(3) Comment and evalvation of Case I and Case 2
(a) Technicat comment

O Since the indirect cooling water for TEC rectamation system is used
only once, the water terhperature at the outlet is about 251C, with no
change in water quality.

(@ The plans for the effluent reuse {Cases 1 and 2) differ (o a certain extent
in water quantity, operation time, and operation days. Bul these
problems can be technically solved to create an effective means of water
conservation, '

' (b) Economic comment

The cost per recovered waler in this water reuse plan is about 8 SIT/?
(Case 1), and about 31 SIT/m’ (Case 2).

The costs are examined under the following conditions !

® Case | and 2 é:e economically feasible, because the present cost of
water and effluent is about 200SIT/m?,

@ Since over 100SIT/m’ is expected for future sewerage fees, both Case 1
and Case 2 have good returns,

@ The facility cost of Case 2 is only about 0.1% of annual sales. The
company is thus advised fo take these plans into consideration.

3.3.3 Pretreatment that_Satisfy WWTP Diécharge Standards, and
Waste Water Treatment

This consists of the casting plant, the machmmg plant and the plating plant
‘The plating plant has two factories, the new factory and the old factory. Eachis
equipped with a waste water treatment plant.  There is an efficient waste walter
treatment system fitted (o the waste water type throughout the plant. There is
no need (o install a new pretreatment or waste wales treatmeat factory.

In regard 1o the plating hqmd freaiment sys!em copper plating, nickel plating and
chrome plating were designated as the basic processes, and the same agent was
selected for the process.  This led 1o a unified concept of a model plating plant
waste water treatment system.
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1) Design conditions
(1) Waste water disclhargc features

Waste water discharge is determined according to the following :

(® No plating bath liguid replacement.
Bath liquid is generally replaced by preparing a storage tank for bath liquid
replaceinent waste water; then adjusting the water treatment quantity to
empty the tank by the next replacement; and finally mixing with the same
rinsing treatment.

(@ Cyanide bath for copper plating liquid, and nickel plating liquid containing
boron acid isused.  Fluo boric acid bath is not applied.
In the event of fluo boric acid waste water, treat separately according to
the previously mentioned method for fluo boric acid.

@ The batch system is used for the first stage of rinsing tank, and the
- muliistage allémating current system for the laiter slagcs.
The rinsing of the first stage is discharged to the waste water treatment
plant. The rinsing of the lalter stages is reused.

@ Sources of waste water are the rinsing of the fisst stage ; the rinsing  of
the multistage alternating current rinsing tank ; the reclamation waste water
of the regeneration system; and the circulating waste water of the
exhaust gas cleaning plant.

Table 3.3.8 shows discharge features of waste water for each process
described above.
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Table 3.3.8 Discharge Features

Waste water names Waste water of each process Discharge situation Discharge destination
Acid alkaline rinsing  Acid rinsing, Continuous Reuse system

Aikaline cleaning rinsing,

Chrome plating rinsing,

Nicke! plating rinsing,

Other rinsings
Cyan rinsing Copper plating rinsing Continuous —_Eeuse s;st:n;
Cyan waste wales Copper ptating first rinsing Once a day Waste water treaiment plant
Chrome waslc water Chrome plating rinsing Once a day Waste water treatment plant
Acid alkaline wasle Acid fisst rinsing, Once aday Waste water treatment plant
water Alkaline cleaning first rinsing,

Other first rinsings '
Nickel waste waler Nickel plating first rinsing Onee a day

Waste water trealment plant

(2) Quality and quantity of waste water

Quality and the quantity of waste water are determtined according (0 Table
3.3.9. ' _

Table 3.3.9 Quality and Quanlity of Waste Water

H-OH Rinse |CN Rinse[CN W.¥. {cr W.¥. [H-OH W.¥. |Ni ¥.¥.
;pH 3~ 4 9~ 10 11 2~ 3 3~ 4 4~5
con (ng/ 9} 150
B (mg/ 2 ) 0.3 50
Cu  (me/9) 15 450 10
Cr®*  (mg/ Q) 5 1,000
Ni (mg/ Q) 5 1,000
JT-CN (mg/ Q) 25 650
;Zn (mg/ Q) 10

o /day 90 30 4 4 18 .4
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3)

)]

(3

Treatment quantity

The treatment quantity of the new plant is adopted.
Quantity of waste water treatment  30m*/day
Quantity of reclamation process  120m*/day

Water quality of discharge, shown in Table 3.3.10.

Opcration time

The operation time of the new factory is as follows :
Waste water treatment 12h/day

Reuse 12h/day

Dehydration 8h/day

2) Reasons for system selection

[0

ke

3)

Waste water treatiment

The construction and operahng costs involved in the chemical treatment of
plating waste water are comparatively low, and the quatity of treated walter is
continuously obtainable; therefore this system was selected.

The lrealme_m includes the oxidation decomposition of CN by NaCIO,
reduction of Cr** by NaHSQ,, and the precipitation removal of heavy melals
by pH control. A chelale r‘_és_in plant is installed after chemical treatment to
ensure the residure of heavy metal complex.

Wasté water of the nickel plating liquid is separately treated to remove the
boron, using boron absorption resin,

Reuse

Rinsing treatment by ion exchange resin is easily performed, and the quality
of treated waler is continuously obtainable; therefore this system was
selected. '

Activated carbon absorber is used for the purpose of eliminating the organic
malter in bath liquid. ' Ultraviolet sterilization is carried out on the treated
water before pooling in the storage tank.

Exhaust gas treatment

A scrubber is installed (o tzeat the exhaust gas produced by each equipment.



Table 3.3.10 Discharge Water Quality

Item unit River Sewage -
1 Temperature C 30 40
2 pH - 6.5--9.0 6.5--9.5
3 §S mg/l 80 {a)
4 SV, mifl 05 10(b)
5 SAK(Color unit)

4360m m! 7.0

525nm m ! 5.0 b

6200m m™! 3.0
6 Toxicity test{SD) mgfl & -
7 Biodegradation - - ()
8 B mg/l 1.0 16.0
9 Al mgfl 3.0 ()
10 As mg/fl 0.1 .1
it mgfi 0.5 0.5
12 Ba mgfi - -
i3 Zn mgfl 2.0 2.0
14 Cd mg/fl 0.2 - 0.2

kgh 0.3(d) 0.3(d)

15 Co mg/l - -
16 Sn mgfi 2.0 2.0
17 TG mg/l 0.5 0.5
iz o - mgA 0.1 0.1
19 Ni mg/l 0.5 0.5
20 Ag mg/fl 0.1 0.1
23 Pb mgfl 0.5 0.5
22 Fe mgA 3.0 ©
23 Hy . mg/l 0.01 0.01
24 Ci(Freechlorine) g/l 0.5 0.5
25 Ci,(Total effective chlorine) mg/l 0.5 1.0
26 N-INH, mg/l 80 (e)
27 NNQ, “mg/l - -
28 NNO, mg/l n -
29 TCN mg/l 0.5 10
30 Free ON mg/fi 0.2 - 0.2
31 F mg/fl 50 50
32 o mgfl ® ~
33 TP mg/l 2.0 -
34 50, mg/l ® 600(g)
35 S mg/l 1.0 1.0
36 50, mgh 1.0 10
37 TOC mgA 30 -
38 COD, mg/t 400 -
39  BOD, “mgh 25 -
40 Total grease mgfl 20 100
41 THC mg/l - 18(h) 10(h)
42 Aromalic organic chlorine mg/i 0.8 i.0
43 Absorbent organic chlorine mg/l 1.04i) R A6
44 Volatile organic chlorine mgfl 0.1 0.1
45 Agueous organic chlorine mgfl {k} (1))
46 Phenol mg/l 0.1 10
47 Surfactant 1.0 -

mgfl
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"3} Outline of treatment system
K¢)) Waste water treatment plant

The waste water from cach process is discharged to the appropriate slorage
tank, as shown in Table 3.3.8.

The waste water in No. 1 cyan waste water storage tank is then pumped to the
primary decomposition tank by the pump interlocked with the water level
indicator. Then it flows down to reaction lank No.!1 of the secondary
decomposition tank, where free CN and copper cyan are decomposed.

Both primary and secondary decomposition tanks are equipped with a pH
indicator and an ORP indicator. Interlocked with other instruments, they
regillatc the pH and ORP at the preset values by injecting NaOCl, Ca (OH),,
and HCl. When decomposition in reaction tank No. 1 is complete, the
wasie water flows into the chrome reduction tank.

Primary decomposition : pH = over 10.5 ~ ORP = over 300mV
NaCN + NaCl0-—+NaCNO + NaCl

Secondary decomposition : pH = 8.5 ORP = 600mV
2Na, [Qu(CN), }+2NaOH + 7NaCl0 + H,0—20u (Ot), + TNaQl + 6NaCNO
2NaCNO + 3NaCl 0+ H,0->N, + 3NaCl + 2NaHCO,

The chrome waste water discharged to the chrome waste waler storage tank is
_ then directed by the pump interlocking with water level indicator to No.1
chrome reduction tank, where Cr®* is reduced to Cr'*

The reduction tank is equipped wilth pH indicator and ORP indicator.

Interlocked with other instruments, they can, by injecting NaHSO, and HCI,
- regulate pH and ORP in waste water al preset values, When the reduction

reaction is complete, the waste water is directed to reaction tank No.3.

- 4H,C1O, + 6NaHSO, ; 3H,50,~*2Cr, (SO, ), + 3Na,SO, + 10H,0

Acidic and alkaline waste water that has been discharged into the No. 1 acidic
and alkaline waste waler storage tank is fed into the No. 3 reaction tank by a
" storage pump that operates in connection with the level meler in the tank. In
the No. 3 reaction lank, in which a pH meler is installed, a uniform amount of
inorganic coagulant (FeCl,) is injected and, in order to maintain the pH value
- of the waste water at the set level, Ca (OH), is lnjected in line with the reading
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of the pH meter to carry out the first stage conditioning of the pH. The waste
water is next fed into the No. 2 pH equalization fank, in which the pif is
conditioned to its finat value and heavy meta} hydroxides are formed, and is
then fed into the coagulation tank. Here, high polymer coagulant is added to
form ﬂoc_. The remaining waste water is fed into the next sedimentation tank,
where the floc is separated by sedimentation. The supernatant is fed into the
. No. 1 pit and the sludge is taken to the sludge storage tank, where it is
dewatered by centrifugal separator. The dewatered sludge cake is then taken
to the landfill for final disposal and the filtrate is fed back to the acidic and
- alkaline waste water storage tank.

Me®* + nOH—>Me(OH),

- Waste water containing floc is directed (o the next sedimentation tank in which
the Rloc is precipitated.  The supernatant is directed to pit No. 1.

The waste water discharged to the nickel waste water storage tank is directed
to reaction tank No.3, where the nickel is precipitated and coagulated as
hydroxide nickel. ‘ -

Reaction tank No.3 is a batch system. After FeCl; as acoagulant is added to
the waste water, NaOH is included to adjust the pH to the preset value,
theteby precipitating Ni (OH),. ' o

When the polymer coagulant is added, floc is formed, which is left until it has
precipitated. The supernatant fluid is directed to the neutralization tank.

HCl is added to neutralize the waste water to the pH of the preset valuc of the

pH indicator installed in the neutralization tank.

Then the water is discharged to the next B absorbing resin j}iant to remove B,
after which it is directed to the pit No.1. The B absorbing resin plant is
regenereted by NaOH and HCL.  The regencrated waste water is directed (0
pH contro! tank No.2 for pH control and evaporation by the drum dryer.

The treated water of all of the waste waler i$ pumped from pit No. 1 to the

sand filter, the activated carbon absorber and the chelate resin unit.  This is
done to eliminate 8§, organic matter and the heavy metal complex. It is
- then discharged via the water quality monitoring tank.
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Regeneration of the chelate resin is carried out using NaOH and Hcl. The
regenerated waste water is fed into the No. 2 acidic and alkaline wasle water
storage tank.

{2) Recycling system

The waste water in the acid alkaline rinsing storage tank is pumped to the sand
filter, the strong cation exchange resin unit, the strong anion exchange resin
unit and the activated carbon absorber. This is done to eliminate cation,
anion and organic matter.  The treated waler is pooled in the storage tank and
subsequeatly pumped for the plating process.

NaOH and HC 1| are used to regenerate the ion exchange resin. The
regenerated waste water of the cation exchange resin is directed to No.2 acid
atkaline waste water storage tank. . The regenefated water of the anion
exchange resin is sent to No.2 chrome waste waler storage tank.

‘The cyan rinsing discharged to the cyan rinsing storage tank is pumped to the
sand filter, the activated carbon absorber, strong cation exchange resin unit,
the weak anion exchange resin unit and strong anion exchange resin unit.
This is done to remove cation, arion and organic matter.  The treated water
is pumped for the plating process.

The regeneration of cation exchange resin is done by NaOH and HCL. ‘The
regenerated wasle waler of ion exchange resin is directed to No.2 acid
alkatine waste water storage tank. The regenerated wasle water of anion
exchange resin is directed to No.2 cyan waste water Siorage tank.

(3) Exhaust gas treatment plant

'The exhaust gas of each process is sent by an exhauster to the scrubber for
treatment.  The circ&fat‘mg water of the scrubber is alkaline absorption liguid
to which NaOH is added by pH control.  The absozption liquid is directed to
No.2 cyan waste waler storage tank.

| 4) Facility specificalions
(1) Equipment list

Table 3.3. 11 lists the equipment for the waste water treatment and reclamation
systems '
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Table 3.3.11

Equipment List (1/11)

No. Item Q ty Material Specification Remarks
1 {H- 6ll Rinse storage tank| 1 RC 5w’
1.2 mW X2 0l X2 5;b
Level switch 1 Float type
Transfer pump 141 SUS 32AX 80 @ /minX 36X 1. Skw
Flow meter 1 Area type
2 |SF Tower 1 SS+R/L 5009 X 1,520H
3 [CIE Tower 2 SSHR/L 500¢ X 1, 520H, 200
4 [AIE Towver 4 SS+R/L 15000 X 1,520, 200
5 [AC Tower 1 _ SS+R/L 7000 X 1,5200
& |if - O} Treated water lank| 1 FRP 10n* )
2.2m6 X2. 7ol
Level switch 1 Float type
Transfer pump 1+1 SUs 32AX 80 ¢ /minX 30m X 0. 75w
Back wash pump 1 sUs 32AX 100 @ /pinX26mX 6. T5kw
Flow meler 2 Area type
Disinfector 1 I¥ type 4n'/Hr
Filter 1 suUs Cartridges type 4n’/Hr, 1
7 |CN Rinse storage tank ! RC 3n’
1.2 m¥ X2.0el X2, 0gD
Level switch I Float type
Transfer pump 1+1 sus 32AX30Q fminX55mX 1. Skw
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Table 3.3.11

Equipment List (2/11)

No. Iten Q ty Material Specification Remarks
Flow meter 1 Area type

8 |SF Toser | SS+R/L l400¢ X 1,520

9 |AC Tower 1 SS+R/L 4004 X 1,520H

10 |CIE Tower 2 SS*R/L 40046 X 1,520H, 125

11 |AIE Tower 4 SS{R/L 40048 X 1,520H, 125

12 |CN Treated water tank - i FRP 5m®
Level switch i Float type
Transfer punp 1+1 SUS 324X 30 € /minX 30mX 0. 75kw
Back wash pump [ Sus 32X300 /minX 30> 0, 75kw
Flo? meter 2 Area type
Disinfector i UV type 1.5m’/H
Filter i SUs Cartridges type 1.5m°/H, 1lpn

13 |Nol CN Waste water 1 RC Sm’ 1.2 m¥ X2.0nl X2 5D

storage tank : with air diffuser

Level switch 1 Flcat type
Transfer pump 141 {  SCS13 20AX 20 ¢ /min> [0mX 0. 4kw
Fiow meter 1 Area type

M [No2 CN Waste water 1 RC 3n® 1.2 wf X2.0nl X2. 00D

‘storage tank with ajr diffuser

Level swilch 1 Fleat type J
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Table 3.3.11 Equipment List (3/11)

No. Ttem Qty Material Specification Remarks
Trans;er pum;; ———————— 1 S(;;l‘;" ZOAX 200 /minX 102X Q. 4kw
Flow nmeter 1 Area type -
15 [Primary decomposition - ""1_"" FRP R 0. 3n’ 7
tank 0.65 oW X0.65aL X0.93nml
Agitator_ﬁ*‘ 1 SSHRAL B E(;.‘ikw Vertical propeller type
o ;H Meter 1 1 Dip type, 0~14, 4"‘205;1.’( — o
ORP L;;ter N 1 o Bip type, -700~700mV, -‘l’\f;;m,ﬁ -
16 |Secondary decomposition 1 ;I;;’ 0. 3a" -
tank 0.65 m¥W X0.65eL X0.92mH
[ ;g_i—l;;?"_“'""‘”d -luﬁ : SS!RfL 0. lkw Vertical propeller type
: pH Meter 1 - Dip type, 0~14, 4~20pA
o O-RP Meter 1 N Dip type,—?OON%IOémV,4~20mV
17 {No. I} Reaction ta;;:—_—_m 1 FRP 0. 3m* )
0.65 mW X 0.65ml X0.93ml
B Agitator i SSHR/L 0. 1k# VYertical propeller tLype
18 |No. I Cr Wasle water I RC 5m’ 1.2 W X2Zal. X2 6mD
storage tank with air diffuser
Level switch 1 Float typs
Transfer puap ﬁl'ri Py¥C 25.;;( 454 /minXSj 5m2(5. Tokw
" Flow meter 1 1 Arca :y_p_e
19 |No. 2 Cr Waste water 1 RC ;H_l1 1.2 m¥ _XQmL X 2. 0xb
slorage tank with air diffuser )
level switch 1 Float type
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Table 3.3.11 Equipment List (4/11)

No. Itcm Q ty Material Specificatlion Reaarks
Transfer punp 1 PVC  [25AX 450 /minX8. 5u%0. 75k |
Flow mc-term_ ‘—_1_- Area type

20 |Reduction tank 1 FRF ) 6. 3m’ _ -
0.65 m¥ X 0.65rl. X0.93mH
Agitator 1 SSHR/L . 0. tkw Vertical propeller type )
pH Meter H “Dip type, 0~14, 4~20nA ]
CRP Meter 1 - Bip type, —-700~700m¥, 4~20mA
2} [¥o.1 H - OH ¥Waste water 1 RC - 20m’ 2.8 mW X3.8xnL X2 5D B
storage tank with air diffuser
Level switch 1 ;"loal type o
Transfer pump 141 pVC 25AX4SQ/miﬁX;;mXO. ke
o Flow meter 1 Area type - N
”2; Xo.2 H+ OH Waste water | RC 10n* 1.6 m¥ 7X 3. 30l X2 5al
storage tank with air diffuser
Level switch o —1 Float Lype a
o Transfer pump 1 PYC 25AX 15 8Q /minX 8. SmK(;'_ 75kw
Flo# meter a 1 Area type -
23 [No. 2 Rcac:—'c_ion tank 1 FRP 0. 5’
: : 0.73 m¥ X0.73pl X1.24m
- Agi-tator i 1 SS4R/L 0. Zkw Verl;:al prope-ller type
L bil Heter l Diprlype, 0":!4, -iNZ—Oi-n.‘ﬁ
24 |No.2 pH Control tank 1 FRP 0.5m"
0.73 m¥ X0 73nl X1.24nH
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Table 3.3.11 Equipment List (5/11)

Spocification

No. Ttem Q' ty | Material Remarks
‘ Agitator N I - SS#R/L 10.2kw  Vertical propeller type
pH Meter 1 Dip type, 0~14, 4~20mA

25 |Coaguratuion tank 1 FRP 0.2m°
0.65 oW X0.65mL X 0.93mll
Agitator - 1 SS+R/L 0. 1ke VYertical propeller type
26 [Sedimentation tank 1 S5 2n¢ X3_mH
Coan type
Auto valve i Ball type
Discharge pump i FC+R/L 25/204X 50 @ /min X 10m X Q, 75kw
27 |Ni Waste water 1 RC 10m’ :
storage tank 1.6 mW X3.3mL X2 5mD
Level switch 1 Float type
Transferi punp 1 PYC ZOAX 45 Q /minX 8. 5nX 0. T5kw
28 |No.3 Reaction tank 1 FRP 4n’
l.ém¢ X2.0nH
Agitator 1 SSHR/L I. 5kw Yetical propef]er_type
Level switch 1 Lead swipch type )
pH Meter 1 Dip type, 0~14, 4~20m4
Transfer puwp 1 PVC 25/20AX 50 /ninX 10m X 0. 75kw
Auto valve 2 Ball type
29 |No.1 Neulrarization Tank| 1 RC 5a”
1.2 o¥W X2 Oml X2 5mH
7 Agitator 1 SS*R?L 2. 2kw VYertical propeiler type
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. Table 3.3.11 Equipment List (6/11)

No. Iten Q ty Material Specification Remarks
l.evel switch 1 Lead switch type
pl Meter I Dip type, 0~14, 4~20mA
Transfer puamp 1 FC I2AX 409 /min X 24m X 0. T5kw
Filter 1 sSUS Carlridges lype 2a’/Hr, 25n
30 |8 Ion absorber 1 SSR/L {5004 X1, 520H
31 [No.1 Pit 1 ) FRP 2n' 1.3 mg X1.55aH
with air diffuser
Level swilch i Lead switch type
Transfer pump 2 PYC 3ZAXTOQ MeinX35mX 1. Skw
Flow nmetler 1 Area type
32 |SF Tower 1 SSR/L 800¢ X1,520H
33 AC Tower I SSHR/L 8006 X1,520H
34 |Me Chelate I SSHR/L 7006 X1, 520H
pl Control unit 1 Inline type
35 |Final neutrarization 1 FRP 0. 75m"
tank ) ' 0.9 m¥ X0.9nl X1.24nH
Agitator i :SSﬂ{/L 0.4kw Vertical propeller type
pl Meter 1 Dip type, 0~14, 4~202A
36 Monitoring tank i RC Sm’

1.2 a¥ X2.0al X2.5mH
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Table 3.3.11

Equipment List (7/11)

No. Ttem -Q' ty Material Specification Remarks
L Level switch i - Float type
pi Meter i ; Bip type, 0~14, 4~20mA
]:;ansfer pump 1+1 FC— 32AX 76 @ /minX 16mX 0. dkw N
Back wash pump i - FC 50:5.X250Q/min)< 26m X 2. 2kw ]
Auto valve 2 Ball type
37 |Emergency tank 1 RC 2(;;1-“ : o
2.8 w¥ X3.8nL X2 5mH
Level switch 1 Float type
38 {No.2 Pit _ ! RC an' 1.2 n¥ X200l X2. OnH
with air diffuser
Level switch i Float type
Transfer pump ﬁ 1 sUS i 26AX 40 /minX 13mX 0. 75k« ]
39 x\"(.; 2 pH Control tank | FRP B Im’
0.9 oW X0.9nL X 1. 55al
Agitator i SSHER/L 0. dkw V;g"tical propeller type )
[ L veter i 1bip type, 0~14, 4~20n8
”——;.cvel s;;?h _ 1 Lead switch type B
Feed ;Ump B 1 sUs 25AX 40 @ /minX 7. Skw X 0. Zkw
10 |brier 1 sus 2n'  Dram type 1.5kw
 |Exhaust blower 1 FRP 20m’/&;ir_.x30rﬁmaqxo.75kw
11 Slul-ly tank 1 FR;’ ;;I:]J .
1.dp¢ X 2,0 nH
Agitator -1_ -SS+R/L 0. 75kw Vertical propeller type o
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Table 3.3.11 Equipment List (8/11)

Me Chelate feed pump

No. Itenm Oy Vaterial Sp_ecification Remarks
_ Slully feed pump 1 FCiR/L 65A X 400 ¢ /rﬁinx 10aX 1. Skw
Level switch i ) Electrode type
42 Dehydratm" 1 55 Semi auloatic_ filterpress
16. 2m*, 5. 2kw
43 |NaOH Tank 1 FRP 2a’
1.3 md X 1. 55aH
Agitator 1 - SUS 0. 4kw Vertical propcl;: Lype
Level switch 1 Electrode- type__—_—_r“h
Auto valve 1 Ball type
AlE Feed pumb 1 7“2 Pve 254X 60 JainX elent X0. 2y |
Me Chelate feed pump 1 MG 25A% 60 fainX 3kg/cm® X 0. 2kw
B Adsirber feed pump 1 ‘ -_-W.-[T‘-TC QSAXE»Q Jain X 3keg/cwm® X0, 21:»:7
Final Neu_tfalizatioﬁ —IH PVC 154X 0. 05 Q /minX 10keg/cm® X 0. 2kw
s tank feed pump k
Ko.3 Reaction tank fee:i 1 PYC 1SAX L7 2 /minX8keg/cm® X 0, Z2kw
o S penp * 7
No. 2 pH control tar-\;f 1 PVC 154%0. 02 ¢ /rin X lOkg,-'-/-:mz X0, 2kw
feed pump B
Serubber Feed pémp 1 PYC lS.’ﬁX;;;/minXlﬁkg/cmzxd:_ﬂkw
A4 [30% HC1 Tank 1 we a0 | -
) 1.4 mé X2, OmH
| Level ;witch 1 7 -Float't)'pe'
o éIE Feed pump 2 Py 25AX6 ¢ /minXBkg/cmz;-(;Tka
cedpump | 1| PG [10AX0Q /minX3kafen’ X0,k




No.

~ Table 3.3.11

Equipment List (9/11)

Item

Feed pump

2ty Material Specification Remavks
B Adscrber feed punp 1 FVC 25AX6 @ /minX 3kg/ca® X 0. 2kw
o Transfer pump 1 7PP N 104X 50 Q¢ fminX 10mX 0. 4kw ‘
15 [10% HC1 Tank 1 FRP i 0.5z ) N
0.73 W X0.73ml X1.24mH
Agitator 1 SS*VR/L _0 lIkw Vertical propeller type o
Level switch 1 Lead switch iype o
Auto valve i Ball type
Primary decompoéition i PYC 15AX0.05 ¢ /min>X 10kg/cm® X 0. 2kw
tank feed pump
Secondary decomposition ] _P‘u'C 154X 0. 85 ¢ /minXIOkgl_cluzXO. 2kw _'
tank feed pump
Reduction feed pump 1 | evc 15AX 0. 85 § /min X 10kg/cm? X0, 2k
pH control unit feed B 1 PYC ISAXO. OZQ/minXlﬂkg/cmEXO. 2kw
pump ‘
Final neutralization 1 PYC 15A% 0. OSQ/minKl{lkg/cm’XO. Zhw
tank feed pump
Neutralization feed pump Lkl P\:Cw_ 154X 0. 05 ¢ /min X 10kg/cm® X 0. 2k
77:;7 Cal0H) 2 Tank 1 SS 5m’
1.60 m¥ X1.60m. X2. 46mH
Agitator 1 SUS 1. 6kw Vertical propel-lerr type
Level switch i N Electrode type ]
Auto valve 4 Ball type -
B 2 FC - 4oaxsoﬁlainx2mxo.:kw o
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Table 3.3.11 Equipment List (10/11)

Material

No. Item 9ty Specification Remarks
47 [FeCls Tank 1 FRP 3n* i
l.4m ¢ > 2. OmH
Level switch 1 _——uAH;{;at type
No.2 Reaction t_‘ank | Ve 15A%0. 1 ¢ /minX 10k /cn X0. 2k
feed pump
No. 3 Reacticn tank i PVC 154X0.1 ¢ /ainX 10kg/cn® X 0. 2kw
feed punp
48 [NaOCl Tank 1 ‘ FRP 3w’ N
1.4 m¢o X2, Cmll
Level switch 1 Float type
Primaty deconposition 1 PVC 154X 0.85 ¢ /minX 10ke/cn® X 0. 2kw
lank feed pump
Secondary decomposition | 1 PVC 154X 0. 85 ¢ /min> 10kg/cn’ X 0. Zkw
tank feed pum;—
19 [NaFiS0s Tank i | erp 3n°
' 1.4 ma X2, Oll
Lgvel switch i Fleat type
Feed pump i PYC 15A% 0.5 @ /min X 10ka/em® X 0. 2kw
50 Polymer Tank 1 FkP 0.50° )
0.73 m¥W X0.73ml. X1.24nl
Agitator 1 SUS 0.4kw Vertical propeller type
‘{level switch - 1 ) Elccirodertype )
Auto valve 1 o Ball fype -
Coagulation tank feed 1 P¥C 254X 2.8 ¢ /minX bkg/enm* X 0. 2kw

punrp
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Table 3.3.11 Equipment List (11/11)

No. Tten Q ty Material Specification Remarks
No.3 Reaction tank feed 1 PYC ISAX .78 /mihXSkg/cm’XO. 2kw
pump
Hopper 1 SS 3oL
51 |Blower 1 FC 504 X 0. 95kg/cn® X BOOGmmﬁq K2 2kw
52 {Compressor 1 55 70¢ /min X Tkg/ca” X 0. T6kw
53 |Scrubber unit 1 PYC 15m" /min 1. 15kw
5% [Control panel )] Indoor self-standing enclosed Lype
4.8n X0.6m X2mH
AC 400Y X50Hz_
Push button switch
Alarm lamp
pH indicator
ORP indicator
55 [Pipe
Raw waste water line ¥p
Treated water line \13
Chemical dosing line YP
Air line ) SGP
56 |Bilding

W

slate roof

steel frame &|366af X Falt




(2) Design calculations
* H - OH rinsing storage tank ,

Operation time of recycling system : 24h/day, by factory operating time :

24hr/day

Retention time : over 1 hour
90m’/day + 24h/day x 1h = 3.8m’

Determined value Sm®

Sand filter
LV20 for average water treatment quantity
90m*/day + 24h/day + 20m/h = 0.19m?

Determined value 500 ¢ |

Ton exchange tower (CIE)
SV20 for average water trealment quantity
90m’/day + 24h/day + 20m/h = 0.19m’

Determined valve 500 ¢

Ion exchange tower (AIE)
Same as CIE

Determined value 500 ¢

Activated carbon tower

~ SV20 for average waler treatment quantily

%0m’/day + 24t/day + 10m/h = 0.38m’

Determined value 500 K3

“Recycling water tank

Retention in excess of 2 hours
90m’/day + 24h/day x 2h = 7.5m’

Detemﬂn;;irr\;;a]ue 10m?

CN rinsing siorégé tank
Retention in excess of 1 houf.
30m’/day+ 24l/day x 1h = 1.3m’

Deternnined va!uc_ 3_@_3J

Sand filter tower
L.V20 for average water treatment quantity.
30m’*/day + 24h/day + 20m/h == 0.06m’ -

rDctcrmMed value 400 ¢ J




Activated carbon tower
SVI10 for average water treatment quantity.
30m’/day + 24h/day + 10m/day = 0.13m’

Determined value 400 ¢

Ton exchange tower (CIE)
$V20 for average water treatment quantity
30m’/day + 24W/day + 20m/day = 0.06m’

Determined value 400 ¢ I

Ton exchange tower (ALE)
Same as CIE

Determined value 400 ¢ x _2,

Recycling water tank
Retention in excess of 2 hours for average water treatment quantity
30m’/day + 24h/day x 2h = 2.5m’

Determined value Sm’]

CN regular waste water storage tank .
One baltch capacity for reverse rinsing of CN rinsing sand filter tower, and
12 hour volume of daily dischasge

4m’fday + 24W/day x 12h + 0.5m* = 2.5m*

Determined value Sm’

CN regenerated water sldragc tank
One batch capacity for recovered water of CN rinsing AIE
1.5m*/2days

Determined value 3m®

Primary decomposition tank
Retention of over 20 min. for average water treatment quantity
5m’/day + 12W/day + 60min/h x 20min = 1401

| Determined value 300!
Secondary decomposition tank '
Same as primary decomposition tank.
Deterinined value 300 L
Retention tank 7
Same as primary decomposition tank
| Determined value 3001




Cr-regular waste water storage lank :
One batch capacity of reverse rinsing of H - OH rmsmg sand filler tower,
and 12 hour volume of daily discharge.

4m’/day + 24h/day x 12h + Im® = 3m’

Determined value Sm’

Cr regenerated waste water storage tank o
One batch capacity of recovered water of H * OH rinsing AIE
1.4m*/2 days

l, Determined value 3m?®

Reduction tank ,
Retention in excess of 10 min. for average water treatment quantity
10m’/day + 12h/day + 60min/day x 10min = 140l

Determined value 300 l]

H+OH regular wasle water storage tank

One batch capacity of reverse rinsing of H + OH rinsing sand filter tower,

and 12 hour volume of daily discharge.
18m’/day + 24h/day x 12h + 4m’ = 3m’

Determined vatue 400 ¢

H+OH regenerated waste waler storage tank
One batch capacity of recovered water of CIE and chelate recovered waler
Im*/2 days + 0.65n1’/2 days + 4.5m’/25 days = 6m’

DDetermined value 10m?

Reaction tank
Retention of over 10 mins. for average water trealment quantity.
© 35m’/day + 12h/day + 60min/day x 10min = 5001
Determined value 500 1

pH control tank
Same as reaction tank

Determined value 500 |

Coagulation tank :
Reteation in excess of 10 mins. for average water treatment quantity
35m’/day + 12h/day x 60min/h x Smin = 250

Determined value 3001
Sedimentation tank
Sedimentation speed less than hvh.
35m’/day + 12h/day + Imv/h = 2.9m’
Determined value 3,000 1

P



Relay pit _ :
Retention of over 30 min. for average water treatment guantity
40m’/day + 12h/day + 60min/h x 30min = 1.7m°

Determined value 2m®

Sand filter tower
LV7 for average water treatment quantity
40m’/day + 12Wday + 7m/h = 0.5m?

Determined vatue 800mm ¢

Activated carbon tower

SV7 for average water treatment quantity.
40m’/day + 12/day + Tm/h = 0.5m’

‘ LDctermjned valuc 800mm ¢

Metal chelate tower _
SV 10 for average water treatment quantity.
40m*/day + 12h/day + 10m/h = 0.3m’

7 [Deicrmined vatue 700mm ¢

Final neutralization tank
Retention of over 10 mins. for average water treatment guantity
40m*/day + 12h/day + 60min/day x 10min = 5601 -
o : - | Determined value 750mm ¢

Monitoring tank

Capacity of more thar one batch of reverse rinsing of sand filter tower.
R I_Deter'mincd value Sm’
Emergency tank
Capacily of half day volume.
40m* + 2 = 20m’ . L
Lpelermihed value 20m’|

Ni regular waste waler storage tank , :
Retention of more than one day quantity (4m*/day).

Determined value 10m®

Reaction tank _
Capacily of one day batch process (4m’/day).

i Determined value 4m’
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Neutralization tank
Capacity of one day batch process (4m*/day).

Determined value Sm®

B absorpiion tower

Daily quantity of B : 50g/m® x 4m*/day = 200glday

One recovery per day with absocption amount of B absorption resin as 1g/ - R
200g + 1g/1 - R = 2001

[Ectcm\incd value 500mm ¢

Recovery pit
Retention of about 5 days for daily recovered water
0.5m*/day x 5days = 2.5m’

Determined value 3m?

pH control tank

Capacity of one day batch process {0.5m’/day)

Determined vatue tm?

Dryer

" - Processing amount per hour : 30kg/m? * h

500kg/day + 12h/day + 30kg/m® - h = 1.4m’

' Determined value 2m?

-« Sludge storage tank
Daily sludge quantity
CU(OH), : 2.43kg/day x 97.5/63.5 = 3.73kg/day
Ni(CH), : 4.45kg/day x 92.7/58.7 - =17.03kg/day
Cr(OH), : 4.45kg/day x 103/52 = 8.81kg/day
Za(OH), : 0.18kg/day x 99.4/65.4 = 0.27kg/day

Fe{OH), : FeCl3 3.8kg/day x 106.9/162.4 = 2.50kg/day
Total 22.34kg/day as Dry
Capacity of one day with 2% slurry. :

22.34kg/day + 0.02 x 1day = [.Im’

Determined value 3m?

Dehydrator

One batch process per day.  Moisture rate of dehydrated cake is 75%
22.34kg/day + 0.25 = 89.4kg/day (75% wet)

Filtering capacily of dehydrator :  regarding Ikg/m’® - batch.

89.4kg/day + Bkg/m sbatch + 1batch/day = l 1.2m?
" | Determined value 16.2m’?




Blower

Over 15 Vm® min, for total tank capacity requiring agitation.

5tm® x 15 ¥YmPemin = 0.765m*/min

Scrubber

Determined value 0.95m*/imin

* Capacity which can deduct 1m’/min from each tank and agitation air

volume x 3.
0.95m*/min x 3 + lm*/min x 7 = 10m*/min

Determined vatue 15m*/min

NaOHtank

Daily amount : 350kg/day (as 10%)
_ Capacity of S day amount
350kg/day x Sdays = 1,750kg

30% HCI tank
Amount of daily use : 135kg/ day (as 30%)

Capacily which tank can receive from tank lorry.

10% HC tank
Amount of daily usc : 170kg/day (as 10%)

Ca (OH), tank :
~ Amount of daily use: SOOkglday {(as S%)

: Capac:ty of 5 day use _
SOOkglday X Sdays 4 OOOkglday :

Fe Cl; tank : '
Amoum of daily use : lOkgIday (38%)

Capacity which tank can receive from tank lorry.

Na CiO tank
Amount of daily vse : 250kglday (as 12%)

Capacity which tank can receive from tank lorry.

Determined value 2m’

Detenmined value 3m?® I

' | Determined value 3m®

Determined value 500 |

Determined value Sm?

Determined value 3m?




« NaHSO, tank
Amopunt of daily use : 45kg/day (as 34%)

Capacity which tank can receive from tank lorry.

Determined value 3m’
+ High polymer tank
Amount of daily use : 1,000kg/ day (as 0.1%)
Retention of over 3hours for the amount per day
1,000kg/day + 12W/day x 3h = 250kg/day
Determined value 500 1

(3) Flow sheet

Flow sheetof wasle water treatment and recovery plant is shown in Fig.3.3.8.

(4) Material balance

Fig. 3.3.9 shows the matesial balance sheel.

(5) Layout

Fig.3.3.10 shows the layout of the waste water {reatment and recovery plant.
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Fig. 3.3.10 Waste Water Treatment & Re-use Plant Layout
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5) Facility cost

The facility cost is 243,317,000 SIT.
Table 3.3.12 provides details of the facility cost.

Table 3.3.12 Delails of Facility Cost

ftems : Contents Prices (81T)
Equipment '
Pump, Blower, Agitator, Spead reducer, Dehydrator, etc, 37,558,000
Measuring instruments 28,045,000
Other types of equipment (lank, tower, rake, etc.) 39,363,000
Subtotal {124,966,000)
Field wock 7
Machine installation, Piping _ 23,100,000
Electric work B ' 32,250,000
Painting work ‘ . 375,000
Civit wok ' 18,750,000
Construction work : , 29,375,000
Field management 4,050,600
Trial eperation o 1,463,000
Subtotal 110,363,000
Design : : 7,988,000
- ' Total 243,317,000

- 6) Operation cost

. Operation cost is 23,185,000 SiT/year. |
- Table 3.3.13 provides details of the operation cost.

Table 3.3.13  Details of Operation Cost

ltems Contents Prices (SIT/y)
Chemicals HCi {30%) 115kg/day x 22 SIT/kg x 256dayly 647,680
_ NaOH . 35kg/day x 83.2 S1T/kg x 256day/y 745,472

NaCiO (12%)  250kgfday x 54 SIT/kg x 256dayly 3,456,000

NaHSO, (34%)  d5kg/day x 113.6 SIT/kg x 256dayly 1,308,672

FeCl, (38%) 10kg/day x 64 $IT/xg x 256dayly 163,840

Ca(OH), 40kg/day x 40 S1T/kg x 256dayly - " 409,600

Polymer - lkg/day x 990 SITAg x 256dayly 253,440

- . Subtotal (6.984,704)
Electricity - 359kWh x 15 SIT/AWh x 256dayly 1,378,560
Studge disposal  0.0894m'/day x 49.683 SIT/m’ x 256dayly ' " 1,137,065
Kerosene oil 2001/day x 60 SIT/ x Y0day/y . 1,080,000
Maintenance 195,192,000 x 0.05 . 9,759,600
Labor cost 1,422,300 SITfy - man x 2manfy o 2,844,600
Total 23,184,529
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7} Economic comment

(1)

()

Conditions

(O Repaymentperiod  : Facilities 15years.
Buildings, Civil work 40 years.
Interest : 10% [ year
Repayment type ¢ Equatl répayment
WWTP discharge fee : 176.56 SIT/m’
Discharge toriver 0 SIT/m?
Amount of annual waste waler treatment and water recovery
150m®/day x 256 day/year x = 38,400m’fycar

CRSNCRONC)

Treatment cost of waste water and recovered water per Im?,

The treatment cost per Im” is 1,291 SIT/m’,
Table 3.3.14 provides details of the treatment cost per 1y,

Table 3.3.14 Details of Treatment Cost per 1m®

Items : ' ~ Contents T Prices

Repaymentyears  Equipment 195,192,000 SIT+15 years (13,012,800 STfyear
Buildings, 48,125,000 SIT +40years (@ 1,203,125 SITjyear

Civil works 7 _
Interest 243,317,000 x 0.05 . 12,165,850 STT/year
Operating cosls @123,185,000 SMTHeas

W+ @+ 3@ +@)+38400 : : 1,291 SIT/m’

3.3.4 Protreatment for Reduction of the Pollution_ Load

1)

There is no need to install a pretreatment _syst'em for reducing the pollution foad
in this factory. Here, a general Wwaste water trealment system for use in the
plating plant shall be indicated. '

General Waste Waler Treatment Systan

Here, a general pretreatment system for dealmg with the heavy metals, Cr®* and
CN contained in plating waste water shall be descnbed

The flow shcet of a gencral plating waste water treatment syslem is shown in Fig,
3.3.11. The waste water treatment system was described earlier, That is o say
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that the discharged waste waler shall be separated into waste water containing
chromium, cyanic waste water and alkatine waste waler, and the treatment
processes shalt consist of the reduction treatment of Cr**, the oxidization of CN
and the coagulating sedimentation of heavy metals.

As the waste water volume of ARMAL d.o.0. is 30 m*/d and the annual
operating days are 256 days, the equipment and running costs incurred in
installing a general pretreatment system will be as indicated in Table 3.3.15.

Table 3.3.15 Equipment and Running Costs of the Treatment System

Equipment Cost |[{epreciaticon & Running €ost |Total Treataent Cost

SIT Interest sir/d@) S51T/a @ |s11/e 0@

Pretreatnent

480 350 830

35, 000, 000

2) Current pollution ioad

It was not possible to carry out the fo_liow-up survey of total waste water in the
LIVARNA group due to méasuﬁng technology limitations. Therefore, materials
- provided by NIGRAD were used together with data obtained from the first
survey to obtain the volumes of total waste water and estimate the qualily and
pollution loads of the waste water. The results of this are shown in Table 3.3.16.

. Table 3.3.16 Yolume, Quality and Pollution Load of Waste Water

L Quantity|pH | CODec.| BOD [ SS | T-N | T-P
Kind of Waste Water o /3 wg/ 0 | mg/ 0 | mg/Q | mg/ @ | me/R
. ' , {kg/d) | (kg/d) | (kg/d) |(ka/d) | (ke/d}
Total Waste ¥Yater 1,193 20 - 8 - - -
(Livarna Group) - (2.t e8| — Y- 31C =)
Total %aste ¥ater 372 - 20 8 - - -
(Armal d.o.0.) (7.44Y (2. 98} — Y}C — Y] — )
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3.4 M-4 STAJERSKA PIVOVARNA, d.d.

- 3.4.1 Factory Outline

(1) Outlinc
Capital ¢ 130,000,000 SIT
Factory complex area 40,000 m’
Employees ' : 170
Products :  Beer, soft drinks, juice
Annuat production (hl) 60,000 (beer), 50,000 (soft drinks},
7 80,000 (juice)
Operaling conditions : 216 daysfyear, 8 hours/day

(2) Quantity of consumed water classified by source and use

See Table 3.4.1.

(3) Flow diagranis of water supply and wasie water discharge

See Fig. 3.4.1 and Fig. 3.4.2.

(4) Quality of make-up water and waste water
Se Table 3.4.2.

3.4.2 Water Conservation

1) Current condition of water usage and walter conservation
(1) Features of water usage

@ Two wells provide the only source of water. Water from the wells is
supplied to the whole factory after first being temporarily stored in
pressure tanks.

@ Apast from the cooling water used in the ammonia refrigerator which is
circulated through an evaporative condenser, the other waler is discharged
afler being used only once.

@ The water usage is largely dominated by water for washing botiles
 (approximately 74% of the total) and water used as the raw malerial for the
fuctory’s products (approximately 219:). Only a small amount of water is

- used as cooling and domestic water.

—243 —



Table 3.4.1

Quantitly of Consumed Water Classified by Source and Use

Factory Name M-4, STAJERSKA PIYOYARNA Industry; Food{Beer)
Unit; o/ day
Source | Well City River Sub- Recoverd | Total
Use Water Water Water Total Kater
Boiler Feed
Raw Material 83 38 B8
Washing 3095 303 305
Cooling 15 15 15
Air Conditioning
Miscellanéous 3 é , 3
- : B I —
Total 111 {11 426
Recoverd Water/Total %

Table 3.4.2 Quality of Make-up Water

Water Source Well Water | City Water
Paramecter Unit No. 1
Temperature c 13
pl 1.5
coD mg/ 1
BOD mg/i
Iron ng/l. <0.05
Manganese ng/l < 0.90%
Total Hardness LS 19.3
Alkalinity R0/l 5.2
Chioride ng/1 22
Tortal lron ng/l
'Evaporateﬁ Residue ng/l 490
Etectric Conductivity u'S/cm 680
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Fig. 3.4.1 (1) Process Diagram of Produc
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Fig. 3.4.1 (2) Process Diagram of Production Line
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Fig. 3.4.2 Water Balance Diagram
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@ All waste water is discharged into the sewerage system.

® Only the washing water is targeted for water conservation. However, as
will be described later, large question marks exist with respect to the
volumes of water usage shown here.

(2) Current condition of water conservation

@ Flow meters are not installed in the wells and no records are kept on pump
operating limes.

@ The volume of waler usage shown on the questionnaire was calculated by
multiplying the amount of beer production by the standard unit
consumption of water in Germany and Austria and also taking production
of soft drinks and juice and the number of bottles washed into account. As

a result, the propriety of the value shown hese has not been examined at all.

@ Because pressure tanks are in plaoe there is no wasteful emission of water
from the wells.

@ There are two bottle washing machines in plaoe, but it is considered that
the washing method is net a water saving one m the fullest sense. This
matter is discussed later. '

® T is estimated that the given volume of water usage is inaccurate for the
following reasons. ' '
«The operating rate of the well pumps at the time of the factory visit was
fairly high.

*A fairly large amount of cooling water was being emitted from the
evaporative condensers used for the amnonia refrigerator al the time of the
factory visit. '

*The BOD values (100-400 mg/l) measured al the final outlel were
extremely low compared to similar values in the case of Japan (1,000-
2,000 mgN). -

® The volumes of waste water emission measured at the time of the factory
visit were as follows.

* Approximately 455 m*/day of waste water is ermitted from the filling house,

which houses the bottle washing machines.
-Approxlmately 268 m*/day of waste water is emitted from the celler.
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« Approximately 600 m’/day of waste waler is emitted al the final outleL.
However, because this value should be the sum of waste water emitted
from the above-mentioned filling house and celler together with waste
cooling and domestic water, this figure contradicts with the above values.

@ If the above figures ate followed, cooling water and domestic water
should account for only an extremely smali amount of waste water.
However, fairly large emissions of such wasle water were observed at the
time of the factory visit.

The volume of water usage given on the questionnaire is 411 my’/day.
However, judging from the various standpoiats, there is a strong
possibility that the actual water usage is much greater than this value.

2) Planning of water conservation system
(1) Implementation of water usage control

In the current situation, the amou_ﬂ of water pumped from the wells is not
measured and there is practically no control of water usage at all. Flow meters
must first be fitted in the wells and the control of water usage must be
implemented throughout the whole factory. These are the basic conditions for
waler conservation.

In the aforementioned current situation where the volume of water usage is
considered to be greatly inaccurate, there is litfle point in examining individual
means of water conservation.

. (2) Change of bottle washing machines to the water saving type
' (a) Existing bottle washing macﬁines

There are currently two bottle washing machines: one large double end
type and one small single end type, but the washing system js the same in
both, The washing system schematic is shown below.
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Used
bottles

—

Maki ng-ub water Alkali solution Make-up water

————tte

Prelimirary . ___, Alkali washing

! .. : ' —  Pirst watee rinse ~——
washing (inside washing, outside washing) I

| |

I— Make-up water

Second waterrinse _! ., Final waterrinse . __, Washed bottles

|

.

Here, make-up water {new water) is used in the preliminary washing, first
water rinse and final water rinse, while waste waler from the final water
rinse is reused in the second water rinse by means of a cascade system. In
addition, the solution used in the alkali washing is circulated.

The volume of water used for washing by the botile washing machines is
unclear. ~ However, if the aforementioned measurements are correct, it is
estimated that 350 m’/day of water is used when both machines are
operating. : '

Regarding the number of bollles washed, assuming that production of beer
is 28 kl/day and production of soft drinks is 60 kl/day (calculated from
annual production volumes-and operating days) and the size of the boltiles
is 0.5 titers (half of the soft drinks are put in 0.25 liter botiles), it works
out that approximately 236,000 bottles are washed every day.

Based on this assumption, il works out that approximately 1.5 liters of
water is used to wash one boitle. Compared to the amount of water used
by recent bottle washing machines, this is a firly high value.

(b) Outline of plan_

The plan is to replace the existing botlle washing machines with the type
that uses less waler (water saving type). However, in view of the
extremely high price (in excess of 10 million SIT) of botie washing
machines, it is thought that this cannot be carried oul straight away. In the
event where the existing machines are scrapped in the futire, it would be
desirable to replace them with water saving models. Fig. 3.4.3 shows an
example of a water saving type bottle washing machine.



Fig. 3.4.3 Example of a Water Saving Bottle Washing Machine
{capacity: 36,000 bottles/hour)

o * @ ©
’ : ”I H I5-5 Outside Jet Rinse

B e e o= e ot

04— L
K_LL[_LU L1t \12:3 Jet Rinse

L} )

L Make-up Tater

‘© @ 15 & /h

e TR

@ Pre-washing, @ Ist detergent soak, (@ 2nd detergent soak, @ 3rd detergent soak,
(&) 4thdezrgent soxk, &) Final sok, @) Istwzker rinse, (8) 2ndwakerrinse, (9 Final waterrinse,
AYB)C) D) Recovery water tanks

_ The features of this machine in terms of water usage are as follows.

@ Makc—up water (new water) is only supplied for the final waler rinse,
£ , . ad recovered water is used in all the other rinses.

@ The flow of waler slaris from the final waler rinse and passes through
the second waler rinse, the first water rinse, final soak tank and pre-
washmg This is a counter current with respect to the flow direction of
the bottles, and the washing process is known as multistage counter-
cuirent washing.

Based on the figures given in F:g 3.4.3, approximately 0.4 liters of water
is used to wash one botte, represemmg a large improvement over the
estimated amount of waler used in the existing machines {(approximately
1.5 liters per bottle). This is, however, an estimate for a large capacity
machine, d it is reckoned that around 1.0 liter per boitle would be used
in a smaller capacnty machme Havmg sald lhal theie is no doubt that a
large water saving could be achieved.

(c) Technicat comment

A waler saving bottle washing machine not only allows water to be saved
J € o ~on, it has a high washing effect and also makes the handling of peeled-off
labels easy.
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With the existing bottle washing machines, it is considered that much labor
and water is used in the handling of peeled-off labels following the end of
the washing. Thus, it is estimated that adoption of a waler saving type @
boftle washing machine would lead to great savings both in water and labor.

(d) Economic comment

As it is difficult to obtain accurate values relating fo the amount of water
saved and the prices of water saving bolile washing machines, it-is not
easy to comment on the economic feasibility of this method. Examination
is, however, made based on the following assumptions.

« Amount of water saved : 120 m*/day (approx. 1/3 of water used by bottle
washing machine)

« Future sewage charges and water coss : 217 SIT/m®

» Annual operating days : 216 days

Based on these assumptions, it is estimated that the profit achieved as a

result of water saving can be approximately 5,625,000 SIT per year.

Because 1t is thought that the running costs of a new bottle washing

machine would not be more than at present, it is imagined that such profits

would be used to cover the depreciation costs of the machine, The ' @
depreciation conditions are assumed as follows. o '

» Depreciation method : Equal depreciation over 15 years
» Rale of intezest : 10% per annum :
+ Equipment maintenance cost : 5% of equipment cost per year

Calculating the equipment cost of the machine equivalent to the profit
gained (5,625,000 SIT/yéar) based on these assumptions, it works out to
approximately 33,700,000 SIT,

If one al$o takes into account the ébow_:—mcntioned savings that can be
made in water usage and labor by introducing a water saving botle
washing machine, it is considered that an economic effect could be gained.

(3} Reclamation of waste water

Because this is a food factory, it is necessary to ensure that all water used is
fit for drinking. Thus, the reclamation of waste water is totally inappropriate. @
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3.4.3

)

(4) Summing up of the water conservation plan

Contents of Amount of Cost of
No.  water conservalion water saved tecovered water
Plan mAay SiT/m’
1 Changeover to
waler saving type 120 *

bottle washing machine

* I the apipment cost of the machine is approximately 34,000,000 SiF,
the plan will be economically feasible.

Now After water

conservation
Yolume of water usage m’/day 411 291
Unit consumption of water ~ m'/hl 1.5 1.0
Unit consuh\plion of water 1fooltle 1.5 1.0

i botile washing

Note: The volume of wakr use * Now is the value given on the uestiomnaire
Volume of beer production : 60,000 hYfy ear, 230 hiiday
Water saving raie $20.2%

Pretreatment that Satisfyr WWTP Discharge Standards, and
Waste Water Treatment

Manufacturing processes and sources of waste water generation

The major manufactusing processes are shown in Fig. 3.4.1.

The equipment of each manufacturing process is distributed among the five
buildings described below. The celler and fifling house are the main sources of
wasfe waler generation. The wasie water generated in each process passes
through separate pits before coming together at the factory exit and being
f discharged into the sewage ‘system.

@ Brewery house, celler

The brewery house contains cquipment for the processes ranging from

selection to the cooling of brew, while the celler contains equipment for the

_ processes tahging from the No. 1 fermentation process (o the pre-bollling

sterilization, Waste water from the celler mamly comes from tank washing

. and ﬂoor washmg ’I‘he exacl frequency of waste water discharge is unclear,
but 1t 1s dlscharged every few days.
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@ Filling house

The filling house is site of the botltling process after sterilization and it
contains the equipment needed (o0 make the products. The main sources of
waste water here are the boltle washing machines, and wasie water is also
generated from CIP washing, the washing of tanks and pipes not belonging to
the CPI, the washing of pumps and hoses and floor washing.

The boltle washing machines operate continuously over the three stages of
water rinse, alkali soak (caustic soda) and water rinse again. Alkali waler is
used & number of times by recycling with only the supplementing of alkali
performed.

There are five CIP systems in the whole factory and the washing takes place
in the order of detergent washing, acid or alkali soak, and hot water rinse.
Detergent and acid or alkali water is used & number of times by recycling and,
because this is discharged upon checking the state of bacteria generation in it,
it is not discharged every day but at sct intervals, Because the dete'fgem also
acts as a disinfectant, it is thought that the waste water contains chlorine.

® Soft drinks production house

Because bottling takes place in the filling house, the main sources of waste
wafer generation here are the CPI and floor washmg, however, quammes are
small. '

@ Engine house
Waste waler is not generated here.
® Domestic wasle water

Domestic waste waler is generated from the employees’ toilcts, and so on.

2) Water quality and volu:ﬁes of waste water

@ The amount of waste water discharged from the oeller is 268 m’/day, and the
discharge conditions are as shown in hg 3.4.4. Regardmg the time of
discharge, approximately 50% of the total waste water is discharged in the
daytime over roughly cight hours. The water quality is shown in Table 3.4.3.

@ The amount of wasle water dlscharged from the ﬁllmg house is 455 m*/day,
and the discharge condmons are as shown in Fig. 3. 4.5. Almost all this
‘waste water is discharged in a period of roughly 10 hours starhng from carly
moming. The water qualily is shOWn in Table 3.4.4. A high pH value
resulting from the alkali washing is a feature of the water quality.



Fig. 3.4.4
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Fig. 3.4.5
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3) Pretreatment that satisfy WWTP discharge standards

Judging from the results of analysis, the quality of final waste water, as indicated
in Table 3.4.5, is within standard values sct for discharge into the WWTP. Thus,
there is no need to install pre-treatment equipment.

4) Waste water treatment for river discharge
(1) Design conditions
Table 3.4.5

Raw water Treated water WWTP
cuality quality standard for dscharge
(final wastewater) - river discharge slandards
Temp. ‘C 20 under.30 40
pH 6.1--8.7 6.5--9.0 6.5--9.5
S8 mgfi 76 80 -
T-N mgh 12 o -
NH,-N mg/l 0.35 I0
© Kjeldahl method-N mg/l 7.3 ; .
NO,-N mg 0.13 1.0 10
NON mg/l 37 - -
TP mgfl 6.0 20 .
CODa ~mgll 890 120 -
BOD mgA 260 25 -

(@) Water quality : See Table 3.4.5,
@) Treatment volume : 720 m/day
{c) Treatment time : 24 hours/day

(2) Basis for optimum system selection

{a) As waste waler froma beer factory, the concentrations of both BOD and
CODcr are fow. This is because the volume of water used by the bottle
‘washing machines is so great.

Thus, there would be no economic advantage fo be gained through
adopting an anaerobic biological treatment system. As a resull, organic
compounds are * removed through a process of aerobic biological
treatment and, by adopting a coagulation and sedimentation process, it
is poss;ble 10 rermove phosphorous to below the environmental standard
value. The CODer/BOD rafio is slightly hngh however, this poses no
problem in terms of performing acrobic biological treatment.
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(b)

©

(d)

In the eveat where a water saving bottle washing machine is installed in
the future, concentrations of washing waste water would become higher
and it would be more advantageous to adopt an anaerobic biological
treatment process in terms of running costs.

The following two treatment systems can be considered. If it is possible
to screen thick waste water and treat it separately, System A would be
more economically feasible than System B

System A

Equatization

— Neutralization
tank

(Thick waste water) ——=  Screen  ——

Anaerobic

treatment

{Thin wastc water) — Scredn —— [Equalization ——» Neutralization

Aerobic

' . s hemical
treatment — Sedimentation —» C

clarification

-—— Sterilization —-+  (discharge)

System B

{Raw waste water)--*Screen—*Equalizaliqn_lm&—*Neuﬁalization
—*Anaerobic treatment— Aecobic treatment-—Sedimentation
—*Chemical clarification —Sterilization—(discharge)

Actual measurement found the total volume of final waste water to be
546 m'/day. However, when one combines the individual amounts of
waste water dischargcd by the celler (268 m’/day) and filling house
(455 m*/day), the total comes to 723 m'/day. The reason for this
difference is unclear. However, a design value of 720 m? was adopted
here.

| Rcéardinj; the capacity of the stabilization tank, although waste water is

_mostly discharged during the dajflime hours, the design assumed 24

hour continuous wasle water treatment and adopted a tank capacity
equivalent to one day's total waste water in order 10 achieve maximum
standardization of water quality and stable equipment operation.



{3) Other comment

(@) The level of T-P in the finat waste water is 6.0 mg/. Itis estimated that

- this is gencrated from the detergent used in the washing of tanks and
from waste yeast. Although lack of clarity regarding the amount of
phosphorous coming from waste yeast makes it impossible to be
conclusive, by changing over to the use of phosphorous-free detergent,
there is a possibility that the coagulation and sedimentation system
would become unnecessary. This is something that will need to be
investigated in the detailed design phase.

(b) The level of Cl, in the final waste water is low at 0.05 mg/l and does not
pose a problem. Generally speaking, if the level of Cl, exceeds 5 mg/l
and acrobic biological treatment is continuously carried out, it is said
that the activity tevel of activated sludge will fall.

Therefore, in the case where temporary disinfecting is carried out, if the
fevel of Cl, calculated from the amount of disinfectant used exceeds the
aforementioned value, it would be desirable to retain the generated
waste water in the tank and treat it by mixing it a litle at a time with the
general wasie water from the factory.

(4) Equipment specifications

" Equipment list (see Table 3.4.6) -

(5) Desigi calculations sheet
| (a) Basic calcutations

@ Volume of waste water 720 m’/day

@ Wak;r quality

BOD 260 mgA (720 m*/day x 0.26 kg/m® = 187.2 kg/day)
CODcr 890 mgA (720 m*/day x 0.69 kg/m® = 640.8 kg/day)
SS 76 mght (720 m’/day x 0.076 kg/m’ = 5.8 kg/day)
“T-P - 6mgd (720 m¥/day x 0.006 kg/m® = 4.3 kg/day}
Temperature 20°C
@ Waste water inflow time : 24 hours/day -
P - * 'The major proportion of the total waste waler is discharged in a

period of 12 hours per day.



@ Waste water treatment time : 24 hours day (dehydrator : § hours/day)

® Treatment standards

pH 6.5-9.0
BOD 25 mg/l max,
CODcr 120 mgAl max.
88 80 mg/l max,
T-P 2 mg/t max.
Temperature 30°C max.

® Hourly average treatiment volume
720 m’/day + 24 hours/day = 30 m’fhour

(b) Capacity calculations

@ Raw water inflow pits
The actual raw waler inflow time was set at 12 houra. per day, and the

peak hourly waste water discharge was set at 2 5 times the average
hourly volume of waste waler.

Peak hourly discharge
720 m*/day + 12 hours/day x 2.5 = 150 m*/hour

The capacity was calculated by assuming the above peak hourly
discharge and a retention time of 10 minutes.
150 m*/day x 10/60 = 25 m}

Finally decided value : 25 m®

(2 Stabilization tank
Retention time : | day :
720 m*/day x 1 day 720
Pina[ly decided value : 720 mJ

@ Aeration tank
BOD capacity load : 0.5 kg- BOD/m’/day :
Capacity : 187.2 kg-BOD/day + 0.5 kg-BOD/m*/day= 347 m’
' Finally decided value : 400 m’l

MLSS load : 0.15 kg-BOD/kg-MLSS/day

MLSS concentration : 187.2 kg-BOD/m’/day + 0.15 kg-BOD/kg-
MLSS/day + 400 m® = 3.1 kg/m?
3.1 kg/m* x 1,000 = 3,100 mg/

_26,0 -—



No. 4 sedimentation tank
Surface area load : 12 m*m?/day
Required surface area : 720 m’/day + 12 m’/n’/day = 60 m’
l;inally decided value : 8 m x 8 m (64 m’)

Reaction tank
Retention time : 10 minues
Capacity : 720 m*/day + 24 hours/day x 10/60 =5 m’
I Finally decided vatue : 5 n¥’

Coagulation tank

Retention time : 5 minutes

Capacity : 720 m’/day + 24 hours/day x 5/60 = 2.5 m’

Finally decided value: 3 m’

No.7 sedimentation tank
Surface area load : 24 m’An’/day
Required surface area : 720 m’/day + 24 m’lm’lday 30w’

Finally decided value : 5.5 mx 5.5 m (30.2 m?)

Treated water tank

Retention time : 10 minutes
Capacnty 720 nv'/day x 24 hourblday X 10/60 Sm’

Finally decided value: 5 m’

Sludge storage tank
Calculation of the amount of sludge generated per day

+ Excess shidge from biological treatment is assumed to be 30% of
the total BOD volume

187.2 kg/day X 0, 3 = 56 2 kg/day (including SS content in raw
waler)

+ Sludge from coagulation and sedimentation (whereas P is 4.3

kg/day, the amount of PAC added is 144 kg/day).

4.3 kg/day x 122/31 = 16.9 kg (where all P forsms AIPQ,)
144 kg/day x 0.153 = 22.0 kg/day (where all PAC forms Al

(Otl); )



22.0 kgfday x 27/18 - 16.9 kg/day x 27/122 = 3.9 kg/day (amount
of excess Al)

3.9 kgfday x 7827 = 11.3 kg/day (amount of SS formed as
Al(CH),)

Total : 56.2 kg/day + 16.9 kg/day + 11.3 kg/day = B4.4 kg/day
(Dry base)

Retention time : 1 day
Amount of incoming sludge : 8.4 m*/day
Sludge concentration : 1%

Capacity : 8.4 m*/day x 1 day = 8.4 a2’ :
' ’ ' l;"mally decided vatue : 10 m*

@ Dehydrating équipment

~« Sludge coagulation tanks
Retention time : 5 minutes
Capac:ty 8.4 m’/day 8 houra/day x 5/60 = 0.088 m®

Flnally decided value : 0.1 m® x 2 tanks

» Dehydrator
Amount of treated sludge 84.4 kgfday as dry base

" Dehydrated sludge water content : 85%

“ Treaiment capacity : 84.4 kg/day + & hours/day = 10.6 kg/hour as
dry base

Finally decided value : Belt press type, 12 kg dry solid/hour
Amount of dehydrated studge : 84.4 kg/day + 0.15 = 563 kg/day

@ PACank
Retention time : 7 days minimum
Volume used : 144 kg/day (200 mg/t addcd)
Capacity : 144 kg/day + 1.2 kg/1 x 7 days = 8401

Finatly decided value : 3 m’

@ NaOH tank (109% concentration)
Retention time : 7 days minimum
Volume used ¢ 20.3 kg/day as dry base (pH ad_;ustment aller PAC
added)
20.3 kg/day + 0.1 =203 }/day as 10%



Capacity : 203 lfday x 7 days = 1,421 |

Finally decided value : 2 m’

Polymer (A) tank (0.1% concentration)
Retention time : 2 days minimum
Volumes used :
For wastewaler reatment : 1.44 kg/day as dry base (2 ppm added)
For dehydrator : 0.42 kg/day as diy base (0.5% of SS volume
added)
Yotal : 1.86 kg/day as dry base 1.86 kg/day + 0.001 = 1,860 1 as
0.1%
Capacity : 1,860 1 /day x 2 days = 3,7201

Finally decided value : 4 m®

Polymer (K) tank (0.1% concentration)

Retention time : 2 days minimom

Volume used : 0.42 kg/day as dry base (0.5% of SS volume added)
0.42 kg/day + 0.001 =4201as0.1%

Capacily : 420 1 /day x 2 days =840 ]

Finally decided value : | m?

Agitation blower

Aeration strength : 1 m*m’/hour _—
Agitation tank : Raw water inflow pit 25 m’

Stabilization tank 720 m’
Sludge storage tank 10 m®
Total : 755 m’

Aeration volume : 755 m® X 1 m*/m*four + 60=126 m*/min.

Finally decided value : 12.9 m*/min. x 0.45 kgfem’ x 18.5 kw

Acration blower o
Oxygen for breaking down BOD : 187.2 kg/day x 1 kg-02/kg-BOD

- , , = 187.2 kg/day
Oxygen for MLSS : 400 m® x 3.1 kg/m’ x 0.12 kg-02/kg MLSS/day

, o = 148.8 kg/day

Volume of acration air : (187.2 + 148.8) kg/day + 32x 22.4 + 0.2] +
0.1 + 24 = 467 m*/hour o ,
Volume of air for air lift : 720 m*/day + 24 x 2 x 3 = 180 m*/hour
"Tolal acration volume : (467 + 180) m*four + 60 = 10.8 m*/min.

Finally decided value : 12.9 m*/min. x 0.45 kg/em’ x 18.5 kw
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(6) Flow sheel (see Fig. 3.4.6)
(7) Material balance sheet (see Fig. 3.4.7)
(8) Layout (sce Fig. 3.4.8)

(9) Equiprsient costs

(a) Equipment Thousand SIT
D I_?Umps, blowers, agitators, decelerator, dehydrator 26,974,000
@ Isstrumentation 1,575,000
@ Other equipment 21,000,000
{b) Site works 7
@ Equipment installation, piping work 11,725,000
@ Electrical work ' 8,225,000
@ Painting work 188,000
@ Civil engineering work 53,500,000
® Building work 56,250,000
® Site supervision cost 2,981,000
@ Trial run cost 3,555,000
(c) Design cost 3,600,000
Total 189,573,000
(I®)Running costs SIT/Year
(a) Chemicat costs
@ PAC(11%AL0,) 144 kgidayx 4.7 SIThkg x 216 days = 2,323,500
@ NaOH (100%) - 203kgldayx 83.2 SIT/kg x 216 days = 364,820
® Polymer A (powder) 183 kgidayx 990 SITAg x 216 days = 391,330
@ Polymer K {(powder)  0.39 kg/day x 2000 SITAg x 216 days = 168,480
® NaCl0 (11-13%) 180 kg/day x 54 SIT/g x 216 days = 2,099,520
Subtotal ' = 5,347,650 SIT/Aear

(b) Electricity charge | |
1,100 kwh/day x 15 SIT/kwh x 216 days = 3,564,000
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(c) Sludge disposal cost
0.6 m*/day x 1423 SIT/m’ x 216 days = 184,420

(d) Water charge
18 m*/day x 100 SIT/m® x 216 days = 388,800

() Kerosene charge

230 Ifday x 60 SIT/1 x 90 days = 1,242,000

(f) Maintenance cost

The cost of maintenance is aSsumed to be 5% of the equipment cost.
79,823,000 SIT x 0.05 = 3,391,000

(g) Personniel expenses

2 stafffyear x 1,500,300 SIT = 3,000,600

Running costs total : 17,118,470 SIT/year
Running cost per 1 m’ of wastewater :
8 17,118,470/720 m’ x 216 days = 110 SIT/m’

(11)Economic feasibilily assessment
(a) Conditions ,
© Depieciation period : Machinery 15 years
Buildings and civil engineering 40 years
Rate of interest : 10% per annum
Depreciation method Equal depreciation
WWTP discharge rate :  176.56 SIT/m’
River discharge : 0
Amual treated waste waler :
720 m¥/day x 216 days/year = 155,520 m*/year

PO
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(b) Treatment cost per n* of waste water

Cost

Ttern Content
ents (SIT/m?)

Depreciation | Machinery 79,823,000 SIT + 15 years + 155,520 m¥year | D 34

fl:’gi::i:l‘i}“:"“ 109,750,000 SIT « 40 years + 155,520 m'year | @ 18
Interest 189,573,000 SIT x 0.05 + 155,520 m'/year 3@ 61
Running cost @110
Tolaltreatmentcost D+ @D+ @D+ @ 223

5) Conclusion

In the case of river discharge, because the discharge standards are so harsh
(especiatly T-P: 2.0 mg/L), the equipment cost and running cost are both
expensive.

As a resull, it would be disadvantageous for this factory to independently install
waste water (reatment facilities at this point in time.
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Table 3.4.6

Equipment List

No. {tem dty | Miterial Specification Remurk
1 [Influent pit ! RC Gipacity 23 m
2mX 4. 5mX3nD with air diffuser
Munp 1+1 IC 120AX 2. 3 /i n X 8mX 7. dkw
Subrersion type
level switch 1 .P\.C Float type
2 |Stabilization tank 1 RC Gipacity 720 nd
6. TmX32mX3.5mD with air diffuser
Punps 1+1 RC 80AX0. 6nf’ /ni n X 10X 2. 2kw
Level switch 1 AC Hoat type
Flow neter 1 53 Box tybe
3 lleration tank i RC Capacity 400 o
3. BnX 1BmXADX 2 with air diffuser
- D meter 1 fAp type 0~20mg/l , 1~20mA
4 | Sedirentation tank 1 RC Surface area 64 af
7 SmABmX 3nD
S udge collector i SS rake type 0.4 kw
Puap 1 | FC 65AX0. 351 /ni nX 150X 2. 2w
5 |Reaction tank I RGAnti—  lGipacity 5 of
|acid ceating |1.6mx 1. 6mx2aD
© Agitator U | ssr. Dvertical type 2.2 fw
pH icter | Op type 0~1id4, -I~20m\
8 |Gagulalion {ank 1 RC Gipacity 3
L. 6mX ImX 20D
H SLS Mertical type 0.75 kw

- Addtator
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No. Item ey Mtertal Specification Retmmrk
7 | Sedinentation tank 1 rRC Surface aera 30 ni
3. 3 5. omX 3mh)
Sludge collector 1 5SS fake type 0.2 kw
Zeeycle punp 1 C AKX 60 1 /mn X 10mX0. Tokw
{ischarge punp i C A0AX60 1 /mi nX 10mX0. Tokw
8 [Treated water tank 1 RC Gipacity 9 m
1. 6mX ZmX 3D
level switch 1 ~C H oat ty.pe
pH neter - | p type - 10~14, 4~20aA
Punps 1+l C 80AX0. 6nf /m n X 10mX 0. 75kw
Submersi on type
Iisinfection box 1 | L P ow contaét type
9 |Sludge storage tank i RC CGpacity 10 of
| mX 2. 6mX 3. 50D wi th air diffuser
Pump i FC S50AX60 | /mi nX 10X 0. 7okw
Subtersi on type
level switch 1 S5 B ectrode type - T
A ow nmeter 1 35 Box type
1 O |Sludge coagulation tanks| 2 S5 Crpacity 0.1 m
0. 4mx 0. 4mX 6. 83nH
Agitators 2 S8 Portable type 0.1 kw
1 1 |Echydrator 1 Belt press type, L7 bow
fitter wide 500 mm




"y
e

No. ltem iy Mierial Specification Remark
1 2 [PAC tank NG Gipacity 3 1d
1. dm¢ X 2nH
Purp i MC 20A%0.5 1 /ui n X 10kg/ent X0, 2kw
It aphram type
Level switch 1 e Hoal type
1 3 [N tank 1 SS Cipacity 2 o
1. 2mX 1. 2mX 1. 85nH
Agitator 1 | sis Vettical type 0.4 kw
Punp 1 (5 20AX 1.7 1/minX8kg/ead X0. 2kw
Level switch 1 StS Hectrode type
1 4 |Polyncr(A tank 1| e Gipacity 4 of
1. 42mX 1. 42mXx 2, 4601
fgitator 1 SUS Vertical type 2.2 kw
 Purpl For waste vater)| 1 | PC 25A%2.8 1 /mi nX5kg/erd X0. 2kw
1 aphram type
Punp{For [ehydrator)| 1 2% 25AX6 1 /ninX3kg/end X0, 2kw
Ik aphram tyep
Level switch 1 SIS B ectrede type
1 5 |Polyrer(K) tank 1 FrP Gapacity 1
0. 91mx0. 91mx 1. 53acH
feitator 1 SLS Vertical type 0.4 kw
Punp | Lt 25AX6 1 /minX3kglem X0, Zkw
7 {f aphram type
Level switch 1 SLS { ectrode type
1 6 [Mxing blower P FC I50AX 2. 9 /mi 1 X0. 45kg/crf

X 18. 5kw

bots type
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Mo, {tem diy | Mterial Speci Fication Remark
1 7 |Aeration blower 1+1 c 150A% 12.9nf /i n X 0. 45kg/cnd
X 18. bkw
Roots Lype -
A ow meter 1 S8 Qifice type
1 8 [(bnpressor i R 36 1/mi nX9. 9kg/erf X0, tkw
1 9 |Gontrol panel 1 {ndoor Self-standing enclosed type
1. 6mX0. 6iX 2uf 4
AC 400V 0HE
Push button switches
Aarmlamps . -
pH i ndicators
D indicatos
20 |Pipe
Raw waste water line N
Treated water line Y
(herri cal dosing line A
Ar line S(P
2§ |Building 1 |Steel frame 7000 x 7 o
and slate -
roof /wall
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3.4.4 Pretreatment for Raduction of the Poliution Load

1) Selection of pretreatment system

According to the resulis of total wasle water anafysis, approximately 60 % of
total daily waste water , 90 % of BOD and COD were discharged during a 6 hour
period from 6 am. 10 12 p.m, (Table 3.4.7 Raw thick waste waler)

The resulis indicate that to reduce pollution it is more economical to separately
teeat small amounts of highly polluted waste water than to treat the total waste
water.  For this reason both acrobic and anaerobic treatments of raw thick water
are examined.

Acrobic total waste water treatment is also examined to compare with separate
treatment. '

Incidentally, the water volume measured in June 1996 has been adopted as the
design waler volume. As il is considered that the waler volume is relatively high
at this time of year,lhe mean annval water volume should be lower than this.

2) OQutline of pretreatment
(1) Case-1 (Fig 3.4.9 (1))

Raw waste waler is heated to about 35°C by a heat exchanger after screening
relatively large, grain-sized suspended substances. Itis then treated by an
anaerobic reactor. For this course a fixed bed system was selected over
another typical anaerobic reactor UASB (Upflow Anaerobic Sludge Blanket
Process).

No particular pH control is applied, since analysis results show that the pH of
raw wasle waler is approximately neutral.  Steam is used to supplement heat
by liquid-tiquid exchange; this minimizes the heating source for raw waste
water. : o

Bio gas formed in the anaerobic reactor is also recovered as a heat source for
the boiler.
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Fig. 3.4.9 (1) Flow Diagram of Pretreatment

Case—1
Raw Thick Anaerobic Reactor

Faste Water

Screen Bio gas

Heat Exchanger

Treated water

Stean - Tank

|

v

—

Influent Pit 7 I

(2) Case 2 (Fig. 3.4.9(2))

This is the same as Case 1, which treats raw thick wasle water as raw wasle
" water by the aerobic system. -

There have been many technological developments for the acrobic system,
such as the standard activated sludge, rotaling disc system and bio-film filter.
The bio- ﬁlm filtering system was selected to compare with Case 1, because it
is economical and suitable due to its high load and lack of bulking.

7 Because the amount of excess sludge generated in the bio-film filtering system
is small, the sludge is gradually mixed with treated water and discharged to
WWTP without the studge treatment system, thereby reducing equipment
cosls_.(The 88 in waste water increases)
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Fig. 3.49 (2) Flow Diagram of Pretreatment

Case—2&Case—3

Screen Aerobic Tank
Raw waste
water Sedimentation
Treated water
Tank
V]

b >
[nfluent Pit

Air

(3) Case 3 (Fig. 5.4.1(2))

This is the same as Case 2, which treats total waste water with a bio filtering
system selected to compare with separale treatment of raw thick waste waler.

3) Examination results
(1) Technical oomment
Table 3.4. 7 shows lhe waste and treated water quallty and pollulam load

The COD removal rate of the anaerobic syalc“n is “higher than that of the
acrobic system. For this reason lhe rate is set a little higher for Casel than
- for Cases 2 and 3.

SS is higher in value after acrobic treatment than in raw waste water,

because the small amount of excess sludge produced by aerobic trealment may
be discharged to WWTP along with treated water,
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2

By the above it is concluded that the aerobic system is more advantageous for
BOD reduction and the anaciobic system more advantageous for COD
reduction. But since this depends upon the nature of the wasie waler,
specific examinations hereafter should consider technical and economic
aspects.

Economic comment

Table 3.4.8 shows equipment and treatment costs of the treatment system, '

Case 1 has the highest pretreatment costs due to the propbrti()natcly high
heat source costs for heating faw wasie water (When there is a high
concentration of COD the acrobic system is often preferable).

Case 2 is the most economical because of the bio-film filter which reduces
equipment cosis (although increases electricily costs), and because there is no

need for a heat source to heat raw wasie water,

Case 3 is more expensive than Case 2 since it produces more wasle waler,

and thereby raises equipment costs.
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Table 3.4.7

Waste and Treated Water Qualily and Pollutant Load

Kind of waste | Quan- CODcr 20D PH S§ T-N T-P
water tity mg/L ng/L mg/L ng/L wg/L
@3/d (kg/d) { (kg/d) (kg/d) | (kg/d) | (keg/dd

%]

Raw thick 400 1400 400 | 7 | 100 14. 4 8.3

wasle water (5600 | (160D (40) | 5.8 | 3.3

*2

Treated thick

vaste water 7

Case-! 400 300 . 80 1 100 14.4 8.3
(120> (32) ' (40 | (5.80 | 3.3

Case-2 400 560 80 1 164 10 5
(224 | D (66) | (D (2)

9 we| |

Total waste 720 890 | 260 | 7.4| 76 12 6

water (641> | (18D (55 (8.6 (4.3

(Raw water)

CASE-1 720 249 74 7 6 12 6
(201) (59) 39| 6.2> ] 3.1)

CASE-2 720 424 82 7 113 9.4 4.2
(305) (59 (81X 1 (6.8 3

CASE-3 720 400 74 7 114 8 3.6
(288) | (53) D! G|

%4 720 120 25 Ave 80 - 2.

Discharge to Design (86) (184§ 7.8 (58> (1.4)

River base '

Notes Case |: Raw thick wasle waler is pretreated by an acrobic system

Case 2: Raw thick waste water is pretreaied by an acrobic system
Case 3. Total waste wates is pretreated by actobic system

*: Walter quality of ¢oncenirated liquid in total waste water

*2: Waler quality of raw thick water treated in each case
*3: Quality of total waste water when treated raw thick waste water is mixed with other waste water
*4: Waler quality in the case of river discharge
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Table 3.4.8 Equipment and Treatment Costs of Treatment System

Equipment cost | Depreciation | Ruaning Cost | Total treat-
SIT & Interest ment cost

SiT/a’ SIT/n? SiT/m°

CASE-1 39, 300, 000" 36 81 117

CASE-2 35, 960, 000 33 28 61

CASE-3 43, 500, 000 40 31 71

Discharge | 189,573,000 113 £10 293

to River

- 4) ' Conclusion

Costs are dramatically reduced because coagulation and sedimentation equipment
for T-P treatment and chemicals are unnecessary, and because  the lowered
,@; removal rate of BOD and COD reduces equipment cOsls.
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3.5 M5 VINAG VINARSTVO-SADJARSTVO

3.5.1 Factory OQutline

1} OQutline

This winery is located in the center of Maribor. Squeezed fruit juice that is
carried in by tank lorry is brewed and matured in underground tanks, and the
resulting wine is then botled and shipped.

Factory complex area

Employees : 400

Operating conditions  : 8 hours/day, 251 days/yecar
Products : Wine (white, red)

Annual production 1 5,000 m’

2) Volume of water usage by water source and purpose of use

See Table 3.5.1. City water accounts for the factory’s whoie_ water usage.

3) Water supply and waste water discharge flow diagrams
See Fig. 3.5.1 and Fig. 3.5.2.

Table 3.5.1 Quantily of Consumed Water Classified by Source and Use

Unit;: ﬂf/-da.'y ,
Source | Well City River Sub- Recoverd | Total -
Use fater Yater Water Total Water
Boiler Feed . | (3) (3) (10) (19)
Rav Material
Washing 61 51 61
Cooling (1) (1) - (30) (31)
Air Conditioning
Misc_ellan.eous § & §
Total 1 11 (40) (1
VRecoverd Water/Total (36.0}2!

Note: A value in {

) shows estiazated one




3 4

Na M—-—S—j

Fig. 3.5.1 (1) Process Diagram of Production Line

{1} White Wine

Cetrifugal

Raw Material .
Separation

Fermentation

{(Grape juice )

Product Bottling

{White Wine )

{2l Red Wine

Raw Material Fermentation Pressing

(Grape juice )

Filtration

[ Product Bottling

(Red Wine )
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Fig. 3.5.1 (2) Process Diagram of Production Line

(3) Bottle washing

D e
Water

* Alkaline Water
Bottle | Washing
low ' khigh
temp. »  temp.
» { :
L AU S ——-X_
0,
: —
Qzonized
Bottle Water
Washing
{Cleaned )

4

B Activated
. carbon
| Waste
Water

Wasle
Walter

)e____

Asbesto
{ilter

Hot Waler
Washing




No M=$-3

Fig. 3.5.2 Walter Balance Diagram ( n}/day )

10

Softener > " Boiler >

[

(3

\

) Washing of Tanks,
— Filters, etc.

C.LP.
3 :
Washing machine )
_ L+ of Bottles 7 MNeutralization
2 {alkaline)&{hot water) tank
| \V?ashihg machine ' 7 Actlivated
- 2 of Botlles - carbon
{Ozonized water)
B /r_:’,

w

Refrigerator

6 _ ‘ Yelll
—>»  Domaestic water >Y ‘@

O : Sampling peints of waste waler.

Note-: a) The figure in barénthe_sis is estimated value.

b) Ev. Cond. is Evaporated Condenser.




3.5.2 Water Conservation

1) Cusrent condition of water usage and water conservation

(1) Features of water usage

@ The city water supply is the sole water source, and flow meters are used to
measure the volume of consumption.

@ Almost all of the water (approximately 86%) is used for washing. The rest
is used for miscellaneous purposes, boiler water and for the evaporative
condenser used in the ammonia refrigerzator,

® The washing waler is used in a boitle washing machine (1) and in the
washing of filters and tanks, etc.

@ The recovery of boiler water is being conducled quite effectively
{estimated rate of recovery is approximately 80%).

{2) Current condition of water conservation

@ Partial water saving can be witnessed in the retrieval of boiler water, the
adoption of a refrigerator evaporative condenser and the adoption of a CPI,
efc. ’ '

@ Water usage management is not sufficient. Many of the hoses used for
floor and equipment washmg do not have hand control valves atiached to
theu ends.

® Although the botile washing machine (fargest consumer of watf:r) is the

waler saving fype, the volume of water it uses is rather large at 1.5 liters
per botile. '

@ With 40,000-50,000 bottles being washed per day (approximately 10,000

bottles per hour), even considering that the washing machine is a small
model, the water consumed is too great.
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2} Comment and assessment
(1)} Technical comment

(@ The flow of botiles through the bottle washing machine and along the
conveyor belt is not very smooth, and this is thought to be one reason for _
the poor washing efficieacy.

@ s estimated that approximately 20 m® of water a day could be saved on
by renewing the bottle washing machine and conveyor belt. However, the
investment required for this would be around 50,000,000 SIT, and it is
clear that the resulting water conservation alene could not make this
proposition economically feasible. Therefore, it is desirable that water
saving equipment be installed when the proper lime comes for invesiment
into equipment improvement and renewal at the factory.

Anexample of a water saving bottle washing machine (capacity : 10,000
bottles/hour) is shown in Fig. 3.5.3.

(® The most important thing now with regard to water saving is to raise the
awareness of managers and operators towards the issue.

@ Hand control valves 'sl_muild be altached to the ends of washing hoses. The
investiment required for this would be around 10,000 SIT/piece.

Flg 3.5.3 Example of a Water Savmg Bottle Washing Machine
‘ ((':atpacit,yr 10 000 bottlesfhour)

® e
Il ] Qutside tet Rin

HOH—L AR A

' {11 \\s_l‘:e Jet Rins

e

i

Make-uwp Fater

@ Sul ~h

@ Px&washmg @ 1st detergent soak @ 2nd detergent soak @ 3nd detergent sozk, () 4th detergert sok,
@ Firal sod, @ 1st wakr rirse, ® 2ndw.ssar rirse, (O Firal water rinse, A) B} C) D)} Recovery water tanks
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(2) Economic comment

(D Because it is important for the present that waler usage be reduced through
higher awareness among maiagers and operaltors, it is impossible to make %
any economical comment.

3.5.3 Pretreatment that Satisfy WWTP Discharge Standards, and
Waste Water Treatment

1) Manufacturing processes and sources of wasle waler generation

The major manufacturing processes are shown in Fig. 3.5.1.

{1) Sousces of waste water generation

The main sources of waste water generation are the four areas described
below. Of these, the bottle washing proocsé accounts for approximately 80%
of all the waste water generated. All the waste waler is neutralized in
neutralization tanks with NaOH and H,SO, before being discharged into the
sewerage system.

Volumes of waler usage and waste water generation at the factory are shown
in the Water Balance Diagram in Fig. 3.5.2. L @

@® Celler

CPI waste water and waste water from the washing of filters and tanks is
gcneraiexl here. Aﬂe.rbeing temporarily stored in an underground pit, the
waste water is sent —by pump fo a neutralization tank on ground level. The
volume of wasle water is small at between 5-10 m*,  However, the level
of pollution is high. Accumulated SS is removed from the underground pit
once per year, The results of the water qtiali(y analysis are shown in Table
3.5.2. : ' '

@ Bottle washing process

The botlle washing process is a conlinuous one consisting of alkali -
washing, hot water rinsing and sterilization by ozone water. :

“The amount of caustic soda used is 120 kg (as 1009%) per time, and this is
fed after being diluted to 1.5%. Approximately 8 m® of alkaline waste
waler is generated around every two weeks. From the continuous hot ;g
waler rinsing (hat takes place after the alkali washing, approximately 62
m’/day of waste water is generated, and this is sent to the ncvltralization



tank. Apart from having a high pH value resulting from the alkali washing,
this waste water is not all that polluted. The results of the water quality
analysis are shown in Table 3.5.2.

MAKE-UP Na OH HOT VATER QZONT ZED VATER

——— FILTER

> ———>BOTTLE

BOTTLE IN >
out

ACTI VATED CARBON

| !

DI $ CHARGE DI $ CHARGE

Wasle water from the next stage of ozone water washing is recycled for
further use through a filter and, depending on the degree of pollution, this
waste water is trealed with activated carbon and discharged once every one
or two days. The amount discharged per time is approximately 3 m’. The
pollution level of this waste water is low and these is thought (o be no
problem in discharging it as it is into the river.

~ @ Alkaline waste water in the boltle washing process

Alkaline washing waste waicr in the botile washing process is recycled for

repeated use. However, when the pollution level reaches a ceriain point,

it is discharged approximately once per 14 days. The amount discharged

per time is low al around 8 m’, but the degree of poltution is high. The
 results of the water qualily analysis are shown in Table 3.5.2.
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4)

o As the Omne waste water from the bottle washmg process can be released into

(@ Domestic waste water

Approximately 8 m® of domestic waste water is gcnerated from the
employees' toilets, elc. every day.

2) Water quality and volume

)

(2)

Water quality

Waste water from @,® and @ is discharged after uader going
neutratization in the neutralization tank. The waler quality is indicated in Table
3.5.2. (D-1 shows the analysis values taken immediately afier neutralization,
and (-2 shows the analysis values taken at the factory exit. Both sets of

values can be considerad (o be more or less the same.

It is unclear whether the waste water described in @. was discharged at the
time of sample taking, but, if it was not discharged then, itis desirable to
refain the wasle water discharged once every 14 days (approximately 8 m’)
and treal it by mixing it with the general wasle water a little at a time.

Water volume

Observation was carried out at the neutralization tank outlet, however, it was
not possible to oblain accorate data (measuring was difficult because the tank
is located underground beneath the car park). Thus, in consideration of the
fact that the observed level of city water usage is 76 m’/d and the figure given
in the hearing survey was 71 m’/d, it is thought that the water volume lies in
the range of 71-76 m’/d.

3) Pretreatment systent that satisfies WWTP discharge standards

- Neutralization equipmenl is already in place and, as can be gathered from Table
3.5.3, the qualnly of the trealed water (after neutrahzaﬂon) is within the WWTP

~ discharge standards and no pariicular problem exists.

If waste water from the factory was (o be first separated into acidic and alkaline
waste water and stored separaiely before being discharged together, it may be
poss:ble to slightly reduce the amount of neutralmng agent cusrently used. There
is room for future exannnahon here.

Table 3.5.2

Waste waler treatment for river discharge

the river as it s, conceplual de51gn shall be performed for the other waste water.



(1) Design conditions

(a) Water quality : See Table 3.5.3.
(b) Treatment volume : 90 m’/day
(c) Treatmenttime : 24 hours/day

Table 3.5.3

Raw water Treatod water Wwir

quality quality standand for discharge

{final waslewater) river discharge standards

Temp. 'C 20 under.30 under 40

pH 1578 65--9.0 6.5--9.5
ss mg/l 9 80 -
TP mg/l 14-20 2.0 .
NH,-N - mgfl 1.9--35 10 -

NO,-N mg/l - 10 10

CODer mz/l 750 T 120 -
BOD © mgfl 510 25 -
Free chlorine Cl, mg/l 0.05 - -

(2) Basis for oplimum system selection

(a)

®)

Because the concentrations of both BOD and CODcr are low, there
would be no economic advantage to be gaihed through adopting an
anaerobic biological treatment system (adoptioﬁ would of course be
possible, but this is only worth it in cases where the water volume is
great or the concentration is high). As a result, organic compounds are
removed through a process of acrobic biological treatment and, by
adopling a coagulation and sedimentation process, it is possible to
remove phosphorous to betow the environmental standard value.

Because the CODcr/B(_)D _ratio is approximately L. 5, there is no problem
in terms of performing aerobic biological treatment.

In the event where a water saving botile washing machine is instalied
in the fulure, because concentrations of washing waste water would
become higher, it may become more advantageous to adopt an anacrobic
biological treatment process in terms of running costs.

The fpllow'mg two treatment systems can be considered. Ifitis possible

1o screen thick waste waler and treat it separately, System A is generally
more econoinically feasible than System B.

_2%.,..



System A

. (Thick waste water) ——=  Screen  — Equal:[zlitmn —+ Neutralization
Anagrobic
T treatment
(Thin wast2 water) -— Screen —_— Equalization -—— Neutralization
Aerobic ' .
treatment  — Se¢dimentation ——- Chemical

clarificalion

~—— Sterilization —— {discharge)

stlém_ﬁ

7 (Raw wasle water)**Scree n— Equah zation tank—Neutralization
- — Anacrobic treatment —> Acrobic treament —> Sedimentation —
Chemica.l clarification—Steritization—>(discharge)

- (¢} Regarding the capacity of the equalizalién tank, although waste water is
, mostly discharged during the daytime hours, the design assumed 24
ﬁ ' " © - hour continuous waste water treatment and adopted a tank capacity
equivalent to one day’s total waste water in order to achieve maximum

standardization of water guality and stable equipment bpération.

(3) Other comment

(@ The level of T-P in lhg'; final 'we_tsl-c waler is 14-20 'mgjl. It is estimated
that almost all of this is genérated from the detergent used during the
washing process. By changing over to the use of phosphorous-free
delergent, there is a possibility that the ooaguiatibn and sedimentation
system would become unnecessary. This is something that will need to
be investigated in the detailed design phase.

(b) The level of Cl, in the final waste water is low at 0.05 mg/l and does not
pose a problem. Generally speaking, if the level of Cl, exceeds 5 mg/t
~ and acrobic biological treatment is contmuously carcied out, it is said

" that the aclmty level of activated sludge will fall.

Therefore, in the case whcre femporary disinfecting is carried out, if

A
gt the level of Ci, calcutated from the amount of disinfectant used exceeds
the aforementiofied value, it would be desirable fo retain the generated
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waste waler in the tank and treat it by mixing it a litlle at a time with the
general waste water from the factory.

@ Bquipment specifications
Equipment List (see Table 3.5.5)

(5) Design calculations sheet

(a) Basic calculations

@ Volume of waste water 90 m*/day

@ Water quality
BOD 510mgAl (90 m*/day x 0.51 kg/m’® = 45.9 kg/day)
CODxy 750mgA (90 m*/day x 0.75 kg/m® = 67.5 kg/day)
SS 9 mgA (90 m’/day x 0.09 kg/m’® = 8.1 kg/day)
T-P 17mgd (90 m¥day x 0.017 kg/m® = 1.5 kg/day)

Temperature 20°C

@ Waste water inflow time : 12 hours/day

_ ® Waste waler (ecatment time : 24 hours day (dehydrator : 3 hours/day) @
® ’i‘reau}lem standards ‘ .
pH 6.5-9.0
BOD 25 mg/l max,
CODcr 120 mg/l max.
s$ 80 mg/l max.
T-P © 2'mg/ll max.

Temperature 30 T max.

® -Hourlj; éverage _[reauneﬁt volume
90 m’/day + 24 hours/day = 3.8 m’/hour

(b) Capacily calculations
- (D Raw water inflow pit

~ The actual raw water inflow time was set at 12 hours per day, and the
peak hourly waste waler discharge was set a1 2.5 times the average
hourly volume of waste water.

Peak hourly discharge - - S - %
90 m’/day + 12 hours/day x 2.5 = 18,8 m*/hour



The capacity was calculated by assuming the above peak hourly
discharge and a retention time of 10 minutes.

@ 90 m’/day x 10/60 = 3.1 m*

Finally decided vatue : 4 m’

@ Equalization tank

Retention time : 1 day
90 m*/day x 1 day =90 m®

, LEinally decided value : 90 m’

(® Acration tank

BOD capacity load : 0.5 kg-BOD/m*/day
" Capacity : 45.9 kg-BOD/m*/day + 0.5 kg-BOD/m’/day = 91.8 m*

Finally decided value : 100 m®
Finally decided value : 100 m’ -

MLSS toad : 0.15 kg-BOD/kg-MLSS/day
" MLSS concentration :  45.9 kg-BOD/m’/day + 0.15 kg-BOD/kg-
MLSS/day + 100 i’ = 3.1 kg/m®
3.1 kg/m’ x 1,000 = 3,100 mgA

’S @ No. 4 sedimentation tank
Surface area load : 12 m*/m*/day

Required surfaoe area : 90 m*/day + 12 m’/m’/day 7.5 m’
: [Finally decided value : 3mx 3 m(9m?)

(® Reaction tank

Retention time : 10 minutes |
Capacity : 90 m*/day + 24 hourslday X 10/60 0.6 m’

Finally decided value : 1 an®

® Coagulation tank

* Retention tim¢ : S minutes o
~ Capacity : 90 m’lday + 24 hours/day x 5/60 0 3 m’

Finally decided vatue : 1 m’

@ No. 7 sedimentation tank

Surface area load : 24 m*in*/day
- Required surface area : 90 m*/day + 24 m’fm’/day 3.75 m’

2 & Finally decided value : 3 mx 3m (9 )
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Treated water tank

Retention time ¢ 10 minutes _
Capacity : 90 m*/day x 24 hours/day x 10/60 = 0.6 m’
Finally decided value : 1 m?

@ Sludge storage tank
Calculation of the amount of sludge generated per day

+ Excess sludge from biological treatment is assumed to be 30% of the total
BOD volume

45.9 kg/day x 0.3 = 13.8 i&g/day (including SS content in raw water)

» Sludge from coagulation and sedimentation (whereas P is 1.5 kg/day, the
amount of PAC added is 45 kg/day).

1.5 kg/day x 122/31 = 5.9 kg (where all P forms AIPO, )
45 kg/day x 0.153 = 6.9 kg/day (where all PAC forms Al (OH), )

6.9 kglday X 27{?8 5. 9 kg/day x 27/122
= 1.1 kg/day (amount of excess Al)

1.1 kg/day X 78[27 3.2 kg/day (amount of S§ formed as AI(OH)3 )
Total :

13.8 keday + 5.9 kg/day' +3.2 kglday =22.9 ke/day (Dry base)

Amount of mcommg sludge : 2.3 m*/day

Siudge concentration : 1%

Capacity : 3 days : 2.3 m*/day x 3 day = 6.9 m’

Fma!ly decided value : 8 m’*

© Dehy&éling equipment

* Sludge coaguiation tanks

Retention time : 5 minutes
Capacny 6.9 m*fday + 8 hours/day x 5!60 0.072 m’

Finally decided value : 0.1 m® x 2 tanks

* Dehydrator
Amount of treated sludge : 22.9 kg/day x 3 days
= 68.7 kg/ 3 days as dry solid

Dehydrated sludge water content : 85%
Treatment capaciiy : 68.7 kg/day + 8 hours = 8.6 kp/our as dry solid
Finally decided value : Belt press type, 10 kg dry solidhourl

004 -~



Amount of dehydrated sludge (3 days) :
68.7 kg/3 days + 0.15 = 458 kg/3 days = 153 kg/day

4D PAC tank

Retention time : 7 days minimum
Volume used : 45 kg/day (500 mg/l added)
Capacily : 45 kg/day + 1.2 kg/l x 7 days = 263 1
Capacily is made so that acceptance of lorry loads is possible.

Finally decided value : 3 m®

@ NaOH tank (10% concentration)

Retention time : 7 days minimum
Volumne used : 6.3 kg/day as dey solid (pH adjustnent after PAC added)
6.3 kg/day + 0.1 = 63 liay as 10%
Capacity : 63 I/day x 7 days =441 |

Finally decided value : 500 ]

@ Polymer (A) tank (0.1% concentration)

Retention time : 3 days minimum
Volumes used :
For wastewater treatment : 0.18 kg/day as dry solid (2 ppm added)
For dehydrator : 0.35 kg/day as dry solid (0.5% of SS volume added)
Total : 0.18 kg/day x 3 + 0.35 kg/3 days = 0.89 kg/3 days as dry solid
0.89 kg/3 days + 0.001 =8901as0.1%

Finally decided value : 1 m’®

@ Polymer (K) tank (0.1% concentration)

Retention time : 3 days minimum
Volume used : 0.35 kg/3 day as dry solid (0.5% of SS volume added)

0.35 kg/3 days + 0.001 = 350 I/3 days as 0.1%
' Finally decided value : 5001

~ @ Agitation blower

Aeration strength : 15 Jm*/min, _ _

Agitation tank :  Raw water inflow pit 4 m’
Stabilization tank 90 m’
Sludge storage tank $m’
Total : ' 102 m?

Aeration volume : 102 m® x 15 Im¥/min. = 1.53 m*/min.

Finally decided value : 1.54 m¥min. x 0.45 kg/em® x 3.7 kw




(% Aeration blower

Oxygen for breaking down BOD : 45.9 kg/day x T kg-02/kg-BOD
= 45.9 kg/day
Oxygen for MLSS : 100 m® x 3.1 kg/m’® x 0.12 kg-02/kg MLSS/day
=37.2 kg/day
Volume of aeration air: , _
(459 + 37.2) kg/day + 32 x 22.4 + 0.21 + 0.1 + 24 = 115.4 m*/hour
Volume of air for air lift ; 90 m*/dayv + 24 x 2 x 3 = 22.5 m’/hour
Total acration volume : (115.4 + 22.5) m’/hour + 60 = 2.3 m’/min._

Finally decided value : 2.6 m’/min. x 0.45 kg/em® x 5.5 kw

(6) Flow sheet (see Fig. 3.5.4)
(7) Material balance sheet (see Fig. 3.5.5)

(8) Layout (see Fig. 3.5.6_)

(9) Equipment costs - - SIT

(a) Equipment

D !’unnps, blowérs, agitator, decelerator, dehydrator' 14,276,000
@ Instrumentation . - : 1,905,000
® Other equipment 11,788,000

{b) Site works

@ .Equipment installation, piping work - =~ 6,825,000
@ Electrical work S 6,125,000
® Painting work S 250,000
@ Civil engincering work : 19,625,000
® Building work 13,500,000
® Sile supesvisioncost | 2,194,000
@ ‘Trial run cost - ' - 1,238,000
{c) Design cost - 3,488,000
Total - | 81,214,000

@



(10)Running costs : SITfYear
(a) Chemical costs

®© PAC(11% ALO,) 45kg/day x 14.7 Sinkg x 251 days = 843,740
(@ NaCH (100%) 6.3 kg/day x 83.2 SIT/kg x 251 days = 131,560
® Polymer A (powder) 0.3 kg/day x 990 SIT/kg x 251 days = 74,550
@ Polymer K (powder) 0.12 kg/day x 2000 SIT/kg x 251 days = 60,240
® NaCl0(11-13%) 3.9 kgfday x 54 SIT/kg x 251 days = 52,860
Subtotal = 1,162,950 SiT/year
(b) Electricity charge

259 kwh/day x 15 SIT/kwh x 251 days = 975,140

(c) Studge disposal cost
0.17 m’/day x 1423 SIT/m?’ x 251 days = 60,720

(d) Water charge
3.5 m*/day x 100 SIT/m’ x 251 days =875,850

e . (e) Kerosene charge S
54 Yday x 60 SIT/l x 90 days = 291,600
()] Maintenance cost
The cost of maintenance is assumed to be 5% of the equipment cost.
" 48,089,000 SIT x 0.05 = 2,404,000

(g) Personnel expenses

2 stafffyear x 1,500,300 SIT = 3,000,600

~ Running costs tetal : 7,982,860 SIT/ycar
Running cost per 1 n® of wastewater :
7,982,860/90 m® x 251 days = 353 SIT/m’

(11)Economic feasibility assessment

(a) Conditions

1 ® Depreciation period + Machinery 15 years
had _ Buildings and civil engineering 40 years
@ Rate of interest : 10% per annum



@ Depreciation method : Equal depreciation
@ WWTP discharge rate :176.56 SIi/m’

® River discharge :0
® Annval treated waste water : 90 m*/day x 251 days/year
= 22,590 m’fyear
(b) Treatment cost per m® of waste water
Cost
Ttem Contents SITid)
Depreciation | Machinery 48,089,000 SIT + 15 years + 22,590 m*/year @D 142
Building, civil | 33 125,000 SIT + 40 years + 22,590 m¥year | @ 37
engineering
Interest 81,214,000 SIT x 0.05 + 22,590 m’fyear @ 1719
Running cost @ 353

Total Treatmentcost D+ @ + @ + @

11

5)" Conclusion

In the case of river discharge, because the discharge standards are $0 harsh
{especially T-P: 2.0 mg/L), the equipment cost and running cost are both
expensive. Moreover, because the reatment volune is so small and the annual

operating days are few (216 daysfyear), the cost per unit

high.

treatment volume is

As aresult, it would be highly disadvamageous for this _fac(dry to independently
install waste water treatment facilities at this point in time. '
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Table 3.5.5

Equipment List

No [tem Q' tyj Material Specification Rerark
1 [afluent I RC Capacity 4m’
1. Imx 2. 20X 2nd
Pump 151 FC 504X 350 1/minx 13ax 1. Bk«
Submersion type
Level switch 1 PYC Float type
2 |Stabilization tank 1 | RC Capacity 90 n’
5mx6mx3mD with air diffuser
Pump 11 | FC 50AX 100 1/minX 9ax 0. dkw
Level switch 1 | prc Float type
Flo¥ meter 1 ° 58 Box type
3 |Aeration tank 1 KC Capacity 100 m’
4. lox 7. 6mx 3. 3mD with air diffuser
DO meter 1 Dip type, G~20mg/1 , 4~20md
4 [No.l Sedimentation tank | |- RC Surface area 9 a’
7 Inx Inx Jab
Sludge collector | ) rake type 0.2 Kw
Pump I FC 324 100 1/minx 20mx 0. 75k
5 |Reaction tank ] RC:—AnLiJ Capacily | m®
acid - 0. 8nx Ilmx 1. 5ad
Agitator | SS:RL Yertical type 0.4 kv
pli meter 1 Dip type, 0~14, 4~20mi
6 [Coagulation tank 1 { % Capacity 1 n?
0. 8a% Imx . 5aD
~ Agitator | S8 Vertical! type 0.2 kv




No. ftem Q' y Material Specification Remark
7 | Sedirentation tank 1 RC Surface aera 9 o
30 3% 3D
Sludge collector 1 58 Rake type 0.2 kw
Recycle pump 1 FC 25/20A%50 1/minx 10mx Q. Tokw
Discharge putp 1| FC 25/204x 50 1/minx 10mX 0. 75kv
8 |Treated water tank 1 RC Capacity | o’
0.8ax Imx L. 5zD
~ Level switch 1 PYC Float type
pll seter 1 Dip type, 0~14, 4~20ai
Pugp 1 | FC 50A% 100 1/minx 11mx 0. 4k
" [Submersion type
Disinfection box 1 PYC Flow contact type
9 ISludge storage tank 1 RC Capacity 8w’
1. I 2. 20 ¢ 3aD
Puap 1 fC 50Ax40 L/minx 100X 0. 4kw
Submersion type - '
Level switch | SIS Electrode type -
Flos meter 1 55 Box type
1 ¢ |Sludge coagulation tank | 2 S8 Capacity 0.1 0
0. dnx 0. 4 x . 85mll
Agitlalor 2 SS Portable type 0.1 ke
1 1 [Dehydratar I Belt press type, 0.82 kw

Filter wide 360 mn




&

So. ltem @ty | Material Specification Remark
1 2 {PAC tank I FRP Capacity 3 o®
1. 4m¢d x 2mH
Pump I PYC 154x0. 25 1/minx 10kg/cn? x 0. 2kw
Diaphran type
Level switch i Pve Float type
1 3 [NaOH tank i FRP Capacity 500 1
0. 9ax (. =i
Agitator i SHs Yeltical type 0.2 kv
Pump I pYC 154 0. 25 /minx Skg/ca® x 0. 2kw
Level switch H SiS Electrode type
1 4 |Polyrer(A) tank 1 FRP Capacity 1 m’
lmg x 1. 1ol
Agitator 1 SUS Yertical type 0.4 kw
Pump(For Yaste water) 1 PYC 154 0.5 1/minx 10ke/ca® X 0. 2kw
Diaphram {vpe
Punp{For Dehydrator) 1 PYe 194X L. T V/pinx 8kg/ca? < {. 2kw
Diaphram tyep
Level s¥itch | StS Electrode type
1 5 |Polymer(X) tank 1 Frp Capacity 500
0.9n¢ <. §nH
Agitator 1 StS Yertical type 0.2 ke
Pump . 1 PVC ISAX L7 Vninx 8kg/cn® X 0. Zkw
Biaphram type
Level switch 1 SUS Electrode type
1 6 [¥ixing blover 1| rc 50A 1. 54m° /minx 0. 45kg/ca® X 3. Thy
fools Llype
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‘o {tem Oty Vatecial Specification Remark
1 7 {Aeration blower 2 FC 801% 2. 6n° /minx 0. 45kg/ca’ X 5. Skv
Roots type
Flox meter 1 88 Orifice type
1 8 |Compressor 1 FC 36 1/minx 9. Qkg/em’® x 0. 4kv
1 9 {Control panel 1 Indoor self-standing eaclosed type
1. 6ax 0. bnx 2ol
AC 400V:< 504z
Push button switches
Alara laops
ptl indrcators
Do indicator
2 0 |Pipc
Raw waste water line ¥P
Treated water line yp
Chenical dosing line yp
Air line SGP
2 1| Building 1  [Steel frame 180m* x Tmil
and slate
roof/¥all
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3.5.4

n

2)

Pretreatment for Reduction of the Pollution Load

Selection of pretreatment system

Since the Factory already applies neutralization treatment before discharge to
WWTP, there appears to be no need for more pretreatment equipment
installations. The examination was conducted for reference only.

Aerobic and anaciobic are the two applicable prefreabment systems. The
anaerobic treatment system is more expensive because it uses a heat source to
heat raw wasie water (20-35°C). The heat source is necessary due to the
relatively low concentration of both BOD and COD and low production of bio
gas.

For this reason the aerobic system has been selected. ‘The wasie water to be
treated is neutralized total waste water, Moreover, regarding the design flow, this
was found to be 7tm*/d during the survay conducted in June 1996, however, in
consideration of times when production will be higher,a figure of 90m*/d has
been adopted. 7 :

Outline of pretreatment system (Fig. 3.5.7)

Raw waslte walter is (reated by aerobic system after removal of relatively large
grain-sized suspended substances.

Fig. 3.5.7 Flow Diagram of Prefreatment

Established
Neutralization Screen

Aerobic tank

Influent Pit Air —— Treated water

tank



Of the aray of acrobic systems, such as slandard activated sludge, rotating disc
method, and bio-film filter, the bio-film filter was selected as a pre-treatment
system since it is economical, can apply a high load, and produces no bulking.

The amount of excess sludge produced in the bio-film filiering system is small
and can be mixed with treatled water without sludge treatment for WWTP
discharge to minimize equipment costs (The S5 in wasle water increases).

3) Examination results
(1) Technical comment
Table 3.5.6 shows the quality of waste and treated water and poliutant toad.

Table 3.5.6 Quality of Waste and Treated Water and Pollutant Load

Kind of waste Quntity CODcr BOD Ph S8 T-P
water n/d mng/L mg/L ng/L ng/lL
(kg/d) (kg/d) (kg/d) | Ckg/d) | (kg/d)
Total Raw 90 750 510 jAve | 90 11
v¥aste water (68) {46) 7.8 (8) (1.5)

(After neu-

_ tralization)
Pretreated 90 220 100 7 172 10
vater N o e | W as) | 0.9
{(Discharge .
to T¥TP)
Treated water 90 120 25 | 7 80 2
(Discharge (i1 (2.3) - (7 (0. 2>
to River)




The BOD and COD removal rate are sct at 80% and 70 %.

The value after

T-P treatment is estimated.  The vatue of SS after acrobic treatment is higher
than in raw waste water, because the small amoun! of excess sludge produced
by acrobic treatment is discharged as is to WWTP along with treated water.

(2) Economic comment

Table 3.5.7 shows the equipment and treatment costs of the lreatment system,
with added reference to the case of river discharge.

Table 3.5.7 Equipment and Treatment Costs of Treatment System

Equipaent Depreciétion Running cost Total
cost & Interest Treatment
SIT SiT/a* @ ST/’ @ cost
Stj‘/m’@i@
24.630. 000 112 114 226
Pretreatment
Discharge 81,214, 000 358 353 'y
| to River

4) Conclusion

Costs are dramatically reduced, because coagulation and sedimehtation‘
equipment for T-P treatment and chemicals are unnecessary, and bccause the -
lowered removal rate of BOD and COD reduces equipment costs. ; '



3.6 M -6 KOSAKI TOVARNA MESNIH IZDELKOV

3.6.1

)

2)

3)

4)'

Factory Profile

Oulline

Kosaki is the only staughter house in the Maribor district. It produces fresh
meat almost daily, operating in the daytime only. Beef and pork production
altemnate according to a time schedule every day. 7

The factory is located near the Drava river, and separated from it by a foad.
Processed foods such as sausages are produced by a factory in a different

~ location.
Factory arca s 22,534m’
Number of employees : 100
Working conditions : 5 hrs.fday, 250 days/year
Products (fivestock) :  Beef caille, Pork {pigs)
~ Annual production : 11,500 (head), 43,000

Annual sales

Water consumption by source and use

Table 3.6.1 shows the source and vses of waler consumption.  City waler is the
sole source.

Water supply and flow diagram of waste waler discharge.

Figur'e-s 3.6.2 and 3.6.3 outline the water supply and flow diagram of waste
water discharge.

Quality of feed water and wasle water

“Table 3.6.2 shows the quality of feed waler (city water).
V'Table 3.6.3 shows the quality of the rinsing water of the products, and Table

3.6.4 that of instruments and car wash effluent. ‘The graphs indicate the hourly
change in temperature, pH and  amount of discharge.

* Product rinsing, discharged at any time during operation, accounts for most

wasle water.  Instrument washing, discharged after work is completed, is of
small quantity. The pollution load of both types of waste waler is quite large.

The waler qualily at the outlet of the present oil separator has not been measured,
* but existing daia suggests that it is sufficient for sewerage discharge. Car wash

wasle water also presents no problem regarding sewerage discharge.
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Fig. 3.6.2 Process Diagram of Production Line

@ " City _
Water

Raw Material

Slaughtering PreTreatment

(Cattle, Pig)

Finishing

L Product

(Beef, Pork)

Fig. 3.6.3 Water Balance Diagram (nf/day)

- Softener Boiler
) : 5 ]
3 Washing of @ 0il

Products eparator

City
Walter 365

Washing of tools,
floor, ets.

NH; Refrigerator

Domestic Water
4 L Sewer
-—»L\Vashing of Trucks x@

O : Sampling points of waste water.

-3 -



Table 3.6.1

Quhtity of Consumed Water Classified by Source and Use

[ndustry;: Food{Staughter)

-Unit;

o/ day

Source

Use

¥ell

Water

City

Water

River

¥ater

Sub-

Total

Recoverd

¥ater

Total

Boiter Feed
Raw Material
Washing

Cooling

Air Conditioning

Miscellaneous

351

351

4

{60)

351
{57)

4

Total

365

365

(60)

(425;

Recoverd Water/Total (14.1)%

Note; & vaiue in (

} shovs estimated one

Table 3.6.2

city water

Characlerization

City water |

Parameler

70

Teniperature

20

X L SN N B

Manganese

_Cvaporated residue

mgfl

Total hardness o i@yl

moM ¢ .44

<005
..<005

DA

154,
44
e

Eleclric conductivily

310,
460

_.3-12._._




:13

Table 3.6.3

~No. }, slaughtery water

Date of sampllng

Hour of sampling

‘ Lab. No.

5367

12.06.

069-11

i expr.as

Unil

12.06.

5871

12.-13.06.

16-18

18-10

Parameler

Célour

a (620 nm)

- ammonium nivogen:

- Kjeldahl nitrogen

- nitrite nitrogen

COD

Anignic surfactants

12

3.

281

47

35

<0l

39

<01:

9.4

| - nitrate niwozen
[ R e e S LA L

..3100

630

190
150,

P09

a0l 10i

L9

L\ S

180 |

30

Parameler

Towfnitogen o AN mg/l REIR
AN mel a2

N mg/ A5

N .. mell i <01

i N mafl 16

Tonlphosphoms L mg 4.8
0 ................. mell L0001
10 mefl <31

' pBS el 1,5

Lab. No.

03.0

6718

7. 1996

Typeof thesampling .

eXpr.as

Unit

09:00

-.5pot.

AOX

| Freechlorine .

Totalchtorine - iCl

Cloe

Cl

mgfl
mgdl

mg

Ll PPNt e

0.1
<005,
< 0,05

048

—313-



Table 3.6.4

washing waste water

Sample

Lab. No.

2

i washing room

5873

3
_tar-washing

5720

i
Parameter expr.as Unit :
Temperawre o4 € e e 22

‘Suspended solids mgfl 290
Colour
o(d436nm) i I m’ a2
agzsom) o 30
a(620am) IS ¥ ST NN A WAt
 Touwtniogen - 1N mefl 02
-.ammonium nirogen: N imeR o 63
- Kicldah! niogen ' men i 7

Total phosphorus

-niuitevirogen

-nitrde niogen

BOD

TLCOD ek

| Anioni¢ surfactants

_imght

mg/l

~ 314~



Fig. 3.6.4 Graphic Representation of Temperature Measurements of the

Staughtery Waste Water (10 min average values)
Graphic representation of tem perature In dependence of time

4

g

AT
ST 99T
12 969t
0%:0% 99Tt
Q%07 9&/97CT

FH—*—!—&—'—I—W—H

08161 94/9/T1
61 9GOy
81 Gt
T LR A
SiLT FG/ATI
2L ST

91 96971
91 9/9rTL

w&ﬁ 9G/9rT]

Tzt 969121
Jos:et ssns
Tt sasrs
%On"nn Q659701
AR
521 96/9rT!
221 98921
$11 969zt

WS 196/923

2 4 8 2 o

(o0} samymaadua g,

+0%:01 $Er9/T1
©

Tirme

Fig. 3.6.5 Graphic Représ'entétion of pH Measurements of the Slaughtery

Waste Water (10 min average values)
Graphic representation of pHin dependénce of time
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Fig. 3.6.6 Graphic Representation of Flow Measurement of the Waste Waler from

Slaughtery in Kosaki (10 min average flow)

Graphic representation of waste water Sow in dependence of time
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Fig. 3.6.7 Graphic Represeatation of Flow Measurement of the Waste Water from

Washing Room in Kosaki (10 min average flow)

Graphic repn‘sentalién of waste water flow in dependence of time
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3.6.2 Water Conservation

@ 1) Current conditions of wates usage and conservation

(1) Features of water usage

@ City water is the only source.  Quantity is measured by a flowmelter.
@ Most waler (96%) is used for washing and product treatment. The

remainder is for cooling, boiler and miscellaneous purposes.
@ Washing water and product treatment waler is used for washing meat,

floors and meat carving instruments,

(2) Present state of water conservation

. @ Cooling water of the ammonia refrigerators (3 units) is reduced by
adopling evaporative condensers (3 units).
@ Boiler feed is used to produce hot water by direct steam injeclion.
@ After bloodletting, products are washed as they pass through a hot water

tank (1 unit).
@ 'The floor and carvmg 100ls are washed with water usmg a high pressure

jet cleaner and hose with hand control valve. Some hoses are not
equipped with hand control valves, however.

2) Technical evaluation of water conservalion

(1) Teclmlcal comment

® Water for washmg and producl processing accounts for about 96% of

 water consumpuon, about fwice that of Japan, on average But since the
two production systems differ, no simple conclusions may be drawn.

@ Sanitary reclamatmn of washing water and p:odud processing waste

waler is impossible. While it is possible to use recovered water for

- oooling or other purposes, it is not emnonncally feasible, since the

quantily is negligible. :
® Because cleaning and product processmg are both manuvally operated,

water consumption may be significantly reduced by encouraging workers
to save water.

"~ (2) Economic evaluation

@ Nothing specific is noted here, except the imporiance of reducing water
N consumphon by fostenng awareness in the company of the need for water
3 & o ' conservauon
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