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5-1 INVESTIGATION OF RAINFALL-DERIVED INFILTRATION & INFLOW
WITH THE USE OF RADAR RAINFALL VOLUME DATA

Wataru Amano*
* Bureau of Sewerage Tokyo Metropolitan Government

2-8-1 Nishi-shinjuku, Shinjuku-ku,
Tokyo-to, Japan 163-8001

ABSTRACT

This paper describes an analytical approach to estimating areas with rainfall-derived infiltration &
inflow (RDI&I) to an area of several hundred square meters, with the use of historical data of the
wastewater treatment plant, and meteorological data. It also presents an application of this method
for estimating areas with RDI&I in the Asakawa Treatment Area by analyzing past data of sewage
inflow volume to the Asakawa Water Reclamation Center, and radar rainfall volume data.

KEYWORDS

Rainfall-derived infiltration & inflow, Analytical approach, Operation management



5-2 DEVELOPMENT OF OPERATION NAVIGATION SYSTEM

Y. Maeda, H. Oohashi, T. Saitou
Sewerage Bureau, Tokyo Metropolitan Government
Hideo_Oohashi@member.metro.tokyo.jp
2-8-1, Nishi-shinjuku, Shinjuku-ku, Tokyo, 163-8001, Japan.

ABSTRACT

Bureau of Tokyo Sewerage has 13 wastewater treatment plants and 82 pumping stations.

In order to manage these facilities efficiently, collective operation in each treatment area is
being promoted by making use of remote-control system.

Promotion of remote control system leads to concentration of facilities monitored or controlled
from the master facility, and, therefore, increases tasks of each operator, enhancing possibility of
his human error.

Also, due to pressing increase of age-limit retirees and strict restraint of employment, the
number of operational staff is decreasing and, consequently, operational skills are being lost with
veteran operators.

Automatic operation can save some load of operation, but it is limited in use because WWTP
deals with uncontrollable materials, rainfall and sewerage.

As a solution to the problems, Operation Navigation System (ONS) was developed.

ONS, a computer system to make use of its performance and capacity, is a guidance system that
has human-friendly interface and flexibility.

Developed ONS reduces operational tasks, functioning like car navigation. An operator can
give operational instruction or action according to guidance message that is timely and
pertinently shown on supervisory monitoring device.

The target of ONS is to establish safe and stable plant operation by inexperienced operational
staff.

ONS uses data of the supervisory system to deduce the next action. The decision is shown as a
guidance message or messages with other related information.

In contrast with automatic operation, which has restriction that it can be applied only to fixed
operations, ONS can deal with operations that require operator’s judgment.

To evaluate ONS, prototype ONS was installed in the Morigasaki WWTP. The field test, which
was done from July 2005 to March 2006, demonstrated practicality of the guidance message
system. We confirmed good consistency between ONS guidance and actual operation. For
operations of indefinite timing, additional data from operator works.

For ONS, operation know-how expressed in a form, such as document, manual, or flowchart is
vital. ONS also asks for substantial improvement of operational data.

Preparing the documented know-how and improving operational data is the key to introduce
ONS to our WWTP.

KEYWORDS

Human interface, WWTP operation, Operation guidance system, Logic table expression,
Guidance message
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AL = VB BEORBEOBRICEZ 2EEFEPALTVD)DARESNA TS, ZbDHIk
[ZOWTRE LR, VT A& EARTEL
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(1) Fik

WEe /A% ) — VOWBBEELZ IMEGREIT~==27 vO%M), 0.56M O 0.1M & L
T4 CHEBEE A EE HE R (200 w g/I)IC X L TR AR D fMREEZ 1TV, EEEA O 5o A
WE L L 72,

(2) #E%R

WEE(IM) /A X% ) — LTk, & oWk =5 BEE/I-VEEICKDEHAD
T 63%LL FIC I A 2N E F LT EURE

N . T AL 2 [ L)

0% L., HEERO.5M),/ A% ) — L TlX - - -
63~90%, Hi M (0.1M) /A % / —/VTiZ 77T [7er0.10D, MeOH 94 77 127
~127% & YRR B SR WVVIE C I EE IR T HC1 (0.5M) /MeOH 78 63 90
R LiZ< WZ ERDhoT=(F 5), Hale,/ [HClIUM), MeOH 48 40 63

f&/—w@ﬁM%W%O1M&ﬁ<#é % A LRI P TIR SR 2 M 0D R i
i T, EHERO g AEMEI TED EE LN,
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RO R EzMmEl Loo, MAKRTIEEWENREZGL DO TEX LB/ A X 7 —
WAL RO 5 2 L2 BAEIC, 3 BB OEMIREIC X 2 A REER O BIIE % KR
L,

(1) Fik

4 FEOMBRAER, KO3 EEO 7 V7 a  Bina Q00 g/l >\ T, HEEE
£ 1M, 0.5M KON 0.1IM O Hfgfg,/ A % / — L Z AV THRAERSHBEBRELZITV., EKD
Bl A2 R L7,

(2) #EHR

R G, v v rBaaiReE bic, BIREITER A% 7 —VOBEBIEEICX
HZEIFTIRBDONT . EREEIZOOIM THFSTHDLIZ ENGhoT2(5 6),

7272 L, BRI AR TIXEIILE 64~89%., A EMRE 11% A0 & . & D2 B i 7 ks 3
ThoHroIZx L, ZA7 v BEAEETIEEIED 6~24% LK<, ZE{RED 20%%
BMATbDORHoT-, WEROEIRITHEBREE ~DOEKGFERRN LG, T rrnm
VIR AERICKR L TR, HEES AKX ) — LV THRAKRSBLUE TS LT LW EEZD
i,

x6 WE/MM-IVREEICLXIVEARZEEROBIIRELEZEHERHY

| R %)
E1-3G | E2-3G | E3-17G | E1-3S E2-38 E3-38 | E2-diS
HCI (0.1M), MeOH 10 6 12 76 68 68 89
HCI (0.5M),MeOH 8 6 11 79 64 69 86
HCI (1M),/MeOH 10 8 24 78 64 86 88

Z B R K W
E1-3G | E2-3G | E3-17G | E1-3S | E2-3S | E3-3S | E2-diS

HC1(0.1M),”MeOH 23.4 10.6 35.1 2.3 3.6 10.7 2.2
HC1 (0.5M),”MeOH 5.1 4.2 5.9 9.4 0.7 2.3 0.4
HCI1 (1M), MeOH 20.3 7.1 10.4 10.4 1.1 7.1 0.7

M A IR R T I3[R O - 25y



T, WAEKRGMBIECHWZREL L, B A ¥ ) —1rofiicZ7 vy n=X
— RN TWAEN, Frvrue=F—R2HVEHE4A, BRASEOBRIENKL 22
L2 ENHEINTHD D, 2NHDOZ LD, WAKRSMHE—GC/MSIETIXIETOA
KEBERSHETZCIEHELWEEX LN,

ZZ T, ARRFTIE, BBAKGB CHERREEZEZAONTEMBBEAEE IS E LTl
DL L L LT,

3. 3 MEAEESAEEZROEMEHE

M OBERER O FIE I, pH W CEMMHZIT S Z L/ > TV, KIE
HEOEmWRAEKROLE, BH~OWENEZ RO LT-DICHEMBERIZ L T LERD D &
EzonND, 22 T EMMEEEORE pHIC L 2MBBEAKRORIERIZOWTHRF L,
(1) Hi&

Hi /% 40 & IR A% %E i (200ng/L) 2 . pH3., 5. 7 (% L C & AR fh i —3E /2 (0.1M) /A %
=NV — X — T L Fa X U E(PFB L) Z 1TV, & T LR O BRI E % R o 72,
(2) #EHR

B 225 PFBAbE TORTEOEIINET, E1-38S TIZED pH TH 100%iT VW
RGO, MOMEBEE SR TIEZ pH3 KOs @2 pHT7T L0 &<, FIIEIZ pH
KEERNRBOOLNT(F T @), LarL, E1-38S LA BAKRIZ O W TIEXENILR O E A (K
ML <. E2-38 TiX 56%. E3-3S &Y E2-diS TiX 10%LA F T, KEEOEH WA IKIE
ERITRITENETH - 72,

TREMOEBIL R, EEE/ A% 7 — VLB EIL 70~106%0 b 5 RERWHE R TH

W L(F&R 7 @), EEAH OB ORI FE L E1-3S L)%@@ﬁﬁé&?ﬂé%&ilﬁlﬂi%iﬁﬁ<
(F7 Q). MEOSDL Z LN Ghrole, MEERDSHICIE., M3 2 EAHOEE & O
MBI 2B THOILERDLDL EEZ X LN,

x7 HEKREROBMHAKFIMENEER ~BEHEMBEO pHIZKIERRELEHERR~

B i R %) EERE (%)
E1-3S | E2-38 | E3-38 | E2-diS| E1-38 | E2-38 | E3-38 | E2-diS © ® ®
e © R © EET |
pH=3 106 62 8 o] - - -
pH=5 121 79 4 of - — — -
pH=7 108 24 0 o - — — | [HCL MeoHLEH
HClL/ MeOHLHE @ HClL/ MeOHLHE @
90| 71| 105] 100 37 01 | 15 | 15
R~ E © E R~ HE © |  prBi |
pH=3 95| 44 9 s 31 81 88 557 | \/
pH=5 108 56 4 of 77 77 13 — |[ w& |
pH=7 96 17 0 of 127 128 — | —

% [EERIE, TR %K 3 Bl 0 FEHE,
7L, TEMA#MEO) oEINERZ, THCU/MeOH AL ® | o RN RT3 T 5
TEAARMmE~HE®) OlRELTRD I,



3. 4 WK~ ®FMEYR

ATIH TR A RIEERIC O W TRIR O RE 217 a8 I & o TIE R4 722 [ 2
/BFondZl ehbrol, ZITE, ER-B~OBEHEZREFTT 5720, FARLHEKIZHEAE
RERYEWR 2 TN L T BT B 1 2 [EL R &2 5K 72,

(1) J5ik &8 HHRAKADFME U EER

N — V= z gl Y AN %\‘( N -
mﬁéﬁ/& m@mam%@umyéﬂé{w R | BB
ng/L ML . pH5 ([CFH% L CTHIWHE K OV E %2 1T - 7=,
E1-3S 75 1.3
L2 R 54 6.9
BT 1 & 0 a T b BMAOKRBI L AR [P0 i -
ETH ., B1-3S AN Th o/, B2-38, E3-38 Lo 30

p Pg LIIHH TS S8 O T
ITEWERTH - - (3 8), BN RO T 33 Bl D L

4. MBKOEIXA+OF VRV IR MO OHEBEEORTE

LSRa 2R A Y ) — VLB —GC/MS I THE L < JIE TEZoid kst
Ll THEEORGEHEOH T, E1-3S, 1 MWEOATH SN, ZOHEIZLLHMET
LHRAEEROFZBOWEELZIT) ZLIEAREEELLND,

ZTIZT,AEHOKELEY F —D KKK QR4L BEESGREDICOWT, AdkzE& i
xRSy A bl UolEREEREL T,

FORE, WHAOT THREENTEZDIZ EL 0L T, BHEBEIZIINAE TOREREL
FfEECTHh-o72(F 9., & E1EMAE+RAKORE L, FolkimAkTd E1 A 2
R EOM T, E1 #HRA L E1 WAKEL3S)IXFE L~V THEELE, WK —
GC/MS TRl e/ E1-3S LIstic b, FEx OB AERE T V7 v vk a RN il
HEARZD DRV ERECHFEL TV EE X LN,

B OMNEAT BE N L ORBFZE T 3T o 72 LC/MS/MS 512 & 5 [E N 20 & AT O T /K L HL
TOTA M UEERETIE Y, KAk 5 E1-38S ofthic E1-3G & &EE THRH S
TRV, TORET E1LEMAEAD 6 f5EWETH-72(F 10), £, HEHEARTIXIEEAL
BHIARWE2 LT EI QAR TEHEEWRE TREI AL EHESNATVWES, 2D Z &
WS, s a B AEREEDERAEOERBICOVWTIHE, BE LTV EZDITiE.
LC/MS/MS i@ 2 H AL ToMa2#EDL XM ETHD,

9 KBEELUA—MRAKDPOIZINFT VRD
BMEKIZMVEECER 185F 10 ARR) 10 TAMERICLESIIX O UHE

B E (gl TR (BN 20 RO KD
E1 E2 E3 FEHEE V)
-4 :

fxArasy | . PR (ng/L)

- WEBEA (R ) EBfE (A | S

(EEBEAR + R A 140 E1 12 |E2 nd |E3 1.5
A 69 42 27 1 0 E1-3S| 13 |E2-3S| 52 |E3-3S| 69
B 50 29| (21 0 0 E1-3G| 74 |E2-3G| 91 |E3-3G| 72
C 15 10 ©) 0 0 E1-diS 360
D 2 1 (1) 0 0




5. &8

NCI-GC/MS IZ k2= A bu 7 ViEBMEO SHTELZICH Lz, & K5 — GC/MS I

LA bl lEROGIICONWTHRNEITT-TEZA, UTFTOZ ENRNGhoiT,

O il A% ) =N EITHIHE, El-dd 1T —H N kFE—-EAKELHEEIGICTELY E1
BT 5, Yrrl—MEELTHEHTEROWR, E2-d3 ZHERN L =X b
FURERE LW, EHATREETH B,

@ fEEDy mﬁﬁkbf%ﬁfmgﬁiﬁﬂlﬁm TWREHALTEREY E~ =
27 VICERBEENTWDIHEBAM) A X ) — VBT, =& b7 ok e &
LML T LEY, MEERSMBECHERT2ER A% 7 — VOEBREEIX 0.1M
BEFTELTDZ2ZLA/METHD,

@ =2 brFUrAGKRO S L RBRAERIZOWTIRER, A% ) — VL —GC/MS
ETHIEFMRETH L2, Z 7 v rBaaIKIZERENRS, 2EToRAE KL EE X
SHWET D ZLITNETH D,

@ Wi A EoBEMMEEREOEIKERT, E1-3S oW TR RENE LN,
E2-3S. E3-3S &' E2-diS TIIEIUFE MK < | EH O & O M s S22 W TH
Rt T OMLENSH D LNl

® 4EFTOKBEE =K AKFOZA X2 lE LR ELRAGEN E1iF
BER E R L XL TCRIBES T, FARBEAKFIZIE, =2 b U lERRnni ok
ETHELTWDL EE XN,

L E x|

1) BEEL O, ZEEOREVE/EEICE T 2858 (F 0 3), B # B 5 B 7 BF 58 57 4F 3,
pp.165-175 (2000)

2) T. A. Ternes, et. al., Behaviour and occurrence of estrogens in municipal swage
treatment plants-II . Aerobic batch experiments with activated sludge, The Science
of the Total Environment, Vol. 225, pp. 91-99 (1999)

3) BRETAKEMRARR, SRR W B EAL 0 E R A Ev=aT v (1998)

4) K. Komori et. al., Analysis and occurrence of estrogen in wastewater in Japan, Water
Science & Technology, Vol.50, pp. 93-100 (2004)

5 BHES, BEREH B -2AN Y O ERIZE T D NEEEYE O KRG, oAk, Vol.
48, No. 7, pp. 725-729 (1999)

6) GHilfh — o, EMH—GC/MS &% AV izzabes v 44, K4k, Vol. 69, No.
12, pp. 41-48 (2000)

D WHE—G, ANV -MBE RO ST & o mE, L IRESERRL I -FH, pp. 35-37
(2003)

8) AAEML, BEFAN YV I-VEIEY'E © LC/MS/MS S #HriZ81F %5 HPLC &1 @ & i
b, & 10 MRS AT RIHEHEEE, pp. 320-321 (2001)
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1. [FCLHIC

E 9T 9A, V=T cardi—rEEL0FELE [Bbit LERNK] 23 H ARKFEITHR,
FiATa N, ZnzREE LT, NoWr<EtFHWE., Wb L2RERLVE K DAE
RRA~NOEBIIEATIMENFHEOAAT 4 TIZRY EFonb L5k, &M
ik L7le, TRKESHICEWTHOR OB ZRFAEN NI, HESRE LIEWEDOZITD
WT, FARLAHEE X, S2BREOKBHIEEZALTCVDZERPALNTR-Y, LL
RL, BEALVEVE FALEBECRERIIRETE DT TEHRNDOT, MALEY
Bo—H X, BEKICEERMINEDOANILHKBIZBE L TWD,

X, ZENETCOFRMEMRILICEY ., N < SLLFWE O 70> THRE O FHH R
ErBRITAEEOB M EITRA A be Yy (KERALVEY) THho T, ZDIEEA
IR TR OkBAEEy 2 —) hoffiashTwa ez @mELL?), £, HHS
. FARLEKZ 2HFEKBLEZRABRRKICB W TEMLBHA A AL T O 60%DNEERER 72 A 2|2
PR L EBEREZMEL TWVWDE 3,

BERERLVEVICET 220 0T HEAL LRI E 2o TS, LML, EF,
KEAMOEBRRELZRETIHMENRE LTV 2O, BMHEATOMEME 2 EE L i
FEHENROONDIAIEELZ DD, ZOLIREENL, T A M T U RPEORE &K
BRI DWW THIIE T A Z E 2 HME LT, AFEEZFEMEL -,

2. IR +AFUVORBEL

RO A v 2, 1718 —2 A7V 4= (E2), = A+ (El), X=X k
VA —n(E3RHDH, ZNbHDOT A bu gk, KON 77 a s Bemigsois ik
ELTCAE LS RZFETE P2 HEE DY), B 112, Ao A ha s (E1,
E2, E3) kUOFEhfaahomeEXN LR L7z, ek Tix, 3MELFT 1TMNFEIZ, 717
BUBEEBRHEE LTS, Zhb0RAR, EHEICOWTIE, BB THR XYL A
WAHRREFIEICLY, kEFRALELE L TCOERBE (=X ha 7 U RIEE) AEESh
TW3%), 2ot T, E20EMEEL 1L L E E0MAGEDLIEEMIZ. 1000 5D 1K
WolEEhTnd,

TARICEENDIZ A br U E, FAEREANOR FREICEWTZO —#niifasd sh
THEHEOBWERERICRS EEXZLN TS, BE20 7 v 7 o o BRaa iz L Td, HH
HIRWHEIZCE YD —H2BBREE SN TE2Z4AKL, 20% E20—HIX E1IZ, S b IZ4ERK
L7z Bl 3o RMBEICHRT DR HESN DY, 72, YHORAEBIZB T
T, TR BM TOEESBERIC BL AN T 2BEE /B S TNS ),

A, ZA I UrOKLHEIBRETCOFEEZREDL DI, EHEKZ T TRIBERKE
GOTHN L, FH T2 2 082 E L, YTk, MARMERNS B2 E AR €
~ =27V RETKERSHKEEHERE EMRI04F10H (LT, v=a2T7 L EFLT) ]
WCHRLL THRAEERSIT OB 2ITo72 L 2 A, AETEHFDRRIER G LA RLW & &



X1 IR+ATVERME RUVEGREAOEER

MHTHZENTERED, EIEL, M GEEZHNYT 5 E TIZIEE> TR,

ZZT, AT UEHERTE T OSERICED, M KORELZ RENICHETE
LHZNEI M ERFLE, FAKERANTEZZEVWDR TS, =2 e rmaghnsilE
BER A~ E IS, B K LB AKIZONT A LD DN E S AL EERE 1T

> T,

2.1 ERAE

FEPKFFAEE o F — 8 BB K 2B O T AR TR (A& 3 Y v M) (1
FERmAKE L, TAEL—Z—IZTh oM, MKLBEEI T, TDOHK, BERL T/ X
Fo I AL =TI LR OBPPOLOBBESREL . ABZAT UV VARHZ (BFEES Y v bL)
WEBLTAR—A T Z =X 0VIgERT 5 (BREMAE) FH02502RE L, FERH
ERE, BIFMREM B A P24 I ZEORE 2G50, AL ABRKANAT L AR Z B
BLAUHEELTERFHL T, SHHARBEZO= X Fe s ViRE (E1, E2, E3) ZHE L
o 7B, M FPIRE~~==2T7 VI L, TR I7a~ NI T 7EESIHZHOTHON
o RN N

Flo, RICHEREERR CTHRILL ZIEMEBRIESRICOW T, B0 L O REIC X 5 &
Tz T, 7o, ERICHOZIEEFBRIEAKRIT, SREEEBZICELDHE., XA
WEITW, BoNZABRERESSR E LT,

2.2 HERUEBE

FHRERBBEO A b X AERREEZK 2 (2T, LEAKORE TIX, B0 L TR
FRGEORVEME, BREEOWNWTRE, BEOKREIX LFEF, 5 KEKEEE CTIZ 13
FREJR D Lz, LTV, ZI2IEARLTWARWD, Bl#H D20 TR KT O fi
A E 1%E (E1-3S) MNiEEEA (E1) CIZEREEENDI L 2MBEL TS,

— 5, EHEBRIEAGEOSGA., BEOHLDOEFMEICEWTAEF O A~ bR H»
MUz, Zaid, kB coBRDBE®RIC EL 3BT 52855 LHEELTWD,
LERK EIEMEVBIRIE G E O ENS, MBIV = A ba XU N RT 5 KIGIE, 1§



HHBERICERLTWS EEZLNE 2L 80
NE . EMIBEREIEEALS S L mE

KB LTI, 24 R OFHENT= A Ng B E3
BSVOWMIER SRV NS RE, § B4 [ Oer
KEAEL Y ¥ —ff 0 R, — e K 20 [ | [mE2
9y s ) — b kETHB, av sy —F N

0 oo | FTr [TTTTTTTTIT,

KEIZB W T, Bk o I < —EH AT
ERBEEOMEM EBEMT LT THY
WA OB I XD REEKISITEHE T
BRWEEZILND, ZTOZ L, KK
N0 TiE, Mokt o DO 2% i i 4 80
FIZEIVETLEELTE A MRS 60 |

5
#E 3 B ] (Bl
(a) LIRK (BEH DA DEH)

ARz B i RPN N =X il s | S
LN T, HEBEKRZTOHETH -

E E3
E1
20 mE2

IXNASTVEE
(ng/L)
S
o

TORENRDICAERT 5 EN~E R D
BBERERCTELAENNDD L E X, 0 Ltmmml bl e

WIE D £ TE % 1T - 7=, 5 24
KR PRIEREZAT £EBBET (PR
(b) RIBAK (BTSN
3. WEAXDELRDHRIIZEITEHITR
fOSFURE 500
A bRSYORERE, ARG W,
COWMEM L BEs s ammms N | —
B p L BRESEDHAICHD LRE TR, -
EShTwns ), X 100 | mE2
TIT, RURBT AR, asho  H g p— T T
L7 % W RS AT B S Bk P -
L= HBE L, KRB OENIC Lk $EB IR (F5R)

D2 b B U REICENDDDNE D
VAN R

3.1 AEAE
(1) FAEMEE. KA A
- FJIIKRBFAEE S FZ —
THAEH : FRk 184 12 A 18~19 H

AR TERET K, BRESRSIALER K

s LB ERKEFAYE X —
AR ERK 1941 A 15~16 A

AR TEET K, BRYESR AL R OK

c S EKEFEARE X —
AR ERRK 1941 A 15~16 A

EFEFREARPR(BHOHFIDEE)
2 MEBBEIANMSYEELOBEZ

» O & 51 AL B K

» O & 51 AL B K

B PER TR AO SRR EEK . HARIRINA T » 7 A, 0% %1 (LU, THAKR S

&) AL B K



(2) BWAE, K OHEFIE

FREHT., BEIBRAKEEICEIY, HES 1 HEOFRT 11 S 2 BF 2 L2 12 [AIHK
L7-th, MERAL 22K EEZREALEZ, ARLEZEAGRE T, 7—-F—FR v 72
AW ANTHESL»ICHH KFELE X —NORBREICRLIRY . AILEEEXZITo -, 72
B, FMCHBRAKEEOS LM (RY 7oL ) oo X b AU R LT

> S Ba s Ba

WRWZ Ak, T ARG EDERAR (FRFHFICEMAKLZRZ LT 24 K MERIZS
Mr) kR LTWwSD, MIEHEEB I, EBAOo X vae s> (E1, E2, E3) 7T

e, ROz A b X UERERAMICHIE TE 2 X b 7 U FIEE GEGB -8 2
B B: Two-Hybrid #%) ##fH 3+ 252 L Lz, = A ba X Uk RIEHORE T B, BT
=R N R R 'l D el NSl it

3.2 HRERUER

Ko —0FEERN, =X b F U JlEKREEEZRLENE 1, 3Ird, = A b+m
FUBREBEORBICERT S L, WFhotor ¥ —I2BWTH, WETKICHXTREKD
FNKEMDoT=, ZHIE, EORIGCHEICBWWIHRBEBALEZZ A Fe 7 U RSB KF TR
SN RS NDD, FMRBRFAEZITo TRV RKIIAHATH D,

FR A —IZBWTRINOBRRDZMEKEZRETS L, T, ZEINEHFOELS G,
TR b UREFICEHEREROER WV A,0 RINDO T HIERERINCESTEKREETH
o, ZTOZEbH, RINHOHERMAZ A ba 75 U ORBHORIZFLGELTNWD LB %
bhiz, —FH., ZBICO VW TIX, HERIOZ A ha X RERIRE LD AO RFIO
ZTNICHRTEBE T2, HIKRS T, MEEEKICL > TGN O LY EE AO

®1 FAEHOEGZERRE. RU—REEBOKELSTHER
hJIKBE L 2— ;
=R EE (5HAIEE) s R KE ™
TIMLSS | FHID0 | il () | Bafl () | NN TN | TP
(mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L)
FEBRT | FEERT 1490 1.2 9.8 9.8 1.9 6.8 0.1
AERT (A0RF 1540 1.7 14.3 7.2 0.6 48 0.1
ZENLRKBEE 2— ;
= (5HAIES) s R KE ™
FHIMLSS | FHDO ﬁgﬁfj ﬁ%ﬁfj NH3-N| T-N | T-P
(mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L)
BRI | EE R 1870 3.1 7.8 7.8 1.5 12 15
RERG (A0RF 1780 1.0 12.8 7.1 0.3 7.2 0.8
=N EKBELI—
BEEEGAD | 5smne | namse KE
FEHMLSS | DO 1) «) NH3-N | T-N T-P
(mg/L) (mg/L) B51E (hrs) ™| By (hrs) (mg/L) | (mg/L) | (mg/L)
XTEB 5 [AORF 1180 25 7.8 6.8 1.9 13 0.3
FERS [{BEZRFI 1250 35 8.0 2.7 1.5 8.2 0.3

*1) HERMRINTHELIBE T KERTYTRASETCLAN, FEBEHOBMICE. BEOBRESF
MEKkE2ETCKRLTROEEZSLEHLE
*2) NH3-N.T-N.T-P[X. FhFNT7UoE-THEZE . BLEZ BYAZERT




FHEIDLED TR OEKEZR > TS, RKHOWMEKE L KICEOREND
BLEHERI OSSR OMZEEER (8.0 ) 1. AO RSz (7.8 B 1T
FERILCThHo7Tmb DD, HXMHEEEM (2.7 FFf) X AO RFIDZ i (6.8 KFfi]) 2kt~
HENEMHhoTo, HIERIIIE, ToE=THER, REREDD AO RANE DY KL (F 1),
WAL T E 2R E T 2B ETH D, EXEZOOMERTE T CIIWER Z
EIEWVWR VA EEEERICEKRTA2AEMITEILEDRELIRETLIEBETRNLDLLDOD,
T2 URECEALTIERMNICHS DT TIERn, W) ZERRBINT,
BREFHABRABEELEIH WA e 5 UREEORER R EZK 4ICRxT, B —T¢&
iR Z2 B 5 L HFRBLOMSE R K/ANE, GC/MS THIE L7 X bu & OAFHE L [F
BofmsE R rLTWE, LOALARL, 20X e A U EENEIEZ. GC/MS 12X B
E2, El. KO E3RE L ZNZENOLIEEM (E2 11, E1 :0.4, E3 :0.001) ) » 5 HH
Lz A b X U@EoRfEdmzndoim, BERE (Two-Hybrid £) TiX. FK
HELOLE, BMBOMBMEEFCL2WESFo RN HESINLTEY 10, 22 GC/MS
DORENPOLEH LML /S oz —RTERWNEHER L,

%i 400 # 20
£ 300 | - B 15
X EE3 ﬁ<
g'u\g 200 OE1 gm 10
7 B Lo
4~ 100 mE2 oe
-z_ 0 m | TTTTTTITIT P|-<| O ”.l.l.l.l.l.l.m.l ‘ ‘
H RER | A0% BER | A0%
BT K LIEZY/N SRR TK RLER 7K
(a) FIIIKBEE 22— (a) BIIIKBEEVZ—
4 400 20
SN
+H
£ 300 ¥a 15
-HLP( E E3 ﬁ’j
ag 200 | < i
'\~ OE1 i}m 10
100 mE2] o4& o |
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Tk FACGEAES B MEE EEER AKE AR AR
FREEER, DUEEIEZR, OMREF ik, B A (B, HAT/KEFEM),
Fede =i (B, B EHFEHEI) . BT (B, e - EHEHI) . FHRE

1. [FC®HIC

WO KEAYE X — DRI, £ TOKEAEYE Z — DN KLF i & 5 RAFER 2 A b
BED, 220, KO ICEEE ESELBENREAINAN TSI ETHDL, 20D, {5
JEALBRIRAKIZ K B @ EAHE~DEESC, SEAHECHRELZY A2 & TG IRAHEIRKIZ L DIE
WEENBOKBEOIR TR ENROEND T D, BRELZEBIEZITI DD~ =2 7 /L OB )N
RKOLN TV, £2ZT, LB X N ELE LB O D O FEZ RF L, ik
W B AL ER R A B VE (v = a7 V) EAER LT,

2. A20 ZDEARMTEGFHDOREH

PERDIEHEILZ T D AERIX AKE GG IRIRIE IR FMBRIRE R EOHEBIZOW T,
T E 7R AR AR L ECHEEE 21T o TV D, A20E1X, £F - D A ZRIRFICLET S FH
ETHDIN, BHRBRELVAREOERFIETIHKT2H N EZN b, BELERESR
T97-0101F, EEED EICHERRERFFEORFNRLETH S,

12 BARE 721 & LT, B— 1IZWR 1 54

N BEOEWKBE AT X —0 A20 ELIRK
£l BaR L. MBkDRERESEN L T
ﬁ S0 AREL . RERNEDE X IE0 A
¥4 PMENZ L RN D, DED, BREER
A y = 5.1443x + 10.285 Z BT LD LT 2R (iAo RERR

. EOET) 247215, 0 ARERFEE (&
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ShTWA, LinL. W AEREMICHKE

LED ETBE, MEELES THEDICEERERRL SRR Y, RO~ =2 T L7

I AL A LT LD . il A20 BEHER T 351 B R A R U A S 7
R T

(1)  IWEROHR

BREAEIZB T, DA HLZRET D OIITMKEZ D, MUSERA KO A #
VWikEZm < RO ENEETH D,

BB R 2 kB IR ISR, TEMEGIE A ERF TR TR R ARSI L A 8RR, K
EREHTTHGEIIE, HBELZLEFENLTVDL I L OHRENRTT /R ERD, &
DIz, WEHROREZE S L, HROFIAZD R TLEENIELTH D,

A DORE R, RIEFR 15% TR RFHERDG LN, AT, B RBMICHE LGk
WX ORHEAKF DY AVBEIED AD ERPIFEE LD, RERE 26% & L, LEDZ &h



. PRIk A20 VERERRIC R I DIKERIT 15~25% T4y & HIWT L 7=,
(2) fil b R 76 B }im@.ﬂ‘

DABRENRZE LR CTERREEZIT ) 2DIIE., MLERFEERRLEERKFA N TH
Do MEORR, BEREFEZ 8% L TEMBMOMMBIEELZHRE L, HXEOEKET £ =
TIREL 0.5~ 1 mg/l RECTHEIELESFMIIEN T, EERELRUERERNGE O &
Nh, LR ER RIL 85% LA L LTz,

(3) 15 VB LR oD 45 B
D ABREDOEZEIZIE, BIEKICERBEOD ANRLRWVWE HDBREHREZIT) LN EHRE
Thob, BRAZR2RFEKOTER Z & OKEEHIEH & HEMEAE R 1 ISR LT,

= 1 BRAKDEERIER & #EE

I3 7K D Fi HH KEEPIEH HELEE
N e PO, —P ] dmg/l LUF
b S'S 400mg/l LLF
DR AE B | PO, — P 3mg/l LLF
PO, —P ] 50mgA LLF
LK 53 Mt SS 100mg/l1 LA T

ek, ZOHEREIL, RUSY V7 MAKEICED 2FENSMEOEKEE L LT, KRB
ELTEDRELDTH D,

(4)  —EARR EHREA, PACEMOFN

DABREREKEE LT HUIITOINTND —h A XA EFBEEABLOP A CHNC

DNTIE, WEKEDOREE A ~OfliE % & & LIEARN| *”ﬂﬁm LawnwzZ e L (2720
st LT, 20 ADPEHEELZBIBT 2B8ZNNELLESEEICRYPACERNT S Z &
E L),

ZTOBEEIL, —hANA RASEBREAD B, KISHENOFEDIREZ 5O TY AR
EERREEIEDH L THDLIN, —FH TR TOZEK &KL RENG eI AL S Bk
PEOERTFICLY, WX FLCOLHERHRKTIEEZLNDINLTH D, EFLE L
T, EFEfEROHRIZOVWTHK— 212, F—FEGKBOEIZHONWTH— 312xR LT,
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AIRKY AR E(me/)

ZDOLED A20 ELEREE L OERGEROLOHBRE R LELOTH D, K— 31X, K-
2 LIFMNOKBAEES X —IZBWTHEBROBRAELZE X, 0L SITHELIHAKT —F
DEKRFEEBEEHDSATRLIEZELDOTHDLN, —hA RAREFREAZIT) Z LI K
., LB X AR KRT L L AR L,

(5)  fi 5 K ke st his

fifi 5 Bt % FEM T D2 RBICE TWA T AR HR I N D &, A20 {EHEERD £ F Tl +5 72
RREEZMERTEZ RV, 2O LI REAICITMILKBERAZELL, VAREZELIEDZ
L7,

BERIC K > TWATAKRRERS N, BFBELZEATRETCHISHEIZRAT L &, AXkD
PR IR RE N D MR IRREIC 2D, ISR LT, MbkfERZE L LEHA. X
TSR~ DOBBSCHBE OISR 220 . o, WIRE COMERHNIHERT D
LT, HTETEHLN., BEIFMDHSIREL 20, fRE LT, B - FRIEL

1.6 160 1.6 160

—— WEKYARE —— MIEKYARE
12 1 120 S 12— 120
—~ E —~
S g
£ a5 £
0.8 — 80 £ 2 08— 80 E
¢ o 1 ] &
04 f / 1 40 R ooaf | A 40
**J
o
0o === W 0o = ...
14 15 16 17 18 19 20 21 22 23 24 25 26 1415 16 17 18 19 20 21 22 23 24 25 26 [
B4 A20%BIEE M E-5 MEREERLTE

LD, VAREIZOWTIEOH2RREOREFRF D AHEIZR D,

M—4BXOH— 512, A20 ECTOEREZ Ml Lo KBAEE o Z— L I LIRTEER 245 1k
LTCAOEHEIRICAER LI /KBER ¥ —DREAKO Y VIREDOELEZ R LT, WEIX, [
—MMoOT—42Th b, A20LEEEZM LKAy 2 — (K—4) TiX, LFEAKDD
AIREN EF L THOEETL2ETIC7T HMZE L, —F., M LEMER 25 1L LK BAEE
VA= (M—5) T, WEAKOY ABRED LTS, o, BOHI ToEE D A §E
ThoT,

FED
AR R 2 b LD, WRBUKE A ¥ —A20 R OEIRE v =2 7 VT T D 5 maEE

&L CER L7,

HIRIRERIL, B 15~25% fRE LT D

ERBEEOSRMIT. GFRIEER) + (MEEMEERE) = 100% THET 5
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4. IZaTFILOERKRIZDONT
ERR U720 A20 E~=a 7 AR, M7 ¥ —1cBWVWTED LI ICEHINTVAED
M EE RS BRI T B IEER X IS ORI O W TR T 5,

(1) ®BEK (NoRErzThns X)

WHEEOEL (DEOBWNZET) ORA L FE LT, RWHEAKDOEY VBEEICHEL KT
ERVE Y, EHEBROYABRERENEEHOTIREZHERET L2 L Lz, EHIBRO Y A
PrREEADEWVIRIETIX, VW AUBREBICAF 2RI 2> THIGHEHRAOR T FIHTE S
) ICX o T, MM IER»NT ERELZ T, ZOREBEZHERFT 272010, K
D2 RIZHE LTEEEITR> TW5,

O SEEHLZEAELODWUHKEZ TEXARVBRIETDL (WHAWNEZED D)

@ ZWTOADPEHLRWREZHRE LN OHERORERERZ TXLHRY TIF5

Dizo>NWTIE, wBEORBR»EEIHINHERTH D,

QDIBIRDKERIZOWNTIE, Bl Lz L 912, BIROBERMEVIEE D ABREICAHF
Thob, Lo, BCEK<+5E, L THADKEEAZRBELE KT O AREN EFHT
L, BREELT, (WBEAKDOY AVEBBED VIRE) — (KR TOD AmBED AVRE) <
0.2 ZHERLENLEREREZ FF TV ZEELE, TKELERE V¥ —ToEBKRKRMHEIT.
HHFCT 15~26% R KKIBM OAH 25~30% L EH T LT L L LTS, KAKRESIX,
FEOBEN AT 528, FXENTORBEY OB N EIT LI Weo ik ThHE
RV ADEHNELRLT LK BRAZLERENPLOEHO CHEIETH I E L LT,

K2 MOEZEINGTVSEDERSE

HoOf S N A TR N E A E 0B %7
VABLLY € -4 MEAET T2 R KEZBELRDORET
BERE 15~25% R ZHTHAREH LRVWERET, RE~ERIRTH
TSR % 85~120% BE WEFE NO3-N ZHRLADBORETH
ML S S 1,000~1,500m g /L F2H EKEHOR 1,500mg /L 15
B DORE 1~3mg/L BE (HRILiciis) MEA NHA-NEE 1mg/L UT2#ERTS
A NHA-NBE |AEY 0.5~ 1mg/L BE

(2)  BEHKE

BERIC L > TS OBIRENIE T L, WARERARLEICRDZ ENDNho TS, *
ZCIEMEVGIE N FF 2 D ABRER IO T 2l 3 572D, FFICKIGZ v 7 N~DH Wit
ABEEDPLTHEL THZ 0, MRMOMKAKEZSETHZEZHENELT, LLFDOK

ErEERL TS,
D A20 FE~DOHAKEZHRKEIE L2 LICL>TBOD—S SAMOIK T 24
éo

@ WHROBEERZ S LIZETSE, MKW ~OMBEOFAREZMEIT 5,
@ WS BITRFITIT, MERIER 2513 5,
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SRO =27 VOHEANIL>T, LI R MNIHLIBEDOHIEN IAD L DD fEHEE
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PR OE ) TH Y | W a X P RED 40% %2 5D TS, MTiE, 4%, FEEPD
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2-(2)-2 PACFHMIZL DY ABREMNR

WA BRI SRR 2 —
KH  #ak
I IL®HIC

BIIZIHT D0 AFBREEZ, A0 IES A20 B2 EOAEW P HERHV LR TWD, LaL,
BOt % v 7 RAKDEEERLAKEIR EDOEBNC LY | BREDANLERENR DD, € 2T, ALFHIT
ETh L ERERELBIEEZIRT 2 2 LT, BENR D ABREEZIT-o> TS,

BT, SREEEILEE COMBEERICR Y E7rrI=U s (LUF, PAC) ZHWTW
Do ZHKFAEEZ— (LIF, Ek) TIEFER IBFEENLEH L TWDA, D ABREDRICH
BRH D, 2T, PACIRINCE DV ABREDFRIZOVWTHHEZITo 72O THET 5,
KZOWEED TV AL ix, FHTH O ORWEAE, Y 757 U HWROEEEETHIE LWE (0 AVBRYEY AP0, -P) TH D,

2 WREE
HEITE THLEERTH D, REHITEMHIBIRIZE D 0 ABIOREN /WL 5, BRBARES
IR H v AR E W, Fio. WABRTIKED Y U ARERERANTY VREZRE L,
EROFIRFIROL B Th .,
O FELH LSO LR T2 5 L 5 3k fig
@ W OFBHT PAC ZURIN - BHER L. O REHE
@ EBAKDOYAWELZEY 7T FWHI I L0 Bl
¥ 3.3 MERIREIL, PAC HRINEL ORIBIERIfE ISR TEAE 5A THIBAAT - 72 b DA HE

3 HAERRKR OB

3.1 PAC OfREFEAL

PAC IFHNDRERIZE VBRI N 3 r A~1 B THLT D EEbh TS, LrL, Th
BEMT 2GRS L BT Do T, £ 2T, PAC Ol X — b —#4tic B bic oW T
flWabEa L2 A, ol LERIEZENTHELTO3 R ThHoT,

O BAOIERS 7 (Fm3) THRE LTS 1FERE TIIHLITE E 2,

@ BT VI OfEENE LTSS, AL THEBIEBMEES LD,

@ @QOTBiE LT, Ik 7 Oz 1~2 FHIC 1B, EHRICIT I,

IO END, PAC ORRIFHILITEWE O L b, RBRAIZEEH T 52 LiXTxk

W, FIT, #31DOPACEHAWTHE LI FEREAZX 3. 11277,
#F 3.1 PAC (A~D) MOMABEREAREIZCDONT

o A B C D E
fMAH H18.1.10 H18.4.9 H18.1.10 H18.4.9 H19.1.20
REAHE EEREN (FERER) ARERT CREE) FILT)

HARS : H18.4.10~H19.1.22, RERE : /R O E L & 250mL
B 3.1 706, BEREEDABIX. BRFFMEE O C,D & B LK 12%DENH Y | G

FRRAED C,D 1LE5 E & DREREN T2, A B OREHIATMEN (HH B ¥ & B O
BEE(LK) TholmZihb, BAOHIEY v 7 GEN&HK n3 B 7= IR L 250
220 DEETHILE, BEAIC LA BBIEHTE A b0 EL RS,



3.2 {REE (KIR)

—EANAC RS &R O BIRIZERE T, IREN 10°C LR35 SALZRSUSIER 2 51272
HEEONTWD, RUKY 7 OKIRIE, EFE~LZZFEDT I0CUL EOENRHDH Z b,
MELCAIZEZA, K321 T B0, VARE~OEEIIR)N-T2,

3.3 HEFpoREL

IREYE & EERI OB 2 L. 2R E R AAT O 72 DI ITRO RS LB T
HD, PACHEEAITH D Z L OMA LI REZX 3. 3177, ZORR, ARED
OIZIX, PHEZE O ELHE D In/sec LLETHIIX T3 THD Z LR TX T,

3.4 pH

ROS% 7 NO pH i, LD BEGIC LV EET 5, ZEOHRAG. Sk 17 FEOHFR
Bk T 6. 1~7.0 OFPATH D, £7=. PACZIFMTHZETH pH METFT 5, 2T,
pH DR 550k 2 I LA L2 R 2K 3. 4. 1 1R d, RIS, ZOREOHEE 2 /L ik
ETHHObLELONK3.4.2 TH D, X3.4.31%, 4E, MICHE LZFEENS, pH BO
ENLHERLIEBDTH D,

(43.4.2 26, 0 ABREIZE L7z pH O#iPHIX 6.5~7.5 Th b, X3.4.3 b, ZOd
FICBT 2E/NDOEET 4 THY . T — XD 8UNBNENL 3 ~B5 125 LT\ 5D,

FENOFETH S 4 ORI, Img-P/L O Y AFREIZHEZR PAC FRINZR1E 50ppm T 5.,

3.5 WiEWHE (A A )

T (A1) &Y AFE (PO DRISE I ET HDWMEIX, BA AU EFZ2x bbb, £I T,
TALBIKIZZ ®ICH DA A DN, Hd (CL) & iihk (S0,5) 1. PAC DRy Th S 7z
DERAN L, Fo, REEFA(COS, HCO, ) 1X, TEMEVBIRDIFIRIC X 0 ARk S5 72 O BRAM LT,
ZZT, MET LA A2 MR (No,) LaEfE (N0,) @ 2 fiifHE L, 2022 T
Fpa Lk RN, X 3.5.1 MO 3.5.2 TH D,

B4 3.5.1 KO 3.5.2 6, HLAHAEE - AHERIGICIR EEICBIfR 72 < W ABRENHBR TV D D
WD, Ko T, WAHEE - MEEA A1, IIEWE TRV EVHIB LT,

3.6 HEzhiE

HWRNR L1, HHEEORBIZL > TA AV OIREREDN NS e & BRRENRKEL
ROBRTHD, ZORFRIT, HEMHENZMO b DIE L, A A 2 RE OB AE S i
EDHIRMPE LV, FTARFICITEMRENZREICEENTND D, ZOHEBRIZEL-TY
IWRBICHBEEZHEZ TWD Z b HEITE S, £2C, AR EZHD LD, ko
K ERAKICE S THE LIRS, K3.6.1 THD,

B 3.6.1 Tix, ZREAKOBEIGHEWEE, TRbbHR 25D I2EORER Y AbRE
DHEAE L, YPOHEN & 1 IR DOFERICIe -T2, ZOFED pH B E ¥ 3.6.2 ([ZRT D,
REKICEEMZ 722 TP A VEOTFAEZ D, PAC HRINC X2 pH K FANEEIC
EE7ZZENFREEZBND,
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né_‘, 4.0 1.5m/sec
E
w30
o
3 2.0
= 1.0
0.0
0 10 20 30 40 50 60
PACH 0 # O %38 BEF (sec)
3.3 BHEER. PACHMEL Y ABREDER
0.5
0.4
2
5 0.3
£
Q.2 +
=2
N
0.1
0.0°F

0.00 0.02 0.04 0.06 0.08 0.10
Y A (mmol /L)

E3.42pHAl. YARELHFMTILIOER(EILEE)

7.0

—— 0. Omg-N/L
6.0 I ——1. 5mg-N/L
S50 P . 3. 6mg-N/L
= X
éE" a0 L - —~re 10. 3mg-N/L
= T
430 | T
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220 | —
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o = N W B~ O
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B3.4.3 pH & EILLLDE K

0
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4

% DA

EAE R ZoCIc, ZRITBIT D& RO PAC UsIiisk O L5 L= b D23 5 1R T, 72

B, 3.4 OPFERRKNS. D A lmg-P/L OFRFEIZHLEEZR PAC IFHVINZR 50ppm TRH9~ %,
5 ZIAKEAEE VX —ICEIT D PAC BRI O & B
A it
S /5 LENLECoN: S S I B B KRR D A SEERIN
- AR | (EEBRZzED) | AR ) RREINE B! BIEDGS
et R & 15,000 - /TR 516 - 864 - /IFf 58ppm 1. 2mg-P/ + 18. 5h
[ic] 15,000 - /I (1,728 - /BE)* | (115ppm)*® | (2.3mg=P/ +)*™ | (9.25h)**
Al I 15,000 - /B
[EER Gl 5,000 - /I 20 - 432 - /Wy 86ppm 1.7 mgP/ - 46. 3h
ER A 9,000 - /I 20 - 324 - /W 36ppm 0.7 mg—P/ + 61.7h
K1 HEE D ABRER LT, RAKERORRNIFINEZ 50 THRLEZbLO

¥ 2 EETRINTTRERIL, Z o 2 A REBRRBMETHRLEZ LD
¥3 : ONOBEIL, IR 74 2 BIEEE L7358 DkE

-
—

DENG, LT OHEHA L,

O AL, BRIGRRKKENRHZWRETHDDIZ, PAC DEFEY > 7 Nk b/ S Wiz

@

B, REFE] (24h BLE) ORI AR ARETH 2,

BOS %2 7 B O VBEIREED R 7.4 mg-P/ - OFFI(HI8/4/T- HR) oD, ZDIRE%E
Fi ARG FEHETH B 3mg-P/L LA FIZT B 72012, FYEMD 80% (2. 4mg-P/L) FThRET S
IZIE, D AEEE 5.0 mg—P/ - BRE LS TER LRV, ZO8%4A . PAC OIRINFEIL, FHED
FERMN S 250ppm TH D, UL, BRI Z OBIMREM- L TR L, FHIHEAITY
IEREDHFEEZITE A EFIFFTE 220,

PAC DTRMNFZ 250ppm fElR L7856, BN rTREREMIL, TRFEAS 4. 25h, FER7A% 16h, H
FA8.9h £ 720 | BTORMITIHVTRFFH (24h) & FE 2,
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PAC ININATOAET 6.5~7.5 ThH D, ZDRFOE/LL (AL/P) 13K 4 TH D,

EIZ Z 2 pH AR T, W ABREBICEREZ 52 213000 Th<, iU PACIZLY E
75 pHE T2 b2 L, B /AKEHEAED 5.8 K22 D falittnd 5, WRFIZEY 7v
AYVEMET LESGEICBWTHLRRTH 5,

PAC TRAN#&\ZHEHET 2 L LRI T ABREDDIRD & D726, PAC DIRINEE XSG & > 7
LOBEMTONTODMENLEE LU,

CROMERIT, BRFTD PACTIIMEDRNIN AR L TWD, 2O, D ABREEZ 5T
ZIRNZ E VR LTz,

0 ABREZ 7T O 12Dl INNEEN Z R 256, i VIV RBEORENEZ b
HOT, XUV RBRECOVWTHHEBRNMLETH D,
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1. FLC®HIC

BWEAKFAEE X — (LLFEWN () oLoc, B, MEKFAEERY XY —D00HERY
T T L TWEAKRFEE X —1X, Fik 204 4 H 1 B2 5 BREEMARSE o8 E &%
DR L, RANZE S X HIKAKEY AREIL, 4.5mg/L 725 3.0mg/L ~ & Bt L V3 7 28 55
Hanzs,

Fho, FHEHRKEREHAFICBOWTHEFRE TH DL FER 16 FENLEFR, VANHT
REWEE S LTI Z SR, FER 17 FEN OB LI ASRKEREHH TN T
. VADOHEHKREZEET H2HBMAKEY VIRECpE%L 3.5mg/L 5 3.0 mg/L ~& =
NbELWEEREHINDZ L2 D,

TOXOE, EHEINRE L DT, EKEBEEY YT, REOIET ELE L
THmAKENRRD O TS, LaL, B (&) OKIKAKED VREIZERN D EEHN
K&, TOERE L THRHESCERAKFT O VAR, AKE. FICABROREE(L%
MBHEICEBELTVWDLZERAETORENLHBHL TV D,

ZIZTIEHBERE () B0 AMEOIERE L BEHBRL AT 2R BRI OV THE
T 5,

2. YAREBDORERE

2.1 RKEVAEEDODEBELEZTDER

B () TIHER, WAOREBRBINEAINTZFEK 16 FENDEFE - D AGHICE
DR AK OO BB AT > T D, K 1ICFR 1 8FEEOMIEAKRD AJREDFE
WESZ T, ChaeihdERiTKEY ARET 0.5mg/LLLTF ORI HEYEMT
H53mg/LAITEE TCORTARBANICESL TWD,
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I, BREFFICKRKEYAVREIIEF LTV AHEANAZ D2 T, 2ETHEHRO
WEZZ T TVWL20TTHER<, 30mml EOBEMNTH B ARENTE TV L KN
MR ENn7~=, (6 10, 11 H., 7H 30 H)



A HER R RE(x 5mg/L)
T-P(mg/L)-5ERHAYAEE®M)

wIZ
720 VALER D kR L TV D,

19 FEEL OB KREY AVIREOEEHIZHEL T, THRLL 8 ARIZNAIT TR
THITHEW ., TEEBRT O ARET 6% FTERL

TWo, £/, T —=F =8I D R OBRISHERA KD O R EEREE & RiKE Y ARE %
HHL, AERBREENGVEEZVALBEIRBETHY . AHEBRERE RO E TR K2 Y

Aot BE 73 i < 7R D AE T A3 R 2T

|— BARKT-P(F)  WERMERE @ ESRTVARE —— BREEL) |

2 FTRIOFEEDOHRRKVAREDHKD

2. 2 YADYERX

B (k) o0 A (CFRk 18 4 %
HY-¥%)) #K 312 LT,

WMAKF O ALBIT1,030kg/H TH
D, ZhnEEBichE (), I ()
MEHOZPIT 1,040kg/ H DY AN E
FhTwnsb,

K AL B SR T 175 Y LB R i K 2 B
750kg/ H D Y AN R - TV TKALHE R
~DOY BEaMERL EIFTW5,

X 320 HIRFEAKF DD ADOWNRE A
L& H )R NERE B PR K 430kg/ H . B
K AU 240kg/ B . 1 D = HE 5y B K
80kg/ H T K &R 4y A% H 7 I i #l | Bl 7K 4%
Bl OBFERTED LI TWD,

Bl (k) O OIRMGEIZE O R F
HBROAZEMELTEBY, KA TR
AL TERENEIR 2 0 0 TR - Bk
TLZELIZKY, BEEKRLEDOD D
WIS THh RN D Lo TWnD,

ZORFWAKF DY A, FEIZE T ENE
FE CUMEMED A Z B - B E & ik
i K 58 & G b TIRFE K Y A AT DK
W& 72 B S AT RE & 72 0 | BRI K D A
BE ORI & ZEAPIIFTE D,

TAK ) &%
1,030ke/ B 320ke/ B
_—
> E—hRth > RIS EIILE
SEIRAIEIR TR K —ikBIER REERE
750ke/ B 310ke/ B 1,090ke/ B
! | N BRI
1,640ke/ B
EhREE > Bkl e SRR
INERIE
1,040ke/ B EhRMEBRK | BkAE D R Bk
430kg/ B 240kg/ B 80ke/H
3 VARXHE (¥ 18FEEFEY)
FRAK RiGHE i §5 %8
CinQin CoutQout
RIGHEZSE :160,000m3
P:1,310kg/BH | F¥IMLSS:1,400mg./L P:100kg/E
FBRPYABRE:Cr —_—
Qin:325m3 ~H
Cin:4.1mg L
Qout: 3275m3 ~H P:1,210ke/H
Cout:0.3meg~ L REER
25t7H ) CcrQr
FHRE v Cr-53%
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(%R 2 (mm)



2. SYARXZEFTRHPYARE

CinQin—CoutQout
B (k) OEEBRSY O ARE 1600 4‘ =1210(ke/B) \7

X4 %Rtk CTHBEL TWDEIR, AR 1400 H
EREAF T, B R D ARE D B g e
RREA L &, BEMIC6 %E B 5 f 1000 e
b s, BMBOFEBRECE ] w - iR
WT, PIETHERFODABREE S @ 600
OAHZENRTEANTHEkOH B L 2 i 400
5D, 200 == BHETIVIR () |

TIZTEL D AOWEILII A B ° , \ s 53 .
HOY VREDOELIZONTELET 5, ERBYARE (%)

B 41X ABREND RO KIS M5 BRbYADFEEHEE

FEy o)A EERLTWD,
2T, WmAK, HAK, REVERET O AREEZNEN Cin, Cout, Cr. K&%
Qin, Qout, Qr. LT H LV ADOYWEN N EHIRED &2 dkER5b,

CinQin=CoutQout+ CrQr

DA ZEZBEZDICHTED, MAAR CinQin, It ANM CoutQout, 4 FI5IEFAE
Qrx—TE L& T 5,

EHEBRT OV ARE L REFERFTOVAREIIRLC Cr TEIN, KISHIZBIT2 0
NRERE CIinQin— CoutQout L HHEGIRFT OV A& CrQr NE LT > 2R THHE
FYARE Criz FlREICET D,

EEICEWE (£) OVABREDORKREZXOFEWBRTVABREOEH S ZK5NLE
2D, BERSGME L RIS RAKE Qin=Qout=32 FTm?®/H., RIGHHKEAED ALigE
Cin=4. Ing/L KK E D A Cout=0.3 mg/L, 5t Fli MLSS # 1L — & T 1, 400mg/L,
REFIESIEEIZDSHAE T23 b /A ET D,

HBRFODABEECr WEKWHEE, MADVARELKRIKEY AEDZE CinQin— CoutQout
=1,210kg/ HIZRFHR L L HICB EHIPND 0 EIEHBRICEE I D LTk b,

HHBRA~DOY AOERPEALTHRTVARECrNEH L, 2FIBERSIHKY ALECr
Qr’ CinQin— CoutQout L R LIZR o T-HE TCCriZ FlEE &5,

ZOLEDHRT Y AMBRE Crix 1,210 kg/H +23 Py /B =5.3%RE SN,

EWEBRFOY ARED EARFRIIAHTH 2PN BHHNICTITYARAARAEL 2D,
MR AKENLZEL T TREGRBLEENEDOLRITNIEHERERFVAREITZTNSLTHH
<725,

TARMBEIZBITHD AMBEIIY ALEHEMEROBESICLIA2LDOT, ZOMERIIZX. EA
DL LDOEIEHFEOEIMICHEEICKIEL, WALRBEOARZESZ b L TWDONE
EThHdH, LLR2RL, FUESIIMATEMENYAREEEZ, a—a A NTHEHRZY
IWREETHDZ ZEICEDLY L BH () OFH TETORREEDKEIZRL TS,

3. FHFEDY ABGARE
LK D AIRFEOZBNT, IEEFBRO D ABUARERREHIZR > TWVWDH DT, KRDIE



PEVBIRDFF > TV D 0 ABOARE ORI E 2 BN TIT - 121,
D A DEY A T

MOREZEIT -T2,
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3. 1EFHFEDOYVAOIRAEE (ERAEER)

SR it 7 > B AR AT B

I5LAMICHREBL, ENTHD
RERAALT, REFRFHEO EBIKOY A
DA DY A F
IR R 2R T,
DAEED B >7- 8 H 8 H ok
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Fefk v A REZRIE L,

WEEBEH L, K6
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%
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BV AAHEE X 9.56mg,gssh LMo T

FLCL R 1805 TYH ADEY AR
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ZORREZT, WEGRO Y ABRME

DADBGARREZ2HERT H7-0D
W0 A A EERR 2RI L
10/10, 11/5 (2 BA 3 B o

F 120 ABUAKEE

R DR R 2R,

ZOREDBFAKY A
BT RS <,
ENEBROFE, V
ABEVE D A BOA &
FERFHE ORI & &b
CELS 2V BB
DEAED MIRYED A
RELBRFLIZIEE

Lo le, ZOREND
ZNHY . B E TR POD AED A RILL T,
CTDOMRERMET L2 LPNES,

. BB
10/4,
A & AT > 7

EHEH T

BT D0 AOEGAMWR
W R R 2 B LT,

—4—P04-P(8H8H)
—%-P04-P(1084H) |
-#-pP04-P(108108)
——P04-P(11A5H)

BE (mg/L)

g
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BREE (9

U A BGAEE

400

1 VARRAERERRER

PO,4-P WE e W 0 | 2% — b | 18] POL-P BGA | kB K & #

5@73[]% =+ (mg/L) PO4-P /&% E ﬁ}f PO4-P /)i% E
E®EAAH (mg/L) (mg/L) (mg/ (gss -+ h)) (mg/L) /%y
8/8 0 0 14 9.5 0.0/180
10/4 10 30 28 7.6 16.1/180
10/10 10 40 24 4.6 11.4/360
11/5 5 15 18 7.8 3.3/360
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EREFHICB T2V ADOWMYIALRNEZHEET D7D,
RESMEZWE L, HE
NILBLIZ B IFTh - T2,
B () bkROKSEILZ A, B, CO3REIEHFKXT, ¥k 18 FE D
8 13 B AT RGE BE 23 AT B
V7L R BRI E A VT R I
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Alolr | BEGHE | TR | teiE Aloleer | BRGHE | TIFRHE | ap&sE
O 302 297 169 iy (Y 246 176
” HEHE . s ]
BEES | ), 08 53 BIERE |, 4 55 98
o, e
Clali# 00 00 ool CEEE 14 01 T

M7RIGEIZETS2YABRBEYADSH

Bl 7RIS RA b0V VY VIRESfZ R LTc, ZKIEX 10: 00 FFICHIZE L 72
LOT, WAOERAITIBREIERE TR TLTWS, —hH., AXD 13:30 Bricksn L&, K
BOHEMIZEN, DABREOKRSIZICHBOFRAETERNTND,

DfERZS LI, FWMERA > POFEMHEREH &0 AVBMEY ADOREOEBREZR 8 I
TRT, PO TEHNE S ERD D
ABLY AR Z R LT D, SR B RE M X
WMAKBEEREFBRBOBEEKENLH
ELZLDOTH D,

TN 0 AKEN B b E T,
EEOKISENIZBT D Ao AR
VA B EITENR SRR T 52D
IAAHEELIZIERICEETHD . D AD
BROARNBET T HOICEHEHAREM TS5 0
R REELECHDIZ ENHBALE, 2 0
D W O B 1 o> 323 88 RE R LAY 8.3 IRF[H
ThO, BEHBRZRWEZIRAKEND
B L 72X 10.8 BER T H o 72,
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4. RAKEBEYARE

EMFERD VBRENBFICHEET IR, EEOAEYRILETHILI VbR TS,
B (k) O AKEIL BOD1I10mg/L, T-P3. 0mg/L & —#xAY 72 F/KIZH X T,
DERE L TEHBELEXDGHA T KELZEH LRNAKORAN S D Z &, S EREN K
CERATOS SHERH YV, RIFICIHBEBEDOHRAKEILRD I ENEZNWI ERE X
vl

Fh—FHT, B (&) TIXEDREGEEBRKRES®EVEEL, 3 OBKN TEHRO Y4
YRR SRS, WMAKBEREN EA L, MIRAKED VRENLE L TRVIREEID
RAHTENERINLT WD,

TIZTIE, ENEEEEEAE S REAKY AREOMBZRERIET S &L BT, Y AL
W ERARYE L TCAHKER (B, Yo 4 o m, BEE) &R L CHBBRO SN 25
ML, AR SRR AREDOBRIZ DWW T RRAEEL 72,
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4. 1 ENEHEECDODLEHROYALEORTE

Bl O IR 18456 H DAL KD ABRMEY AR & B )M A8t K D CODDHER 2 7= L
oo BAHRALIEE, EAORMGHEOHIR MmN LH L, BiE/AKO COD A& & 1, 800mg/L £ T
R L, ZOMM, RBEAKD VBEED AVIREIZLZE L TRVIREAMkHGE L., 5 H 24 HD
2amm DOEREFETH U ALEEDOR FTIERD LR o Tz,

O, EHRNGEME TIXBRNEE L, KIED EH EME o TIHIR OB - 38BN I
Y EOFKEBPKLERIZKR > TWWeb EHELEINT,

Fo, ZCOMBOBRT Y ABREIZS.5%1PD5%ETERFLTWS,

| [—RIRYABRE —— L2RUAMRE & BREFYABECR o EARMEKCOD]
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IENREEBRKECDETENEKYABEMEYARE (HI18.5)

4. 2 BEHEBREBIEOER - XBER

4.1 TEIEMHEMETE KD COD 2N EH LRI VALEENZE L2 6 Bl
BWTENEMEOBIIRIKEZMEI L, BIRZBK - BEESE, KQUBRICERT D Z &
TOALBIZEZ D ROFEEIT - 1=,

Y 1941 H 156 A6 21 BE CEARMME 1 5Ol OsI kKM 2 BEHE L., 21~24
AIEBl kxR EIE L, ZO%BEALSIHKZBREL T, 26 BALBEIZ @Y OEKR A 1T
S, ZOM., EERNEM 2, 3. 4 5RITEE O ERKEZ 1T o 7,

10 S AR P OWBEK D AVERIE Y ARIE & RFiEK COD OH#aR % KT,

BROF SRS ZEML Tz 15~21 HETOMM., EHEME 1 SHANICHERND
W T PR A B KR EME COD M VR K COD IR R VIR BEE R Fi v 72, i&H 19~21
HAZ I CTARLBEKR D ABEM Y AR 2mg/L #2565 F CEAH L7, 21 HURBFRIZXEN 1
SRR AR EZESCT 20, BIROSIKEEIE L E 2 A, BT KEMREE COD K&
DA COD A EFH L, 2RI, MEAKD ABEREITZRE L TERVIRRES MR L 7=,

£ 4 - 400
%3.5 L 2
ﬁ 8 300
%2'5 %
T, [/\‘_,A ™ 2003
AT 7S

15 \ / \ PY )
AV S —— : '
%3 1 S \\ 8 ® o ” 100

05
> i \" A ‘A—\r\r\.r\—'_r/ -

o ‘ ‘ ‘ ‘ ‘ \ v —— o
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Y BERELE HiR/KCOD(1 A)
\ LIRVABRE & EHRMEEKCOD © EHBAEMISHAABRIECOD |

NWENREEFTESEHEFLOEE
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AFHEBEICBWT, HRDOIE
B - FEEEIC L o T &80 E A RE(mg/L)

e R T D M E DR BT & 400

iTo7, X 11 I8k &= IEL 300

TV BB 15 L @%E o 20 -
B3k & 4T > T B A 4 " —
OB AK DG S COD % —
R LT, 0 '
PIPLA L LT T B A B%  JoEtom Gl CoD S—COD
M1 B TR - FERE A E A
4 Bl U TR K B RS D A B
COD HEicEWE A R L 7=,
wio., EBRMMEGbo 1 H 23 Rl ENEEERRKPOAKREE
H.25 HEEBRETHRD 2H T
H oD ik vh o> A7 K 1 W 7 A R %%W”
Z[X 12 12”7,
IRERD L. ER - REEE 80
B oD S I K AR U R < 60
FlzolxhxzEIE L 1/25 40
TEEEE, e A e bICHE 20
WE &R LT, | ,—.
EBROKT LT 2/26 LI, " B JaEt B Bk
HREOEEEL BHEICE LD L
D 5 1 1B 7 Bk A B LB B 1/298 1250 271
DT 72 Y | IR O A B TR L R12EH-REEBRATEORE KD EEEE

HALF L7z, Ui fEvy, AL
KO ABBEY VIREIZ EH L TET,

INHOREREY | RIGHIRAK~DO FEHEY (GHEE) ORGIZIRAZR 0 ARLBIZAZ)
ThdHIEBRRBINT,

4. 3 RIGEBRAKDPOEHBEELLEKYARE

4.1, 4.2 TRLULEZBEBHEFEHBER KOO VRBICE 2 2 BEFHEN S . RS A K
DEMEBEND AVLEORERERICARL E TSN, 22T, BREFHEPFKERERIC
WL, MAKSLERAKPOFEKBIREONELZFKE LI, ARBOSIIZIA Ay 70~
N7Z T CHERE, YrEd B, BBRANE L, Te A B, BB TRESDEE
MR L, TNk ARmEEL L,

EREPREE = WER + 7o A4 B X0.81 +  [SEE X0.68

FOSHERA KT O A HERRIRE L M AKEY AIREZBELEHRE2KX 13 12531, 2
ML RAKOEEEEIRED 20mg/L BE (A0 Al 6 RE) L EbiX, BT
TRELEYVARENEOND FL2HERL T,

Fo. K14 05 BOSHETEAK O H FEER IR L & R MFEE COD o BN IX BB FR 23 v = &
DHERR T & 72,
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W KT-P TAfRI4ECOD

(mg/L) (mg/L)
3 , . 120 o
¢ o ] . : th_ixﬁl:l 100 -
1 NE—-EHEO a0 |
2 —
oh IH LN ot
1 omn ¢ : 0 1 0:0’ * ¢ ¢
e @* m H o g 20 r
0 . I 0
0 10 20 30 40 0 50 100 150 200
ERBEE (mg/L) BHFEERE (me/L)

BREERAKERBEELMRAKYARE

G RAK T OGHEBIBEOLBERNZERRWNDHD E, 7T v THIZRDY
WP KA %2 TP SRR O HERE W 4 5] XA A TE RSO 7 IR R oD 3 /K IR BEE 28 v W R
WCHBBBEERNGWEAN D 72, W, WKL 2 — & T AKEREOKWRESE
TR R B K OIE R R IX . AEBRIREEITERWER AR D b,

INERERNREPORD E, BRICE ) BBIETOHEEY BRI S, BHENTERL
TWVWD AN AL T, KooK IRENERF IR TV EMET TR, B4R AR
ENRARETHLIZ L, 72, BRABWVTWTEH ., EHERWIZE o> THAKT OF KRR
R E (AHEE PN 6LLT), BV ABRERNHHFETCERVWI EERLTWVD,

5. RICERIFEADEHEESR PAC (RUYEBIETILI =D L) OFADE

B () TIEBEAKY AVREOSHE 2 ESFITxs L, Fak 20 B2 b o 87 3 HEE
3.0mg/L Z i & T 2 70D B AR 0 - A EEE Al PAC O AR 2 3% & L. FRk 17 4
e ANDLBEEL TV,

PAC OEAHIEIZTE "M A DICHBEL TS0 AMEEFN1KMEICY AR
DAREZREL, —EOREZBHT L L, RICHENICTHBEBAIZ PACHREAIND VA
T LI o TN A,

FLBKY ABRMED A OARRERE & RO R A K EIZHS LT PAC ZiEAT D KD
WCREINTWND,

REERIZTOY ABEIEY AMKIEE., @0 A 1E/LHIT 2 DOICHER REER O LK
ThHh ., BT AR AMVERBERE 1mg/L, BEFKMELEEZT VI - D A=2:1
EERE LT,

LrL., BEIZICY VIBEDN —IFAIC 3.0 mg/LZBIBT2FELNH 72720, Fk 17~
18 FEEICH U R EANFIEDORF 21T - 72,

(1) PACEANMEDOEE

BREYYIIFISHME A KKBICEALTWER, 22T PACKA S ICERABEBEN,
Mmolz, TI T, KISHMRMICHEAREEL LA, tHRABRBIND LI ITR
D, PACEARICEIV YV AREDODIRTNALND LS o7,
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(2) BAEOER

BHOW EEBRFERPS, VAULTEALHIRT 20K ERT AVIDOENIE, 2:1 &7
SO TEDHRERTIEALTWE, L2AL, SHRNTIEBET 22L& E, 6T, REF
REEZBELTRNSTZOT, ZOMENHEEP T, ZZTEALLEZ 4 1TITEE LT,

Fo, DAUBMEY AKRBEERECMED YO * 2 PACEIAENDTE
1mg/L 7 5 1.5mg/Lf\’7'“§ LTW5b, T
PLEDZEFIC . Rk 18 FFEE N B PAC IE YABRIERERE(ma/L) 1 15
N i 7% ifﬁ%lﬁ’] ﬁfiﬂm“%)i IS K | SRERIEILEEAL/P) 2 4
D A EEIL 3.0 mg/L A MiET 5 2 LMD T
Ll le o, EAHRM
e, PAC HE ABAIRIRE 2 | 5 b A D0 35
DY MY AR 2.6mg/L & L FILRE A s =
2.4mg/L THH# L TV 5, 2 f/ )
B 1512 PACTE AN R D FEHI 27 Lz, g ? X%%ﬁ&xh
COWEE R LA IR L, ks s "‘-i*:
FolBBT, WIEADY ALEEIEY AMER I o ™ 2R
A LT, 2.6mg/L #2750/ o7-, = O o 1%
T PAC A HBIICEA S, BB, 1 AR o nceowoaseoog s
PED AR T L. 2.4me/L 12 72 - 72 I 5 C Ba
PAC M Ik L7z, £DO®% b D ABRTEY AR ENET 2RYAE —x—2YA ]

KFL, PACOFEAMEEZMHERL TWD, = 15 PAC SE A ShE ] = i

6. FBRERANMNLGDY A B RFBEIR

DABRED B/ L &3, HEHROICAEAREHERY OV AREIZRY 72 < EH L, KOHER
DHHER IR, BRI KERERCTCEZS, LALARRL, ERALhZEY ., ®
WCOABRENLZELTCRETH D LIRS0,

ZEL TR ABREZMHFEFET LI, MATLIVAAWMEZHIM T 2L ERNH DH, £
WA AR ORE70E 0% 5D DG RAE TH NG OEFEAKY AW EHIKT 5
ZERRRELTHLELRLT L, A TH S,

2.2 THRAREZXHI2El (&) OWAKD LAAMIT 1,030kg/H . Z I %2 TH K
mwgwwh%ﬁﬁ7mkya%w ZORBAKTOY AAMEBIBT S EEB 2T,

WK F O AEBEMED X, THEBEAZIRMNMLEELLT S Z L THRETE D, EkKD
b, Bl () TEERKMRE LT, ENDRMEEICAY MEE 8 (KU ZRMmL T
W5, KEITZERGARE LTHEALTWDEZZORIEEZDABEH & LTHEHATLZZ LI
L0, EIEAKRFOY AOHIEEhEE R L 2,

6. 1 mriﬁt;6£Uﬁ®EAﬁ%

s () OFENEMEEICITDNESZIREE - REmS X EXFEREHAL TS, 20
BEHBRGEREABRICAVSZHEML, eV ADOKIGENLLE, RYUSENEDOD A D
BEmoEs2Hlsis L,
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6. 1. 1 #H-YVAORKBEILL
HOBRGRERABRE E— 0 —12 1L
S4B L, RY % 100~700mg/L @ E A
FCIHRMUL, 10 B E., 1 RHEHE
L (X 16), LA %E 5C ATHil L 7=
%, DABEY AVREZIE L, #AEX
FRk 194 4 H26H, 5H 24 H, 8H 15
H. 8 A 23 HIZfT»> 7,
RUBIRMEL Y AOREOBKZK
178", 2Nk, VA 1ELHIET D
DIZHEREgoELVIIL, FH 1.5~1.7,
HH 3.0~3.3L o, B LHEBELTHE
B D5 Ve 138 s HE 2 Btk K 3B B 03 R A
o7, AU KIIHALKFEOFET TiEhifk
AKBEERETHZenmbhTEY ., ZH 16 RUBDEAHR
WIXBIRF O A ML T, v AHI

W ERAR Y SREIXHEINL 2,

Blank 100mg/L 200mg/L 300mg/L 500mg/L 700mg/L

6. 1. 2 YADODHEH
DADOHRHMAEIZITER 1948 H 15 B, 8 A 28 HIZ T~7=, KU EKEEAKIZ, IR
ORREREM IO VBEY VIREZRNEL, BE®ZOY ADEEEZFH T,
DADOBEHOREZ, M18 I3 7T, —EEE LD AOFEHIZ, & U SRMEE R
K4 (100~300mg/L) Tik, 24 KRB L CHIZEAERL N o2, KU gk
WINBENE WSS (400~500mg/L) TiX 3SHFMAZRICITHEEREN A LT,

RUSFMELPOI-PREGRINBERE%) X
RUSKARMIZEBPO,PREDEFHZEIL(BA15R)

20

|

20 //
|

|

/;
./ff

J

|

o
g
T
7

|

PO,~PRE mg/2

ro

PO,~PiRE (mg/L)
3 n

————

S —

—
\\\//

0 100 200 300 400 500 600 700 800 1 2 3

RYSEFIEE me/2 ®RBHEE G

—®— Blank ™ 100mg/L —A— 200mg/L

‘+ 2007/4/26 8~ 2007/5/24—9— 2007/8/15—4&— 2007/8/23
—%— 300mg/L—*— 500mg/L 700meg/L

B17 YABKYVAOEEICLELGRKRYHKE B18 KRUHLAMBOYADEBH
6. 1. 3 REEBILETILIZ=ZJLLAC OFTAMRE

MHEEREA S LT RV EEIEINICT A = A R0KREENLT VI =7 A LAC 2 W
-RAELIT- T2,
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FAEIL AL 194 9 A 19 HIcfr» 7=, LAC # RN,

HWEL, EEHDOY LOEE) %
A1 ENVHEHITET DB T L

75 e 0 % it I ] 1 12
W7o, LACOWMRE LV ADBEKEEK 19127 T, Y
SULAEMIT LI o T,
LAC T JEHEE LY Al

D ARRE %

F7o. LACHEMAKEOV ADOBEHORME L, X 201277,
24 WP L THIF L A EHEH LR o7, LAC 1EMi b /KE LTS LR WD BA

MRIZIT R DRV, D AUBRZEIS

LACHINE EPO4-PiE EGRIN RS )

i%fﬁ Lf:?j‘]%%%\éﬁﬁﬂé — kﬁ)bﬁ)‘o 71:_.0

REBOD
Il

ERRFEL

12.0
2 0/\‘0—\ /
10 14 10.0 // ——¢
_I 8 ~ 80
) S
E 6 \ vy =-00197x + 8.1286 £ \\
Bt \ R? = 08179 Booo w R R \\
é z g . g 40 }
o 100 200 300 400 0 600 700 20 |—A—A—A———A—
4 00 2 —=
LACHE ppm roes T RO) // 2
| & PO4-P#[E(mg/0) — 8y (PO4-PRE(me/2) | : B;Z::g /Lllzzzzjt :;Zg:jt
19 YABRMEYVADBEEICHERLACE B20 LACAMEDOYADHEAFH
6. 2EBHRICETLIRIKDEIADR
HAORMBEICRYBEEZRIM LI &0, Rk 180
KDY VIREOEBHEZT -T2, 160 e
21 ARV EDIEARLEZD L X OERKAKF O 3,14'0 > y = -0.0217x + 15.197
?&*ﬁ’%‘é@h?}%fﬁﬂﬂﬁi’ﬂﬁ%fff RN BREAN & £ 120 - R® = 0.9064
CHH L T T D 0 A wﬁwbto - R T~
8.0
_@M‘am EHR T A 1AL g I
P I R P ﬂ*g 4:0
RUBEAZEIDZDAREDOHENED B e 20
ZEmb, B () TIEXYABRERHORY 0.0 ’
BIEATER OWmAL PEL TR, RitAKDD 0 100 200 300 400 500
WL LTHRBIBE SN D, RUBEAR mel
B2 ENREE~ORYBEIATR

7. FL®

RKBITFER 1TEELS I9FEFE TN T T, BWH () 00 ALFEOEROMFEH L.
R 72RO AIZODNWTELEDEL DT,

il 38 Ak

OBW () OBMFEAKEY AREIR
AR, B A KE O 5 DS 1EHE
QEMHIRT OV A& A &I
() TIEBRMEAIC
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IEF N KE L,
ICEBELTWD,
CIRAD AEERIED A
6% EHADHENDH D,

B

DTFTOX>mARN SN,

TOERKREL T,

=,
5|2

BERN . RIEAKY A

LT, FERECEL, B



@V AREBICIFTHMRAKTOEHBNAKLATHY . AHEIRIEE T 20meg/L U L, AR/
PHET6LUELNITLEL TREFLMIMAKY VIREZHEFFTE 5,

OFEMEBIR O ARERERE T, D AVLHR R 2KT 9.5mg/gss-h RETH Y |
DADEIANRTET T2, L2rL, DALHEOE DL 20 E T A BREEENR
PO & & HICHA L, WADOIRYIARITIARTERETH T,

OEBRORISHEIZENTY ARENE T TLHLDITIEMAKE L REBHREZGDEL
R EFH THRRUEKLETH D,

© RIS R i~ PAC i A B i 13 B SO #E 09 72 S K VA TR E ORI A 2 T B RE L
TW5,

DE )RR LR (KU, LAC) ZRML TRHEAKY AAMZHIKRT 2 Z &
FRELTRELRBMAKYAVIREZERT Z2OICAZTH D,

8 i w

R RERHKER R RIER EOEYTFD ABREIEIZD A S M E RO 4 PETE M
WKL TWD, VAEBMERIIBODEMMERECML - EREEICH~T, £8R
HOoOLTHREMCHLBEICKEL, VADOWRBEKELZIEIET DI ENEZ N,
ARBEBREOEME LT, FIXIXKICHEDOEFBREDOBARE, ISR ERFHE ., BRI
EGROWHFBRFECHBEIEEROFF A L DKM MR E OME, MAKOAGEY (A
) ORERENDHY, ZThAOLDEMEN1SOTHLHDHEREFRY ANENNEEL 25,
LStk EHEINE LS 2, £, EROKERICRHT 2EBES M L5 5% T, ik
BORBETIROBMGTH D,

KEZHEETHIZE, MBEORBELBEAEZED R TNERL2WVN, ZOBHED+ I
BT H2Lo1IC, BEEHZEDODMISITOLERD D,
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2-(3)-1 REBMLEZLIERKREERKICET IHREIZONT

R GHEEAD  BANBR AR THE O EF
ARE bk CREH EHFEHIT)
R ETE (BB ED)

1. (FC&®IZ

AFHEZ. EXREB LEZ LI HZOBFENEXRLH N THADICHREL TV ERE X
FERRIZ DWW T, EBEE OMRECaE o kb2 X5 2 L2 BMIC, EERICE VTR
ERORROMEEIToT2HLDOTH D,

R EMFEOHEH OO RIL, BEFOZ 1T AT v %8 (JEREA) REL 0w, B4
RE SN ICITERARAE 20N E L BEROHH NI T T IR T L—F 7
ERELTVDIHEHFANEZL Lo TW0D, BHHAESRLATNIE. b0 BKREEEL T
BEL.E WIEF)@HR, AHBR RSB RICRE SN TN D ZERE Sk & L,

2. AEAHE

2.1 AEHARE

TELTCHRARKOREZEHME L, TR OHBE CHREL EE L 7=,
TR 184 9 H 15 H~Trk 184 12 A 27 H (M4 3.5 » A M)

2.2 AEER
PR AT I, MR O R, B A ORI DR O 3 MRS LT,
(1) 55 4 1 <7 1] i 22 5 H & i i

TV —F o 7RO MBREFHTHLY, EERFT SN TWVWDEXRK S 2L, b
B ZORERNELL, 5%, 2O BHENTsZ¢nBESRD, ZORBRXIT., 71
—F I ED A ENEIE SN REEN DD L BN AR D
BEANBEELEZGAICITEBE LS WEENEFHRE 2> T D,

X-1 Vv —F o FRIzeRkE &R M-2 27 v FREKREX MR
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(2) A 4 7 22 & P& i ik
ATy XMOERE L TCHESLE LT,
(3) o 4 5 B 28 A 4k & il R
SN LEFRC7HBEAEE X ICBEHT DR T
HY., MoOEFREMAEDLDETCHRET A LT, KX
BN EMATLZMAN LT THDL, FTVITLDY
O ESHICHETHI IEXANTHD, T2 A b
A VEIZHFERSNL TWD D, NREFIZEZ O RN
HOHFRENRMOBERICHEXTE W, £/, VL —F
IR ERBICHBRAREARBEOEZAELTWS -
D, BB ELEBACEHEHE LS VWVEETH S,
K-3 E==2 Xy MEEKKEHE

H3
X

REEH

X1

23 AERNE
231 RMXBRAE
(DBR & %A

1) E 1] %K

e IC SO E2ITHY)> 2 L. B 1EBZY 1ROHBZITo7=, 2B, Hl
EOXEETHRMIE. FAE L CRM K KBENRNE bnm/hr L EOBER & L7z,

2) W 7E & A K OVl E T H
MERMT X OCMEHBIZIRED EFBD & LI,

£ 1 WEGFECHEEHEB

BT H = 7 3 A AE .
.
D4R e S 7 © © N
g = ;= O
@:ﬂﬁ%b‘ﬁu)ﬂj\? Tjr%%ﬁ% O
; . = o O . n . HREMAFICS 1
EROBBEZGRCET | oo e
@ i B 3F BT E RO b %;;ﬁ
% 5 NN
(i B )

k. K-4 CREMERBEOR (5 “WIEFIIER) 2R,

3) I 7 ¥ [

BREAEZAT O REMIX., AERERBMANO 2~3 K 2 B 212, SLH0R I % R
LN HAITH- T2,
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@QEAHME (AKRy FIHE)

Comyright ©2003 ZENRIN CO.LTD.

-4 BE AL E B AR X

1)1 & [\ %k

MR BICIBOREZITHY>ZEE L. ERWIEHZY 3E (3HBIE) OBEEZIT-> 72,
B MEOLRLETLREMIT. BESEWHE L FAHACKEA E U CHRM &K KEERNE 5mn/hr
LEDORERE L,

2) 0 7 & B K OV E 2

MEFANX., R 1fEprE L, MIEEBIXT =T, AF LAV T X fiiik
AF ), ZHIEAFALOEF 4EB L LT,

3) I 7 ¥ [

RGFHE T, AR OBREFHEORI ., L OB ORI 2 Mok U T, 55 R A o 5 6 iy
FMIWNICBRAEZ RS2 b0 L LT,

232 it KFEHRZAE

(1) 72 353 F

HEZAT 5 WM, BWFRORELZ LRI L2HHEAL L, MIRACEN T, X®EIZ
Mhb LT HEREGE L CRHET S b0 E LT,

(2) 305 B BT Ko OV 25 H
WEEpT PR N L& e L, WEHEB XL KRE & LT,
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3. AEHR
.1 RRKFRAE

B L1 AERERRERAENRR

WREFAEIT, REFEC TS TAHBICBWWTCERLUZ, REICHEEBHEOKN
OCFRAER W 2 RT,

N3

A

R 2 RAEEBHFOBERNERR

25 25 8 FF ) [
L A A 5 i
B BRERNE MR XR | BRENE  FREK | RERE | R X
LERS (mm) (mm/hr) (mm) | (mm/hr) (mm) (mm/hr)
V¥R 184 9 H 27 H 10.5 6.0 12.5 5.5 15.0 6.0
2) -5k 18 4 10 A 5 H
~10 1 6 B 155.0 11.0 116.0 9.5 128.0 9.0
3) Wk 184 12 A 21 H
~12 7 22 H 0.0 0.0 0.0 0.0 0.0 0.0
4) Rk 18 4 12 A 26 H 150.0 17.0 154.5 17.0 135.5 14.5
R R B 0 M A FEKEAE X — AR T WX T

B, BIEFHECONTIE, 0.5mm ML FOBFERNENER I N TW W, BLH T
BRAHRINTBY  BICHABRBEE TIZ, Y8 0of & EFICEBER KB Y QB
TEXOBREOHRNLIb - OMEE FEL -,

RICEBFRRICB T 2AERMMRNAERKRICEIRT S,

®3 AEERMRI

7 2 M A oy Ve Sl

e, A H R R b i R

EERS B B B & B B B
1)k 184 9 A 27 H O — O - O -
2 184 10 A 5 H _

~10 H 6 H © © © © ©
)Rk 18 4F 12 A 21 H

~12 A 22 H © o © o © ©
4) Rk 18 4F 12 A 26 H O — O — O —

BI2REFHERR

BEEMEICOVTITABRNICOVWTHMAELE R LN, TOFTHEHE 2 B MU 4
[ A d W T ZE R Hﬁ@hﬁﬁﬁ%f%oto%ZE%Efi P m &z Rk & i
BRI HOWT, ZXREHZHEI BT L@ LRSS &, %M Taiﬂ%mﬁé_
ENMERB SN, 058 4E%ET%M%2Eﬁ§&H% ZERME M A D BRE
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FEN/AEMT S ARSI, b, KHBRICOWTIE, FEICH VW TZEXHE H
WE2BEZRRABT LD LT TE o,

® 4 BEOWMERR

LSO 2 ERIREIER om | naan*

BEE | RIS HREE A | AE BFREE AEE AT
L [ Lo | Lo [BEE((MS) 79| L [ Ly | L [BEH Lo | | Lo [ L™
%:g.’ﬁ%#m an oo e B 12 01 @ ol are| B 62| 626) 61 617
BoE | KEEER | 65 (62 03] T | 00 0000 g (65 grp)| | 4| 983 0] 502
iahiki (782(3 (678(; (6753.'5(; A 1.5 069 (8%2) (7872 (7835.éG) i S0 %03 S0 509
%:gﬁ:}%#ul (6748 (6?)(; (66()6.é5) = 08 053 (6762) (6751) (6741955) i 64 640] 66 67.0
4l KA 6n 68 89 00| 000| (o (4g) (48.3) " 57| 56.7 60| 60.8
Hans <56£ <5%7) o) ® |07 03 (@) o5l ey B | 52 29 e et

MKONOIKMEIIRERE S, AEEZITZEIREBICL2BEEHROELOREE KT,

MRS DI2BEHICBVWTHEEDOSTERMNRLE L TEZDIHES. AROFNR
WEXDOZOLFTOREEY, RO FICx L THEST &V,

¥ Ls, Lso: BEEBETL_XALDZ LT, BEREBBO 50%E2 50 58T L
AUV Lso (HRAE), 6% & HO 2 DA L5 (90% LY Bifi) Th D,
¥ Leq: HMEBELILENVN, —FERBANOERESTORT XL X —0RHEEY

([

WIZ, BB SO RICHONTIT, F 2 A TIT. 6 W EFN@BHR T,
D BRI S 1600Hz F2JE . PER N OB 2% 2500Hz F2E THEN L TRV | BT ICH K
W THR 10dBRRERm W EZ R Lz, 8 E%#%'C X, i 5% PN BRF A 800~ 1250Hz, HEAX
OB 2% 1600Hz FRE CTHBIL TRV | BERE S RFIC A~ & THK 16~20dB @ W E
EoR Lo, £/ 84 RHA T, %:wE%M%ﬁﬁi ”2@%@&@%@@@3
200 . HEIC 100HZ AR CHEE AR D LT, BB, AHSBEHE T, ZaMBic
EALITHR TE o T,

i M#Ti
BEMB - FARAIBFI0A58 (K) 18:00~68 (&)12:00 B
HEHAL TB3A5 8 —JT N FRDRERK (Hz)
AP_[25.0/31.5]40.0[50.0/63.0[80.0 1 of1 01 0]200.0[250.0(315.0/400.0[500.0/6. 800.0] 1000 [ 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000 |
ARG D) 7 9 5.0] 28 8 7 7] 37.7] 38 7 7] 44 5 6.7] 46 1 1 7.4 2 7
Bax M (REEE &) 2 12.4] 3 1 4.5[ 29 7 0 2| 36.8| 46 5 0] 50 4 4.6[ 51 1 2| 49.9] 51 7] 44 7
PR O (G5 B) 7 19.2] 2 7 7.7] 32 2 3 1] 44.8] 47 7 8| 51 4 7.5] 57 7 4] 58.4] 57 9| 53 9
f 8% P9 (34 9 ) 8 21.7] 3 9 8.5] 42. 4 .3 5] 41.8] 51 0 6] 56 7. 7.6] 59. 1. 8] 56.9] 53 1 41 6
BRBAHHER(
70.0
60.0
50.0
g
~ 40.0
3
<
2 30.0
1
Ho
20.0
10.0
0.0

X5 FEEHSTER (F2EAE. B _HEFIBHR)
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E MEHE
BEMB - TRI8EI0A5H (k) 18:00~68 (#)12:00

By dB
AEBAS 13455 —T " FRURARE (H)

AP _]25.0]31.5]40.0/50.0|63.0]80.0/100.0/125.0]160.0/200.0]250.0{315.0]400.0[500.0]630.0/800.0| 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000

SO (REERE) 4 9. 4.3 .0 36. 37. 37. 40.5] 37 0.0] 40.7| 42. 44.8] 42.6| 43.2 . 42 41.7] 41.4] 39. 7 35

BER N (BEERE) 1 24. 5.5 4 . 46. 47. 50 48.7] 50 4. 54. 1 48.7] 49. 50. 1 3 43.6] 43.2] 42.7] 41 9. 36

FS 0 GamE) 6 22 1.7 7 45.0| 46 44 49.5] 50 9 52 3 55.2] 55 54.7 55 55 54.1] 50 1 44

Ba% PN (58 i B ) 7 33. 9.3 4 55 59. 62 60.4] 62 4 66. 2 65.0] 67. 67.4 3 64 65. 65.8] 64 3. 60

ARBAER
70.0
—— &0 (e
&)

—m— SRR (R
&)

FELAIL (dB)

#50Gam
B¥F)

RN (G
#)
0.0
2 © = © o o © o © @ © = o = = o = 8 8 = 8 8 8 8 = 8 =
S 48 5 ¢ £ € € 8§ § 8 8 g £ g 8 g g 2 8 8 8 &8 5 8 B 8 8
g€ 8 8 8§ E § 8 g §
1349 5 —T Ny FhiLERY (H)
RBE IR R (5 AE. HABR)
X 6 & B BT 2EFHE, HH
iz At
BAEMA - FRLIBEF12H268 (&) 11:00~19:00 B dB
HEMAS 13458 =T NV FRDLERR (Hz)
i AP [25.0{31.5]40.0]50.0/63.0(80.0[100.0{125.0]160.0/200.0{250.0{315.0]400.0/500.0(630.0[800.0{ 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 [ 6300 | 8000
PO (BEE) | 57 . 3.5[ 20 3 28 28 29.7] 29.7 23] 39. 0. 41. 43. 4.7| 44 47.8] 50.2] 53 54.4] 54.0[ 53. 50. 46. 1.1] 35.
BN (BEEE) | 62 7.7[ 31. 5 40 40 4 40 6] 47. 7.5 52.0] 50. 9 49 52.6| 52.4] 52 51.5] 50.2| 50.3| 49.0] 46. 1.7] 37.
kS0 Games) | 67 6.0 26 34 35 3 38 4] 43 6 4 49 9 52 53.7] 55.1 7 55.9] 55 53 54 55 7.9] 42
fEE M (GARIRF) | 68 0. 6] 29 35.7] 55 48.6] 50. 3] 83 6 6 60 2 62 64.1] 63.3] 63 61.2] 59.0[ 57.4] 55.7] 53. 8.7| 42.
BRHM TR
70.0

—e—HR0 (B
&)

—— AN
&)

EELAL (dB)

#50GEA
B)

AN (GRF
)
0.0
a o o o o o o o o o o o o o o o g g s S g g 8 g s S
ES > > g g8 8 8 g 8 8 8 8 8 8
B = s g g9 g s 8 g s g = s g g s S & 8 S 3 = 8 8 8 g
{X B g 5 & 8 s & 8 s 8 = g &8 8§ g = = = & & 5 F 5 @ 08
Sl & &8 5 f 5 @ 5
13498 =Ty FRDEEH (H2)

i
-3

A HER (B 4ERE. FE_PEFIBER)

I3 RTAMAERE

RAHAETIE. RRKRFFIZERKEE X P»OLEQLINDIERENRIZT VE=T AT
WANTTHE WAL ATV, b AF L EL 3BT OV T T LTl EIT o
7=,

WRIZ, EHEFEFTICBTI2HEERLZEHLEZLOTHD, AEKETIZ. WT R
DHEHTHEETFTRMEZ TRHIAER o TEBY, EXkEixk»r ol S5 251,
FEHICBEWVETHDL LW D,
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x5 RIMERR

N _ AF v o —
Wi 4 PoTN| ToEET BT AL ATV | ZHi b AT v g
&5 v/v ppm /v ppm v/v ppm v/V ppm

w5 abiEse | Nod 0.2 0.00147#% | 0.00054% | 0.00054w; |SERL184E10H 6 B F2if
)l l%ﬁﬁk No.2 0.2 0.001K4#% | 0.000573w | 0.0005747Hs

& No.3 0.2 0.00147#% | 0.00054w | 0.0005A%
No.1 0.2 0.0017%7 | 0.00057% | 0.000540 |ER%184£10 4 6 H i
ﬂ&_ No.2 0.2 0.0014# | 0.00057w | 0.000547H
No.3 0.2 0.001K4# | 0.00057w | 0.000547Hs
No.1 0.2 0.0017 | 0.0005A4% | 0.0005:A4 |*Frk184E12 4 22 H Ejifi
7“”&‘% No.2 0.2 0.0014# | 0.00054%i | 0.00054ji;
No.3 0.2 0.00147#% | 0.0005Am | 0.0005A%H

3.2 b kR ERRE

Bl EXRKERKICETHHE

AFECTIE, WRHFOEEREL I L - 22Kk & sk 3 @AricB v T, i E
WX 2hifbRFOERFHEL LML, RREICHEMEZ ST,

2T, B IWEF)ESR, KOAREBRTIX, 2WHE2®EC CEHE S b KFE
TEEEN 0. lppm L F(E B FIRIELLT) THh - 72, £ 72 AR T, — 5B (H18. 12. 17
4:21~5:41) T 1.0~4.9ppm Z & L 7223, £ LS D KI5 Tﬁmﬂﬂk?%/af“ﬁx 0. 1ppm
UTFT (EETHRMELUT) Tholz, BIHEICHOWVWTIT., BT H5F X L NICHE LI-FAK

DEBPREZOLNDID, WTHICLTH, AFETHG L LR EE Mk THRAEL T
WAL KBIREIIMD TIERWL D EE 2 N5,

* 6 itk FEE G HFAE ORI

A AR EESR N

55 R TE S I R R M 2 U TR S A7 fit K 3R R BE X 0. 1ppm BL T

A H R m E

H18.12.17 4:21~5:41 {2727 T 1.0~4.9ppm % &,
ERUSTIZ, 28 42@® T TOo. lppm LT

AR i R
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8.0

6.0
4.0 /\

20 AN,
00 Lo S N N A

il SRR o

5 § § B N ¥ & § ¥ 5 § § B
@ &8 @ ¥ ¥ & B B B & & ¢ R
B %l

8 MABRITHBITIHMIAREDEHAKRKR (H18.12.17 4:21~5:41)
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322 RAEREREFICKETHHRE

AFETIE. Z2BLLT, YRCBTI2RAEFTOERE AT H2HETICE VTS Hik
KFEOE KA AL FE LT,

[ 5 4 52 it & Pr ]

B IR I T B 28 FHde (SEMIS % ¥ 5 @ 3218-1B-032)

[ ﬁ%[:ﬁﬁr“iﬁl,i‘a 8 Fihs (SEMIS HPEFE 5 : 2516-1C-039)

ZTC BRI T HHE T, AWM A @ U CHM S 2tk FE DR E D 0. 1ppm

uT( BEFNRMUT) Tholo, £/, WM — T HHE T, R o2
DIEVRALKZENRFH SN TEY, BN —Z7ERIBEELTVWD I E2MAE L,

£ T Bk SR E e AR A& O R B

ELESE: N AR DL

MM (H18.11.17~12.1) b=V Ml S =W b K FE#EE L 0. 1ppn

oo —
I =T B sk UTFToH»-72, H18.11.21 11:23 ICB W T 1.1ppm Z & HI L 7=,
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ZORER, BENREGIE, HFAKICEENRDV ORTHOEREEZEZELT Th O
AR OM e 28 HOMEHERE L 2@ OBEFETHET DR -5 Ok HIK 55Ke/m® Fil FH

DELE & &2 S &RE LT,

®-5 RMHAKZAMMLE-mRE =27 Y —FORE

HAL R (Kg/m?)
kT
I8 7k +
Bl & R fif BT
W/C (%) | Al A A bk
bz 7R X & Wi & 7K 7 K T8 7K
W/B (%) | AH v 7 # 9 73 Al
FIH &) SA/C (%) W SA I
(%) k S G
(%)
C
35.7
55Kg/m® 1.25 11.2 0.176 175 | 490 55 927 778 6.81 0.0327
32.1
2 & Xk
1) (#) BEA=z 27 V= FIEWHBES: a7 ) — MEMKFOEL 98, 1998
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3-@2)-2 Biw=r 7V — MIRERBEIKZMx 7227 ) —h

B O AMERERBZ B 2 L FATZE
R REIER HA BRS

i

1 HWHERM

AWFZEIE, RLEEEIR (A= =T v =) ANVBIE a2 U — F OISOV T,
a7 ) — MEMEZFLKFTICRE L, EROME 227 U — ~ LRIEFEIKA Y B
oy s U— kL OmMERMRES LT 2 Z & T, REFHEIKOWMMAEROiF 2> 7
U— MIEBE RIS RN L E2HER L, REFEKORAIEREXD LD TH D,

2 WP RE
(1) /U +7 44— Mgt
e T = Bid, BRKEAE Y o =TGRl & Uiz,

(2) JELREbFTEHE
HAE =2 — oA

(3) WFFEHIH
TRk 1742 H 28 A~ 19 45 3 A 30 A

3 WrEEHA

iz 7V — MEI, A A UVBRGHEOIEEIZHE L, 2227 U — MR T OmMBEA KL
EMHIT 520 LTHBES, T@Ear 7 U— MIB#EAl (=7, X727 %)
ZIRA LTS A VEICE T TH 0 | Wk 16 45 3 HIZ F KB Fr B e s oo gk Ha it
FEMIIEFEZRS L TRV, BEAAV =27 U — NMEIE, BARTKERS O TER
EEWMICIRES N TWD,

Fo, REPFREIKAY 27 U — M, &z 27 ) — Mg, AR EDar 2

TG E LTYRIEE L o TN D,

ZM%L T, BIEFIAY 27 ) — MK EERRBIK A IR L8z 7 ) — M (kK

) OMERERE ., RIERFEIKAVIE a7 ) — b (R OmfEEEOmMRE LT

B REIT o T2,
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(1) B DI ERS
BT O~@D BT & 0 AERBAAT -7z,
DRETEIAY 5= 7 Y — ME GHER RO, Hele)
ORI+ DIAAD A= 7 U — ME GHERR T, HR)
@EIEAIAD S 7 U — M GHEFRO, Heite)

(2) fERO BB
LN O~Q@OHMEKIC L v RS (EEWE. IR, MR ARSHE)
BITo 7,
ORIEFIHEIRAY 227 Y — MMEEUA
QRIEFIHEEIR +BAE = > 7 U — MMIEREK
@B 2> 7 U — hMtakA

4 WHEHE
4. 1 MEE O/NERABR
(1) 27— A
B 7 V) — ME OMNEE R OHEEE) OB 2R 1~K 61577,
LRI, MEMORBELE L TEA L MO %ERM L, BEANL, =2
7 U—h1m3 4 4kg FMEIV RN L 7=,

OAVEEORE BIFE 1 ¢ 250mm)

F 1 KIEREIRAD

KEAURLE| B B8 (kg/m®)
W/C S/A K AR WMEM |PERER| BAEH JEFOA
(%] (%]
42 57 189 450 931 23 747 1.13

2 RS+ BHEAIAY

KEAVRE| B B2 (kg/m°)

W/C S/A 7k wAh | WEH |mEREER| BEH | EBRE | HES
[%) [%)

42 57 189 450 931 23 747 1.13 4
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#*3 BiEAIAD

KEAURL| B E B 8 (kg/m°)
W/C S/A K AR W4 HEM | ERF | BHEH
(%) (%)
42 57 189 450 954 747 1.13 4
QOHEtEE Ol S (EBE 1 ¢ 400mm)
F4 KIFEFHEEIK AV
KEAURL| B E B 8 (kg/m’)
W/C S/A K AL | HEM |HERARK| HEEHM | RRF
(%) (%)
35.4 44 .4 170 480 730 24 960 1.80
#£5 RIEEFHEIK+BIEAIAD
KEAURL| B E B 8 (kg/m°)
W/C S/A K AN | B | RERZRK| HEBEHM | ERF | BHEF
(%) (%)
35.4 44 .4 170 480 730 24 960 1.80 4
#£6 FPHEAIAD
KEAURL| B E B8 (kg/m®)
W/C S/A K AR WA HEM | ERF | BHEH
(%) (%)
35.4 44 .4 170 480 754 960 1.80 4

(2) FMERETT L
SMNERBRIT, JIS AB5372 (7 L¥ v 2 M= 7 U — MG (THEL T o 72,

S ERBR DR
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4. 2 A0 BREAR
(1) #RREROES
BBUROBIA 2K T~FK 9 IR,
LTI, MEMORBELE L TEA L MO S %ERMLIZ, BiEANL, & £
YD1 %ETMLTZ,
T ORIEEFEEIKA Y

KEAURE | B AR B2 (ke/m®)
W/C S/C 7K AR WMEHM | FERER
(%) (%)
50 200 315 630 1228 32
# 8 RIEEFHEIK +BIEHIAD
KEAURL| #EME B8 (ke/m°)
W/C S/A 7K AN HMEHM |FHERER| BHEH
(%) (%)
50 200 315 630 1228 32 6.3
#9 BiEAIAY
KEAURL| #EME B 8 (keg/m°)
W/C S/A 7k AR HEH FRE#
(%) (%)
50 200 315 630 1260 6.3

(2) #EE
HH KA o —OGIREMESKE » FRIZ, ke Az 27 12
"WofHzm TP, K7 r AREBEZ1T o7, ZEHRTICR T 26bKEOHIE
ZHE L, JEBCGEim bR RE & 2 s L7,

PR E AR DL PR bR SR E A
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5 MWFIERES

o. 1

SHERBR DA R 2K 10 1R T,

SRR SR

# 10 A EEERRS R

FEURE HERAE X5 SEERS =)
VUEINETE WiERE ¥ E
[KN/L] [KN/m] [KN/L]J [KN/m]
¢ 250 (3R | (33.4) (16.7) (51.2) (25.6)
X 2000| DA ERE R 39.0 19.5 72.5 36.3 =)
QHERER+BEF A ER{E 435 21.8 855 42.8 =
QI EFI 41.0 20.5 74.0 37.0 a
@ 400 (RisiE) | (955) [ (39.3) | (1432) | (58.9)
X 2430 |DHIE AR 125.0 51.4 271.0 1115 a
QHIERAEX+BHEH RER{E 134.0 55.1 274.0 112.8 a
QO EHI 140.0 57.6 283.0 116.5 -
E2TOREGOHFEFICBWNT, HEELZHE L TRBY, BAOEWIZLD2MEOZEITR

SR o T,

5. 2 ZERABGER
(1) REEBREL

BEHERRE A 11 1TRT,

HEAORE B, 8] B A, £ L & DORFER
11 RO BRFEEREE
H 1+t Ju.’“f.7k$7)%]§
(ppm]
HEARERE ERITEIR148 60
18] B £ ER ERR17E1188H 75
28] B #£ 5% ER18E1H25H 20
3[@ B #£EL ERL18E4H6H 70

ZB T ORI KBREOEEZK 1127,
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2000

1800
& AfE 1733ppm
1600 =/ME 1ppm
TEHE  174ppm
~ 1400
€
g |
2 1200
1
g5 1000 |
5
X 800
RS
2 600 - H
400 |
200 |

SHRIAR

1 R ORAEKE DR

TR T ORISR O K AE 1733ppm., f/IME 1ppm, FEIX 174ppm TH -7z,

(2) B koEEZ
REMRAOERL 2K 2 (TRT,

08 100%
e
:‘él:&l
P
i) O semzr
o5y |- B aEmsR-mEs
%\ O mes
el
i)
LI
iz 2= HARE

2 EREHAROERZ(L
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FEHH 4 r AETIE, ZPORMIBROND DD, HE D BHFELREIHER TSR0
ST T A TRIEFFEIKAY =27 U — F OEBEMRPRE WD LRG0T,

7T ATOREER (REROMREER BZEANOMAAER) 12, OREREKAY =
Y7 U—1 (85%), QR EFEIK+BiE =7 U— 1k (97%) @BiE=>27 U —1 (96%)
L2, OQOADFEREVFFETHY, QL@ LDFERDEITR LN,

(3) HEAbaER
BRI LR ORE R 2K 12 177,
# 12 b RRBR G R

fHEAR REHME RAPHEFRS

(mm)

ORLE R 47 R 0
748 6.0

QR EFER+FHEA 478 0
778 1.0

QBEF 44 B 0
7+ H 0.5

I 4 » A £ CofERICPEIMIZR O N o723, BB 7 - H Tk, &4t
SARICHPEAEDS R S0, RIEFEIEAY 2> 7 U — N CIER & R R bE S 1
6mm |[ZiE L7, B, R RS OREIX, BELTREBLEHSDEENLTWD,

(4) Bz AR S HIEHBR
B~ A 7075749 (EPMA) ICLVHEIEL, FEORARS #X 3~ 5
\ZRT,

X3 KEEFFEIKAY =27 Y — |

=177 =



B4 REFHEEIRAD +BiE= 7 U —h

X5 PigE=ar 2 U—Fhk
# 13 MiERAGES

HE A EHME RARERARS
Cmm]
DR ERER 124 8 8.5
QFERE R+ HEA 124 R 2.2
Q& Al 124 A 43

6 Fio

P =7 U — MOREFRIK AR L T, SMNEREOK NIR 6 NZehol,

AL

< RLEEFEIK DT, i = 7 U — X DB EIERE~ DB

AL,

INHOZ Enn, RENX, /EkOE=a 7V
s, THEAHEE LT, BiEary 27 U —h o r U — &,
L) ICRIEFRRRIR AR L2 OERH L, REFHBEKOF AR EZXK S Z LD TE

LHEMTH %,
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3-3)-1 TKBREAREMEES XA T LDEAIREL

RIEFRIEEREATPA SRR K EPHERE  WORZETR  WIREER

1 [FC&HIC

TAKIBIRA ABBIEEL AT L (LT TR AT L) 20 9) X, FAKIBIRT O ARG & H ALk,
e & G S, —BILRFBOKER EDREIAT AZHE L, TAZ VAL OVRETLVAT A
Thb, BODOEEICKLEREBENO—EEE S Z LN TE, KEFIRIE TIHRAZ B - B 2T 5
LB, NeO OFAND L IWENRT APHEOHIBIZKE S B TE 2HIFTH 5,

Wk 15 FRHED B YRR 17 FEFEIZ T T, B pv X — « JEEHINR AP REEME (NEDO) 23AZE L
Te T —~ INA I~ A= RVX — @SR EAN B ) (S L, Zet a2 e BART A iRt
—ZEE TERASH K OMETE AT XL X —R G LE7ET & . B R F/KE Y — B AR St RO
WA FAERD T oo+ 7 4 —)b REBIABEFENZE ] ORIEICLY . —EOREE EiIFTn5,

AN, EAET HI24 720 B L e ARV AT AOREM.R B, EiE~D 2 r—1 7T
v F LB E O &2 B, BRES NCGK AKBREE Y 25 L X B FAKE Y — b 2k
HEOHTE T AERIC L WARY 2T AOEMAELBFEZIT> 72D T, W& 5,

2 WEEM

(1) AT LAOLREMNL

(2) fillitic k527> (HCN) Zfigtkre R
(3) N20 HEH &

(4) A —N7T v 7 L=HE 0O

(5) BAZR

3 AVATLOBE
K ATFLADT7a—% 11257,

>

2 S

l Y I
Bt %5 5 &% 2 5 e e
K B 2 " 3 2 R

E — | it i | — i | — [ |

b i 7 s % ol i
*% 1§ FHEH
5

M1 vXFLoO—

R AT B, §lEskin, U ABIA, SO, BAASHARR. U AR REERE. AT X 0 AR
END, HAAED =D OEEIRE 2 FIW 72N TR B A~ DN FRETH D,
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EIEMEDO 70— %X 2 1R T,

ELm
e 1=V
BiKEE
23 ] @ 3214
48
%
AR
HR4ESE

X2 =EIE7 08—

WK IGVE & K 7SRRI TE 7K Sy B0% L ITREME Lot I AL TR 800°CIT THEERHIE & £
SYBRBEL . B 2T 5, HAH ZITEEY A 7 v o TR 2R L=, 8T 1,000CI2T
fesh L AKFRZUC L 0 5T 5, BREEY R I HIEE TR 400CE THHl%, ¥ 7107 7 4 VX TIRSY
ZERE L, BEROGHE~BEHGT D, SBESOGES Tld, HCN %0 G EWME 2 0 L. HAESFEIC LY
HERD ZRET D, BRENWIEBREIT AL, AT DU 3ES L <30 ARBEF TREE L TRA

~EH SN D, R AT DE, (GIRERIRSE T THOMRT 5720 NO OFEAER DNV S i af9
60

5 MBIRARBAHRILF+HEFDREE

KU AT L O EEEER T H DIEBRIREN T 2L & S OS2 [X 3 127,

1000°C
| = FER
[ £3
BEHR

HEF

M3 BEREBAR-—HNEFHEE

800°C

BREE -0 [
REBESR
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TEER TR EN A AAF X,
L
TEENEEAR & R VRS
éo

H 2 TR L2 FE R, A 7 a2 L0 &R T CHidE LBERIIK
&wai@“%ﬁx¢®me%&&—w St

AT AZMEE L. 1,000°CIZB W TREN T 2 2B 1 5,

H—»/—
ZEX

RIEN AT A L L, A SN IE A 800°COEIR TIZHWT, Kz -
RACIKFE & X — Ny a G T DR A Rl L 2O+ 5,

PEER BN T A bIF X

%T#ﬁLﬁﬂﬁxUWM¢étbﬁFwﬂnyﬁﬁLﬁiﬁ%bﬁ%WT%

& e (8E)

SACILI e

T o120, BF L RK

6 ERIEAER
RERIT, VAT LOZEMNOMER L 5NN B4 BAICIHEEE 25% & L, 5 [FII57 E~ 91 H [H
D EFREILE AT o 72,
EIERBR O T AR 1, £ 2177,
=1 FIEEEDMERK F2 HALEHMEINEEREH
L NN R b N P STA T N GBI A & Wi K5 E 5t/ H
&) 17% (D.B.) ‘ AR 800°C
H AAL, -
BIKER 30% (W.B.) 7 AALHA EEE R Ve
IS 43% (D.B.) B IR 1,000°C
wE
BT 3 B 18MdJ/kg-DS B PR T A R +/K A
7 HERER
(1) AT AOZEMEAL
l4;@ﬁ%ﬁ%kﬁXMﬁ\&Eﬁﬁ§\E5Kﬁﬁ%ﬁ%f@%ﬂﬁ%ﬁ%%%ﬁo
10.00 1200
8.00 1000
o
> . 1 800
[|]|m|| 6.00 - * ) LI 8
EH;-\H ve .t o o, ¢ YRR . * +d 600 e
'[Té * N * “ ’0 0”’ L X3 . [:g(
i 4.00
X 1 400
= ) . BKBERBAZ
00 « HRILFEE 1 200
RNEFERE
0.00 0
0:00 6:00 12:00 18:00 0:00
R
X4 HFRUEELHRALE. XEFEE

— 181 —




16
14 +
q
2 W"
A i
o - alt, %.
10 % m_*®
s
0 8
Y
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4 " CO2ERE
2 02RfE
0 S v = SRR SRR, W
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i
5 PRM AR

4 IS 05 X 91, B AP OIREED 800°CHLE , &P DI 1,000°CHEEE TLEE
LTCWNWADZENHERTE, £12K 506 0 ARk X, —B(bikFE 13%E, —bx%E 11%

FREE 22 LT,
R, BB TH D KFEITHR 10% THEE LT . HAEL 800keal Rijft & Z2E L= A
DRI FHE T - T,

(2) il k527 (HCN) S fErEresEqm
TARBIRRIZIZ, BFREMBEDVENZ S EENTWAHIZD, H AL - WEKSIZHB N T
T oRombAkFE (HeS), 7 &=7 (NHs) DEIET D, TZTYT AZHWTE, filigia A
V. 850~400°C TR SH, TUE=TICH L., BT+ 452 L L LTWA,
6 | Zf IS T HON 3 fRsR % kg,

100 "oy
90 | & L N *
80
<70 | RAEL:HON+H,0—NH;+CO
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50
%> 40 SV :400h™
Q30 r Ls&r;:m%
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10 |
0 1 1 1
0 200 400 600 800

EEREER (h)

6 AIEEMEDRZE
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fil S EE T O HCN iR R IZ R EOEINE 5T 90% L, E T ZE LR Th -7,
F 7o, K 700 FEERRE U CHAREEDO LN A LN s BRET AHIZE £h5 HCI

RS EORTICH L THMMMEZH LTV D 2 ERHERTE T,

(3) N2O Pl &

F 3T IEERME 1T D KGR ZRBENFHET A D N2O IR 2=, 24] 8ppm ThH -7
N2O JREET, U AKERCRIZB T 2 UEFHEEOHIRIZ L D | BT 2D N R+aERESh
7eleh, BHBRATH D 5ppm LT TH D Z L AHER TE 72,

x3 NOIRE

B E B RBEARBRBFERA R
H18.5.17 8ppm
H18.9.26 Tppm
H18.10. 27 <b5ppm
H18.12. 20 <b5ppm
H18.12. 21 <b5ppm
H18.12.22 <b5ppm

H19.2.6 < 5ppm

H19.2.7 < 5ppm

H19.2.8 < 5ppm

H19.2.9 < 5ppm

(4) Ar—NT v 7 LI=5A O

TR I, Wi/KIGIR 5t/ H OLERIZ K45

L LTRE L O, ER1THEE T

D EERFE R SRR DO UPREE TN RN DD Z LN T2, A7r—L7T v 7O %
1T912% 7= 0 BiKIGTR 10t/ H 2 5 Z LR U= B OB 21T o 72, X T IZ5IRAERE & R
{bdF . SO O, X 8 ITBRENAT AR &2 7R,

Bt KERNIEE (t/d)
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10.0

8.0

6.0

4.0

2.0
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o [ KB
i B HREIFRE
WwEFEE

9:00 11:00 13:00 15:00 17:00 19:00

M7 FRMEE AR - WEFRE
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* o 00.000000
14 -
famnn,, pinpgigiy
12 S mm m m N = w.
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Al
b3 8 -
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6 mCO2;RE | |
4 O2RE |
2 [
0 A A A A A LA A A A A A A AAAA AL/ A AL A A AAAAALAAALAL LD, -
9:00 11:00 13:00 15:00 17:00 19:00

8 PRMT AR

T BN D X HIT, T AU ORE N
750°C . S DIREN 1,000°C TIRIE—7E & 72
STWAIZEDVRRTE-, K8 MNH A
FHAIE, —EB bR FE 16% R, Wbk FE 13%
BELZEL W, ABICIVBEORET A
IEhHEE2F 4 1 ORT, £, ZORREFEITH
KIBYE 300 t/ B HEOAEERITEN A AL & JiiEh
BEEMF O bl % [X] 9 12T,

(s nsmm)

BHZ
SEHRE 34000 m3/h
12000 m3,/h

BiKHR
|AR:125th
BKE:78%
ER5:2.75t
k% 975t

4

ety

RS
19000 m3/h

(ZTSHE=1.3)

x4 HREHE

fR/K;EIE (t/8) 5 10
A R E (M N/h) 143.5 142.2
PREH R FEEE (kcal/m°N) 778 1,226
HRIEZHhEE (%) 441 48.1
I -~ —
| BRI (ERA)
|
aRHR
REHRE #18000 m3/h
1500 m3,/h T
v 70 YBIFRREE
BAE:393th
E7K#E:30 %
BE#45:2.75t
KS 118t !
a8

ety

MBS
3600 m3,/h
(Z&tE=0.25) E>h

9 BEEMME & A REIFD R
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T AABIFE, REIREIC &0 KSR % 30% % THLE L72iBIR 2 AT D720 KKK &P 720

Ay FBOTRBESRE CTHEER T D T ORBEZE KOG E L <2< 2D 2T &0 h, EBEAFIC
N ABNDIR RO IFIRAM B REEND, L -> T, BKGIE 300 t/H DR A%
&, 70 t/ A FRBLOEBRIRBNGERIF & RIFRE DR E S & 72 5,

(5) HEAZR
FELRERRBR TR DAL R 2 T, B/KTGIE 300 t/ A 72 & 45 & FUTIREL T R % {5 R RE A& D 7%
SELEREE (BB & LTV, R0 OB A TH AT VU RET 5BV TR
Bz, K10 2R3 LB0 ., (EROMBEIBERYT (BEANEE 800°C) &itlg LT, =R
AHEHEIT 90% Ll ERI S % i ST,

¥ 40000 - O N20 R 3E
3 O PR e 3
S 30,000 B Pal=:ES

BEANYF (800°C) 1BEA4F (850°C) H R

10 EEMHRARABLE

7 BbHYIC

A a0 FFFRER OFE BT S X . AFRE 300 t/H OEHEERIEICB W THLE LI & BB 2
DEUNFTRETH A Z LB LT, AT AT LAOEAIZLY . EROBERIFIC AR KIEIC RS
MR ADOHIENFTRETH VW . MERIEB LI LI EE T Z i ans Z s, Efkx B
LTwn<,
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3-(3)-2 TKEREBZINALEA IS4 VRAHBERMTOREHR

R T K AR AT R AR M 7

1. [FCLHIC

1. 1 B#

TARMHEBRE CA T D H - KR OPEE (70°C~350°CREE) LB 2 & T —EF A
LT, TOEZL EIRFHOFETRAFICHHERTWD,

AW, KBEEY X —NICH DI KRBT R LX —% 2000CLL F T2 v 7 FH#
DL B (PCM) 122 X< EUL - BFE L. W5 - il - BB AR & L CRikic
BT 2B EROREEENET D,

TOBRBEICEY, BMBEEOBBENAREIIRD E L LI, KEREEZET 2 OHEH
HI K M = X VX — (LB b, BREAMKEA TR E 25,

Flo, AEMEZIEHT 22T, Bt FEXoEHE hom L2 X5,

K1 avTrTomzEE=s

1. 2 HEREAE
RIRBER ORI R T EZ K D720, £, RVATLOFEMELOTZHIZ, Ticd 2D
HAIZHOWTHEYMATL,
(DA 7Y v BRI AT A0
BELSNLVORLIBHOBFEROCE -OBRJFEEZHBAOKEE TRAT -0, B
DB E MG E T, MIRORZIROICERT D a7V v FRIBAZHE )
X, FAREORRLZEH D PCM ZMAGHLE THRMICEEAR L, @O LM+
L Iong 70y FBPCMZ 7] OBl BE¥EEITH,
(2) ¥ 5 T B E 2k oo BR %
EIREB DB ~DILKRER D720 BIEEMA L L X VITH D E IR E (PCM Fl fig
W) L@k CEHEEMEER PCM O FEHLHEEZIT 2,
(3) U — AR EN BV 48 & o K8 oF 5
KBFEEVZ—NOBEZXALX—ZFH LI - R T AT 2O ERF 21T
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Yo (B Z—HNOEFHT X NLF - X LF—DiEH)
(D= XX MGl LT — ¥ &M
KU AT L% FTAKRGIRBEAMG O FZEKICEHA L, EEEa2 v T, BEROEEI - 4t
e AT O FEAERBR A FEH L, BREME - FEEOMREEIT O,
1. 3 YRTLBE
K AT LOHERZK 21277,
K AT AL, T KGR BE AN 3% <2 = BE A i 5% 45 o AR CTRAET DR R0 F
—HERAL 7D, TNENT v ZICED AT T A B L R BT A & O BRI
RAM<lER - 6BFE - WHEASOBRE L THHATLIHLOTH D,

AEI OB TIL, BRI EZEBAKFELy Y —, A AN ZBEETRE 2 —ICREL
7
AE(R Rl
wYT /j%*ﬁﬂ% i
;h:ZZ? :
TATERARE  Hsiek ot o o

ﬁiﬁﬁll% ‘f!J,

PCM

THY R T A
P8

PCM

K2 YRTLEBE

2. HIEHER

LTI, BMENBICOVWTHELZE LD D,

2.1 NATYy FERBRFABIDRATLORAE

2. 1. 1 B#®
HBIRRBEAFELOHRIZIX, @MBEOLOEMRIBEO L DN H 52, &R PEEULE 2GE & %
EFon BRI HTREREIT D2y, RIRPERIT, SREEITIEVRP RERNZ N, LW
MERND D, T2 T, BBEACEKIES AL ZMAG LY 2 L, FHEEER O HEE
ROEECTOREINEDMAZ AL T2 [N g 7 U v FEAFHAY 257 AOB%E | %47
FZEEHBMET D,

ZOHELLTIE, AZBRBOMAAEDLEIZE Y, RO (KEBJE) 75 oREINEAT
FEL T, BEOQ (HEAJR) THEEEICIETS a7V v RREGHIE | o B %
(K3) RERREOR 2 DEH DO PCM #HlAiabby CERL, FIAMICHE W T, HE
LAV DRV PCM 1 22 6 B BERICEEE M 2 AR T2 Tha 70U v R PCM % 7 | O
WhEB X,

B, T2 TOBRPEIT FRGIRBEA R O PO YK (BJRO : T0CRE) X a R,
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1 Investigation of Rainfall-derived Infiltration & Inflow
with the Use of Radar Rainfall Volume Data
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5-1 INVESTIGATION OF RAINFALL-DERIVED INFILTRATION & INFLOW
WITH THE USE OF RADAR RAINFALL VOLUME DATA

Wataru Amano*
* Bureau of Sewerage Tokyo Metropolitan Government

2-8-1 Nishi-shinjuku, Shinjuku-ku,
Tokyo-to, Japan 163-8001

ABSTRACT

This paper describes an analytical approach to estimating areas with rainfall-derived infiltration &
inflow (RDI&I) to an area of several hundred square meters, with the use of historical data of the
wastewater treatment plant, and meteorological data. It also presents an application of this method
for estimating areas with RDI&I in the Asakawa Treatment Area by analyzing past data of sewage
inflow volume to the Asakawa Water Reclamation Center, and radar rainfall volume data.

KEYWORDS

Rainfall-derived infiltration & inflow, Analytical approach, Operation management

1. INTRODUCTION

For the maintenance of sewerage facilities, rainfall-derived infiltration & inflow (RDI1&I) has
become a problem in terms of increasing the cost of treatment at wastewater treatment plants,
and also in the plant’s operation management. However, actual conditions have not been
understood in detail.

In particular, RDI&I that enter the sanitary sewers of separate sewer systems have been a
problem in many cities because RDI&I are basically not taken into account at the stage of
facilities planning.

In the Tama area situated in the west part of Tokyo, the regional sewerage system is composed
of 8 treatment districts, of which five are serviced by a separate sewer system. At the
wastewater treatment plants (called Water Reclamation Centers from hereon) in districts with
separate sewer systems, the volume of sewage inflow in wet weather can increase to more than
five times the sewage inflow in dry weather, and is thus becoming a major issue in terms of
the facilities’ capacity as well as operation management. However, no satisfactory measures
have been taken due to the difficulty in taking measures.

One of the factors is how to narrow down and locate areas with RDI&I, a process requiring a
tremendous amount of time and cost. First, the treatment area, where large volumes of sewage
inflow or accidents have occurred, is divided into cells. Next, field investigations, including
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flow volume measurements, are conducted by cell and repeated in stages until RDI&I are
identified.

In this study, we narrowed down areas with RDI&I by statistically analyzing existing data,
such as radar rainfall volume and sewage inflow volume to the Wastewater Reclamation
Center. It also enabled us to locate areas with RDI&I in less time than the conventional
method of repeated investigations.

This study reports a method of narrowing down areas with RDI&I through data analysis, and
the results of its application at a regional sewerage system in the Asakawa Treatment Area.

Figure 1. Infiltration & inflow investigation methods
using conventional flow measurement and statistical analysis

Wastewater treatment area

U U

Flow measurement Statistic analysis
Long time, high cost Short time, low cost
/

/ Historical data at the
/ wastewater treatment plant

Meteorological data

~ /ﬁl

| Detailed field investigation |

* Smoke test
- CCTV etc.
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2. INVESTIGATION METHOD

A contour map of RDI&I is made, using the following procedure (Figure 2):

1)

2)

3)

4)

5)

The volume of sewage inflow to the Asakawa Water Reclamation Center is organized
in a time series. Data used for this investigation are hourly measurements of sewage
inflow volume recorded from July 1, 2002 to February 12, 2005.

To estimate sewage inflow volume in dry weather with the accuracy for practicable use, it
searches past data for sewage inflow volume in dry weather that most closely resembles the
present status. To calculate RDI&I volume, the estimated sewage inflow volume in dry
weather is subtracted from actual sewage inflow volume in wet weather.

The treatment area is divided into analytical cells used for meteorological data, and the
rainfall volume measurements are arranged chronologically by cell. The meteorological
data used are observed by the Japan Meteorological Agency, and are for the same
intervals and term as the historical data in 1).

Time-series RDI&I volume and time-series rainfall volume are analyzed through a
pattern-matching process for each cell in the entire treatment area. A contour map
showing the degree of similarity by color for each cell is made, and the areas with

RDI&I are narrowed down.

Using latitude and longitude information from GIS (Geographic Information System),
sewerline data and topographic features are layered to create a contour map showing
areas with high levels of RDI&l.

Following the analysis method above, the process of narrowing down areas with RDI&I in the
Asakawa Treatment Area is outlined.
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Figure 2. Investigation method
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3. AREA FOR INVESTIGATION

Figure 3 shows the Asakawa Treatment Area, where the investigation was carried out. Table
1 indicates the current status of the Asakawa Treatment District, an area that lies in part of
Hachioji City and Hino City, respectively. Its wastewater treatment plant is the Asakawa Water

Reclamation Center near the Tamagawa River, in the northeastern part of the treatment district.

Figure 3. Area for investigation (Asakawa Treatment Area)

Tokyo bay

Table 1. Current Status of Sewerage in Asakawa Treatment Area (as of 2004)

Total population 247,000
Population with sewerage facilities 220,000
D.IfoSIon r'ate . 89%
(in proportion to population)

Area covered 3,045ha
Average wastewater treatment volume 104,900m°/day
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4. RESULTS OF THE INVESTIGATION BY DATAANALYSIS

The investigation was conducted according to the analytical approach in Figure 2 and Section
2, and the results of the investigation are outlined. Figure 4 indicates the hourly change in
sewage inflow volume and the estimated sewage inflow in dry weather through analysis in the
Asakawa Water Reclamation Center. It indicates that, with rainfalls of 20mm or more, sewage
inflow volume is approximately five times the sewage inflow volume in dry weather. To
estimate sewage inflow volume in dry weather, Topological Case-Based Modeling is applied.
This technology handles past data such as time, temperature and hours of daylight, which are
accumulated in a case-base, and then makes estimations by finding the most similar past case to
the current status. For example, Figure 6 illustrates that at 12 noon and a temperature of 22°C,
the estimated volume of sewage inflow in dry weather is approximately 3,000m%h. RDI&I
volume is calculated by subtracting the estimated sewage inflow volume in dry weather from
actual sewage inflow, as shown in Figure 5.

Figure 4. Actual sewage inflow volume and estimated sewage inflow volume in dry
weather to the Asakawa Water Reclamation Center (in October 2004)
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Figure 5. RDI&I volume in the Asakawa Water Reclamation Center (in October 2004)
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Figure 7 shows an example of the rainfall volume distribution lines in the treatment area and its
vicinity. Figure 8 shows the elevation and sewer lines in the treatment area and its vicinity.

Figure 7. Rainfall volume distribution (in October 9th 2004 13:00, 1km meshes)

‘ ~1 14 4~ WS-8 16~-32 [ 32--G4 G4~ (amih)

Figure 8. Elevation and sewer lines

Asakawa Water Reclamation Center

600m

Om
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Figures 9-1 and 9-2 are contour maps displaying areas with high levels of RDI&I. It was
possible to narrow down areas estimated to have high levels of RDI&I to an area of several
hundred square meters. Figure 9-1 indicates the severity of surface inflow, Figure 9-2 shows
the severity of groundwater infiltration.

Figure 9-1. Severity of surface inflow

...... : City boundary Asakawa Water Reclamation Center
= Treatment area boundary

- Regional sewer lines

= ! Public sewer lines
: River /

: Railway (b)

contour interval : 10m ©
(a)
[ —
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Figure 9-2. Severity of groundwater infiltration
""" + City boundary Asakawa Water Reclamation Center

—— :Treatment area boundary
——— ! Regional sewer lines
—— : Public sewer lines

: River /
: Railway )

contour interval : 10m
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Figures 10-1 and 10-2 show detailed views of two areas estimated to have high levels of
RDI&I in Figure 9-1 (a) and (b), respectively.

Figure 10-1

P High

. Low

Figure 10-2

¥ High

. Low
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5. CONCLUSION

In this study, it was possible to narrow down areas estimated to have high levels of RDI&lI
in the Asakawa Treatment Area by utilizing sewage inflow volume and other historical data
gathered at the Asakawa Water Reclamation Center, and radar rainfall volume data.

Future activities will focus on how to improve the effectiveness of RDI&I investigation
method, such as utilizing the Bureau of Sewerage Tokyo Metropolitan Government’s rainfall
data system, “Tokyo Amesh” (radar rainfall gauge), to narrow down even further the areas
with high levels of RDI&I. Sewage flow will be measured to obtain more accurate estimations
of RDI&I volume. It is also necessary to actually take measures to reduce RDI&I.
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5-2 DEVELOPMENT OF OPERATION NAVIGATION SYSTEM

Y. Maeda, H. Oohashi, T. Saitou
Sewerage Bureau, Tokyo Metropolitan Government
Hideo_Oohashi@member.metro.tokyo.jp
2-8-1, Nishi-shinjuku, Shinjuku-ku, Tokyo, 163-8001, Japan.

ABSTRACT

Bureau of Tokyo Sewerage has 13 wastewater treatment plants and 82 pumping stations.

In order to manage these facilities efficiently, collective operation in each treatment area is
being promoted by making use of remote-control system.

Promotion of remote control system leads to concentration of facilities monitored or controlled
from the master facility, and, therefore, increases tasks of each operator, enhancing possibility of
his human error.

Also, due to pressing increase of age-limit retirees and strict restraint of employment, the
number of operational staff is decreasing and, consequently, operational skills are being lost with
veteran operators.

Automatic operation can save some load of operation, but it is limited in use because WWTP
deals with uncontrollable materials, rainfall and sewerage.

As a solution to the problems, Operation Navigation System (ONS) was developed.

ONS, a computer system to make use of its performance and capacity, is a guidance system that
has human-friendly interface and flexibility.

Developed ONS reduces operational tasks, functioning like car navigation. An operator can
give operational instruction or action according to guidance message that is timely and
pertinently shown on supervisory monitoring device.

The target of ONS is to establish safe and stable plant operation by inexperienced operational
staff.

ONS uses data of the supervisory system to deduce the next action. The decision is shown as a
guidance message or messages with other related information.

In contrast with automatic operation, which has restriction that it can be applied only to fixed
operations, ONS can deal with operations that require operator’s judgment.

To evaluate ONS, prototype ONS was installed in the Morigasaki WWTP. The field test, which
was done from July 2005 to March 2006, demonstrated practicality of the guidance message
system. We confirmed good consistency between ONS guidance and actual operation. For
operations of indefinite timing, additional data from operator works.

For ONS, operation know-how expressed in a form, such as document, manual, or flowchart is
vital. ONS also asks for substantial improvement of operational data.

Preparing the documented know-how and improving operational data is the key to introduce
ONS to our WWTP.

KEYWORDS

Human interface, WWTP operation, Operation guidance system, Logic table expression,
Guidance message
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1 INTRODUCTION
Bureau of Tokyo Sewerage, with 13 wastewater treatment plants and 82 pumping stations,
contributes to the preservation of water quality in public water areas and the protection of Tokyo
urban districts from rainfall inundation. (Fig.1)
In order to manage these facilities
efficiently, collective operation in each
treatment area is being promoted by Shingashi
making use of remote-control system. At
present, 62 pumping stations and 1
wastewater treatment plant are remote- Miyagi
controlled from master pumping stations
and wastewater treatment plants.
Promotion of remote control system
increases the efficiency of operation, but
leads to concentration of facilities
monitored or controlled from the master Sunamachi
facility, and, therefore, increases tasks of Kasai
each operator, enhancing possibility of his Shibaura
human error. Ariake pralawa
Automatic operation can save some load
of operation, but it is limited in use Tokyo Bay
because it is applicable only to conditional
operation that follows measured or Tama River W asenaer
processed value. Morigasaki
Also, due to pressing increase of age- @ Pumping Station
limit retirees and strict restraint of
employment, the number of operational
staff is_ decrea§ing and, (_:onsequen_tly, Fig.1 -Tokyo’s WWTP & Pump stations
operational skills are being lost with veteran
operators.
As a solution to the problems, Operation Navigation System (ONS) was developed.

Ukima
Nakagawa

Kosuge

Mikawasima

Nakano Ochiai

2 Operation Navigation System (ONS)
2.1 Overview

WWTP operation can be said to be a sequential chain of plant status. Each status covers certain
range of operation and, by balancing in the range, provides certain margin of time. An operator
determines his next action in the present status by sensing tightness (or looseness) of the
situation and considering margin allowed for him.

All operational actions can be classified by their object as follows.
(1)Regulation or adjustment

These actions are defined as tuning or control of each machine or system within the present
plant status.
(2)Confirmation or justification

Actions such as checking the value of determinant factors on a supervisory panel, or CRTs are
classified as verification of facts. These actions don’t involve actual drive of a machine or a
system.
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(3)Status-transferring

When an operator determines that the situation is about to go beyond the present status, he
takes some responsive actions to move the status into another appropriate one.

These actions are carried out:

-By automatic sequence
or -By manual setting or switching

Factors that trigger next actions are external or internal change of condition, occurrence of
abnormality or trouble, or early sign of them.

Automatic sequence is surely ideal solution to reduce or remove some load of operation, but it
is limited in application. It is not usable as far as operator’s judgment is involved.

Actually, most of operational actions need some human judgment and are being done by
operator’s manual setting or switching.

This indicates that automation is surely the final goal of WWTP operation, but considering that
actual operation largely depends on operator’s professional judgment and is done through
manual action, a computer-aided guidance system that suggests recommendation and commits
final judgment to human operator is reasonable.

Developed ONS reduces operational tasks, functioning like car navigation. An operator can
give operational instruction or action according to guidance message that is timely and
pertinently shown on supervisory monitoring device.

ONS uses data of the supervisory system to deduce the next action. The decision is shown as a
guidance message or messages with other related information.

In contrast with automatic operation, which has restriction that it can be applied only to fixed
operations, ONS can deal with operations that require operator’s judgment.

2.2 System function

Until now, experienced veteran staffs secure operational skill or knowledge.

They give guidance to inexperienced staff mostly through actual operation and, thus, by way of
humans, technical know-how has been inherited to next generation.

As of April, 2006, the number of staffs who work for management of WWTP and pump station
is approx. 1300 except headquarter members.

Among them, approx. 600 personnel are engaged specially in operation, and approx. 500
personnel are maintenance staff. Almost all of operational and maintenance staffs are of
mechanical, electrical, or technical specialty.

Fig.2 shows number of personnel of those specialties by age. Shown in the figure, age-limit
sixty awaits many veteran staffs. Into them, many operational staffs are included.

Also, short-term of personnel change or rotation, which is three years in average, blocks the
time-taking on-the-job training.

The key to respond this pressing crisis is to establish a system that enables inexperienced staff
to learn necessary operational skills in a short time and to accumulate and transfer plant-inherent
operational know-how via non-human vessel.

ONS is a computer system to make use of its performance and capacity.

The target of ONS is to establish safe and stable plant operation by inexperienced operational
staff.
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Fig.2 Sum of mechanical or electrical staff by age (as of 2006/April)

In the development of ONS, we put the priority on the interface of operator and computer.
Firstly, we use existing supervisory CRT as the media by which ONS information is offered.

Also, the information given by ONS should be sufficient enough for an operator to act with
confidence. The selected information is as follows.
(1) Guidance message

Message shows the object to act on and what to do as “Run Discharge-pump A.” or “Set Valve
B 30% open.” Message appears when an AND-OR logic set of requirements is “true” and it
disappears when the requirement logic gets “not true” after the action is completed. (Fig.3)

Guidance
1) Run A
23 Stop B & Operator
/
N TN
= o )
Pump
== Operation Blower
Valve
Navigation Gate
etc.

.

Fig.3 Operation guidance message
(2) Related data

Related information, which assists an operator to take the action or to confirm its correctness, is
shown with guidance message.
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In the case of “Run Discharge pump A.”, a window for the ‘run’ order is popped up side by side
with the message. After the order is done, some process values or states to follow the effect or to
prepare for the next action are shown in a trend window.

Pop-up way of a window is selectable from automatically or on operator’s request.

(3) Intensive expression

When there is no guidance message to display, an intensive overview window is shown on
screen.

With hierarchically arranged data and symbolic expression, the intensive overview window
enables an operator to monitor overall facilities simultaneously and notice change of the
situation, or occurrence of emergency speedily.

The intensive data expression helps intuitive understanding.

(4) Interactive alteration

WWTP operation responds to various external or internal changes such as inflow fluctuation,
capacity extension, or application change and so on. This explains why automatic operation of
WWTP is difficult. As WWTP deals with uncontrollable materials, rainfall and sewerage, it is
fundamentally unsuitable for automation.

To answer this, ONS, one of its features is flexibility, prepares interactive table-form alteration
function for contents (1) and (2). Alteration can be done on-line without computer rebooting.
(5)Macro-operation function

The Macro-operation function is applied to a set of manual sequential operations which proved
to be fixed. When a set of operations is always done sequentially and fixedly, and confirmation
or judgment of operator for them can be omitted, this function works. By grouping them into one
macro-group, these operations can be dealt with as one operation. Macro-operation runs
automatically to its finish after “one action” of initial permission. (Fig.4)

Macro-operation function is ready for alteration or addition as (4). The function can substitute
for automatic sequence and is applicable to broader operations in virtue of its flexibility.

Operator
Pump
Run machine A Blower
I ) After 30sec, stop machine B Valve
e ’ Gate
After 30sec, open valve C etc.
After 60sec, run machine D

Navigation system \ /

Fig.4 Macro-operation function
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3 Human Interface

In studying human interface, we picked up a WWTP that has three remote-control pump
stations as the model.
(1)Intensive data expression

Fig.6 shows an example of intensive data expression. Essential data, such as rainfall intensity,
inflow, receiving electricity, pond level, pump state, stored fuel, are all arranged in a window,
shown in symbolic expression like bar-graph or indication arrow. Colors show degree of caution.

When an event happened and operation is needed, the guidance message appears in red on the
event message area. (Shown encircled in Fig.5) As the area is placed on upper part of the screen,
the message arouses operator’s attention effectively.

(2)Guidance message & Decision table

By clicking the message area, operation guidance window is shown. On the window, actions to
respond to the event are listed. (Fig.6)

The operator proceeds with his operation sequentially according to the guidance. Selection of
an action brings the related window on which the operation is carried out.

As described in 2.2, to confirm that the message is appropriate, the operator can look Decision
table, by which AND-OR deduction logic is composed. In Decision table, difference of color
tells plant status. Red is state-On and black is state-Off.

Example of Fig.6 is the start of primary treatment discharge from the east facility.
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Fig.5 Intensive data expression Fig.6 Guidance message (top)
& Decision table (above)

— 284 —



In the operation, three actions, “Increase water to the east from xxx m*/h to yyy m*h.”, “Drive

the east facility gate sequence.”, “Set sodium-hypo injection rate at zzz mg/L”, are to be done.
“The west line is discharging.” and “Inflow is still increasing” are requisite for the primary
treatment discharge from the east facility. “Increase
rate of water level is above the threshold.” can
substitute for the inflow increase.

In the Decision table, these two AND-logics are
connected with one OR logic. Set-Timer is used to
ensure “On” status of each requirement. When the
status continues for the designated time, it is
regarded as “On”. If timing gap or lack of some
requirement is found, the contents of the table can
be modified on-line. Message description is
changed as well in the table.
(3)Macro-operation

Fig.7 is an example of Macro-operation. For a Fig.7 Macro-operation
Macro-operation, by clicking the message area,
registered Macro-operation windows appears.

After confirming the steps of the Macro, the
operator gives permission for the Macro to proceed.
He may keep watching the proceeding. The right e ST

window shows that the first step is going on. The _ .
window allows temporary-halt order or total «@_Tp
cancellation from the operator. A
(4) Interactive alteration function @ ~~~~~~~~~ »@ """ '

ONS contents are expected to improve via
frequent alteration. Therefore, in order to make the
best use of ONS, the interface of registration
function of Decision table and Macro operation
must be human-friendly. Fig.8 Alteration of Decision table

Fig.8 shows alteration of Decision table. By
designating table and place, an alteration window is
shown in the foreground. On the window, selection
of point identification number, reset of threshold
value can be done. J— @
To register a Macro-operation, trace the set of d‘jp
operations in the same way as actual operation. The
tracing operations never emit signals out of the
computer system and a red frame surrounding the
registration window tells that all operations on the
window are invalid. Similarity between the
interactive registration and actual operation can  Fjg.9 Macro-operation registration
save additional training. (Fig.9)

4. Evaluations of ONS
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4. Evaluations of ONS
4.1 Evaluation items

Morigasaki, facing Tokyo Bay in the south of Tokyo, is one of the largest WWTP in Japan,
boasting total treatment capacity of 1,540,000m® per day. (West treatment facility: 480,000 m®,
East treatment facility: 1,060,000 m®)

Inflow comes into Morigasaki through two main lines, Oomori line and Oota line. Inflow of
Oomori line is distributed to West treatment and East treatment by pumps, but inflow of Oota
line, which is sent from Higasi-Kojiya pump station, goes into East treatment directly. Thus, to
keep East treatment stable, constant adjustment of water distribution by operation is necessary.
But since Tokyo sewerage is mostly constructed on combined sewer system, inflow to WWTP is
greatly influenced by rainfall.

Morigasaki operators are making great efforts to avoid or minimize combined sewer overflow
(CSO), so they withstand as much as they can before starting primary treatment discharge or
direct discharge.

To demonstrate that ONS is of practical use,
prototype ONS (Proto-ONS) was installed in the
Morigasaki WWTP. The field test, which was
continued from July 2005 to March 2006, evaluated
practicality of the guidance message system. To avoid
operational mistake resulting from new interface, we
introduced a new CRT of Proto ONS beside existing
ones, and all orders from the CRT were invalid.

Proto-ONS uses data of the existing supervisory
computer system covering operation from primary

East
treatment

faCIIIty TOkyO Bay

West
treatment
facility

treatment discharge to direct discharge. By restricting
ONS data to conventional ones, we tried to see

plane figure

East
treatment
facility

whether additional data are needed for a practical
ONS system, or, to grasp what information operators
refer to in rainfall operation other than the data the
existing computer system offers.

Operational chart, the fruit of long-time efforts by
Morigasaki staffs, was the source of Proto-ONS. We
converted the chart into Decision table through
interpretation.

Evaluation of Proto-ONS was done by comparing
ONS guidance with real operations, especially its
timeliness and accuracy.

Evaluation items are as follows.

(a)Contents of guidance
(b) Timing of guidance indication
(c) Improvement of (a) and (b)

Heiwajima
Canal

Tokyo Bay

West
treatment
facility

4.2 Operation guidance (Example) Fig.10 Morigasaki WWTP
One example of operational guidance is shown here.
We take “Primary treatment discharge from East facility”.
Either of three conditions should be satisfied to start the Primary treatment discharge from East

facility.

— 286 —



Those are:
“Oomori Minami reservoir being stored” and “Oomori inflow canal level is over —=7.0m T.P. (i.e.
Tokyo Bay Peil)”
or “Higashi Kojiya #4 pump is standby” and “More than four pumps in Morigasaki and Higashi
Kojiya are sending to East facility.”
or “Higashi Kojiya #4 pump is in service” and “More than five pumps in Morigasaki and
Higashi Kojiya are sending to East facility.”
Since Higashi Kojiya #4 pump is smaller in capacity, almost half of other pumps, it changes the
maximum total number of pumps that are permitted to send water to East facility.
When either of them is satisfied, operation guidance messages shown below are presented.
-Start auto-control of East facility primary treatment discharge gate 1-1 to 2-2.
-Set East facility primary treatment discharge sodium-hypo injection rate 15mg/L or injection
volume 5,000L/hour.
-Confirm East facility primary treatment discharge sodium-hypo injection pump auto-control on.
-Increase East facility miscellaneous water pump from one to two (for diluting sodium-hypo).
-Inform sludge treatment staff of the increase of East facility miscellaneous water pump
-Inform water quality management section staff of the start of the Primary treatment discharge
from East facility.
-Discharge foam-off equipment service in, if foaming is seen on ITV.
-Set East facility secondary treatment discharge sodium-hypo injection rate 2mg/L.
-Halt East primary sedimentation tank scum skimmer.
-Halt East secondary sedimentation tank scum skimmer.
Some of the guidance messages are carried out on CRT screen; some are done by other means.
In this example, many tasks must be done speedily and precisely. Therefore, clearly, additional
information is necessary for an inexperienced operator to fulfill each of them. ONS can solve
this demand by offering related information with selection of the message, though we didn’t
include them into Proto-ONS.

4.3 Method of evaluation
We evaluated effectiveness of operational guidance message system in operation of primary
treatment discharge to direct discharge.

The methods are:

(1) Compare the operation guidance of Proto-ONS with actual operation in the scene of primary
treatment discharge to direct discharge. Gap of time between the two occurrences is focal
point.

(2) Analyze the timing gap resulting from difference in plant conditions or other operational
conditions to see factors and consider counter plan.

These (1) & (2) are done by using operational history data stored in the supervisory system and
the guidance history in Proto-ONS.

The period of data collection was from July to November, the rainy season in Japan.

Rainfalls during the period are shown in Table.l. In total, we collected data of twenty-four
rainfalls.
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Table.1 Rainfalls from July to November in 2005

No. Date Precipitation Intensity Duration | Type Remarks
(mm) (Max. mm/h) | (hour) (see
notes)
1 39&4™ Jul. 66.4 19.4 20| C
2 51&4™ Jul. 44.9 50.7 13| E
3| 9"&10™ Jul. 32.4 62.3 47| B
4| 25"&27" Jul. 73.4 68.8 236| D Typhoon#7
5| 12"&13" Aug. 6.9 30.9 7] A
6| 13"&14"™ Aug 4.0 18.9 51 A
7 | 239&24" Aug. 110.9 100.0 12| D | Typhoon#11l
8 | 25"&26™ Aug. 72.4 64.2 27| D | Typhoon#11l
9 30", Aug. 6.5 58.2 05 A
10|  4"&5™ Nov. 47.8 100.0 6| D | Typhoon#14
11| 5"&6™ Nov. 16.0 24.4 20| C
12 7" Nov. 4.9 30.9 15| A
13 11™ Nov. 9.5 45.3 1| A
14 4"&6"M Oct. 17.8 6.9 36| C
15 7"&8M Oct. 19.0 51.7 9| B
16 o Oct 4.5 15.0 6| A
17 10", Oct. 15.4 26.4 7! B
18 | 10"&11™ Oct. 6.6 3.8 15 A
19 | 15"&16™ Oct. 25.9 23.3 8| B
20 16M Oct. 2.5 3.9 5/ A
21| 17"&19™ Oct. 51.3 12.3 4| C
22 27™ Oct. 8.0 5.8 5] A
23| 6"&7" Nov. 29.4 28.3 14| E
24 12" Nov. 6.5 5.3 71 A
(Notes)

Rainfall type (P: precipitation, I: intensity, D: duration)

A: light (P: less than 10mm)

B: heavy but short-time (P: more than 10mm, I: more than 20mm, D: less than 12hours)
C: light and long-time (P: more than 10mm, I: less than 20mm, D: more than 12hours)
D: heavy (P: more than 50mm, I: more than 20mm or typhoon)

E: medium (rains other than A to D)

4.4 Result of analysis
(1) Gap of time between guidance and actual operation

Fig.11 shows the ratio by gap of time for “Primary treatment discharge from East facility”. In
the figure, plus (+) means that actual operation was done later than guidance.

When the gap is within plus or minus 5min, we can say that guidance timing is almost
consistent with the actual operation

As for primary treatment discharge from East facility, good consistency was observed. As
described before, operators tend to delay primary treatment discharge to the limit. That explains
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why some operation was done later than guidance.

69
Percent
25
-30 over -30to -10 -10to -5 -5to+5 +5to+10 +10to+30 +30 over
Gap of Time (min)

Fig.11 Gap of time for Primary treatment discharge from East facility

Fig.12 shows the ratio by gap of time for “Main transformer additional in-service”.
The condition for addition of main-trans is “more than five pumps of Oomori line in operation”.
Unlike the East Primary treatment discharge, the transformer operation was not very consistent.
Morigasaki receives electricity through two lines. To save energy cost, normally one transformer
is in service. With the increase of electricity demand to drive pumps, another transformer is put
in service. The result shows that though the timing of the operation is defined, it greatly depends
on operator’s discretion.

40
Percent
15 15 15
-30 over -30to -10 -10to -5 -5to +5 +5to+10 +10to+30 +30 over
Gap of Time (min)

Fig.12 Gap of time for main transformer in service

By classifying operations according to the time gap, we can assume that the operational chart,
our source for ONS, is a norm. Each operation has its own margin depending on urgency.
Operator passes final judgment for the operation based on his professional knowledge. Skillful
operator decides the optimum timing from his experience taking difference in plant conditions or
other operational conditions into consideration.

(2) Analysis of operator’s judgment

As for operations of different timing from guidance, we analyzed the reason. We can classify

them into three categories.
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(a) Fine adjustment
Fine adjustment is permitted for operators.
-Operation that has span of time (ex. Do within ten to twenty minutes)
-Operation that has some conditional range (ex. Start at level —=7.7m to —-8.0mT.P.)
-Overlapping of operations
These operations should be entrusted to operators’ judgment.
ONS can cover these operations by offering guidance message at the earliest timing within the
given span or range.
(b) Difficult to define in ONS
Some conditions are difficult to define. Also, some are unclear in their end.
Examples:
“Just after rainfall start”
“End of rainfall”
“In case rainfall is expected to come.”
“Intense rainfall had come.”
“Rainfall is weakening”
Since these conditions have some ambiguity, we cannot define them clearly in ONS.
To compensate for the lack of their clarity, we propose that operator define them on the spot.
When operator decides now is “Just after start of rainfall”, he enters “On” for the condition. We
call this additional function “Dialogue selection function”. (Fig.13)

]i

More than four Pumps in operation —

Just after rainfall start off

(O— Oomori Minami reservoir storing start

Rainfall Intensity More than 20mm/h

Just after rainfall start on
g:=ii5

Y
e

Fig.13 Dialogue selection function

(c) Experiential operation
Some operations are experiential, not expressed definitely on the operational chart
Operator often uses the effect of an operation as a condition for the next operation.
When the effect varies, some variations are not described on the operational chart.
For example,
-After starting a pump, pond water level kept increasing instead of decreasing. Therefore,
operator added another pump into operation.
Similarly,
-After starting a pump, pond water level kept the same level for more than 20 minutes instead of
decreasing or increasing. Therefore, operator added another pump into operation.
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Proto-ONS logic wasn’t able to respond to those continuous countermeasure operations.
To solve this inaction of ONS-logic, we propose a chain of Decision table. By making the effect
of one operation as a condition of another one, continuous follow-up is possible. A solution is
shown in Fig.14 and Fig.15 for the examples of pump operation.

One pump in opreration

Two pumps in opreration
Water level over -7.3m T.P. Three pumps in opreration
Water level over -7.2m T.P.

Fig.14 A chain of guidance logic for pump operation Example 1

One pump in opreration

Two pumps in opreration

Water level -74mto-7.3mT.P.
more than 20min continue

" Three pumps in opreration

Water level -74mto -7.3m TP.
more than 20min continue

Fig.15 A chain of guidance logic for pump operation Example 2

4.5 Evaluation summary

The analysis is summarized below.

(1) ONS has real-time response for principle operations.

Morigasaki has fixed operational rules for response to rainfall inflow.

Those are operations such as “draw rainfall inflow into reservoir”, “start primary treatment
discharge”, “start direct discharge”, and “restrict inflow”.

The timing of those operations is decided physically in relation to the capacity of pumps,
treatment facility, and receiving electricity.

ONS has real-time response for the operations of definite timing.

(2) With additional data from operator, ONS can cover operations of indefinite timing.

For operations conditions of which have some span or range, the exact timing to carry out is
committed to operator. ONS can cover these operations by offering guidance message at the
earliest timing within the span or range.

For operations that include indefinite condition, dialogue selection function through which
operator add his judgment to ONS is effective.

5 Conclusions
Bureau of Tokyo Sewerage need to respond to the drastic change of working environment such
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as intensive control of facilities, loss of skillful veteran operators.

As a solution, Operation Navigation System (ONS) was developed.

Since WWTP deals with uncontrollable materials, rainfall and sewerage, automatic operation
has its limit for application. ONS is a guidance system that makes use of the power of computer
and can keep on improving.

Logic AND-OR form is selected as the form of knowledge of ONS. This selection is reasonable
because most of our operational decision is deduced using a combination of plant data.

In the development of ONS, we put the priority on the human-interface. Since flexibility is also
essential, ONS has on-line alteration or registration function.

To demonstrate that ONS is of practical use, prototype ONS was installed in the Morigasaki
WWTP. The field test, which was continued from July 2005 to March 2006, evaluated
practicality of the guidance message system.

Through the field test, we confirmed good consistency between ONS guidance and actual
operation. For operations of indefinite timing, additional data from operator works.

For ONS, operation know-how expressed in a form, such as document, manual, or flowchart is
vital. However, as our staffs have learned their skill in actual operation, most of their knowledge
hasn’t been stored into non-human media.

Also, ONS asks for substantial improvement of operational data.

One of the reason we selected Morigasaki as the test-field is that it has the operational chart for
rainfall inflow that can be interpreted into ONS logic. To introduce ONS to WWTP, preparing
the documented know-how and improving operational data are our pressing first task
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5-2 DEVELOPMENT OF OPERATION NAVIGATION SYSTEM

Bureau of Sewerage, Tokyo Metropolitan Government

Hideo OHASHI
Kazuki TAKAHASHI
1 Introduction
Bureau of Tokyo Sewerage, with 13 wastewater treatment plants and 79
pumping stations, contributes to the preservation of water quality in public
water areas and the protection of Tokyo urban districts from rainfall
inundation.
In order to manage these facilities efficiently, collective operation in each
treatment area is being promoted by making use of remote-control system.
At present, 57 pumping stations and 1 wastewater treatment plant are
remote-controlled from master pumping stations and wastewater treatment
plants.
Promotion of remote control system leads to concentration of facilities monitored or
controlled from the master facility, and, therefore, increases tasks of each operator,
enhancing possibility of his human error.
Automatic operation can save some load of operation, but it is limited in use because it
is applicable only to conditional operation that follows measured or processed value.
Also, due to pressing increase of age-limit retirees and strict restraint of employment,
the number of operational staff is decreasing and, consequently, operational skills are
being lost with veteran operators.
As a solution to the problems, Operation Navigation System (ONS) was developed.
2 Characteristics of ONS
(1)Overview
ONS reduces operational tasks, functioning like car navigation.
Operator can give operational instruction according to guidance messages timely and
pertinently shown on supervisory monitoring device.
ONS indicates the guidance messages by logical deduction using information of the
supervisory system.
In contrast with automatic operation, which has a restriction that it can be applied
only to fixed operations, ONS can deal with operations that require operator’s
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judgment.
(2)Functions
(a)Operation guidance

Operation guidance indicates operational decisions based on the logic constructed
on “Decision Table” using plant input signals. Logics on the Decision Table can be
modified easily so as to correspond with operator’s decision. The flexibility is
effective in reflecting knowledge or know-how of skilled and experienced operator.
Fig.1 shows ONS functioning as an agent for a skilled operator.

Guidance
1)k % % run
2)@@@ stop « _» Operator
. .. &
7/
N N
... / ~
Pump
= “operation”
Blower
Navigation system Valve
Gate
process data, etc..
machine state —
etc. |

Fig.1 Operation guidance function

(b)Macro-operation function
By registering a set of sequential operations as ‘one action’, the operations run
automatically with initial permission of operator.
Macro-operation function can convert multiple operations to one automatic
operation.
The function is applicable to a set of manual sequential operations which proved to
be fixed. Fig.2 shows automatic operation using Macro-operation function.
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Operator

Y
Pump
A machine “run”
/.\./.\ after 30sec B machine “stop” Blower
—— after 30sec C valve “open” Valve
= after 60sec D machine “run” Gate
Navigation system \—et&_/

*A,B,C,D : various equipments machines
Fig.2 Macro-operation function

(c) Rationalized indication
In order for an operator to grasp the situation speedily even in emergency,
indication data of facilities are hierarchically arranged on a display.
Also, symbolic indications to assist intuitive understanding are introduced.

(3)Effects
(a) To reduce operation tasks by guidance and rationalized indication
(b) To guide inexperienced operator with guidance appropriate to plant conditions
(c) To respond promptly in case of emergency

3 Evaluations of ONS
Guidance function of ONS is now under evaluation through a field test on Morigasaki
wastewater treatment plant. The period of the test is from July 2005 to March 2006.
(1) Performance verification by prototype system
(@) Design and coding of Decision Table and Guidance consistent with pumping
operation flow
(b) Installation of a proto ONS system by connecting to the supervisory system
(c) Running the proto system using input signals of the supervisory system

(2) Evaluation of guidance function
Based on comparison with real operations, ONS are evaluated.
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Evaluation items are;
(a) Contents of guidance
(b) Timing of guidance indication
(c) Improvement of (a) and (b)
(d) Human interface

At present, the field-test shows good coincidence of guidance contents and timing with
actual operation taken by operators.

4 Conclusions

In the background of concentration of operational tasks due to promotion of
remote-control and impending loss of technical skills accompanied with retirement of
many veteran technical staff, we have developed a navigation system ONS that stores
operational knowledge, which can be modified, and shows directions timely.

ONS, being effective in wastewater treatment process and pumping discharge, is being
evaluated in a field test.

After reflecting the result of the evaluation to improve ONS, we are planning to
introduce ONS to real plants.
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