% 2.8 3.3 - 1.7 131 2.7 - - - - 12.6 15.9 4.3 13,8

Transparency (cm) - 33 .3‘0 1.0‘ . ] .- :-.30 > 30 > 50 - - - - B2 16,7 22,8 9.8

I'%] V - LA s 3;0 - .6 1.2 6.9 .5 10 3y "?:—;al F.8 1.3

poP {cgfl) - 21} 238 R0 - - &7 1.5 5.4 I3 138 146 Zl.ﬁ 17 1§ ) I—;—
cop {og/1) ST TN T - %0 11;.0_ 9.3 3 .-_;2 n 8 % 10D
55 (ng“). - ¥y 138 25:0 - 9.510.1 8.3 17y ifb 063 139 -‘! MmN :)I

Celifern Crovp. -~ 11.8 35,0 45.5% - 76 Il. i - - - - o o .3 [+

Wi a0t xi0? are? -
T iste: Sp. -nsnffrin;. Sv. - Sumwer, A. - Aetuze, W. - Winter T

()

{c)

Maintenance and Operation

Because of the elimination of a primary sedimentation tank

and the reduction in size of sludge handling facilities

owing to the low siudge generation, inspection points are

fewer and equipment to be installed {is structurally simple.

Therefore, this process does not requivre the high technology

of the conventional activated sludge process, but it dees

require more than the oxidation ditch process.

Costs

"With the exception of the large site requirement, in spite

of the 1large aeratfon tank volume and ailr supply,
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3)
(a)

construction and malntenance and operation costs are almost
the same as those of the activated sludge process because
the primary sedimentation tank is dispensed with and sludge

generation is below.

Oxidation Ditch

General Characteristics

The general characteristics of the oxidation diteh ave the
same as those of the extended aeration., In this process,
furthernore, denitrification is rendered possible by the
nethods of the operation and c0nirol, and troubles associat-
ed with nitrification can be avoided. The_bacteria utilize
oxygen in the nitrates generated by long aeration to produce
bubbles of nitrqgen and carbon dloxide gases, which adhere
to the activated sludge, reducing its density. The activated
sludge surféces in the final sedimentation tank. The exida-
tion ditch process is able to complete the reactien of
nitrification to denitrification by changing the operatieonal

procedure.
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Table 46 Performance Example of Oxidation Ditch Process

Bame of Flant Tufuty S.euage Treatgent Flant - Yumoto Sewage Wicatmeat #lang

lLocacicon

Tomakewad Ciuy, Nokkaldo Pref, Hikko Clty, Tochigt Pref,

Dry Veather Ratly

Max, Sewvapté Flow 1,180 cu.wfday ‘ - 73,23-0 tu.;,!da]'
Type of Sanple Influenc . lfflAuent ) "ln:!:h-!nt : © Etfluent
Season Sp. Sv. AL W, i 5p. Su. A, W, ?—s:-. L PR Sp. Su. AL v.
Me Tesp.  ("0) 1.015.0 5.0 1.0 8.0 18.0 5.0 t.0 8 15 -1 -6 o1 -1 8
Vacer Tezp. ("¢) 5.8 15.4 12.6 B.} 10.9 159 118 4.9 25 26 18 18,5 14 22 16 2.5
Transparency emd 5.1 7.5 4.5 &.9 AR 47 W53 44 a & 12,15 [ TR P I TY
] IR 1.2 1.2 S I B N N B é.a 6.6 6.4 5.8 1.0 7.1 1.0 1.0
W-! oD (gD 1729 1y 200 |'a§ .4 5% 3.2 4.5 C k1D 103 70.0 4.} 16.:1 19.5% 1_(_;.3 19.3
T co e/ 90.9 55.0 £4.0 73,4 3.5 2.2 9.2 1.1, 73.7 £8.8 45.8 6.7 1.0 35,5 11.7 15.0
ss ey 535 89 155 166 58 6 7 s 183 193 236 2w o 23
Coliform Croup. 9.2 1.0 1.4 4.6 320 360 100 B0 6.5 6.4 6.5 1.3 o e o o
rea’y  w0b wio® 00 ot : 7 519 2107 xi0? 210!

¥ote: N-Sp. ~ Sprirg, Su. —.Summur, A, - A.ulo:nen. ¥. - Vinlter

(b)

(c)

Maintenance and Opération

In relation to the ease of maintenance and operation, the
same characteristics as those of extended aeration are
applicable to this process, However, thils process is simpler
because 1t uses a mechanical agitator differing fron the

extended aeration process, which uses blower equipment which

‘requires air filters, air ducts, water pipes for cooling and

soundproofing and anti-vibration devices.

Costs

Sin¢e the oxidation ditch is shallow; the site requirenent
area 1s larger than that of extended aeration. Construction

costs are almost the sameé as these of the conventional

activated sludge process for the same reasons as in the
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4}

axténded aeration process. But maintenance and operating
costs, though dependent on the method of the operation and
control, are generally higher than those of the conventional

activated sludge process.

High-Rate Trickling Filter

{a) General Characteristics

% The BOD removal is 65 to 75 % and is inferior to other

pracesses.,

The metabollc activity of microorganisms is affected by
water temperature and 1s sharply reduced below 10 °C,
but the effect 1s not so severe as that in the conven~
tional activated sludge process.

The filter fly, which l}ives about 30 cm above the
filter floor, 1s gray-white in color, is5 2.5 to 4.5 mm
in size in the case of the imago, and has a range of
only 100 m, but can be carried on the wind to une¥pect-
ed distances and cause trouble to local residents. The
offensive odor which comes from the anaerobiec decom-—
position of sewage, sludge and dead biolegical film,

may oceur,
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Table 4-7

Performance Example of High-Rate Trickling Filter Procece

Eemn of tlant

5yodi Sevize Trestwent rlant

Teushire-5hi Sevage Teeatment Flant

Lecation

Cyode Clty, Saftama Feef.

Taushims City, AMchl Frel,

bry Veather ratly - -

Kan. Ssuvape Flow

12,910 cu.-!d;;

12,207 cu.mfiay

Type of Sowpl

Tafluent Effluect

Tpfluent EffLuent

Sp Su. A, V. CBp. Su. A, W

Sp. Sw. AL WL Sp. Su. AL W,

Season
AMr Temp, [N ] T DA 280 15.1 8.2 - - - - 2.4 27.8 15.2 9.4 .8 1.3 1.7 9.9
Veter Temp. (:C). i?.2 2.2 lS.h 3.9 12.) il.l §s.1 1.8 EINETRY ii.i .7 .2 il.! M.4 15.8

5.1 5.3 5.3 3.2

f!luspl[eﬁcy (end

12.7 26,5 B6.7 LA.1

Ty e 3 &9

12.6 150 1.0 10,5

1.6 1.9

1.4 1.2 15 10

‘ §.92 6.85 1,00 6.95

1] REESN 1.08 7.07 7,28 7.14

son (/) (0482 117 18 16.9 109 15.4 108 ity 122 e 117 §5.1 43,7 47.6 40.0

TCon (rgf 1) §3.9 58 710.2 17 .5 lfrﬁa 1 11 66,3 65.1 60.1 64.2 3.6 32-1 31.1 34.2

ss (rgf1) 32.6 31.% 100 182 22.8 11.8 20.8 4,7 $3.0 BS.2 84.9 87.5 LEN] 29—.; 2.4 35.2

Coliform Broup, - - - - £ 0 1 ] 8.4 7.8 B.i $.2 63 &30 5;8 (313
(#fca) xtod x10® 10 xaot

Bote:

Sp. — Sprisg, Su. = Susmer, A, -~ Awlwmn, W, - Uinter

(b) Maintenance and Operation

While the conventional activated sludge process requires
highlf conplicated technology for the control of MLSS, afr
supply, return sludge rate, etc., in this process such
technology 1s in principal structurally not necessary except
for in the adjustmént of disfribution interval, equal dis-
tribution, prevention of filter clogging, the control of
filter fly and offensive odor occufrence. Though the rota-
ting distributor rotates by itself by ﬁaintéining a constant
head at the distribution noézzles, the main bearing 1s
sealed by mercury which tends to spill over under rapid
hydraulic is

reseal the bearing,

loading, A special techaique required to

- 107 —



{c) Costs

5)

From an economical view point, the high-rate trickiing
filter process is most suitable, Construction costs are
slightly lower than for other activated sludge processes
because of the need for a primary sedimentation tank. As
for the maintenance and operating costs, 6w1n§ to the large
head of water required bétween treatment facilities 1In
comparison to that of activated sludge.pr0cesses and recir-
culation of the sewage, the power requirement for pumping is
heavy but the totating distributor moves by itself, so total

maintenance and operational costs are favorable,

Rotating Biological Reactor

{a) Genéral Characteristics

* Performance {is equivalent to.that.of the conventional
activated sludge process.

*# Since fine suspended solids tend to carry over, the
transparency of the treated watér is lower than that
from the activated sludge process.

% VPhen the water temperature drops, the BOB removal rate
is reduced. ' '

* Nitrification is to be expected.
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Table 4-8 Performance Examplé of Rotating Biologiéal Reactor Procdss

Hame of Plsnt

No:ava~0nsea'5¢vage Treatwent Flant

Foyasaa Sevage Freataent PFlang

Locstion

Hozava-Onsen ¥i1llage, Hagano Fref.

Foyps Tous, Waksyama Pref,

Ory Weather Dally
Max, Sevege Flow

2,700 cu.nfday

4,000 cu.mfday

Type of Sanple Tafluent Effluent tnfluent Eiflueat
Seasna Sp. . Su. AL W, Sp. Sa. AW, S5p. Su, _A._ M Sp. Bu. A, W,
Ate Tenp. €70 - - s - = - - - 15.021.7 8.0 0 15.0 2.2 3.0 ©

Trensparency (cw}

Mater Temp. {°C)

13.8 1%.2 1).7 10.0

14.3 0.2 131 10.6

3.t 3.0 43 27 6.0 36.3 75.6 10.3

- 54 61 B2

- 1.6 1.2 6.0 10.8 1B.€ V1.8 6.7

20.5 38.4 2468 416

5.30 .08 6.18 6.1}

pH 126 8.9 13 PAS .89 124 1.0% 7.04 - 6.83 7.3 Lo
300 .(n-yn 49 108 120 257 3.2 _s.;' 1.0 l_‘s.t - 72.0 50,0 56".?:-—-;1.“5 6.1 8,9 r.T
S coo {mlh}. st;) £8.7 77.2 133 18,9 12,6 1.5 17,0 - 101358 389 13 ILT . 9.3
55 (Imgfl} 1K 123 135 182 1.0 6.3 G.!_li.l- - 153.1 9.2 _u).o. T 9.1 t0.6 8.8
Colilor;_&roup. 6.8 5.‘ 5.; 2.7 1 o 10 0‘3. - 6;! 6.2 !.9: - 1.9 I.). T.1
lend)  x10° x10° 20} x10® aot 210t 210t © a0 mo? ae?

Nole:

Sp. - Spring,

Su. - Summer, A, ~ Antumn,

{b) Maintenance and OperatiOn

W, - Vinter

As opposed to the case of the activated sludge process, this

process does not require'aerétion and sludge return equip-

nent therefore,inspeétion poinfs are”few.ahd high technol-~

ogy is not required. However, the operational system is not

yet well established, and maintenance is more difficult than

in the oxidation ditch and high—rate tfickling filter pro-

cesses,

(¢)

Costs

Because of the expensive rotating disks, construction costs

are higﬁer than for other processas.hﬁéiutenanée and operat-

ing costs are relativeiy ;ou 6wipg_tolthe absenée of compli--

cated equipmentlbfhgf'than ‘the fOtating.disks.
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(3

(4)

Comprehensive Evaluation of Alterﬁatives

The characteristics of each sewage trestment procéss are sunma-
rized in Table 4-9. As for geneéral characteristies, the conven-
tional activated sludge, extended aeration and oxidation ditch
process, which belong to the suspended bilological treatment
process, are superlor to the rotating bilolegieal reactor and
high-rate trickling filter. 1Ip terms of reiiability shock load-
ing, flow variation and entry of toxic matter, there is little
differénce between the processes, since the standard composition
of each process 1is designed to accommodate such unforeseeable
civcumstances. 1In ease of maintenance and operation, the oxida-
tion ditch and high-rate trickling filter process are superior to
other processes. And the high-rate trickling filter 1is most

econonic.

As mentioned above, and inen the absence in the Philippines of
municipal sewage treatment plants and qualified experienced
engineers, maintenance in considerations and difficulty in pro-
curement of replacement parts should figure prominently in the
selection of the sewage treatment procéss.r For these reasons,
the oxidation ditch and high-rate trickling filter processes are
atfﬁngly recommended even tﬁough they afe respectively less
deficient 1in the economical aspect and genéral characteristics.
Hereinafter, the cconomic aspects of both processes shall be

centered on and discussed.

Comparison of Oxidation Ditch and Higﬁ—Rate Trickling Filter
1) Site Requirement '

The fora of the plant site is ifregﬁlar and the mostly
usable level land {s occupled by existing facilities ar-
ranged in a disorderly way. Utilizing these facilities as
they are; the new1y~conatiucted facilifies would have to be
placed in difficult areas, making layout very difffeult.
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Therefore, the layout of the oxidation ditch and high-rate
trickling fiiter process is to be made under the following

conditions.

* In the case of the oxidation ditch process, all exist-
ing facilities except the prinary sedimentation tank
are to be demolished and removed. As previously men-
tioned in connection with the standard composition of
the process, the process does not require a primary
sedimentation tank owing to the reliability flow and
load variation. However, since the existing primary
sedimentation tank has altéady béan completed and is a
relatively large structure whose demolition and renoval
would be expensive, the layout planning 1s to be made
on the assumptioﬁ that the tank is still to be used.
If the existing primary sedimentatfon tank is used, the
deficit due to the difficult layout, increase in number
of inspectiﬁn boints. geseration of unstable raw
sludge, and increase of sludge volume will rafse main-
tenance and operation costs; while for the fncrease of
sewage flow during rain, part of the sewage would be
treated in the primary sedimentation tank before being
discharged into the river, and the other would undergo
secondary treatnent after scttling treatment, Moreover,
an iwmprovement in performance 1is expéctabla. In the
high-rate trickling.filtér process, the sludge handling
process uses alr drying after non-heating digestion,
but since the generated sludge in the oxidation ditch
process 1s stable after self-oxidation, the air drying

process after thickening and storage was selected.

% In the case of the high-rate trickling filter, the
exlsting facflities are to be used, and in relation to
the nét-yet—constructed triékling filter and final
sed{mentation tank, fhe 1ayoﬁt plannihg shall be made

—-nz-
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2)

(a)

- (b)

by revising from only one modulé to two modules. The
layouts are shown in Figures 4-12 and 4-13. Both sewage
treatmehf:prOCQSSes are COntBinéble in the given plant
site even 1f the space réstriction of the layout is
different: the. éite requirement  1s not so great a

problem in this case.
Maintenance and Qperating Costs

Maintenance and operation costs are composed of the expenses

for personnel, power, chemicals, repalrs and others.
Personnel Expenses

Taking into account the easy maintenance and operation of
both sewage treatment'prOCesses,._a_staff composed of one
mapager, two engineers and_tﬁree_labprers is recéoopmended,
Based on salary levels inm Baguilo City, the annual incomes
for each staff nember are assumed to be B36,000 for the
manager; P24,000 for each engineer; and B12,000 for each
laborer} and the total annual personnel expenses are eXpectF
ed to be P120,000, as follows.

Manager : R36,000 x 1 person = B 36,000
Engineer: R24,000 x 2.persons = B 48,000
Laborer : R12,000 x 3 persons = B 36,000

Total: -~ . - = - 120,000

Power Expenses

Power expenses :for ‘electriecity account for the bulk of

overall maintenance and .operation costs. The electricity

- charge ‘rate éﬁpliéd 1s different depending on the type of

. vser, and the system for the commercial use is applied to

=115~



the sewage treatment plant, Besides the existing system,
the Baguid'“atef District is charged at a special discount
rate because ¢of the big ﬁower requirement and is status as a
publie widlity, The same applies to the sewage wofks. and
there is still the pdssibility that the special reduced rate
instead of the geéneral one be applied; but this will depend
on the negotiation between the Bagujo City Covernment and

BENECO.

Thus power expenses are to be estimated for the above two
casest (1) in the case of application of the general charge
system; and (2) the special reduced rate applfed to Baguio
Water Pistrict.

From the results of the topographical survey, sewage is able
to enter inté the existing privmary sedimentation tank
through the newlyéconstrucfed grit ¢hamber by gravity 1f it
1s not insisted that the existing facilities be used. There-
fore, estimations of -~ power costs shall be made for the
following three cases, where the existing primary sedimenta-

tion tank iIs used.

Case T : High-rate trickling filter {in which all
 existing facilities are used
Case 1IT : High-rate triekling filter 1a which altl
- existing facilities other than the primary
sedimentation tank are ne#ly reconstructed,
Case I1T : Oxidation ditch process in which all exiscing
facilities other than the'priﬁar} sedinenta~

tion tank are newly reconstructed,

The results shown in Tables 4-10, 4-11, and 4~12 {ndicate
that annual power costs will be approximateiy R770,000 for
Case I, PFS530,000 for Case II and Pl,lS0,00ﬂ for Case II1, if
the general charge systenm .19 uged; and approximately

-~ 116 —



Table 4-10 Estimation of Energy Requirement and Eléélricél Cost

Item Case I ~ Case II ' Case III

Sewage Flow _m3/déy ' 8,600 | 8,600 j 8,600
‘wlfyear 3,139,000 3,139,000 3,139,000

Energy Requiremenc  kWh/day 1,380 - 970 ' 2,080
kWh/year 503,700 354,050 759,200

Energy Demand kW/month 130 65 280

Electrical Charxrge I ,
(Based on General Charge}

Demand Charge Bfyear 39,000 19,500 . 84,000
(25B/KW x 12) C
Energy Charge ®/year 730,365 513,373 1,100,840

{1.458/kWh) . '
Total B/year 769,365 532,893 1,184,840

Eleccrical Charge 1L
(Based on Discount Charge)

R/year 554,070 389,455 835,120

Note: ‘The details of the spe;:ial discount charge systenm applied to the
‘Baguio Water District are unknown, but the data 1ndicate that the
average cost is’ approximately 21. l per th. ' :
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(c)

(&)

R550,000; BR390,000; and P840,000; respectively, 1if the
special discount is applied. The effect of the cost redue-
tion by applying the discount charge system is by no means
negliigible,

Cost of Chemicals

Because no sludge dewatering process is used, coagulants are
not necessary in this plant, therefore chemicals for chlori-
nation are required only in normal eperation. 1In many cases
chlorination is not carried out in the Philippines even for
water sﬁpply. Whether on not chlorination 1is carried out
depends on the decision of Baguloe City Government, to esti-
mate the maintepance and operation cost on the safety side,

the cost of chemicals is also ta be totaled.

Planned Sewage Flow 8,600 m3lday
Average Dosage 3 mg/l
Cost of Chemical P1,300 per 50 kg gas cylinder
Quantity Used _

Daily 8,600 m>/day x 3 mg/1 x 107>

= 25.8 kg/day
Yearly 25.8 kg/day x 365 days = 9,417
kg/year

Annual Cost of Chemicals 9,417 kg/yéar x P i,300/50 kg
= 244,842 Pesofyear '

Repalrs and Other Expenses

In Baguio City, the 1arge:sums for repalr or replacement of
public faeilities equipment 1is ordinarily appropriéted from
the reserve fund of the éity's general budget;i Tﬁgrefore,
the cost of vrepairs and expenses for minor reﬁlacement

parts, is taken to amount annually to P 100,000,

=120



‘Total annval maintenance and operating costs are suvmmarized

in Table 4-13.

Table 4-13 Comparison of Annual Maintenance and Operational Cost

Iten High-Rate Trickling | ‘Oxidation Ditch
Filter b
Persoﬁnel_ﬁkpénses E . Pi20 000 B120,000
Energy Cost ! P390,000 to B530, 000 | PB40,000 to Bl,180,000
Cost of Chemicals F240,000 : B240,000
Repairs and Gther _ B o
Expenses i © P10D,000 o Rr1900,000
¥ 5
Total | $850,000 to R990,000| 1,300,000 to 1,640,000
' i i |
Noteé: The energy cost of the high—rate trickling filter useés the value
in Case II. _
3) Conclusion

Compared to the high-rate triékling'filtef; the oxidation
ditch_probess shows good éharacteristiCS;'that is tb'Say,
good performance, high water transparency, high reliability
over a range of water temperature, nitrification capability
(&enitrification is also possible by the operational method)
and less effect on the sufrbunding envirohment, But, with
the excéption of the large site requifeméht, nainteéenance and
operation costs are clearly higher than those of the high—
rate trickling filter process,

Though the sewage treatment process to be selected depends
on what characteristics those concerned deem to be impor-
tant, gelection of the higﬁ-rafé tfiékling'filtér process 1is
recomuended strictlf' in accordanqe"with the principle of
“Cost Mininum," when it is considered that maintenance and

bpérhting costs will be shouldered by the beneficiaries.



Through the discussion with the LWUA and Bagule City Govern-
ment, the opinion that the selection 6f the oxidation ditch

process was desivable for the following reasons was preéent—

ed.

% This project emanated from the law sult on the water
pollution of the Balili River; therefbré, concern for
the treatwent performance is very strong.

* Baguio City Government presently has several disputes
on envivonmental issues and would 1like to consider very
carefully the conservation of the surrounding environ-
ment,

* Based on the results of estimated maintenance and

operating costs, the amount to be borne per resident is

well bearable,
As a result, the oxidation ditch process was selected,
4-2-4 Outling of the Sewage Treatment Plant
{1) Particulars

" Particulars of the sewage treatment plant are as follows.

~ Name : Baguio SeWage Treatmgnt Plant
-~ fLocation: Lucban Vallef, Baguio CGity
~ Site Area: 1.38 hectare (Avafilable Area 1.24 ha,)
- Ground Elevation: Present ave., 1,378 n
_ Planned 1,379 m
- Surrounding Land Use: North Fleld
East Residential Area
South Fleld
ﬂes; Regident{ial Avrea
~ Sewer System! . : KSeparate Systemr
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(2)

Treatment and Disposal

System: Sewage — Oxldation Ditch Process

Sludge - Thickening-Storage-Air
Drying
- Receiving Water Body: Name - Balili River

High Water Level 1,377 &
Planned Water Level 1,377 m
Target Year: 1986 '

Planned Sewage ?10w: Paily Mean Séwage Flow
8,600 mgfday (Approx. 2.27 MGB)
Hourly Méximum Sewage Flow
17,200 w>/day (Approx. &.54 MGD)

The flow sheet for treatment and the-hydraulic profile are shown
in Figure 4-4 and 4&-15 and the ocutline of maftn facllities in
Table 4-14.

Description of the Seéwage Treatment Facilities

Sewage collected through the sewer systen in the Bagulo City
which covers most of the Balili River basin flows into the grit
chamber of the sewage treatment plant inftially by gravity.
Floating materials in the sewape are removed by coarse and fine
sereens and sand settles in the grit chamber, which is equipped
with a mechanieally operated fine sereen and 1is used during
normal operation and the other, with a mantally operated fine

scyeen, 1s used temporarily when removing settled grit, The

' conrse~screened material is transferred manually inté the cage

and sand 1s eliminated manually into the container which is
operated by vertically and horizontally mevable chain block unit,

The screenings at the fine screen in the normally used chamber

- are removed mechanically by the operation of buttons: in the

temporarily used cne they ave removed manually inte the cage. In
an emergéncy, sewage is bypassed to a disinfection tank by shut-

ting the gate to the 'grit chamber and opening the stop log.

—-123 -



(2)

- Treatment and Disposal
System: Sewage - Oxidation Ditch FProcess
Sludge - Thickening-Storage-Air
Drying
Receiving Water Body: Name " Balili River
Righ Vater Level 1,377 n
Planned Water Level 1,377 n

Target Yearv: : 1¢86

I

Planned Sewage Flow: Average Naily Sewape Flow
8,600 no/day {Approx. 2.27 MGD)

Maxinum Hourly Scwage Flow
17,200 m3/day.(Approx. 4.54 MGD)

The flow sheet for treatment and the hydraulic profile are shown
in Figure 4-4 and 4-15 aud the outline of main facilities in
Table 4-14,

Pescription of the Sewage Treatment Facilities

Sewage collected through the sewer system iIn the Baguio City
which covers most of the Balili River basin flows iInto the grit
chamber of the séwage treatment plant initially by gravity,
Floating materials in the sewage are removed by cecarse and fine
screens and sand settles in the grit chamber, which is equipped
with a mechanically operated fine screen and 1is used during
normal operation and the other, with a manually operated fine
screen, 1is used temporarily when removing settled grit. The
coarse-screened material is transferred manually . into the cage
and sand 1is eliminated manvally into the container which {is
operated by vertically and horizontally movable chain block unit.
The screenings at the fine screen in the normally used chamber
are remove& mechanically by the operation of buttonsy in the

temporarily uced one they are removed manually into the cage. In

" an emergency, sewage is bypassed to a disinfection tank by shut-

ting the gate to the grit chamber and opening the stop log.
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Table 4-14 Outline of Main Facilities

Quantity

Facility Mame Dimensions Capacity
Iﬂxlow Pipe pia. 600 mn ]
. ) : 3, 2
Grit Chamber Paralleéel Flow : 2 o Overflow Rate 1,818 o /n"/day
W 2 20n x L £.30 v {1-Standby)

Average Velocity 0.30 m/sec

Primary Sedimentation
Tank

Radial Flow Circular Tank
Dia. 21.3%4 mx D 2.17 @

1-Extisting

Wely Rate

Sedimentation Time 2.l?lhr
25,1 ﬂslmz.day
128 meE.day

Ovetflow Rate

Oxidation Ditch Recirculation Flow Ditch 4 BOD-5S Loadiong
W10.00n x L 56.00 n 0.053 kgISS kglday
xD300mn BOD Voluaetric
- Loading - 0.186 kglm fday
Siudge Age 16.8 days
Aeratien Tiwe 18.1 hr |
Studge Return Ratfo 100 X
Final Sedimentation Radial Flow Circular Tank 2 Sedipentation Tinme 3.16 hr.
Tank Bia. 15.00 » x D 3.20 m Overflow Rate 24.4 n3fm2.day
Weir Rate 9L.3 m3fm.day
Disinfection Tank Hér{zdntally Baffled Fiow l 16.0 min.

Réctangular Tank

¥ 2,00mx L 6.00 n x 4 channels

Contact Tine

x¥W 2,00
Return Sludge Pump 6
z I
Raw Sludge Pump 2
Excess $ludge Punp 2
LY ‘ -
Drainage Pupp r
— " _ -
Sludge Thickener Radial Flew Circular Tank 2 Thickening Time 27.0 hr.
bia. 5.20.m x P 3.00 o Overflow Rate 28.9 kglma.day
Sludge Storage Tank Rectangular Tank 3 Stovage Time 2.2 days
' We.00nmxL 6. 00 nxD250n
Sludge Drying Bed - . Covered Air Drying Bed 15 Tﬁlckneés of Sludge 0.30 m

H11.00 p x L 13.50 =

Layer

Bryfog Time. 16.3 days

Abbreviation: ¥ - Widcth, L - Léngth, D - Effective Water Depth
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The effluent from the grit:hhamber then enters by gravity into
the existing primary sedimentatfon tank in which scum is elimi-
nated mechanically, and sludge settles to be separated from the
sewage and 1s scraped to the sludge pit in the center by a ¢lari-
fier. The supernatant ocutfliows to the succeeding oxidatioen ditch
after the flow at the V-notch type measuring chamber has been
neasured, The 30 Z of biological oxygen demand (BOD) and 40 % of
suspended solids (S8S) are expected to be removed in the primary
sedimentation tank. The clarifier is operated continuously and
the withdrawal of sludge is made by the on-off operation of pumps

or by setting a timer.

In the oxidation ditch equipped with rotors, sewage is mixed,
aglitated and aerated with return sludge of an equivalent velume
to sewage punped up from the final sedimentation tank. The solu-
ble organic matter is adsorbed, to be oxldized and assimiiated by
activated sludge, The wixed liquor of sewage and activated éludge
is divided fnto liquid and solid, namely supernatant and sludge
in the final sedimentation tank which follows and the sSupernatant
is chlorinated in the disinfectlon tartk and then discharged fnto
the Balill River. Part of the settled sludge In the final sedi-
mentation tank 1s drawn off by pumps to be returned to the oxida-
tion dictch through the V-notch type measuring chamber and the
rest 1s also drawn off to be sent to the siudge thickener as
excess sludge. In the disinfection tank, hypochlorous calcfum in
the form of tablets is used for chlorination in consideration of

its easy handling and safety.

The sludge in the primary sedimentation tank is withdrawn by
puips to be sent to the measuring tank in which it is.mixed with
excess sludge before entering the sludge thickener, The thickened
sludge 1s withdrawn by gravity, measured by an electro-magnetic
flow-meter and flows Into the sludge storage tank where it is
agitated by stirring pumps s6 as not to settle and aerated to

prevent deteriorating and to keep its aerobic condition, The
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(3)

stored sludge is {ntroduced into:the sludge drying bed which is
covered with polycarbonate plate to accelerate evaporation and to
maintain even during the rainy season. All work in the_bed includ-
ing the introduction of sludge and the removal of sludge cake is

done manually,

The screenings and sand removed in the grit chamber, scum f{n the
primary sedimentatfon tank and the sludge c#kg'genérated in the
sludge drying bed 1s delivered te the outside of the plant for
landfi}] disposal by truck,

Organization for Maintenance and Operation

The maintenance and operatfonal _kork of the sewage treatment

plant is divided into three: (1) operational work; (2) water

~ quality analysis work: and (3) maintenance work.

1} Operational Work

The work {s mainly composed of setting the operational
condition of sewage  treatment facilities, operating the
“equipment, shpervising the operation énd.pfeparing daily and
nonthly reports on the operational condition and the equip-

ment condition,

2) Hater Quality Analysis Work
The objective of the water quality analysis is to study the
treatment performance through sampling, analyzing and re-
cording and to clarify the réiaticnship between the treat-

ment performance and the operational condit{ion.

3) Maintenance Work

The work includes inspection, and simple repair and repléce-

ment of equipment, and cleaning of the building, structure

~120 -



and equipment. Since the sewage treatment plant is thought
likely to be a nuisance by the local residénts, it is of
special importance that the plant should be well maintained.

Given the ease of maintenance and operation of the selected
sewage Lreatment plant, the following organizZation 1s recom-

mended,

~—  Engineers (2)

Plant manager (1)—-

L—— Laborers (3)

Here the figures In parentheses indicate the number of staff

members,

* The plant manager is vresponsible for the direction and
supervision of engineers and laborers.

A One engineer 1is in charge of the operational work and the
other is in charge of the water quality analysis as afore-
mentioned.

* The laborers divide the work as shown.in Table 4-15 under
the direction and supervision of the plant manager and also
assist in operational work and water quality analysis work

In accordance with the directions of the engineers.
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- Téﬁle 4-15 Content of Major Maintenance Work

Item

Daily Work

Regular Work

Inspeét10n16f‘pumps; clari-
fiers, rotors, meéasuring

Inspection devices, etc.

B T I

Inspection of building,
structures, gate, fence
and so on.,
Inspection of the sur-
roundings of buildings.
Inspection of chemicals.
Inspection of electric
and Instrumental
equipment. _

Taking care of in-site
trees and grass

Repair and
Supply

| Repair of buildings,

st¥uctures, gate, fence

“and se on.

Supply of consumption
articles such as
ground-packing of punps.
Supply of chemicals, oil
atc. ) '

Repair of trouble equip-
nent

Painting of equipment

‘Removal and delivery of
Cleaning screenings and scum.
Removal and delivery of
sludge cake.

Cleaning of the administ-
rative quarters,

Cleaning of the premises.
Removal and delivery of
grit. = _
Cleaning of overflow
welrs.

4-3 Basic Design Drawings

Basic design drawings are présented hereafter.
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CHAPTER 5 PROJECT IMPLEMENTATION
5-1 Organization

The executing agency of this p}an:will be the Local Water Utilities
Administration (LWUA). The LWUA is an inﬂépenden§ government agency
and has been e¢stablished with the principai'aim dfiimplémeﬁting water
supply and sewerage systems for provineial cities having populations
of more than 20,000.

The Organizétion for projéct_impiémentation is shown 1in Figure 5-1.
The headquarters for this project are located at the LWUA, and are

composed of engineering, administration, finance and legal divisions,

The Baguio Water District will assist in operation of the proposed
sewerage systen and  preparation of basic data on water use in the

subject area,

This district is exclusively indepeadent pubiic enterprise set up to
provide drinking water in the Bagulo area. The operation of this
organization 1is being financed by levying of water charges for an
average ménthly supply volume of approximately 450,000 cu.m. In addi-
tion, as a cehtral government agendy fhe LWUA is providing guidance
and administration for the operational plan:and technical matters to

this public organization,

The operation:and maintenance of constructed facilities are to he
handled by Baguio City. The operation of this public sewerage system
will be based on the collection of public’ sewerage system service

charges.
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Fig. 51 Organization for Project Implementation
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5-2 Scope of Construction Work

Under this proposed plan, areas to be financéd by the Japanese Govern-
ment are the civil, ﬁechapical and electrical works of the sewerage
treatment facilities. The Philippines will shoulder the cost of land
acquisition for the construction sfite, site preparatfon, necessary
infrastructures, connection of main sewer to the treatment facilities,
improvement of existing sewer system, and take on the responsibility

for operation and mainténance of completed facilities,
(1) Scope of Construction Work to be Covered by Japan

1) Sewage Treatment Facilities (Civil Work & Mechanical/Elec-
trical Facilities)

a) Grit Chamber

) Primary Sedimentation Tank (utilizing existing concrete
structure) ) '

¢) Oxidation Ditch

d) Final Sedimentation Tank

e) Disiﬁfectioﬁ Tank

£) Sludge Thickener
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(2)

g)  Sludge Storage Tank
h)  Sludge Pryfng Bed

2) Adninistrafion Faeilities

a) Administration Building
b) Water Quality Analysis Equipment & Apparatus

3) Utilities

. a) Power Substatioﬁ

b) In—plant Roads
Scope of Constructfon Work to be Covered by the Philippines
1) Site Preparatfon

a) Removal of existing structures with the Conéfruction

site and leveling excluding primary sedimentation tank

2) Infrastructures

a) Supply and connection of electricity, water, and tele-

phone of which supply conditions are described balow:

Power Supply

The reﬁuired power for the proposed sewage treatment
plant shall be proﬁided by BENECO as stated on the

minutes of discussion,
The facilities of its supply from BENECO's transforming

substation:to the site shall be constructed by Baguio
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The outline of the facilities are listed as folleows:

- Receiving Electric Capacity
3 8, 300 kVA Transformer (13.8 kv/210 V)
- Recelving electrie Voltege
13.8 kv
- Laying Method
Flexible Hard Polyethylene Pipe
- Cable Siie
60 sq.mm x 3 ¢
~ Power Receiving Peint
Power control room in the administrative
quarter,
Cable route inside of the site is shown in
Figure 4-29,

Water Supply

As it was also stipulated on the minutes of discussion,
the water supply shall be provided by Baguie City., The

ouvtline of facilities are listed as follows:

-~ Use
Drinking water and miscellaneous use
- Size of pipe
25 ¢4 mm
- Leocation
The pipe with a gate valve shall be installed up
to the boundary line of the site.

Telephone Equipment

A local télephone circuit with a telephone and a safe
guard equipment shall be furnished in the office room
of the administrative quarter.
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b) Provision of sites fbr field offfice of construction

works and for storage of construction materials,

c) Construction of access roads
k)] Inflow Pipe’

4}  Pacllities Management

a) Operation and maintenance of completed facilitiee

b) Inprovement of existing sewer system and further imple-

mentation

5-3 Overall Implementation Schedule

The overall implementation schedule of the proposed plan is as shown

in Figure 5-2.

Fig.5-2 Overall Project Implementation Schedule

Rasic Lesign
Study ’ :
Exchange of Nate (F /%)
Contract  for Betailed Besign
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s I
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CHAPTER 6 OPERATION AND MAINTENANCE -

6-1 Management of Facilities

The wmanagement of cOnstructed facilities are to be handled by BRaguio
City. The operation of this system will be basically financed by the
collection of service charge frow the ‘user of  this sewage systen. In
case of lack of funds, bhowever, the city has decided to make financial

assistanc for 1its proper aperation,
Operation Organization

The treatment method employed in this project is the simplest type of

operation among the activated sludge treatment methods. Once the

- principle of activated sludge treatment method and the technique for

operation and control have been acquired, it 1s easy to conduct day-to-

day system operation,

As this sewage treatment plant is selected taking into account the case

of maintenance and operation, the following organization is recommended.
Engineer In charge of operation (1)

Plant Manager (1) Specialist in charge of water quality Analysis (1)
Laborers (3)

For the detailed description, please refer page 4-52.

Cost for Operation and Maintenance

1) © Yearly running costs for operation and naintenance of the treat-
ment fecilities are estimated to be between 1,300,000 and 1,640,00
Pesos. The range of this estimate 1s wide because of difference

in. the bases of calculation ¢ one 18 based on Ehe general electri-
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6-4

2)

3)

cal power rate for public utilities; and the other on the special
charge rate presently adopted to the Baguio Water District by
BENECO, '

Since approximately 25 percent of water supply in the proposed
service avea of this sewerage system 1s considered to be consumed
for commercial and service uses such as hotels ahd restaurants,
and remaining 75 percent 1s for general households, Thus, the
above-mentioned running costs are 975,000 Pesos to 1,230,000 Pesos
for households alone according to the share of water consumpiion.
This figure is equivalent to 8.40 to 10.60 Pesos per month per

household connected to the sewer system.

Presently, 5.00 Pesos per month are charged to each connection as
the public sewerage system service fee. Therefore, new estimated
service fee will be increased up to 13.40 to 15.60 Pesos upon
completion of the proposed sewage treatment plant. This is scme
56 percent of monthly water rates (26.03 Pesos per faucet for a
oininum 190 cu.m) and may be by no means a low pticé for many

CONSUMers.,

Thus, it 1s considered necessary that the city shall pay sufficient

attention to get the cooperation of the public by deepening. a under-

standing of the importance of public hygiene and preventive system by

means of official publication and others as required, As to the de-

tailed description on the Maintenance and operation costs, please refer

page 4-39.

Operation Program

(1

1)

Normal operation
Grit chamber

All gates and screens etc shall be manually operated except me-
chanical grit removing which is driven by motor continuously, .
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2)

3)

Two grit chambers shall be prqvided and one is for normal use and
equipment with mechanicel grit remover, and another is spare for
temporary use during <cleaning and removal sand and deposited

substance in the chamber of normal use,

Removed substance shall be delivered out of site iIn adequate

container,

Primary sedimertation tank

. Sludge scraper shall be operated continucusly and the sludge

suction pump shall be operated manually with push butten and also

automatically with self-timer.
The raw sludge is delivered divectly to sludge thickener,
Oxidation ditch

Aerators are used to supply oxygen and te get flow circulation,
but the aerators shall be so operated as to avoid over-aeration

and to save power consunption,

. Aeration shall be operated automatically with timer and flow
velocity shall be kept over 0.1/m/sec and care shall be paid
not to be over-aerated due to excess svpply of oxygen and

also to get effective de-nitrogen action,

» Timer device shall be set "on-off" schedule for day and might

time separately.

. Oxidation ditch shall have movable keit and the water level
in the ditch can be adjusted,

In case of small voiume of ianflow, the water level 1s lowered teo

decrease the load to aerator and to save the power,
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4)

5)

Sludge of final sedimentation tank

Sludge scraper shall also be operated continuously same as primary

sedimentation tank.

Vithdrawal of sludge is deonie by both return sludge pump and excess
sludge pump. Both of them shall be operated manually with push
button and automatically with timer as well,

The sludge shall be returned at a rate of 50 to 200% of the influ-
ent flow rate so as to malntain the optinum MLSS (Suspended-liguor

Suspended Solid) in the ditch.

The excess sludge shall be withdrawn automatically with timer

considering Inflow rate and consistency of sludge.

The excess sludge shall be delivered directly into sludge
thickener,

Disinfectien tank

Effluent of treated water from the plant shall be disinfected with
caleium-hypochlorite,

There are two forms of calclum~hypochlorite, gfanule and powder,

Granular form shall be put fn a basket and hang into the water

'allowing natural dissolving,

In case of powder, powder 1s dissolved with water In the tank and

fed automaticaiiy at constant rate.

The selection of form of disinfectant is the chofce of the city
authority'COnsidcrating the procurenment, . '

The feeding rate is abaut 3 to 5 ppn as Cl of effluent rate,
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6)

)]

- (2)

)

Sludge treatment

Raw and excess sludge 1s delivered to the sludge storage tank by

gravity after being concentrated in the thickener tank,
Withdrawal of sludge from thickener shall be operated automatical-
ly with timer, scraper of sludge thickener and agitator pump of

sludge stérage tank shall be operated ¢ontinucusly.

The sludge from sludge storage tank to drying bed is conveyed by

pump of manual operation with push button.
Electrical facilities
The basic idea for electrical factiities are :

. All equipments are operated by local panel (post type) locat-
ed at vicinity of respective equipment.

+ The status of equipments - running, stop or out of order -
are indicated on the monitor panel with alarm system in the
electric control room.

Necessary Consideration for Plant Gperation

To alleviate the burden of beneficiaries, every efforts to reduce
the wmaintenance and operation cost should be always made. The
following ways are considered.

At the initial operation

At the 1inittal operation,'the sewage inflow rate into the sewage
treatment plant, which depends on the fmprovement of the existiﬁg

sewer system, is expécted to be much lower than the planned sewage

fiow, or the treatment capacity of the plant. In such case, it is
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2)

3)

(3}

useless to operate all of equipment, and partial operatfon of
required equipments corresponding to the flowrate is recommended

to reduce power charge and other expense,
During the rainy season

During the rainy season, the sewage flow is.predicted to increase
due to the Inflow of storm which entérs.into the sewer through
cracked pipes, defective joiats, faulty .manholes and submerged
nanhole covers. When such inereased sewage flow enter into the
oxldation ditch, the activated sludge in the ditch is.feared to be.
flushed cut. Since the river flow also increases during the rainy
season, it is advisable that sewage inflow into the diteh shall be
restricted to such amount as necessary to maiﬁtain the proper rate
of activated sludge and surplus sewage be By—passed to the dis-
infection tank after the sedimentation treatment 1in the primary

sedimentation tank.
Disinfection

The disinfection of water is raréely implemented even for water
supply in the Philippines. Since the river itsel}f is contaminated
during the rainy season, the disinfection of the treated sewage Is
not so effective., 1t is worth considering to do a disinfection
during rainy season only at the occurrence of the epldemiec

diseases.
Handling and Disposal of Excess Sludge

The drying of the sludge is a cbmbinatiOn of two processes, that
is, infiltration and evaporation. The daily average volume of
dried sludge or sludge éake is estimated to be 1.23 ton as dry
solids and 5.6 cu.m as sludge with a moisture content of 78%, The
dry sludge is generally used as fertilizer .and soill {mproving
admixture of agricultural use and/or disposed for reclanation,

etc.
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1)

2)

Bagulio City is'responsible for the disposal of dried sludge as

well as the acquirement of the appropriate site for land dispésal.

The element of organic matter in the sewage sludge mainly consist

‘of suspended matter in waste water and cell and/or remains of

bacteria in the activated sludge. And so, these dried sludge 1is
easlly decomposed by the action of bacteriz and may affect ad-

versely to the ¢rops.

Therefore, careful study and preliminary investigation are neces-

sary before using the dried sludge itself as fertilizer.

In Japan, there are some cases of using dried sludge as fertilizer
andfor soil improving admixture for citrus fruits, but in nost

case, sludge is processed to compost.

The msjor.purpose of processing to compest can be stated as fol-

lowing three points,

Decomposition of organic matter

As there exist lot of easily-decomposable organic matter in the
sludge, these organic matter is decomposed rapidly and cause the
lack of oxygen in the soil and also newly created organic matter

may result to the poor germination and root rot of crops.

Therefore, it 1s necessary to stabilize by decomposing the organic

matter in the sludge in the process of compost. .
Elinination of pathogene, parasite's eggs and weed's seeds
As the sludge may contains above-mentioned noxious matter, elimi-

anation of these matter and non-activation is necessary in order to

be used for agricultural purpose.
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1) Improvement 6f handling convenlence

The average moistuv¥e content of de-watered sludge by drying bed
method is 75 - 80Z and difficult to handle easily, unstable 1in
quality and also has an offensive odor problem due to

putrefaction,

To solve these problems, the processing to compost is very useful
to lower the moisture content, stabilize the organic matter and

improve the handling convenience and storage easiness,
6-5 Laboratory Equipment

The laboratory equipment, as shown in Table 6-1, so as to be able to
analyse the following water quality items is provided,

(1) Vater Temperature, Atmospherié Tenperature
(2) Appearance

(3) Transparency

(4) oOdor

(5) ph

(6) Total Evaporation Residue or Total $olids (TS)
(7N Ignitidn Residue (IR) '
(8) Ignition Loss (IL)

(9) Suspended Solids (§S)

(10) Pisselved Matter

- (11) Settleable Solids.

(12) Alkalinity’

(13) Acidity

(14) Dissolved Oxygen (D0)

(15) Oxygen Saturation Percentage

(16) Biochemical Oxygen Pemand (BOD)

(17) Relative Stability

(18) Chemical Oxygen Demand (COD)

(19) Amnonia Nitrogen (Nﬂa-ﬂ)'
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(20) Nitrite Nitrogen (NO )
(21) XNitrite Nitrogen (NO -N)
(22) Phosphate
t23) Chlorine Ion {C17)
(24) Sulfate Ion (804_)
(25) Todine Consumption
(26) Sulfide
(27) Restdual Chlorine
(28) Chlorine Requirement
(29) Anionic Surfactants
(30) Celor
(31) coliform Group Bacteria
(32) Biological Examination )
(33) Mixed Liquor Suspended Solids (MLSS)
(34) Organic Suspended Solids in Activated S1ﬁdge
(35) Sludge Volume - 30 min. (QV 30)
(36) Sludge Index
Sludge Volume Tndex (SVI)
Sludge Density Index (SDI)
(37) Mixed Liquor Dissolved Oxygen (MLDO}
(38) Oyygen Utili?ation Rate
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Table 6-1 List of Laboratory Equipment

Namae

Quantity

(1)
()
(3
(%)
(5)
(6)
(N
(8)
(%)
(10)
(i1
(12)
(13)
(14)
(15)
(17)
{18)
{19)
(20)

Drying Shelf

pH Meter

Spectrophotometer

Drying Qven

Analytfical Balance

Rough Balance

Pure Water Generator

Electric Hot Plate

Bacteria Incubator

Flectric Water Bath

Het Air Sterlizing Oven

Autoclave

Colony Counter

Magnetic Stirver

Bunsen Burner

BOD Meteér Incubator Unit with Water Bath
Hicroscope

Glasswares & Supports

Chemical Reagent and Consumable Goods

P bt et et BD D R et gt bed e b et e e et s

[ ]

"~
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CHARPTER 7 = PROJECT EVALUATION

With regard to the propriety and assistance effect of this project,

study and consideration is made from the following stand points,

7-1 Diminution of Contamination of Water Quality of Balili River and its Effect

1)

2)

The significance of improving the sewage systen. .

The sewer piping system in Baguio City was installed long time
age, but the waste water has being discharged 1into the river
without any treatment because there is no treatment facility,
Therefore, Balili river has been greétly polluted with this sewage
and this problem on the environmental public pollution Is the main

reason and the background of the request for this project.

Upon completion of this project, the long pending probiem since
the lawsuit against Baguio City by the La Trinidad city which 1s
situated downstream of Baguio City and étrongly claiming the
improvement of water quality of Balili River will be settled.

Reduction of pollution of water quality and settlement of a law-

suit

The treatment method of this plant is one of popular sewage treat—
ment system in Japan and treated water quality is stable and
expected to be 20 to 30 ppm for ROD and under 30 ppm for S8 meet-
ing the sanitary requirements. However, when considéring the
public pollution, great attention shall be paid for the mental
element of the préblem. The river water is utilized for the
irrigation of vegufable in La Trintdad and they have been com-
plaining that the market of vegetable is considerably reduced by
the reason of river pollution, The completion of treatment plant

won't always solve the all problen,
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The city authorities must wmake utmost effort not only to operate
the plant safely and reliably but also to pay big attention for
the understanding of public sufferer with sufficient explanation

and zeal standing on their place.

7-2  Study on the Capacity of the Facility

This project covers the watershed of Balili riﬁer within the présent
sewage service area of Baguio City and the target yeaf is set at 1986
when the project is scheduled to be completed. The capacity was care-
fully studied ﬁot to be overcapacity due to uncertaln long term schedu-

le and forecast,

As the present status of sewage system of the city 1s badly deteriorat-
ed and damaged, and also management and maintenance 1is not adequate,
the sewer drainage system using existing piping network without im-
provement is not pfactical and effective because of its extreme in-
efficiency. The {improvement and development of the existing sewer
system is essential to the effectivencss of this project., Although the
execution of this improving works of piping system is the responsibili-
ty of Baguio City, the scrupulous investigation of existing status and
consultation with the city authority have been made, and the collection
ratio of sewage was set at 80% and the design criteria were studied

accordingly,

This ratio seems to be adequate and improving work of piping system is

considered not to be the excessive financfal burden to the city,
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CHAPTER 8 CONCLUSION AND RECOMMENDATIONS

For implementation of this plan, following recommendations are present-

ed to both governménts of Republic of Philippines and Japan:

1)

2)

3)

It 1s desirable that the Philippine government would make techni-
cal guidance regarding the operation, maintenanee and management
of the sewage treatment system and also take into consideration
for the budget for the renewal of equipments snd others for the

Baguio City,

The sewage system functions effectively 1In good coumbination of

both piping system and treating facilities.

Therefore, the Philippine government is advised to make positive
technical assistance to the Baguio City for the reconditioning and
1mprovement of 1ts sewer piping system. TIn. addition to this,

please teéfer to the comments stated in the end of this chapter

regarding urgent problems of lmproving sewer piping system.

Though the transfer of technology and training on the operation
and maintenance of this plant, will be wmade during construction
and test rum perfod, these training 1is too short to transfer the
necessary technology and also it is impossible to train preperly
in accordance with the different conditions of dry and raihy

seasons In Bagule district.
In this connection, 1t 1s recommended to both Philippine and

Japanese Government to consider and realize on-the-job training

program before the completion of this project.
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Comments on the Required Measures Concerning the Existing Sewer System.

(1)

Construction of mailn séwers to connect existing sewers to the

planned sewage treatment plant

Since the main sewérs downstream near the Balili river are damag-
ed/clogged as observed through the field survey, new sewer main
pipes should be constructed at least for the section from the
junction point of Manuel Roxas Avenue and national road to the
seﬁage treatment plant, an approximate distance of 650 mw (see
Figure 8-1). A complete sewerage system will be established
connecting three existing main sewers, which convey sewage col-
lected 1n the entlve sewered area of the basin to the new séwers

in its course.

Two possible routes for the new main sewers after the point where
they enter Manuel Roxas Avenue were determined referring to the
field survey and discussion with city staff members., One is the
route which runs 1In an easterly direction through asphalted
Manuel Roxas Avenue past the private road toward the north as far
as Sanitary Camp Reoad. - Upon entering Manuel Roxas Avenue, the
sewer will cross the Balili River by means of water pipe bridge.
The other route follows existing sewers along the National Road
on the left bank of the Balili River as far as Pines Hospital and
crossés the Balili River aerially to get to Sanitary Caop Road,
The selection of the route should be wade on the basis of the
availability of existing sewers and the possibility of acquiring
the required Land rather than on that of construction costs,

which are comparable,

After passing Sanitary Camp Road, the planned new sewer should be
constructed under the planned access road with a section of
lenpth 50 m to connect to the sewage treatment plant. It was

recommended that a gravity type R.C. main sewers should be laild
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with a diameter of 600 mm and slope of 2.5 I to accommodate a
planned hourly maximum flow of 0.199 m3/seé. Approximate direct
construction costs were estimated at Peso 1,500,000 (see Appendix
4). It is recommended that a more detailed survey be made for
the implementatfon of the construction work by the city with
technical assistance by the LWUA.

Fig.8-1 Possible Route of New Main Sewer

PLANNED CONSTRUCTION SITE OF
FHE SEWAGE TREATHENT FACILSTIES

" PLAMNED ACCESS BOAD

SANITARY CAND ROAD

EXISEING SEWER

HASUEL ROXAS AVENUE i

EXISTING SEWER
’ LEGEND

——=-——=-— PLANNED MAIN SEWER (CASE~1)
e=me===tio PLANNED MAIN SEWER (CASE-2)

Sewage generated from the area sitvated between the northern part
of Manuel Roxas Avenue and Natioenal Road cannot be collected by
means of gravity type sewers to the sewage treatment plant. The
city goverament must study and decide the measure for the area
with the option of consftucting a small pumping station or septic
tank, theredy establishing a small sewage treatment area.
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(2)

Inprovenent and expansion of existing sewer system

Most creeks have bécome sewers as a result of the clogping/leak-
age of major seweéers as described in the section "Situation of
Existing Sewer System and Water Pollution imn the City". It is
recommended that cleaning and improvement of sewers be provided
immediately in the area within a radius of one kilometer from the
junction point of Naticpal Read and Magsaysay Avenue, With regard
to the work to be implemented for completion of the upcoming
project, Bagule City explained 1ts intention to take necessary
action with technical assistance from the LWUA through a meeting

with those people concerned.

With reference te the city budget, ioprovementfexpansion of
sewers should be proceeded with with effective sewage collection
as a priority, even using exlsting sewers as necessary. It is
also recommended that the following method of pipe-laying and
kind of sewers be adoptedfused to prolonging the 1life of the

sewerage system.
* Method of sewerage plpe-laying for main sewers

In view of the topographical characteristics and economic
conditions of Baguio City, pipes in all areas are not neces-
sarily to be laid under roads as in Japan. However, main
sewers should be constructed under the road with the requir-
ed earth cover. In addition, distances between manholes for
maintenance of the sewer sysatems are to be reduced and

manhole covers are to be improved even {f this is costly.

* Kind of sewers
Concrete pipes without reinforcement léss than 10 inches in
diameter are available in the Philippines. These pipes may

be used for branch lines but R,C. pipes should be used for

main sewers to bear load under major roads,
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