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Provided with elaborate air intake /air exhaust
sections having large opening areas, a newly deve-
loped low-noise fan. with wider blades and a low-
noise type speed reducer /electric motor, the low-
noise cooling tower achieves a significant noise
reduction withoyt losing the cooling perfor mance.

Coupled with its good style design harmonizing
with its surroundings, the low-noise cooling tower

installations ‘are on the steady increase, while meet-

ing a wi’de range of users' needs as well.’
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Adhesion and Cohesion of Powder
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Adhesive forces of particles are classified in van der Waals force, electrostatic attractive

force and liquid bridge force.

In this lecture, the introduction to the mechanism of adhesive forces and controlls of 11qu1d
bridge force which is largest in adhesive forces are shown. '
Adhesive force and dispersible force of submicron particles are controlled by changing the
quantity and a kind of adsorbed molecular on surface of particles.

The agglomerates containing adsorbed ethanol were easily dispersed into single particles
by about half the force required for the agglomerates containing adsorbed water, which
qualitatively corresponded to the decrease in the adhesive force of the part1c1es by adsorbing

ethanol vapor instead of water vapor.
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Table 1 Rumpf’s classified table of adhesive
mechanism

Van der Waals force

Electrostatic contact potential
Electrostatic of over-electric charge
Magnetic force

Liquid bridge force (Free movable)

Capillary force by satisfied with liquid in gap
between particles

High viscosity bond

| = YT [ W

Solid crosslinking

8+1 Crystal salt

82 Solidificated melting crosslinking
8+3 Solidificated bond

8+4 Sintering-crosslinking
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1. 1 van der Waalsj}y
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Table 2 Kinds of adhesive force between same size particles

Position
_ 7H
O rir
- | ¢ Fe 47rr o2
ectrostatic atlactive force e( o« +2T)2

R1

Kinds of force Equation ‘

Van der Waals. force

F—nRzrcl__)

Liquid bridge force Ry

+27l'_.R27’
r . Radius of sphere H : Hamaker constant
o : Surface charge density a: Distant of particles
€ : Dielectric constant in air

Ri, Rz : Radius of curvature on condensated liquid surface,
concave surface is plus, convex surface is minus, on
condition that contact angle of liquid bridge is 0°

7 : Surface tention
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Fig. 1 Adhesive force due to moisture between contact particles
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Fig. 2 Strength of adhesive force
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Table 3 Physical properties of dispersing aids (at 20°C)

Tensile strength [kPa]

Water Ethanol Acetone

(H:0) (C:H;0OH) (CH3COCH3)
M. P. [°C) 0.0 ~—114.3 ~94.2
B. P. (°C] 100.0 78.4 56. 2
Vapor pressure (mmHg] 17.5 44.0 179.6
Surface ‘tension (dyne/cm]  72.8 22.6 22.5
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Fig. 6 Schematic diagram of the dispersion experiment
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Introduction of New Glasses for Lining

UEBHS WEERE
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Masamitsu Sawada

Two glasses for lining have newly developed by Shinko Pantec. One is the alkali corrosion
resistant glass “ NEW 43007, and the other is the wear-resistant crystallized glass “ 8500 ”.
The glass NEW 4300 is superior to the conventional alkali-corrosion resistant glass 4300 on

total quality.

The crystallized glass 8500 which is able to be applied to the inside of vessel has high wear
resistance. And its other mechanical and heat properties are also advanced.
In this report these new glasses are being introduced.
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Table 1 The comparison of cor-
rosion resistance
(These values mean the ratio of
weight loss by corrosion.)

Acid*! Water*? Alkali*3

Standard
glass 9000 100 25 500

Conventional
zlass 4300 350 150 250

NEW4300 200 75 225

¥1: 20 % HCI, boiling point
vapor phase

: Pure water, boiling pomt

vapor phase‘
€3 . 495 NaOH, 80°C, liquid phase. =1

2

NEWA4300
TNA Y BESBRED S T AER

Conventional glass 4300

Photo. 1 The glass surfaces after alkali-corrosion test
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G-Fine RS

The 5-fold Adhesive Repair Glass ‘“ G-Fine RS”
for Glass Lined Equipment

B BRRAE
IR O

Tatsuo Hara

The new metal fiber reinforce glass coating: “G-Fine RS” has been developed for the purpose
of increasing the performance of the local repairing technique “G-Fine R” for glass-lined |
equipment, by impregnating metal-alkoxide solution into the metal web already welded to
the damaged part. “G-Fine RS” makes the adhesion of repair glass layer to steel substrate
five-fold stronger than that of conventional technology.
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Fig. 1 The cross section model of the ‘“‘G-Fine RS’.
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[G-Fine RS] D&TEM:EEABRRER

Table 1 Results of various performance test of “‘G-Fine RS”.
Items Specimens Procedure and condition Results Notes
Adhesion | Substrate : 53400 | Dropping a steel-ball Height of dropping = 0.45 m ; no exfoliation (pass of JIS R 4201) | Fe-ion was not detected by
test 6t x 80 [Jmm vertically. Height of dropping = 1.0 m ; no exfoliation the Ferro-oxyl method
Thickness of Ball weight ; ~ 200 gr (upper limit of conventional’ G-Fine R’) (JIS H 8617) before and
glass layer : ~ 1.5t | Ball size ; ¢ 36.51 mn Height of dropping = 5.0 m ; no exfoliation after ball impact test
(JIS R 4201) —Small chipping of glass layer was observed at dropping under condition up to 5 m.
spot. {upper limit of "G-Fine RS”)
Waterjet | Substrate : $5400 | Nozzle size ; ¢ 2.0 mn Water pressure ; 13 MPa — "G-Fine RS” ; no exfoliation, small Using by Jet cleaning
resistance | 3t X ¢ 110 mm Nozzle distance ; 1 m chipping of glass layer was observed. apparatus made by Kansai
test Thickness of Operation time ; 1 min — Conventional 'G-Fine R’ ; Exfoliation | Clean Co.
glass layer : ~ 1.2 (upper limit)
Water pressure ; 30 MPa — Lining glass layer ; No exfoliation
Abrasion | Substrate : SS400 | Abrasive medium ; Weight loss ratio ; "G-Fine RS” = 5 Using by PEI Abrasion
resistance [ 3' X ¢ 110 pm St. plate glass Lining glass layer =1 Tester.
test Thickness of Operation time ; 1 hr
glass layer : ~1.2t | (ASTM C 448)
Thermal | Substrate : $S400 | Quenching of specimens AT =373K — No exfoliation (pass of JIS R 4201) Fe-ion was not detected by
shock 6t X 80 (e from high temperature AT = 573K — No exfoliation (upper limit) the Ferro-oxyl method
test Thickness of oven into cold water. AT = 623K — "G-Fine RS"; No exfoliation (JIS H 8617) before and
glass layer : ~ 1.5t | (JIS R 4201) — Some crack of glass layer was observed. | after test under condition
— Conventional 'G-Fine'R’ ; glass loss, up to 573K.
Thermal | Substrate : SS400 Interval corrosion test No exfoliation was observed for half year. The apparatus .was used by
cycle 3 % 100 Omm of water vapor (373K) JIS R 4201.
test Thickness of at intervals of 5 hrs.
glass layer : ~ 1.5
Penetration | Substrate : SS400 Detecting of Fe-ion Fe-ion was not detected for half year. The apparatus was used by
test 3 x 100 [lsm from SS400 soaked in JIS R 4201
Thickness of HCI solution. '
glass layer : ~ 1.5t | (353K, pH = 2) :
Average corrosion rate by mm/year : The apparatus was used by
Corrosion | Substrate : SS400 ‘Water vapor (373K) = (1 JIS R 4201.°
resistance | ¢8 X 60 Lon HCl solution (373K, pH= 1) = 025
test Thickness of NaOH solution (353K, pi=12)| = 04
glass layer : ~ 0.5t | Toluene (353K) = < 0.02
Ethyl alcohol (b.p.) = < 0.02
Mixed solution (353K) = < 0.02
(CoHs0H/H20=3/7, wt)
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Photo. 1 Appearance of the specimens after the water-jet resistance test.
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Field Electropolishing

WA/ 7Y 7 s 3 — R ()
x R B B

‘ Haruhiko Kuwahara

Recently demands for electropolishing of stainless steel vessels, heat exchangers, piping and, .
so on have been increasing, since the electropolishing gives distinguished smoothness and -
chemical stability to stainless steel surface. Similarly, demands for in-situ electropolishing
work have been also increasing in both domestic and foreign market. _

THis paper describes the characteristics of electropolishing and the outline of in-situ electro-

. .pollshlng work.
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Table 2 Examples the inspection after electropolishing
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Note 3¢ Mark ; a scanning electron microscope
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Improvement of Water Quality on “ Aquaculture ”
(Part 2)

——Removal of Metazoa Under Several Filtrations——
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Yasuo Kitamura
B 1%
Osamu Hajima
ey 7 2 BEE R
g =B
Nobuo Azuma
In recent years, “ Aquaculture” has been growing interested in fishery industry. Because
deep-sea fishing industry is regulated by several international laws.
The key for success in “ Aquaculture” is commercial payability, which depends on quality of
the producting water.
This is our main concern, that we establish effective water usage system.
There has not been enough studies produced suitable or economical use of water quality for
“ Aquaculture”, even though the relationship between the inhabitable environment of life
cycle and water is very important.
Based on the information given, and our past experiences with other “ Aquaculture ” facilities,
we, along with Oyster Research Institute, have studied the effects of water quality needed
to raise abalone in their earlier stage. ./
In our last report, we have reported on various filtration structures, relationship of filtration
details, and the effect on abalone growth under several filtrations.
In this report, we would like to report on the movement of metazoa under filtrations centered
on Tigriopus and the removal of its by filtration method and further on the removal method

from filtration facilities.
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Table 1 Test criteria
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- s Col-\ | column | area ES layer Lv rate y rate rate L/D technique Remark
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No || mm m? mm | m/h ¢/h ¢/h e/h
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.9 (0.6) a0 ES0.6mm
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1 g = ress Sand
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g Z
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Fig. 2 Filter column assembly (Remark) *1 Demention of LV is m/min.
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Fig. 3
16 Flow sheet
C-1 Column ¢ 285 C-4 Column ¢ 194 P-2 Backwashed pump FI-2 Backwashed water flow meter T-1~5 Rearing tank
C-2 Column ¢ 285 C-5 Column ¢ 194 B-1 Blower FI-3 Blower flow meter T-6 Backwash water tank

C-3 Column ¢ 240 P-1 Filtered pump FI Raw water flow meter PG Pressure gauge
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Development of a New UASB System

EOHE
N B
Toshio Kobayashi

12 DA REATR
H [ i H
Tatsuo Suda

A new UASB (Upflow Anaerobic Sludge Blanket) reactor with blast furnace slag as micro-
carrier have been developed. The formation of bio-granules has been very difficult in
conventional UASB reactor. The formation rate of granules and specific removal rate of
TOD were investigated by column test and pilot test. Their results showed that the new UASB
system was superior in granule formation and removal efficiency of organic matter.
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TOC (mg/e) 1560
SS (mg/ @) 890
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Ultrapure Water Treatment System Made
of Passivated Stainless Steel (GOLDEP)
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Owing to highly aggressive property of ultrapure water, development of a new material having
low leach-out has long been awaited for ultrapure water treatment systems. The stainless
steel which is specially passivated at a high temperature in an oxidative atmosphere after
electropolishing is the most prospective material for this purpose, because it produces a
low leach-out level compared to any other existing materials such as stainless steel without
passivation, PFA, PVDF or PEEK.

Shinko Pantec developed this electropolishing plus passivation technology, named GOLDEP,
and constructed an ultrapure water treatment system using GOLDEP-processed materials in
Tohoku University.

The paper covers a specification for GOLDEP and a brief operation results of the systems.
The improved performance of the system includes resistivity of more than 18.2 MQ-cm,
TOC, silica, total residue below lppb respectively, particle count 1 or less per 1 ml in 0.07 ym
and 0.5 ppb dissolved oxygen etc. Also covered is the operating data on a special heating
deaerator made of GOLDEP stainless steel which realized a lower oxygen level than 0.5ppb.
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Comparison between surface finishing method
vs roughness factor?’

Material i Surface finishing method 5 Roughness factor
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Fig. 1 Leach out test in hot ultrapure water3’
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Table 2 Comparison on leach out between GOLDEP
vs. synthetic materials4’

Unit mg/m2
Item 'GOLDEP | PFA PVDF | PEEK
TOC | 0.025 . 4.8 17 ¢ 3.5
Na 0. 0007 0.15
K 0.003 P07
Ca | 0.012 0.113
Cl 0.0013 0.11

Conditions: 80 °C, Ultrapure water, 5days

Data for PFA, PVDF, PEEK : Proc. 9th. International Symp.
contamination control, Los Angels, Sept. 1988

Selection of plastic piping material for ultrapure water by
Koichi Yabe etc. (converted to for 5 days)
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Fig. 2 Composition profile of oxide film on GOLDEP and
GOLDEP+Acid pickling®

100 ‘
Corrosion test
50 Weak acid 50 C E
Passivation conditions
T 450 °C_Air SUS316
[ —-—o—--— # 320 Buff
ne — - —0—-— Electropolishing ]
‘ ~-==X---- GOLDEP
- - ————— GOLDEP + Acid
3 o pickling ]
o 1
E:E !
- Ay
g Hr X \ N |
L . A\ <
= \‘\ <0 T
0.1F —
0.05¢ i
1 i 1 1 1 1 1
0'010 1 2 3 4 5 6 7 8

Elapsed time  [days]
BEIE HEUHEEC K DEEBOZE

Fig. 3 Comparison of iron release by several surface
treatment methods?’
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Fig. 4 Flow diagram of ultrapure water treatment system made

of GOLDEP
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Fig. 5 Flow diagram of heating deaerator made of GOLDEP
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Photo. 1 Ultrapure water treatment system made

of GOLDEP
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Table 3 Material of component

Component Material
Ultrapure water tank ! JIS SUS316L/GOLDEP
Column of catalytic deaerator ! _ ditto -
and polishing demineralizer ito
Ultrapure water pump - ditto -
Piping - ditto -
Valves (Valve body) ~ ditto -

TOC destruction unit - ditto -
Gasket Nickel

Nickel alloy
Styrene-DVB
Styrene-DVB/Pd
Polysulfone

Diaphragm of valve
Ton exchange resin
Catalytic resin
Ultra filter :

£ 4 £ BMAKE
Table 4 Analysis of treated ultrapure water

Item ! Unit | Value
Resistivity H M&-cm ‘ 18.25
TOC ppb <1.0
Dissolved oxygen ppb <0.5
Particulate
(>0.07 pm) n/mé <1.0
Silica ! ppb <1.0
Total residue ppb <1.0
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Ilow rate 20002 ;h
Resin volume 6 ¢
Temperature  25-30 °C

MOp

Dissolved oxygen [ppb]
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)
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%6 AR S ARIC dolT D He/Op & IBERER DIUK
Fig. 6 Relationship between Hs/Oj ratio and dissolved
oxygen In catalytic deaerator
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Table 6 Dissolved oxygen at outlet of heating deaerator

Item ‘ Unit : Value

Dissolved oxygen | ppb ~ <0.5*

* Indication of instrument 0.02ppb
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Table 5 Analysis of ultrapure water
Sampling date : NOV. 22, 1990
Analysis method : ICP-MS

Unit : ppt
Item | Detection Timit i Point of use

Lithium (L) 0. 06 i N.D
Sodium (Na) : 1.3 \ N.D
Beryllium (Be) i 0.03 1 N.D
Magnesium Mg) | 0.06 ! 0.1
Calcium (Ca) 0.8 1.3
Strontium (Sr) 0.03 N.D
Barium (Ba) | 0.06 N.D
Titanium (Ti) ! 0.6 N.D
Zirconium (Zr) : 0. 06 N.D
Vanadium V) ! 0.06 N.D
Niobium (Nb) . 0. 06 N.D
Tantalum (Ta) 0. 06 N.D
Chromium (Cr) : 1.3 1.6
Molybdenum (Mo) i 0.1 N.D
Manganese (Mn) | 0.1 N.D
Iron (Fe) i 1.3 N.D
Cobalt (Co) : 0.03 0.9
Nickel (Ni) : 0.6 1.6
Copper (Cu) 0.03 ; 0.1
Silver (Ag) 0.1 ‘ N.D
Zinc (Zn) 0.1 ‘ N.D
Cadmium (Cd) 0.1 | N.D
Aluminum (Al ; 0.1 ‘ 0.4
Gallium (Ga) i 0.03 i N.D
Thallium (T | 0.1 1 N.D
Germanium (Ge) i 0.1 \ N.D
Tin (Sn) ! 0.1 ; 0.3
Lead (Pb) 0.3 ! N.D
Antimony (Sb) 0.1 N.D
Bismuth (Bi) 0. 06 N.D
Analyzed by Hashimoto Chemical Co., Ltd.
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of Passivated Stainless Steel (GOLDEP)
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Owing to highly aggressive property of ultrapure water, development of a new material having
low leach-out has long been awaited for ultrapure water treatment systems. The stainless
steel which is specially passivated at a high temperature in an oxidative atmosphere after
electropolishing is the most prospective material for this purpose, because it produces a
low leach-out level compared to any other existing materials such as stainless steel without
passivation, PFA, PVDF or PEEK.

Shinko Pantec developed this electropolishing plus passivation technology, named GOLDEP,
and constructed an ultrapure water treatment system using GOLDEP-processed materials in
Tohoku University.

The paper covers a specification for GOLDEP and a brief operation results of the systems.
The improved performance of the system includes resistivity of more than 18.2 MQ-cm,
TOC, silica, total residue below 1lppb respectively, particle count 1 or less per 1 ml in 0.07 ym \
and 0.5 ppb dissolved oxygen etc. Also covered is the operating data on a special heating
deaerator made of GOLDEP stainless steel which realized a lower oxygen level than 0.5ppb.
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Table 1 Comparison between surface finishing method
vs roughness factor®’

Material i Surface finishing method Roughness factor
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Fig. 1 Leach out test in hot ultrapure water®’
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Table 2 Comparison on leach out between GOLDEP
vs. synthetic materials®’

Unit mg/m2
Item GOLDEP  PFA PVDF ' PEEK
TOC | 0.025 | 4.8 17 . 3.5
Na | 0.0007 0.15
K 0.003 0.07
Ca 0.012 0.113
Cl 0.0013 0.11

Conditions : 80 °C, Ultrapure water, 5days

Data for PFA, PVDF, PEEK : Proc. 9th. International Symp.
contamination control, Los Angels, Sept. 1988

Selection of plastic piping material for ultrapure water by
Koichi Yabe etc. (converted to for 5 days)
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Fig. 2 Composition profile of oxide film on GOLDEP and
GOLDEP+Acid pickling®
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Fig. 3 Comparison of iron release by several surface
treatment methods?’
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Photo. 1 Ultrapure water treatment system made

of GOLDEP
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Table 3 Material of component

Component Material
Ultrapure water tank [ JIS SUS316L/GOLDEP
Column of catalytic deaerator _ ditto -
and polishing demineralizer
Ultrapure water pump ~ ditto -
Piping - ditto -
Valves (Valve body) - ditto -

TOC destruction unit ~ ditto -
Gasket Nickel

Nickel alloy
Styrene-DVB
Styrene-DVB/Pd
Polysulfone

Diaphragm of valve
Jon exchange resin
Catalytic resin
Ultra filter

B 4 R EMAOKE
Table 4 Analysis of treated ultrapure water

Item | Unit 1 Value
Resistivity M@-cm ‘ 18.25
TOC i ppb <1.0
Dissolved oxygen : ppb <0.5
Particulate
(>>0.07 pim) n/mé <10
Silica i ppb <1.0
Total residue ppb <1.0
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26 RIC AOBRFERFEN 2~5ppb st % AN <A
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Fig. 6 Relationship between Hs/O; ratio and dissolved
oxygen in catalytic deaerator
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Table 6 Dissolved oxygen at outlet of heating deaerator

Item " Unit Value

Dissolved oxygen i ppb : <0.5*

* Indication of instrument 0.02ppb

3 F&H
BRALRBIREMLIE 2 7 > v 2§l & I o BB K BT 23S i

BIWCADRD L Hle s BB T 7 o 72,

(1) #hlikaHEE LT B 1825 MQ2-cm, TOC 1ppb
BT, #hrF (0.07 pm)1r/ce BIF, &V #1ppb Ll
T, @ZEFEEREY 1ppb DUT, #BHF®%E 0.5ppb BT
DIKBEEBL - LINTE I,

(20 GOLDEP {2 7 v v 2 it L 5 &ED
EH I S BRUKBEME E LTIERRBRLTWAZ &
DMHER X Tz,

(8) GOLDEP MMM X VEBO gar ki 45
TEBEB A IRFEL, 79 2% TR E T HmE R TEEE
BABHIELZ L LD, HAaEsrRESCH LS
BDHZENTE, BHKAHE LCRERLDETHE
EMTE I,

(4) GOLDEP LHx 7> v 5t 27~ v READEFOA
SEOWEMRERE, HEWE, T v oM, BEERER, I
T, FEMEME L W EBEOMuT, FEARHME S W
5 R A D MK EE AR & U CSBIR W
TOIRBREREE 7t 5 2o

(5) A A v ZHalE, BEAFRECE LT, HAEMMT
BUWKERELN TS LDD, BEMEEDTLSHED

B 5 R BEHMKOVHE

Table 5 Analysis of ultrapure water
Sampling date : NOV. 22, 1990
Analysis method : ICP-MS

Unit : ppt
Item | Detection Iimit ' Point of use

Lithium Ly | 0.06 N.D
Sodium (Na) ; 1.3 N.D
Beryllium (Be) | 0.03 N.D
Magnesium Mg) 0. 06 0.1

Calcium (Ca) ‘ 0.8 1.3

Strontium (Sr) 0.03 N.D
Barium (Ba) 0.06 | N.D
Titanium (T) 0.6 : N.D
Zirconium (Zr) 0.06 i N.D
Vanadium 4%} i 0. 06 ‘ N.D
Niobium (Nby 0.06 : N.D
Tantalum (Ta) 0.06 N.D
Chromium (Cr) I 1.3 1.6

Molybdenum (Mo) | 0.1 N.D
Manganese (Mn) | 0.1 N.D
Tron (Fe) I 1.3 N.D
Cobalt (Co) ; 0.03 0.9

Nickel (Ni) 0.6 1.6

Copper (Cuw) 0. 03 ; 0.1

Silver (Ag) 0.1 i N.D
Zinc (Zn) 0.1 ‘ N.D
Cadmium (Cd) 0.1 | N.D
Aluminum (AL 0.1 l 0.4

Gallium (Ga) ! 0.03 f N.D
Thallium (T | 0.1 : N.D
Germanium (Ge) ' 0.1 N.D
Tin (Sn) 0.1 0.3

Lead (Pb) 0.3 N.D
Antimony (Sb) 0.1 N.D
Bismuth (Bi) 0. 06 N.D

Analyzed by Hashimoto Chemical Co., Ltd.
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AKIBERBRE®RY AT A
The New Telemonitoring System for
The Municipal Water Treatment Plant

(HBDFAY 7 NS
pa H R
Itsuro Hirata

IK [i#] % i
Takashi Hirooka

In the municipal water treatment plant, pump facilities are installed at several places to
distribute the flowed water from the water treatment facility to each place. In most cases
the pump facilities are controlled by patrol. In some cases they are controlled at the mon-
itoring center by the telemonitoring system through the telemeter or the leased line. However,
the telemonitoring system has difficulties in terms of initial cost, software applicating and
so forth. Especially, the key factor is whether the change of software and increase in the
capacity of the software coordinating the system can be easily done.

Such problems were solved by the new telemonitoring system for municipal water treatment
system, designed and installed by Kesennuma City. The new system was composed of such
hardware and software as easily obtained in the market. The concept was that the increase
in the capacity of each hardware and software was designed to be directly connected with
the increase in the capacity of the total software of the new system. The PMX-98 was used
as the basic system software, produced by SHINKO-PANTEC. We applied the PMX-98 to the
new telemonitoring system by making only a handler program. Now the new system has
been completed. At the final stage, the system will be able to monitor a water treatment
facility and more than 10 pump facilities.
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I A personal computer {or telemonitoring system in 'I‘ATEYAM/LI

RS-232C RS-232C RS-232C

Multiplexer
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= FICIE S0 PMX-98 (7°7 & X EEREEH ~ 2 7 448
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Do . l:] . A water treatment facility
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ML) &, ok, kIR 70 (FHEHRD Fig. 1 Outline of system configuration
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Table 1 Send data list from the pump field (Private line)

Alarm signal (from field to center)

! The water distribution pump (Remote-Local selection)

1

2 Y (Auto-Manual selection)
3 Y (Run-Stop selection)

4 | 7 (Trouble)

5 | The water distribution pond (High level alarm)

6 | Y (Low level alarm)

7 | The receiving tank (High level alarm)

8

9

0

‘ Y (Low level alarm)
i The power failure (200 V)
10 | v (100 V)

Measurement data : analog (from field to center)

1 The level of water distribution pond
2 The level of receiving tank

3 The volume of distribution water

4 : Voltage

6 = Current

Measurement data : integrating pulse (from field to center)

1 . Cumulative distribution water
2 | Integrating watt
3  The operating time

Control signal (from center to field)

1 ‘ The water distribution pump (Auto-Manual selection)
2 Y3 (Rnn-Stop selection)
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Fig. 2 Hardware configuration
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Fig. 3 Example of graphic display

®IE 57

4
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Fig. 4 Example of historical trend display
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Example of setting values display

g Lt B L
#6 TEERIAR R BRSO BN
Fig. 6 Selection of facilities through the leased line
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Table 2 System configuration list

Event monitor " Alarm, message and status
" Print out

Guidance display
Data logging Interval driven type
Graphic display : Display of the Pump field flow

" Real time trend graph
Historical trend graph

Trend graph

Remote operation of the distribution water
" pump by setting ON/OFF of digital tags

Setting values

Output of report files Output of daily reports to files or a printer

Construction I System configuraion by utility software
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Analysis of Odorous Compounds and Pesticides in Water
by Capillary Gas Chromatographic-Mass Spectrometry

BOHME
LSS 1 I = R
Mami Nakamachi

There are serious social problems of odorous compounds in potable water and environmental
pollution caused by pesticides in the waste water from golf links.

This investigation has been designed to establish suitable methods for determinations of
odorous compounds and pesticides in water using capillary gas chromatographic-mass spec-

trometry. (GC-MS)

The pretreatment with GC-MS analysis included the solvent extraction for odorous compounds,

and the solid extraction for pesticides in water.

The results of investigation show that the odorous compounds analysis depends strongly on
extraction pH and vacuum pressure in concentration and that the solid extraction for

pesticides can be a useful analytical method.

T A N =

T4, BEERE O MU B X B KER K 0 R EBROER,
Vv 7 B EE S B AT L HREBRITENA X kitd
fIfE & 75 5 T B,
BREKROFERWME L LTI, 2-2AF VA VBN F A~V
(LT, MIB), VxAx3v (LT, Geos) MEFH
h, chsoPBEOBEN, BEELEBELIN TV, &
NHNCRYEOBRFEOMEIX 1I0ng/LRRETH Bz,
JEE, ng/e v RV RENS Y, EEEHERICEK
WT BB « BEMEOBNZAMITENE TN TS,
BRI Ok, FERL24 (1990) 5 AR vr T
XN A2 EEOBIKICOWT, BELEMLSMEKP Tk
T HEEKEEENARIN, STHRETIb Vv
DEEKO 1T 2 EREREHNARINLDIY, (E1,
2FK) ChBHERR, BEELZBxoofkrEmET 5
ZEEHNEETE D, BHETHERLLSHITT 2 HENERE

B 1T FERCKIIEERNKEEREEBEE OKEK)
Table 1 Interim water quality goal and test methods by the
Welfare Ministry (tap water)

NTW3,
BRIEERLTCWAHBHF R 7 w< VEESE (LT, GC
-MS) &, ZHONFERC HENA S KBEFRE T
WA e TETCHh Bo 2T, 2D GC-MS AN
T, RRWER I OCBREOHITEDORI 21T, MRALE
7oDTZ BN T 5o
1. GC-MSIZDIvT

GC-MS ik, 27u<tr777 (GC) DML
L TEESVTE (MS) #HW4DThb, IHIEZGC
77 ATy, REFEREOFEMOR X L EHELYEDL -
ENTEDX TV — 87 2% FEH L,
GCHTHEEINI-WEIZ, MSEA A+ v LB TA 4~
I, TOPEBEEDHTA A HENT 5, IHiTA
F AL X DA TFORBENEE (77727 ~—v 3
V) TITAVIAAVEERT D, SO v EBEY
BRI LCHBEL, HETAHENEESTETH B, 7

B 2 B REFICKOEEIRERIES BN (v
SO

Table 2 Interim guidline and standard analysis methods by the
Environment Agency (Discharge water from golf course)

Name V\aterqua/hty Test method Name Gmd,elme Standard analysis method
goal (mg/ £ ) (mg/ 2)

[Insecticides] [Insecticides]

Isoxathion 0.008 | GC-MS, GC-FPD(P), GC-FTD Isoxathion 0.08 GC-FTD

Isofenphos 0.001 GC-MS, GC-FPD(P), GC-FTD Isofenphos (.01 GC-FTD

Chlorpyrifos 0.004 GC-MS, GC-FPD(P), GC-FTD Chlorpyrifos 0.04 GC-FTD

Diazinon 0.005 | GC-MS, GC-FPD(P), GC-FTD Diazinon 0.05 GC-FPD(D’)

Trichlorphon (DEP) 0.03 GC-MS, GC-FPD(P). Trichlorphon (DEP) 0.3 GC-FPD(P)

Fenitrothion (MEP) 0.01 GC-MS, GC-FPD(P), GC-FTD Fenitrothion (MEP) 0.1 GC-FPIX(P)

{Fungicides] [Fungicides]

Isoprothiolane 0.04 GC-MS, GC-ECD, GC-FPD(S) Isoprothiolane 0.4 GC-ECD

Iprodione 0.3 GC-MS, GC-FTD Iprodione 3 GC-FTD

Oxine-copper 0.04 HPLC-Ultraviolet Oxine-copper 0.4 HPLC-Fluorescence

Captan 0.3 GC-MS, GC-FPD(S), GC-ECD Captan 3 GC-ECD

Chlorothalonil (TPN) 0.04 GC-MS, GC-ECD Chlorothalonil (TPN) 0.4 GC-ECD

Thiram 0.006 HPLC-Ultraviolet Thiram 0.06 HPLC-Ultraviolet

Tolclofosmetyl 0.08 GC-MS, GC-FPD(®I*} Tolclofosmetyl 0.8 GC-FPD(P)

Flutolanil 0.2 GC-MS, GC-FTD Flutolanil 2 GC-FTD

[Herbicides] [Herbicides]

Asulam | 0.2 HPLC-Ultraviolet Asulam 2 GC-FTD

Simazine (CAT) 0.003 | GC-MS, GC-FTD Simazine (CAT) 0.03 GC-FTD

Napropamide 0.03 GC-MS, GC-FTD Napropamide 0.3 GC-FTD

Butamifos 0.004 GC-MS, GC-FPD(P), GC-FTD Butamifos 0.04 GC-FPD(P)

Propyzamide 0.008 GC-MS, GC-ECD, GC-FTD Propyzamide 0.08 GC-ECD

Bensulide (SAP) 0.1 GC-MS, GC-FPD(P) Bensulide (SAP) 1 GC-FTD
GC-FPD(S), GC-FTD Pendimethalin 0.5 GC-FTD

Pendimethalin 0.05 GC-MS, GC-FTD

A test method with HPLC is acceptable for Iprodione and

Bensulide (SAP).
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Sample : 500 mé
l<— n-Hexane 20 m¢ MIB¥ m/z=95

W
Concentration (=5me)

Total

by decom pression

N2
Concentration 1 or 2me) )

Geosmin m;/z=112

Total

11.0
by Nagas purge

B3R <A/uT NI T A

Mass chromatogram

GC-MS
F1E BHAHE

Fig. 1 Solvent extraction method

Fig. 3
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0 1 1 1 i L 1 1
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Fig. 2 Calibration curve
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wwTMI B, Geos DRREEIT- 7
2.1 RBHE
2. 1.1 &%
T o M1 B, Geos RO 7 3 vBE W TRDOERE
e LUzo
AsyE M1 BAERER FoemZgsd) ; 100mg/e (O
SRR 2 £/ — VIRIR)
Geos ey (Fnygaiskal) : 100 mg/e (5%
AR A £/ — VIR
7 I vBREW : 7 3 a0l N-NaOH ¢ ## No. 5C
PR T,
S DEEMEE A A 4 v SHOKC T e BIRE LAk & L
7o
2. 1. 2 BB IOHERHE
®E  : GC-MS (BHEQP2000A), HEFEARE
(BEEA O C-1400)
GC¥: %7y —»71CBP20 (25 mx0.33 mm
¢, EE0.50 pm)

. )
120 13.0 14.0 15.0
Retention time  |min]

Retention time  [win]

Inject: 2pg/2 1€
(3%) MIB: 2-Methylisoborneol

100 T T T T T T
Geosmin
— MIB Inject : 0.3 ng
= Camphor
» - Borneol b
<
3
(] S, LA—/‘.-/‘A
5.10 8.41 11.75 15.08 18.41
Retention time  [min]
AR P~ ENVNA AR ETTFLMIB, Y2 ARAIY,

KNVERA—N, BT 7 )
Fig. 4 Total ion chromatogram (MIB, Geosmin, Borneol,

Camphor)
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50~150°C 10 °C/min,
150~200 °C 15 °C/min,
200 °C 104>
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BT BOB V- X P74V~
2. 2 RERE
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EBIRICR LI COREDvR7R~ P77 01, BIE
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o nEEREb N,

¥, BAROTICERTLIE, #HAY 7 2ZEK
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L MIB : 50 ng/ 2
9 Concentration ratio
20F 2 % 500 (500 — 1me)| ]

Recovery
-~
f—23
l}
1

1 ) 1 n ] 2 1 . 1
0 100 200 300 400 50
Vacuum pressure [Torr]|
E5E  BERNER O HZEE & [
Fig. 5 Relationship between recovery of MIB
and vacuum pressure

B3 R AR EER

Table 3 Relationship between recovery and times of

extraction
MIB Extraction melgiﬁgited Recovery
(ng/2) (me) (%)
w5 L™
w e
I

Humic acid : Carbon source
Sodium carbonate : 50 mg/4
(stabilizing pH of sample)
MIB, Geosmin: 100 ng/£
Neutralizing agent : NaOH, HSO4

120F ! j :
mi _0Geosmin Coefficient of variation (%)
— ik o AMIB pH 3.5 7.1] 11
o IO/ T o E -
Sl v 1 MIB |16.0| 6.5| 8.0
g I o 1 Geosmin | 14.0 | 5.0:| 8.5
z 80+ O/ 7
S | MIB 2100 ng/ & : ia .
é ok Geosmin : 100 ng/ & Times of analysis : 3
! > 19 mg/ e
. Concentration ratio 1
60 2% 250 (500 > 2 )
o 5 10

o [-]
(3%¢) DOC: Dissolved organic carbon

FBTHE pH LEINE

Fig. 7 Rerationship between recovery and sample pH

woF T T T '
[ oo MIB
ok oo T © Geosmin|
.. 80F .
§ i MIB S 100 ng/ ¢
ST Geosmin : 100 ng/ ¢ -
& L pH : 7l
60F Concentration ratio _
1 X250 (500 — 2 me)
5(\ ' £ I

L 1 i
] B} 10 15
DOC [mg ¢]

%8 DOC &[EK
Fig. 8 Relationship between recovery and DOC

B4 R BEREEZOPE
Tahle 4 Characteristics of pesticide

#EeE HEHAR
Fig. 6 Conditioning of sample

2. 3 ®R
2. 3. 1 BUTWiERroHEER
WIEERER OB L FINROBERLYED
Bicind, HZEEYE <5 & (260 Torr ]
T), WRCETARMNIE L B, B
EIMETTAHEAEZRLACDOT, ThEHVE
zZepgy 260 Torr DI ECTHo RN&EThHDHEE
26N5B, 7k, 260 Torr CoMMECES
DR, M2REITH - 70,

2. 3. 2 mhHEoOKE
FIXRICMI B BHER A A A > 25HKT
100~500 ng/¢ w FAEL U 7= BEHE D A 1 B &
B DR % N T, AWEHHEICI T,
M1 B 1 BB TI3IEEIN X 7= D Thit
HEHEIZ1IEBITHATHBEEZBN S,
I8 6 BT 5 0 % VT pH 3H%ic
L BFHESE, BIUDOCEEEZERTLS
BRI DO THRE E 1T - 720

EBETEK, DOC=19mg/¢ i+ 5 pH

| Molecular | Melting Solubility | Vapor pressure

Molecular formula weight | point (..é’) g/ (OCS) mmeg )
[Insecticide]
Isoxathion CistlisNOsPS 313.3 — 1.9 —
Isofenphos CisH2sNOJPS 345.4 12 20 (20) 3x10°¢ 20)
Chlorpyrifos CoH1iClLNOsPS 350.6 41~42 0.3 (25) 1.2x1073 (20)
Diazinon Ci2H21N203PS 304.3 Liquid 40 (22) 6.4 X 1079 (20)
Trichlorphon (DEP) | C;HsCl50.P 257.4 33 1.5x 105 |7.8x 1076 (20)
Fenitrothion (MEP) | CeH12NO;PS 277.2 0.3 Refractory | 6x10 ¢ (20)
[Fungicide]
Isoprothiolane Ci2Hiz05S2 290.4 50~51 48 (20) 0.5 (179)
Iprodione Ci3H13ClaN205 330.2 136 13 <7106
Oxine-Capper CisH12CuN»02 351.85 — Insoluble Nonvolatil
Captan CoHsClzNO:S 300.6 178 < 0.5 < 1.33x10 %
Chlorothalonil (TPN) | CsCliN2 265.9 250 0.6 (25) <70.1 (40)
Thiram CeH12N2Sy 240,42 |155~156| 30 fem —
Tolclofosmety] CoH11CLOsPS 301.1 78 ~80 0.4 4.3%10 1
Flutolanil Ci7H16F3NO2 323.3 108 9.6 1.3x107°
[Herbicide]
Asulam CsHioN20sS 230.2 143 5X 109 —
Simazine (CAT) CrHi2CIN; 201.7 225 5 6.1x 1079 (20)
Napropamide Ci7H21NO2 2714 69.5 73 5.3x 1076
Butamifos Ci3H21N204PS 3324 — 5.1 6.3x 101
Propyzamide Ci2H1iCNO 255.9 | 155~156 15 8.5% 1079
Bensulide (SAP) C1aH24sNOPS; 3975 34. 25 —
Pendimethalin Ci3H1aN304 281.3 56~57 0.3 (20) 3x 1075 (25)
NIP Ci2H7Cl;NOs 284.1 - — —
CNP Ci211sCIsNO3 322.56 107 Refractory 0.35 (109)

L ESMEDOENEOBERERT, MI Bix pH 3.5~11,
Geos % pH 7.1~11 OFFTI0 %Ll FOEREA 17,
LA L, mEL, pH 35 ki 2EBRIUTIS %RE
L5 D, i, & pH A TREHRELX G R AEHC S
BHZ b, pH 7 BB CHHETTI NETHDEELD
Noe

iz, B8 pH 7.1 ki 5DOC L EKHEDE
DR A R T, REWHEL, DOC=133mg/¢ LI'F

TRECERR S BREFREIRENELN, DOCREDE
HIRDbNIed - T,
2. 4 RESGHOF LD
RSEDOERH—* » €7 Y — G C-MS 4T,
PH 7R THIM ATV, IREWRAER © K22 % 260 Torr
BlEEFuE, 90 U EDEIRELE LN, T40E R4
PETH o7 e, ZORKEDOC=133mg/¢ LT Tk
DOCBET L 2FEIRD LN - o
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Sample: 1¢

<« Dichloro methane 100 m¢g
<« Sodium chloride 50g
_Extraction
< Dichloro methane 100 mé
« Sodium chloride 50g
Extraction

Dewatering  [by Sodium sulfate, Anhydrous]
(=5mé&)
l<— n-Hexane 50 m¢

(=5mg)

Concentration

_Concentration

Concentration  (1mg) [by Nagas purge]

GC-MS
BIR AEHEEC KD RTLEE

Fig. 9 Pretreatment for the solvent extraction method

l

1. Conditioning : Methanol 4 m¢

2. Injection of sample: Sample 500 m¢&
+Methanol 5mé

3. Rinsing : Pure water

. Drying : Nagas

5. Extraction: (n—Hexane)/(Ethyl
acetate) =1/1 4méx 2 times

|
N

k—D—
Column
D=13mm¢, L=10mm
E10E FEEMEEIC K DHILEE

Fig. 10 Pretreatment for the solid extraction
method
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50000F -~ NIP :m/z 283 |7
i i 1 i 1 i I L 1 1 n 1
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Fig. 11 Calibration curve
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S ]112
- 3 .
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4
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1331 21.65 29.98

Retention time  [min]

1 Simazine(CAT) 2 Chlorothalonil(TPN) 3 Propyzamide 4 Diazinon

5 Tolclofosmetyl 6 Fenitrothion(MEP) 7 Chlorpyrifos 8 Captan

9 Pendimethalin 10 Isofenphos 11 Isoprothiolane 12 Napropamide
13 Butamifos 14 Flutolanil 15 Isoxathion 16 NIP

17 CNP 18 Iprodione 19 Bensulide(SAP)

ENR2R t—EvfArIaw T L (B
Fig. 12 Total ion chromatogram (TIC) of pesticides
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nw 7574 - CTREFELYED LA XY VR, 77V
L, T a7 m3ENA L, £, PYZuvky (DE
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DEICDOWTREEIT - 72e 7ok, BEOYMELFE 4R
:77‘_\‘—3-&0
3.1 ERAE
3.1, 1 BB L OBREA

FASREEYEIT e - SR A T b Y TIRBELTRR L .
W E A DHTER A T L

BT # v, Nn-~F ¥, AR/ —)v, 7 ViE B
ARG AR Ao,
3.1, 2 EHEBEROHARESEH

BE :121.2 AU
GCH:x%»r73V—-—2731CBJ 1
(30 m x 0.33 mme¢, [EE25 pm)

HEA DR ; 250 °C
¥,V 7—#Z;He 7=

HEAR s L plE 1ok 2 18
HEARE AT v b e v
MS S - mEERE
A A vREE 5 200°C
A+ (LEE ;70eV (EI1H) !
3. 2 AEARE
B4BENAE L, GC-MS 1T X %E3ERAEHEON

BB A 9 BT IR T, KPESRITEE Y EW D (ng/e
~ug/0), BB E LTy 7unrRxy, ~XxHrinED
HHERAA BT/ W R X A - BiEREA AT
S5 TWhb, LML, ZOHETRZEOHRAEFERT S
L, HiH - BiRRACHREAYET S &, BT ERH
MBI L ELDREMENRERIN TS, £2T,
NSO BESY BRT 500, FILEE L BT
NI 2T NBREZ AT - 7o EFEFEEZ BI0RIT /R T,
ERITENRER TT - /0o AV LA BIREREFUR D
1BA R (10~2000 pg/0) # ML, BEGCITEAL
TS IMETHRE L. BN A-EBELEBEOEFENILR

7 niRE 350°C 34, EMaER L, to—prBNBRCTRT,
50~100°C 20 °C/min, 3.3 #R
100~170°C 10 °C/min, 3. 3. 1 EFERHEE X s~ 7 ORER
170~245°C 5 °C/min, %7 Smg/¢ W HER U /IR AREEER & BRI s TR
245°C 104> L, 100fS8HE L 70T I CaxB12RIR T,
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TIC

m/z
/\7% Isoprothiolane 290
AR Napropamide 72

Butamifos 286

VAV N

C Flutolanil 173
Isoxathion 105
N\ NIP 283

oLes 22.48 9331

Cs
Retention time  [min)
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Fig. 13 Mass chromatogram
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Fomt - WIEIZAETH b LHEEIN D,

3. 3. 2 EfEMHE X B EIRER
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R L 7cRE O EINE A B S RICRT, ENEOES DX
MRENEDE BB, FHT80 % Ll EoEINEN 55
1, BEfmREROESMENRE TR EE I RS,

Wi, FINKICERERM L 23800\, BN
& EAREE O A 1T, BOERITR T, 4 Y 7
703, HEBE L ZRZREDONLWE 250
Bo LML, oW DWW TIREMMEED F25, 447
EMMEL 2 2 EASRED bhvic, CDFRKEE UTHENE
DEYHEERALZEZDNDN, KB, BENS -7k
MBS 7 2 BT HHICER LBEYBRE L, =
D, FRCEE SN ARERR E S E X DD D, X
SR ALETH D & Bbh b,

3. 4 BESWELY

ATALERYE & UCEMMmE 2T\, F+ 790 ~GC-MS
THIE U 7ckER, SEBRE LB oo okt 23580
BN, SAPHEB MM DOWTS IMIECERAEETS
DEHEEINI, DI, —EBDEIRDEREREICEE %
L7, 80~96 % DENIENE S, EiEHmHEDOHE R
WERRD BN, UL, B2 HRML 2R IR T, EIX
ROETHESNEIDCHRENBDBETHBHEEL BND,
[ El (63

HE, #2210~ GC-MS #BVHEEHE L v
7 SR EAROSITRIC DO WTIRN I, EB b LR Xt
2fEEL->TRY, COREIISBISCEEELBL
TWC LD EEZBNDS, BRWEIEZOWTIE, KB X

£ 5 F [EHEMHECHT 2EMEROEINER (%)

Table 5 Recovery of standard solution in the solid extraction

Concentration‘of CAT | Diazinon |Isoprothiolane| NIP CNP
standard solution
lug/e 110 110 — 100 90
5u1g/8 86 78 94 78 78
20 ng/e 82 75 115 71 69
50 pg/e 97 110 80 86 84
Average 94 93 96 84 | 80

Concentration ratio: X50 (500—10 mg)

B/ 6 X AEMHIEE EAHHED K
Table 6 Comparison between solvent vs. solid extraction method
(solid extraction) / (solvent extraction) (%)

Concentration| CAT Diazinon | Isoprothiolane | NIP CNP
1~10 pg/2 75 56 — - —
10~50 g/ — 71 93 58 50
50~100 ng/2| 126 — 99 — —
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World’s Largest Scu_le Cooling Tower
for District Heating and Cooling

R)EER HikHE2H
N OB
Toshiharu Kobayashi

Shinko Pantec has: recently delivered Japan’s largest scale cooling tower to the Shinjyuku New

- Midtown District Heating and Cooling (DHC) Center of Tokyo Gas Co., Ltd. The cdpacity of .
cooling facilities at the DHC Center is 47 000 RT, the world’s largest scale of its kind, and
further expected to reach a capacity of 59 000 RT, when the future installations are included.

'~ The DHC tower has to overcome a number of external restrictions at the design stage, such -

requirements, and so forth.

as prior study of effect by a special air flow on performance of the cooling tower, abatement
of plume which has substantially adverse effect on surrounding environment, space-saving

This paper presents how our cooling tower supplied to the above DHC Center responded to .
those external restrictions, and also presents how the cooling tower contrlbutes to the o

’systems of the DHC plant
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Topping system

Cooling (Return)
water (Feed)«—
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Fig. 1 Heat source system diagram
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Fig. 2 Location of pressure anemometer
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Fig. 3 Airflow in the vicinity of cooling tower (velocity vector)
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. Table 1 Example of study of effect by wind on cooling tower

Intake air velocity Cold water temp.
Direction of |1 (m/s) )

open air Blc|ip|lel|lB|lc!|D|E

3.29| 3.33 2. 44 2.47 31.7 31.7/83.2/33.1
East 3 |3.03)8.09) 2.75 2. 72 32. 2/ 32. 0} 32. 6/ 32.7
7 12.4312.70 3.15| 3. 48| 33.2( 32.7| 32.0; 31.5

East-southeast 3.46| 3. 43| 2.73| 2. 88| 31. 5| 31. 6/ 32. 6/ 32. 4

South-southeast

2
4 |3.44;3.45 2.81) 2.79| 31. 5 31. 5/ 32. 5| 32.5
5 |3.43| 3744 2.82( 2. 82| 31. 6 31. 6; 32. 5/ 32. 5

Velocity of open air: 20m/s (at 187 m above the ground)
Pressure loss-of soundproof wall: 3.0mm Aq (at design
conditions)
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" 4 BlER

B E 3 HEiAEE
Photo. 3 Dry and wet type tower in
operation.

s

Photo. 4 Wet type tower in operation.

B HE S5 ¥¥ (LM, BReHE (5
i)

Photo. 5 Cooling towers newly installed
(top left-hand) and previously
installed (top right-hand).

£ 2 R HAWLHHBERSHEHERS
Table 2 Heat load, number of cooling towers in operation and length of
visible plume

Dry-bulb | Relative | Wet-bulb Water : Leﬁgth of
temperaturejtemperaturetemperature| LRoﬁaf-i flow I;EUTIEI?:; M(l))tor visible plume
° % ° m3/h m
18.0 92 17.1 18 000 | 11 320 4 20
—0.5 94 —0.8 3000| 2840 6 15
B B 6 AHERYRBEERS> 7 .
Photo. 6 Large opening, high-efficiency Motor | Exhaust air | an Fan stack
super low-noise fan. Louver- actuator . }-Iot water basin
wet damper or upper stage
3 EEXAHNELCONT Upper stage fill — Wet. damper
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Air inlet wet section

Drift eliminators

Air inlet wet section
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Dry damper

Air inlet wet section
Air inlet dry section

Hot water basin
for lower stage

Cold water basin
for upper stage

Air inlet wet section

Air inlet dry section

BOWHREM R T, KAR (BEArmEY
e D DKE) REEREAELSTHE LILTE
e WEBERRET AT bl T, 5
Bt RO ERRKATSE, &
SEORENBEETh D, %, KATHE
REBZ IBE, FEWCAUEEEIEL

\ \ T U L /
E% \ il il )
Louvers i i Lower stage fill
[ L1, ]
I I A1 mH I
Hot water J \“Dry coil,

inlet pipe | Cold water basin

for lower stage |

TKERERET 5 HEN—~BHTH -7,
BEERGHEZ, SIANCOEERE IR L
T EIE OB ERE & 04 LR 23 B s A
AEELERAD) ETHLDTH S,

C DO LA ABEFE U I B HEREE R X~ R EE BRG]
Bk, HRF ARRASHHEERGER v 2~ (—#T
F6000 RT) CREIER @R TH D, ARMTENT S
B HIEB X PER BN H 945 B FERBEE AT TE %o
BES XFEHEOICMA U S H1#41 000 R T &%
F4T000 RTDBEE ChH B, BERBHEE, 2y v &
~ 7 v — & CHBERL 755 m2 (41 000R T), #H&
RS, EERGIE CHRBEEL000m?2 (47000 RT)
LT3,

3. 2 #&

EEARARIREA R~ 2 2B/ NECH 252 L% H
e l, BENKRELCETERL B X <~ 2%

B4R BrEEEN

Fig. 4 Sectional drawing

BHEETH B Tl AROEESREEEORBILLVESR
BOWHER > TWb, LEE, TEBRCH L cnEE
Z LI HUKEE A R L, FNFNINL U RE R R o C
Who B IR o RB ORI TR L CESS# 1R (T
5o BAGKEHIERNEL b E D EF X, ZEKImEEs%H
D EER~ o X~ it XN BB, TEBORKEECHE
b, B, HEMENSBRAET I W FHEBEAXBEL,
HEEEABCHER INAK B L, 8t 52 Lic
IO BHINGKEIN D, BXTHE L, KExSGAKER
i, FU7tzV 3x—2—TKkKEE2GREIN, ZEEDOL
HHENB, —FEEOBHKIT EBGKECENZ R,
ek Bk W TESAKHEITED NS, TEEKEILE X
R 2 bk L UORBEEEY R3O0 ERERE CTERL T

40

gy 7Y 7 HE

Vol. 35 No. 2 (1991/8)



BA7T
BRIV DD
.

Photo. 7
High tensile bolts
being tightened.
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Photo. 8
Construction of
framework braces.
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Table 3 Leading particulars of cooling tower

Wet type cooling | Dry and wet type
Ttems tower cooling tower
Circulating 4230 m 3/hx4 units| 4230 m 3/hx3 wnits
water flow
Temperature | Inlet temp. 4a°c 41°cC
conditions Outlet temp. 32°cC 2<C
Installing Wind load 12040 kg/m?
conditions | Seismic load (Horizontal) 180G
Visihle Length of plume 20 m. max.
plume :
Noise Fan PWL. 105 B(AJmax. | 105 dB(A)max.
conditions
Material of | Main frame Hot dip galvanized copper
construction| End wall casing, Louver FRP
Fill Hard vinyl chloride
| Eliminator Hard viny! chloride
Fan stack FRP
. . Overall length 9600 mm 10 950 nm
Dimensions | 611 yidth 18440 18440 am
of each unit | yueral) height 19260 mn 18260 mm
Operating 314t 314 t
weight
Type Axial variable pitch blades
Fan Diameter 8535 mm 8535 mm
Number of units 4 units 3 units
Type Qutdoor totally-enclosed fan cooled motor
Rating 4507150 k¥ 4/6 P (One-hour rating 470/150)
Motor Number of units 4 units 3 units
Protective device High speed search coil
(Set temperature 140 °C)
Speed Type.with oil pump " Spiral bevel, helical three-speed
reducer Number of units 4 pnits 3 units
Type. L-shape winding fin
Air heater | Dry type dumper motor 0.2 ¥ - 2 sets
Wet type dumper motor None 0.75 kW - 2 sets
Vibration Type Osc1lla§1ng spee'd.momtor
N Dynamic electricity speed sensor
monitor
7 sets
. Type Lift 40 m, max, hoisting load 6.0 t
Hoist for To be Installed upon | For maintenance of fan
maintenance | completion of second
construction work
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Fig. 5 Comparison of effect of communicating tube.
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Table 4 Number of cooling towers in operation and water level

Refrigirator "4R. | IR | 2R | 6R | 7R | 5R .
Cooling water flow | 3177 6250/ 6250 4385 4385 2530

mé/h (Total) | | 94271567720 062 24 447, 26 967
Number of wnits | 1| 3 | 4| 5| 6| 7.
Water level. . mm - | 580 | 490 |- 440 | 390 | 350 | 300
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Development of High Efficiency Polymerization Reactor
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