CHAPTER, IV

EXPERIMENTAL INVESTIGATION

4.1 Experimental Apparatus

A complete set of laboratory-scale contact stabilization unit
which received from INSA —#TOULQUSE, FRANCE was 1installed  at Department
of Sanitary Engineering, Faculty of Engineering, Chulalongkorn University

and used for this study.

This set consists of contact tank, stabilization tank, sedimen-
tation tank with sludge scraper, feeding pump, recycle pump, air compres-~
sor, refrigeration tank, thermostat control system and electrical control

board. The details of these’equipments are as following:

- Contact and stabilization tank are made of plexiglass, double
walls for temperature control by thermostat control system
without' disturbing the aeration of both tanks. The contact
tank has inside diameter of 10 cm, height 120 cm, ma#imum
volume 9.4, £ and stabilization tank of 15 cm inside diameter,
120 cm height with maximum wolume of 21.2 4.} ‘A.smaller contact
tank of 7.5 cm inside diameter, height 90 cm, maximum volume
3.9 % is constructed in order to use'when the lower-contact

time wvalues are investigated.

- Sedimentation tank has 6 £ in volume, hopper bottom and in-

corporated with mechanical sludge scraper of 1 rpm speed.

~ Feeding and recycle pump are peristaltic type.
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- Constant temperature tank is designed to recirculate the con-
trolled temperature water around the outer layer of contact

and stabilization tank.

- Air compressor generates the .compressed air using for the con-
‘tact and stabilization tamk. The air flows through each flow-
meters before passing through the porous PVC plates at the
bottom ofsbothstanks which allow the air bubble to mix the

MLSS in suspension.

~ Refrigeration tank is of ALFA-LAVA, capacity 200 &, refrigera-
ting temperature 4°%¢ +2°C and incorporated with continuous

agitator.

~ Electrical control board is provided to operate the equipment

units.

The schematic diagram‘and- general point of view of laboratory-
 scale contact stabilization unit are illustrated in Fig: /4.1 and Fig. 4.2

respectively.

4.2 Experimental Schedule

In.this research work, .the.,sludge .,age was utilized, as the main
parameter to control thelsystem. . The system was _operated in four values
of sludge age; 20, 10, 5 and 2 days respectively. During each.periods of
sludge age, the“total biomass of the system was calculated andjthe. volume
of sludge wastage from the system (included with the samples for laboratory
analysis) was determined. The influent flow rate and recycle ratio were

kept constant of 36 &/day and 100% respectively through out the study.



v B~ LNy

.k'_l

-f———
- —
- e
Ty T, ry U
[
ol 1910l
1 1 of

110,

TTol 1ol

|
o101
1o, )

o 1d 1°
LI
o

H@

Pl |

|
L
i

TR EALTLTLIT

gl
!
]
|

anMA

(157
iy .
H O L—— _

IO

)

lo

|0
°

d
do!

o °|
(]
o
LM LWL
—{#]
]
| 9]

T air
o

{ © )
el o — o || T Influent
MiT V= oAk =

Fig. 4.1 - Schematic Diagram of the Laboratorv-Scale Contact
Stabilization Unit,
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At sludge age 20 days, the system was operated in two conditions;
nutrient controlled condition (N) and both of nutrient and trace elemént
controlled condition (M+T). The contact tank volume varied from 6 2 to
32, 1.52, 0.75 2 and 0.375 2 which corresponding to the contact time
4 hr, 2 hr, 1 hr, 30 min and 15 min respeetively. Stabilization tank
volume kept at 12 2 and#l5 2 which corresponding to stabilization time
8 hr and 10 hr respeetively. /The sedimentation tamnk volume was normally

kept constant at 6 L through out the study.

At sludge age 10/ days, the system was also operated in two con-
ditions and the same variation_of contact time as in sludge age 20 days.
We spent one run to/study the process performance at contact time approached

ZeTOo.

At sludge age 5 days .and 2 days, the system was studied only in
nutrient and trace element conttolled conditibn. 'The stabilization tank
volume was kept constant at 15 2 or stabilization time 10 hrs through out
sludge age 10, 5 and 2 days. The temperature of the system was controlled

at 29.5 = 2.5°%C

Each experimental schedule for .corresponding sludge age is sum-

marized in Table 4.1, Table 4.2, Table 4:3"and Table 4.4.

Through out the research, 49 sets of experimental were carried
out. There were 17, 165 9 and)7|sets Of lexperimenital for sludge age 20,
10, 5 and 2 days respectively.  Table 4.1, 4.2, 4.3 'and 4.4 showed™ the
running number with respected to serial manipulation which varied accord-

ing to the varying of contact time.



Table 4.1 - Experimental Schedule at Sludge Age 20 Days

ec = 20 days, R

= 100 %, Q. = 36 &/day

RUN CONTACT STABILIZATION
COND.
No Vo (O | to (ho)f e (he)| Vo (O & (hr)
1-1 6 7 2 12 8 N
1-2 6 4 2 12 8 N
1-3 6 4 2 12 8 N
2-1 3 2 1 12 8 N
2-2 3 2 1 12 8 N
3-1 3 2 1 15 10 N
3-2 3 ; 1 5 10 N
4-1 6 4 2 15 10 N4T
42 6 4 2 15 10 | wT
5-1 3 2 N 10 | wmT -
5-2 | -3 2 1 "15 | 107k wFT
6-1 1.5 1 30* 15 10 N+7
6-2 1.5 1 30" 15 10 N+T
6-3 1.5 1 30" 15 10 N+T
64 s 1 30" 5 10 Nt
*® *®
7-1 0.75 30 15 15 10 N4+T
* *
8=1 0.375 | .15 3 15 10 N+T

*

N :

N+T

¢ Values in minutes

Nutrient controlled condition

Nutrient and trace element

controlled condition
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‘Table 4.2 - Experimental Schedule at Sludge Age 10 Days

6. = 10 days, R = 100 %, Q, = 36 %/day
RUN CONTACT STABILIZATION
COND.
No. |V (&) |t, (ho) top(hr)| V(L) ts(hr)
9-1 6 4 2 15 10 N
9-2 6 4 2 15 10 N
9-3 6 4 2 15 10 N
9-4 6 4 2 15 10 N
9-5 6 - 4 2 15 10 N
9-6 6 4 2 %  (\\10 N
9-7 6 | 4 2 15 10 N+T
9-8 6 4 2 15 10 N+T
10-1 3 2 1 15 10 N+T
10-2 3 2 1 15 10 N+T
1-1 | 1.5 1 397 15 10— N4T
11-2 | 1.5 1 30" 15 10 NIT
12-1 | 0.75 ¢ 30% | 1s* | 15 | 10 | awmT
12-2 .r0.75 J .30 15* 15| .10 N+T
13-1 1| 0.375 | 150 | 1.5 15 10 N4T
14-1 0 0 0 15 10 N+T

*# %t Values in minutes
N : Nutrient controlled condition

N4T : Nutrient and trace element controlled condition



Table 4.3 - Experimental Schedule at Sludge Age 5 DAys

8. = 5 days, R = 100 %, Q4 = 36 2/day
RUN CONTACT STABILIZATION
COND.
No. |V (2 |ty (hr)| e ()| Vg (2) | £ (hr)
15-1 6 = 2 15 10 N+T
15-2 6 4 2 15 10 N4T
16-1 3 2 1 15 10 N4+T
16-2 3 2 A 15 10 N+-T
17-1 | 1.5 1 30* 15 10 N+-T
*®
17-2 1.5 1 30 15 10 N+T
* *
18-1 | 0.75 30 15 15 10 | w+T
*
18-2 | 0.75 39 15" 15 10 N4T
*®
19-1 | 0.375 | /15 74558 10 N+T

_Table 4.4 - Experimental Schedule at Sludge Age 5 Days

6. =2 days, R = 100 %, Q; = 36 L/day

RUN CONTACT STABILIZATION

_ : COND.
No. VC () tC(hr) tCR(hr) VS (%) ts(hr)

20-1 6 4 2 15 10 N4T
20-2 6 4 2 15 10 N+T
120-3 6 4 2 15 10 N+T
211 3 2 1 15 10 N+T
21-2 3 2 1 15 10 N+T
22-1 1.5 1 30* 15 10 N4T
22-2 1.5 1 30" 15 10 N+T
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The data were collected at the steady state condition for each
.serial manipulations which was-greatér than one week. The samples were
picked up from the influent, contact tank, stabilization tank and sedimén—
tation tank. These samples were immediatelysanalysed in the laboratory
analysis for various characteristics of pH,*S§S, VSS, COD, BOD, TKN, NH3~-N,
NO,~-N, NO3-N and POi—P. The sludge volume index (SVI) and ﬁicroscopic ob-
servation were also determimed.  The dissolved oxygen concentration in the

system was scarcely measuned,

4.3 Wastewater Used dn the Study

During the.start-up period of the contact stabilization laboratory
apparatus, the diluted tapioca starch raw, wastewater was used to build up
the biomass in the system. The characteristics of tapioca raw wastewater
are illustrated in Table 4.5 jand 4.6. The treatment of tapioca raw waste-

water was firstly studied for 69Adays.

After that the partial degradable wastewater ‘from waste stabili-
zation ponds of Khew Chang Eah Tapioca Starch Factory (shown in Fig. 4.3)
was used through out the study for the period of 331 days. Table 4.7 showed
the characteristics of' the wastewater and Fig. 4.4 showed the BODgs and SS
removal in leach’ ponds. Based on.Fig. 4.4, the samples ,were picked up from
the waste stabilization ponds af required influent COD concentration nearly
.l,OOO mg /L. .~However, the characteristics. of wastewater in.the.stabiliza-
tion ponds changed during each times we picked up.. Therefore the tap water
was normally used to dilute the wastewater to about 1,000 mg/% COD before
filling in the refrigeration storage tank. ‘At this concentration of the

wastewater the COD:N:P ratio was greater than 150:5:1.



Table 4.5 - First Grade Tapioca Wastewater Characteristics
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Raw Wastewatern

After 2-hr Settle

Item Unit
Separator Root Washer Separator Root Washer

Temperature °c 28-29.5 27-29.5 - -
pH - 5-¢ 6-6.5 - -
Suspended Solids mg/% 1,110—2,060_ 1,270-7,280 985-1,250 380-420
Vss mg/ % 1,010-1,990 980-6,040 970-1,200 360-370
Total Solids mg/ 4 5,540-7 4940 V1,770—8,850 4,105-6,960 4,105-6,965
TVS mg/ 4,850<7,020 1,27057,110 3,810-5,800 1,106-1,440
Settleable Solids mye 15-90 19-50 0 0
Volatile Acid mg/% as Hac 265-1,080 255-500 290-960 225-430

| COD mg/ L 7,4660-13,250 2,700-12,780 6,900-10,000 . 1,970-2,200
BOD ng/ g 4,800-11,660 1,600-3,750 4,630-7,500 1,550-1,100
TKN mg/ g, 118-154 40-50 101-103  18-39
Ammonia - N mg/ 8 17-29 8-10 11-32 2-10
Organic - N mg/ g 101-125 32-40 171=90 16-29
Phosphate - P mg/% 8-31 6-24 8-31 4-6

GS
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Table 4.6 - Second Grade Tapioca Wastewater Characteristics
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Raw Waste After 2 hr Settle
Item Unit

lst-Sed. Tank 2nd-Sed. Tank Root Washer Root Washer
Temperature °¢ 26.5-28 26.5-28 28-31 -
pH - 5.5-6 4-6 6-6.5 -
Suspended Solids mg/ % 540-710 47-316 3,960-6,050 340-350
VSS mg/ 1 496-696 41266 3,080-3,365 247-334
Total Solids mg/ 6,700—12,226 2,650-6,535 -7,640-26,850 1,440-2,260
TVS mg/ % 4,790-9,940 2,150-4,910 2,050-4,550 900-1,800
Settleable Solids ml/g | 0 0 - -
Volatile Acid mg/% as Hac 1,475-2,800 770-1,300 315-500 300-490
COD mg/ % 7,980-14,635 3,875-4,155 7,600-16,200 1,575-2,720
BOD ‘mg/2 64,200-11,250 2,600-3,710 2,600-3,330 900-1,600
TKN mg/ % 86-165 33-53 58-67 16-27
Ammonia - N mg/ 4 11-20 9-12 6-10 2-5
Organic - N mg/ L 75-145 24-4] 52-57 14-22
Phosphate - P mg/ 2 14-28 5-10 3-11

7-10

9¢
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Table 4.7 - Characteristics of Wastewater in Waste Stabilization Ponds of Khow Chang Eah

*
Tapioca Starch Factory
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The system was operated into two conditions; nutrient controlled
coﬁdition (N) and both of nutrient and tface element controlled condition
(N+T). The "N" condition expressed the wastewater from the stabilization
ponds (partial degradable) which had adeguate nitrogen and phosphorus.

Therefore the two main nutrients of nitrogen and phosphorus were not added.

The "N+T" condition expressed.the conditiom that all the trace elements
showed in Table 4.8 were added into the influent wastewater used throughout
this period. |

Table 448 - Trace Elements Employed in the System

Trace Elements | Concentration Feeding Approximate

. . (1) (2) Equivalent Ratio

in Solution (me/2"7)

“ (emf2 ™) (mg/1,000-mg COD)
MgSOy. 7H ,0 22.50 1 22.5
CaCl, 27..50 T 27.5
FeCl;.6H,0 (I = 1 0.25
KH, PO, 25.00 1 25.0
(1) of preparing solution

(2)

of influent wastewater

The characteristics of influentgwastewater of the system were

shown in Chapter 5 and in Table A-1 to A-9.

4.4 Laboratory Analytical Technigues

The laberatory analytical techniques utilized.in this%research

were 'summarized as following:

pH : by pH-meter, BECKMAN, ZEROMATIC IV.
SS : according to STANDARD METHODS, utilized the GF/C glass

fibre paper, WATTMAN.
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VSS : according to STANDARD METHODS.

CcOoD E i ANDARD METHODS.

BODg : i i, S il . .

TKN : , M ‘ ;&to STANDARD METHODS.
_ : ‘» o —

NH3-N  : DARD METHODS.

NO,-N ' ‘ 1  ‘j1;f;;.fi  ' o0 Zambelli Method.

NO3-N : 1 ic A d Me d, according to

| PO,-P olorimetric Method,

\\

DO : mperatu & DC , DELTA SCIENTIFIC, ENVIRON-

SVl G by e ML tank, let it settled
,,7" '

‘hen the volume
cul d, the MLSS concen-

tratlon known and the SVI value could be finally cal-

Auginaningans

Observation : b1noxcula; microscope, /SEITZ WETZLAR HMMX

mmmm AMINEaY

- Centrifugal Apparatus, DYNACT —CENTRIFUGE BECTON CLAY

ADAMS No. 211466
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~ Vacuum Pump, CENTRAL SCIENTIFIC CO.

-~ Hot air oven, CENTRAL SCIENTIFIC CO.

- Muffle furn P - HOTSPOT

t 'Illt ‘ -

- Spec

P, for NO;-N and NO3-N

PO,-P determination

)

a |

Auganeninens
ARIAIN TN INNAY
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