RET#HARIE « H314 + 1994 (Proc. of Environmental Engineering Research, Vol. 31, 1994)

(13) BWMHROSHRTKEHKEIC ST D2WKBESRAF Y

YIab—23av-ETN
STORMWATER QUALITY SIMULATION MODEL (N URBAN SEWER SYSTEMS

BB - BREAE - BRRAT
Masahiro WATANABE*, Kazuhiro FUJITA**, Yoshihiro TOKIQ**

ABSTRACT; Water pollution of the receiving waters that receive combined sewer overflows (CSOs)
from urban sewer pipe systems has been deteriorating and spreading recently. The investigation
of reasonable measures to prevent or mitigate the water pollution began to be taken up seriously
in the early 1970s. The Public Works Research Institute (PWRI), the Ministry of Construction,
has developed a water quality simulation model (PWRI Model) in sewered areas during the mid
-1970s and early 1980s. This model, which is usually combined with the RRL method modified by
the PWRI to evaluate stormwater runoff, is able to simulate practically the phenomenon in which
the pollutants, including BOD, COD, and SS, remaining both on surfaces and in sewers are washed
of f,

The purpose of this paper is to clarify the adaptability of the model and improve or modify
the model if necessary. First, the adaptability was investigated on the basis of the comparisons
between observed runoff hydrographs, including pollutographs, and simulated ones in an urban
drainage basin which area is about 40 ha. As a result, several methodologibal problems to be
solved were indicated. Second, the modification of the model according to the indications re-
sulted in improving the adaptability considerably.

KEYWORDS; PWRI Model, RRL Method, water quality, stormwater runoff, urban sewer system
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KEPFKEIRE MR E T L EEANGLORITCOWTE, BREETLLD I VOLBHIARITLESES
AR Iab—Yay - EFVOMBIRELREO—DICR>TETWA.

A3, I ULEBRBETLYAS I /0L RITLUEERARRE Y IaL—YaYy - EFL0
%% BIRLEHRO—RT, SBOETIHROEHLERER2B5EY, BE, bAIETEHOD
NTOBBERRLEL THRET VA HAGOE LKL L EBAFTEROS IaL—Yay - EFAY
ZMY B, EASEFIVOBEAELRS TICERLOMESICOWTRMT 2 LI, 2hb0@at: —
Bribtasda200HRAMtIc W TRFAEIToEHOTH .

2. BREXRRE - EHOBEY
BHROMRFRE LT,
HAHLHERRT, RBosL% 80 %
MRBHEREETEREIATHS, TKEE
VAT L, BIERA 1,426 n OBBEE y
LTS ICERT 2SR OBREREL ML G
W, #OWASBRARBERKIC L 5EH 3
BT OMRERHCIE, REKEics Tl
f1 50~52 FEiCEREhiz, FREE9 HAkD
BERT - Bt OKE, KE) ZED &L CIFRE
3E (£1H) ofiih KB, XH) ZHx
Auwk. zhoamlon, BEXROZhoB
HE% Table 2 IZ;RY.

3. EFVOBREBRMCHAT 3R
31 ¥yIav—vav - EFILOERK
(1) WARHEFIN (BERRLE)

1) #IERRLZOEE »
BERRLEE, ook, 3204
T EFNELYBREhTHS. Thbb,
MRk s L URHEEEAE ER L -WAKEK
EF), SHERFFHDEER L AR N A
ThTS7ENAyoa—- - N Rays57
I ET 2 HKREAHET I, HICITRE
CEyAv7a—-NARaysSIhepy
b7O— - NA ROV TEFE
THEEREETIV, O3>0Y%

Fig. 1 & Table 1 ISRTHEKE %A, KPKIXIL, B 39.5 ha &

O Manhole
-— Main Sewer
-——— Branch Sewer
—-— Boundary

Fig. 1 Research basin and its sewer pipe system.

Table 1 Ground surface and sewer system
characteristics of research basin

Drainage Area 39.5 ha
land Use Zone Commercial
Impervious Area without Depression Storage 49 %
Impervious Area with Depression Storage 29 %
Pervious Area 22 %
Main Sewer Pipe System
Diameler 600~1,650 mm
Total Length 1,426 m
Slope 1.3~8.1 %o
Branch Sewer Pipe System
Diameter 300~600 mm
Total Length 3,648 m
Slope 2.6~7.6 %

Table 2 Water quality characteristics of 3 dry weather flows

T EFHSEREATHD (

Daily Mass Daily Average Daily Average
Fig. 2 218) . Date Loading Concentration Discharge Case
s o = BOD COD SS BOD  COD SS
2) M DETIV-INF A
) k% T (kg/day) (mg/1) (m*/sec)

-9 Aug. 27~28," 75 600 250 410 8 35.2 55 0. 0745 1

Bk UK ICH3 2 FKIR Jun.17~18,'76 898 358 597 128 50.6 80  0.0785 2

Nov. 14~15,"' 77 929 437 113 141 65.3 114 0. 0690 3

REFI - INT A—ROIEHHE L

—118—



LT, BREOBNRERRY 2b L,
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Table 3

3) FFEEIRE & S B EERI Jm i
MR OSEREMIBRR S L U%F)REH
HEEE ZHhTh, Fig. 3 BLT Fig. 4 IR

T. s,

POKEN B RS OBERE T 28E

THICHrEY, HFREH Tc @& (FERE + (<

Z v TRIEESHEE) LV BEHL, WARR
Ts @HAICE BT RICSHLFELE.

Hyetograph

uuuuuuuuuu

Discharge Hydrograph
Pollutograph

s

L

Ly
-

80 — t (== Stormwater
Discharge Hydrograph -
. L Pollutograph 4uem Pollutant
R . . . . .
:’ 60 |- Fig. 2 Conceptual diagram of simulation model.
L
< L .
Eﬁ 1 Table 3 Standard values of rainfall loss parameters
2 40+
,—é Depression Storage in Impervious Area 2.0 mm
‘g’ B Depression Storage in Pervious Area 6.0 mm
O 20+ —‘——m Infiltration Capacity in Pervious Area 5.0 mm/hr
ol [ ] . i
0 10 20 30 4()

Concentration Time (min)

Fig. 4 Contributing area of equal
concentration time.

L

4) S (FE8) ~Q (RE) i

SRYEKED S~Q HikR% Fig. 51ic
RY. 22T, BRAFEE S 0FEC
HEY, FhReoy TROSHETHD &
HELE. £, &BRICBILHENE
FEHHERE LA L 20lMERR, /F
Rosfk CHEEXERR) KELune

Fig

~

Hu}
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”W“ﬁtf**‘w
\7/ I\\L =
20
25

15
15

o/
20
H 15 | O Manhole 0 200 »
i [
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Time (min)

. 3 Contour map of equal concentration time.

HELE. % 10%
B, Fig 5eBnT, Q A1~ 2 /s oy, Of
HEL, BEYATLO-BCHERNIEATHS. Q = F s=kor
2n/s OLE, BERANEL CODEROFHBOGI &, T 1 r-oms
FRY AT LEBOTO 30 % BETHS. g
(2) EBAFRHETN (EHEFN) 129 10 Z
1) ¥zavr—vay - EFILORABER 05}
THEFINCHEWT, HBAHORLESE, BOD o0
TIREFEN, COD BET SS KOWTIHERNA L FLE
ETHBELTRYEDATNS, 0% 0?5 11() 1],5 zl.()

BOD AfOFLICEYT 248 GESHEAS L UHE

aR) &, X Q), 2) vk, COD BT S
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WTH, EREN, R B)~0) BLUR (D~U) D&HEREATHD.
T, BF B, C BLT S &, £AEH, BOD, COD LU SS I, RFED BLU W W, *
hEh, BRNSLURHELICEY 2B THL I L 2RT.

i) BOD EEHHEN (FRA) : Log = Cos P (Q—Qc) €))]
HEoRX (EEN) : dPos/dt = Dpg — Lps (2)

i) COD HEEHEA (BRA) : Loc = CocPoc? (Q— Qo) 3
(fiimE) : Lwec = (173.6)'Cwc Pwc’ *(re—rec)-Aw (4)

o (BEW) : dPoc/dt = Doc — Loc + Lwc (5)

(i@ : dPwe/dt = Dwe — Luwc (6)

; Dwe = Duc’ - Aw n

; Pwe = 1000X Pyc’ - Aw (8)

i) SS B X (FEN) : Lps = Cos: Pos-Q(Q— Qo) 9
(FHE) : Lws = (1/3.6)-Cus-Pws’ -(re—rec) Aw (10)

HgoX CBEA) : dPos/dt = Dps — Lops + Lus an

(fimE) : dPws/dt = Dws — Luws (12)

; Dws = Duws’-Aw (13)

; Pws = 1000X Pyws' - Aw (14)

224, Los, Lopc, Lwe, Los, Lws: FAEHFHR (ar/s) , Cos, Coc, Cos, Cwc, Cws: BT
GHRE (1 7gr/m®, 1 gr/n, s/n°, 1/ mm, 1./mm) , Pos, Poc, Pwc, Pps, Pws: HREEMHE
(gr) , Pwc', Pws’ : B{/HEMYY OHEEARE (kg ha) , Dos, Doc, Dwe, Dps, Dws : #Héf &
& (gr/s) , Dwc’, Dws' : BUEMYY OMKANE (gr/s/ha) , Aw: BRICL2BFREICHS
T5MEME (ha) , Q:BERRLEICLDIHERE (v/s), Qc: BRAHE (v s) , re: ARBRTR
B (mm/hr) , rec:BRAADERERE (am hr) , ¢ B (s) .

ZZC, BHE LS AEBARNTIE OB, Fig. 2 ABEESHREDIC, SRR LIS,
BMEAZZRLTED DN, BRELT, BEIAFLARATEHL - TS IR EENE 2 LIt
5. Thbb, EXdo Aw &, B, SSBERERCHIT 2 AREGILEOEHREL 1 5.

—%H, PP G, HERR Q PSHBELEAYEWNEE re 2HOIERNLEBHERRELTHD
Thbb, EX (Q), 5) LT (10), (A1) CEAT, KA (U5)~UTD) LU (18)~(20) %/H 3.

HEHAHREX (FEAN) : Lc = Loc + Lw (15)
'LWC = (1/3.6)'CWC'PWC, “(re— I‘ec)‘AW ’ re=(Q—Qc¢) /A 7360 (16)
dEoX (FEHN) : dPpe/dt = Dpc — L am
EEHEA CBEAN) © Ls = Lops + Lus (18)
Lws = (1/3.6):Cws- Pws’ "{rc—rec) Aw ; re=(Q—Qc¢) /A360 (19
#EoX (FEN) : dPps/dt = Dps — Los (20)

22, Lo, Ls: BAEHAFR (er/s) , A HEKXERE (ha) .

2) BRE/INS A -9 DEFE

WRBOHEBARKHS I 2L~ avicEins, BRANLYOBEBRARMELICHET ORI A4, T4
by, AFTRHER Cos, Coc, Cos BT VHHEMARE Pos,o, Ppco, Pos,0 OEEEEEL
THLPDESHS.

PUFC, Bk 1b) ey, Tho#BOEEFIEE FEICRT.

i) Cpg B&T Posso

® Popgo=(1/2) X RO LH BOD BEAFHR (gr) &332,
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® Copp OEPHE Cos’ %, &KX
(FXIFOE—~2 BOD #B8) = Cps’ X Pos,o?
SUHRET S,
® Lo Cps’ & Popg,o AV, BEROBEAFHRLES I 2L ->ay 5.
@ >Ial—2arOyiil Pos, . CADDHS T, HMERR Pos 3—FE Pos® ICIUELT
<5.
® ROHZEE Cos %, Copsg’ X Pps*? = Cps X Ppgo® LWEETS.
i) Coc B&LT Poc, o
HELEOZEAS, FHEEBICLE i) LEETHY, 22T, BHELERTS.
i) Cps BT Pos, o
BELOEAS, FHLBIC, TERO @ *BRwT, kL i) LERTHS.
@ Cos Oftil{E Cos” %, &R
(HREOH¥E SS B®E) = Cos’' X Pos,o X { H¥Y (HE-—BAKR) )
SUHET S,
3) RHE/ISS X -9 DHEEE
THEFVICEWT, FHENRS A-2, $4bb, AFBHESR Cwe, Cws BLUIHREEHE
Pwc,0, Pws,o OBEEEE,

ChETHOEZ AR HIC Table 4 Standard values of initial surface load and
washoff coefficient for surface runoff

ShThin,

ZZTR, ThBR5 A4 BOD - cop 5§

. L Source Pws.o Cus Pwc Cwc Pws. o Cws
OFEL LT, Table 4 (R (kg/ha)  (1/m) (kg/ha) (1/mm)  (kg/ha)  (1/mm)
THREOHARR RS oot 0.2 0.25~0.30 0.3 0.25~0.30 2.2 0.50~0.65
ZkelLE. Road Surface

hb, HEROMNE AR Residential Area 3 0.10~0.12 7 0.09~0.13 10 0.13~0.16
Dwc B£T Dus oW, Commercial Area 12 0.10~0.20 16 0.10~0.12 24 0.10~0.20

Industrial Area 5  0.08~0.10 8 0.07~0.10 10 0.06~0.13

—fRICiE, ZhSEEEBL TR
WE-TEnLELSRT, &
ZTH, TOLHCHYHEHIC L LLE.

3.2 BAMEERALOMEACHAT R 1Y ]
(1) BERRLEICDONT 20

<

Rainfall
(mm / br)
83
T

AR L s RPEKE o 9 iKiICOWT, BERRL 1.2
B L BRARILS SaL— v a VRREENRRE  § 10 © Observed
WL T, AEOBRERHLE. RIERO—B & a0 y | Coloulared
%, Fig. 6 BXU Fig. 7 IR, &b, 2hbo % T ! e SWMM
- 4 06 ! -TRANSPORT
Hhicid, R 0ES, BKEETRELILKH 9 - !
CBRTOS SWMM_TRASIORT 5007 ks B U4f N
YIal-vayERY EIRLTHS. 02 -
Zni &Y, BERR LEOEREL 8/ Lo P B "R
BicoWT, UTo#EAl EREhrE. i 15,77 Time  (hn)
@O BERRLECIAHEHSIa2LV-—>aviER Fig. 6 Comparison between simulated and
i, 10~15 48 OREEANE DI S Hi observed discharge hydrographs

(Jul. 15, 1977).
AROMID.
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@ LU, 2oHEERITE, BN ROy 0 0 ' .
WS ENEREOZhE I<BRELTWLLE ggm) LFfJJ
o B

AB. 40
@ LitoMMEBLOER® 1L LT, HENICH 2
5HAROHE TREIOEEIC, WAOEEIE o - O  Observed
TREL = VROHESHEIE Viul A0 n\z 20 - A Calculated
T0Bd (S, o > Vo) SENBABND . o 151 loq ToEek
(2) +HEFIIEDONT g Lok ~TRANSPORT
1) BRANSA-IOETEIDOVT a7
to 3.1 (2) 2) THRREBEREICEDE, 2. TR 0.5
L BHRIFT - 2D ENENICONT, BEA/NT A ==
~AOBEOHERTo . BEEREOVT, 22T b n 12
W, Table 2 OIFXRFT 4 - Case 2 EXNRET DL A;igg'%; 76Comparis.on betwe::wsin(l:r;ated and
Z0 BOD (CBHRAT 2R EBLICHAS, i observed discharge hydrographsn
%D HKICHT S BOD OWKEY - 5% 5 (Aug. 26, 1976).

RpE, Thnit 100~300 g1 O#FBRIC
Hot. £2T, E—IBREWC Cop O Table 5 Rvaluated values of initial load and
BEEELUE. BEEREO—F % Table 5 washoff coefficlent in sewer system

SR Popg. o Peak Cos’ Pps* Cos
Zhe kY, AFMEHAE Cos, Coc & Concentration X107° xX10°®
LU Cps OBEEOCERICEL, HREE— (kg) (mg/1) (1/g/m*) (kg) (1/g/m*)
7@K (BOD, COD) BLHFRKHY 149 100 0.496 648 1.04
HBE (SS) OBVWRINALBEORLRE 49 200 0.992 461 1.05

BionBBrRIFa VL, LENST, 449 300 1.49 378 1.05

R -7 BES L CIERRHEERED
e LT, WRIFCBUE Q2 EYRERRHTAEI W AN 5.

2) MEBFTRAFAHYIAL-Ya v 0ERN

LTEEUAEEEN/INS A—& (Table 5) , HHHE/AD A— A DIEHEE (Table 4) BLUHRKET — &
(Table 2) #H kic, AR IHAKEMNRE L THKREBAFREILS IaLb—2arviffn, 2hny
Ial-YarvEREENBRLMEL CTEMETIILOBESH EFAL, BEKFF—& - Case 2 2HOE
LEORFBRO—BI%Z, Fig. 8 BLY Fig. 9 ITRT.

22, FRAFREY I ALY aVviCEY2BERRLEBICLIWAGREY I 2L -2 a3 ildnT,
3.2 (1) o @ THEBLERRN, FOVS7CMe 258N FO 77 70BN RELRVWE D,
BRTF—2OANETH 10~15 HBERHTHS. T, AFBAFRES I 2L -—YaviibdunT, &
B (D)~ 2HVBHEE Type a-2, —HTR (15)~(20) OFHEHE Q Mo HBELLEHRE W
WE re 2VAEAEE Type a-1 LRL TS,

Zhb &y, BOD, COD 8L §S ongFhiconTh, £ Type a-1 BLY a-2 0EHS
FRWTE, THFEFNVICEY, SRICE, THCERALBIBEN  IaL—YarvBRoBoNsC
LANND, ULHL, FMicadE, YIab—Ya R EAKRICHEARTREMICY > RHLL T
5, F— 757 ORBBOBL A LB > ABTH D, REOHANRLNS.

ROT, BERT— 2 0% (Table 2) ICEAHERNT A - ROBEDE (Table 6) FHKRE I
aAb—-YayERICY 0L REEERIZTMOVTRITLE, REBRO—FI% Fig. 10 IZRT.
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COD (mgn)

200
O Observed 600 — 3 O Observed
150 Calculated _ | °° Calculated
o _ Type a-1 (based ) o _ Type a-1 (based
o on egs. (15)~()) ~ 400 A on egs. (15)~(20)
o Type a-2 (based n P e e Type a-2 (based
100 3 on egs. (1)~(14)) 1%} \ on egs. ()~(14))
s R o o 0 200
0 1 l L l I 0 (o] n! o T i
16 17 18 19 16 18 19
Jul. 15,77 Time (hr) Jul. 15,77 Time (hr)
Fig. 8 Comparison between observed and Fig. 9 Comparison between observed and
simulated COD pollutographs. simulated SS pollutographs.
s 400
Table 6 Evaluated values of initial load and o Observed
washoff coefficient for 3 dry weather flows i )
2 300 - So Calculated
X 'I(‘X Type a-2 (bascd
BOD COoD SS la) - I3 on cqs. (1)~(14))
Case Cos  Pop, o Coc Poco Cos Pps. o O 200~ [ Case |
x107° X108 X10°®  X10° x10"%  x10° m | £ e Casc 2
e/ @  We/m) @  Wm) (@) I\ - Casc3
100 — ! \O
1 1.43  3.00 3.44 125 3.90  2.05 / &
2 1.05  4.49 262 L.79 441 2,99 AP o
3 .04 465 217 219 575 3.8 0 o a0
10 11 12
Aug . 26,'76 Time (hr)
ZZic, BERRLEKCLDFANS FRTTTIC Fig. 10 Comparison between observed and
Type a-2 {2k simulated BOD pollutographs.

U LERBROHE R R & kic,

LEBAFHEYIaL—YarvEfToTna.
Zhnky, BOD, COD 84T SS duwFhicoWwih, HALEEKETF - 20 WL E

EBHNSNT A - S2OFEOEWNT, BBAMNHEEY I 2L - a vy ERICEAEISIEBRLALVEENE
B RETREEODH S 2 EHEHENS.

4. EFIOYARLEAMOmEICEYTIRE

4.1 BIERRLZEICDWT
Viullt OfH YIS, HhoEEBEE o 2

%o 3.2 (1) KBSV THEBLERMEL2WRET 126,
w BRAOEHICKEhB.

W3, &, HHA kinematic wave THd LT DL,
d Qn dv ( 2 sme‘*6m39> < 6 sin@ >2“
=y = 1 = -Vt 21)
T ¥ 3 0(1-cos0) 0 rart
Veull = (IL/n) - (074) 27° - JSo, O = 2-arc cos {1—-2-(h/D)} (22)

ZZI, D, So, n: HROERE, OB, HUEMRE, Q: FWER, F: HUKEEKR, V: FWEGEE, h:

SHKEE, 0 : GUKEHEOHOA.
EREY, h/D = 0.3~0.8 OBET, o = (L1~1.4) X Vrul &85, LALARYS, EEO
TAEES A7 LTI, EFEKPEE LFEREED N, BERNREPREL TR I LB THICE

Abh, LENST, o 2EOLHICEMICRETSZLIIEETHS.
22T, R UEREBANIZITFREZ NS L ZOHAOFERMNEZ T LEHL, KX
(23)

T = (Ts+ Tc) ./ B
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LWETHRE B 80

X RYKEIC | _ B
BITsENIM B o ] Improved
3 o 60 [
KiCDWTHR i E
. Bikwicid, @ ., ® . oD B
2k . &
27, B % L - . £ 40|
0~3.0 (2XaH L § B
Vi B o
0.2) FTEIL i O ok
=24, 11 o ‘ |
b A Op— 1 .
0 A4 A )
HEEER L E. Q P (m“/s) 0 10 20 30 40
KOT, 9 ion Time (i
(Kn{jn -‘lﬂﬂi Fig. 11 Relationship between § and Concentration Time (imin)
€ ‘“?L peak discharge Qp. Fig. 12 Contributing area of equal
T, ThbiEd concentration time.
REEHWERHES I aL—-SaryeiH->T 8 OB
EROHLE. COREER%Z, Fig 11 IORY. /ﬁll_ p——
Zh&y, TKBEESATLTHERNLPHELEK g L0 Calculated
= - Existin
BEMPBELTORNEEABNE S - Mk (K- £ sl Tt e
. (5] - —_ ‘¢ = (0 min
Wl Q ABEE Lnt/s IF) TR B =15~ 2ol AP\ T mmeed
TALHREL TSI L ZEALhOAMATE B 8 ([
S0 EBoTAY, RAEMDE, B =2 = —& Q(n-
ELTEWRRIBOLATHWDRESALD. ' | T l
BB, B =2 OLEOBIEHRMEMENE Fie. 0 - 8 19
1210, Zhicdd>¥3Iab—raryiE® (Improved) ul. 15,77 Time  (hr)
O—FE BB OBRE (Existing) &MU T Fig. 13 Fig. 13 Comparison between simulated and
IR, $7, Fig. 13dCiE, Ts = 0 b9 5% observed discharge hydrographs

- . (Jul. 15, 1977).
DEBRFO I a2l -2 as/EReEHRLTHA, Zh

HEY, X (23 B2 B HELT, MgEKRKICETaRY, 2 BELXZATALE, KBHELOM
BEBOREBTELTHADI LI NHS.

4.2 tHEFNIEDONT

1) XROHE

%0 3.2 (2) 2) GRLELDIE, tHEFLVOERES L T#ESHE, EREboE, T80 TH
LEEABLN, ZITH, THFETIL (Type a-2) ICHLTEY I VB FEEflaAn, F08EH
MBI URALE B Lxt3E200FEMIC DV TORIT 2 ED D . BIKINICIE, JEKRRNOBFTIC
RPN AR RB NG, FEBHLORTICL > THKEBATO LRI RIBES A E <R
BRYPORH—TH2BELEEOEBAMTES I 2L - a yARTLADETIVEMEL, tHEFIV
OBRHFEICNLTHECUTOL D REO>POBMSEHEAT S (Fig. 14 B]) .

© HokEEE, SIRFME L FKIKREEZERL, BOoA0Y THRBICHET 2.

@ WAL S L CEBAFRT OBYGTEE, YIRREEAE UTHITT 5.

® choicsy, BEKEBHNOERNICSEOTFREPHMERAREI NI BEEORPAN LSS,

T, HOKERRIC BT 2 HRAR PR ABRLR L OBIAfit SR LERY RV AL LS.
@ HHEEISHEHLUCTATRICHA LA TS 2HBAFEME, KK, B2 EARELTHTTS
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B L #RL AL REIh S L
ALhBEEILNS, 2T, it
HEMSBRICHALE COD B&
U SS iKonTl, —HxE#Es 5
HEARRMC, iU RTEsh
HEBATRMCR2E LTIYED
P D P
® £, BT EBARR, EHLE
DALBIS, ZEREEIhD LU TH
UF, SR o
e, L3 @ cbunT, ARIE,
A DO TH RS & BRI IC T
THYFESRELEZLNBH, ZZTH,

Hyetograph H;lr—r—* ! I [ ﬂ] — l IH‘I
& N \Q\\ﬁ\\\fisx
T ¥ 3 ¢

Discharge Hydrograph
Pollutograph

Iﬂ H\

LA

L ¥

IAE@“@‘@

<1 Stormwater

Discharge Hydrograph
Pollutograph

4mmm Poliutant

Fig. 14 Conceptual diagram of improved simulation

model.

RS 2 ERBT IRV BROOFEHL LT, BHRELASHBT2EBAFHICHLTORAED LERYIK
WEBEHT B —RconWTRET B2 ELE. £, L ©® 0RSESRIE, SWMM E£FI112 1
BWTHRAZhTWAEDIC, 5%, BHLBHLEOHAERE, $42bs, &35 kT - WBHSKYEAL

&I ETOBCHRE L 2 5.
(2) EFILOEBR

KEFNVOERRZ LU TIORT. 22, MABLUBBAFNOBYHHER, LhRLEXDIC, T
TEICEFEhD I EIChD (Fig. 14 28) .

i) BOD #EByHERX (FEA) : Lps = Cos-Pos® (Q—Qe) (24)

doX (FEWN) : dPop/dt = Dpg — Log + L (Lps) (25)

i) COD EEAER : Lc= Loc + L'wc (26)

(@A - #8) . Loc = Coc-Poc® (Q—Qc) @n

(RN -Bi) ; L'we=Q-Cw (28)

(FEHIED) i Lwe = (173.6)-Cwc-Pwc’ *(re—rec) Aw 29

EgEOR (FEN -H#R) : dPoc/dt = Dpc— Lpct(1—a) - Lwct+L (Lpe) (30)

(FEN - #) d(S-Cw)/dt = a-Lw— Q- Cw+L (L'w) (31

(FHE) :dPwe/dt = Dwc — Lwc (32)

; Dwc = Duwc’ - Aw (33)

; Pwe = 1000X Pwc - Aw (34)

i) SS  EEHMBRR : Ls = Los + L ws (35)

(8N - ) ; Lps = Cops-Pos-Q(Q— Qo) (36)

(EEN-FilE) ; Lws = Q-Cws 37

(i) ; Lws = (1/3.6)-Cws-Pws'-(re—rec) Aw (38)

BEON (FEN - :dPps/dt = Dps—Lps+{1—~a) Lws+L (Lps) (39)

(BN - B) :d(S-Cws)/dt =a Lws— Q-Cws+L (L’ws) (40)

(PRsED : dPws/dt = Dws — Lus (41)

; Dws = Dws - Aw (42)

: Pws = 1000X Pyws’ - Aw (43)

24, B(Lpe), Z(Lpc), L(Lps) : RHEELISOHERMES L L TCOWMAATR (grs) , Lwe,

L'ws : B5EHS L LTOREARE (er/s) , Cwe, Cus: BEANEKOBRE (g 1), S:HBE W
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frEkE n®) , a:F (a=1 OLELTHFERS, a=0 OLELTHRERIELS) .

3) BENNSA—-YDETEE

LEOBREFNVICBH2ERANT A-2QEEEY 3.1 (2) 2) ot knBEEHRLMEL, BES R
BEEELHDE, UToL>Th5.

®© HIHBoBRNTERAZAS SARERE, BXHE 1L (2) 2) DBEEEOFTALEERBETSHS.

@ TESAFLE2ERCSTLBEEAVNHBEARNEGD, ZhE LR

(1/2) X (RO 1 HRAAWE (gr) 55,

@ HYTREOBERED AT LCHT2TRENERATRE, Y 7HBROEREICIIST 2 LET 5.

(4) sEpEOEs

BUoHic, MEdkE%, SEESHBK (Fig. 3) 8L TR (Fig. 1) 2BRL, Fig. 15
RTEDIE, 12 oV TRBICAEILE. Tabb, A—oSBEREHBoHIC, HAOE TV MRS
ZEUTHYBEAREOEEISNABROMDOTELRBEIL - MFEHHHHICE, ToOSHEMMES
FRALERIL - MNISC THAET 2 HECLY, 12 o3 THRBEEERL=.

RIS, ARUE QHKZERRIS, BFIU - 8T A AOEERITHTH, AR QO)~43) #Hwsig
BETFTMCEBHEIIal -3y (Type b) %17, AL ERERRRSLITEROETNICL K
% (Type a—2) ERLLT, KEFNVOBHEERFLE. REEROBI%Z, Fig. 16~19 IT7RT.

2P, BERRLEICLBMARHESIaL—YavicdnT, 3.2 1) THELEMMENEZEBEY
B8, 22T, BRT 2% 10~15 HBRERDIC/ Ty AL TWLE.

Ihn sy, EBETFNVOBERAEICOWT, UTo#ESLERs .

D AEFVCIIEBAFEEOS I2V-Ya Ve (a = 0) 2REROFhENLETEE, Fig
16 LT Fig. 17 BB L LIS, FI— T TOHRHBICEN & U HBE RoEEN RSN
5,

® EREFIN (e = 0) OFEEEE, Fig. 16 8LV Fig. 17 dub¥#vhb L i, 2BHOICH,
WERDEFINOFNEIZIRABE THELEAS.

® Fig. 15 BLU Fig. 18 ITRTLEOIC, ABFINCENE, BROATFLCBI 2 ZFERSTO
KE - KEOTHREEITET 52 LA AL 410 D,

@ WHAEISHEBLUCHFRICHALLGBAFORBERS L LTOMYBRWEHEMEES (a 2K
£2<F35) Icoh, Fig. 19 2SS REIE, - N FT7ORHARBICFEL LD,

Zhid, BERS L LCOBBRARAMT 5coh, TKEEY ATLHNTOREESICL5E
BEOH—LOMEPRBICHEL BB LICLDEBABND.
® i, 2HOLEBEESELLTOMYEVE

AT LICEY, EROEFIVICE BHIL Azm o Observed
4Q‘ Eb 150 Calculated
] F( o3 = I —_ Type b (based
I—\ J [T [a) ° on egs. (24)~(43)
: SN EERNY o SRR Type a-2 (hased
l . VAo N e L 100+ ° on egs. (1)~(14))
| T AT | 2R R0 3
(‘ 50 Q.20 -
\/ 0 1 I S L L
O Manhole 0 200 n 16 17 18 19
— s S S —
, Main Sewer Jul. 15,77 Time  (hr)
SO —-— Boundary
--- Boundary of Sub-basin Fig. 16 Comparison between observed and
Fig. 15 Subdivision of research basin. simulated BOD pollutographs.
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300
- O Observed — o ~ — )
® B Calculated 200 - I o zt@@%
& o %Y —— Type b (based E B . o
A 200 0n €gs. (24)~(43)) ] I !
o | BN ° Type a-2 (based o
m . on egs. (1)~(14)) m \
100
100
0 1 | 1 | i 0
16 17 18 19 16 17 18 19
Jul. 15,77 Time (hr) Jul. 15,777 Time (hr)
Fig. 17 Comparison between observed and Fig. 18 Comparison between simulated BOD
simulated COD pollutographs. pollutographs at 4 stations.
— N5 T OISR 5 T BN A WA 200 o oo
= - SErve
MEHELELSITHA) RELIEBShE. S L
E L Calculated
5 T ecoured)
~ o - . scoured
5./ W O 100 5. ——a =10

AN (suspended)

AHXI, BHETLLS I VORBHAIERTLES
EBENHEY I aL—Yay - EFLoOEEE BigL
EHRO—RT, 22T, BE, LAIBETELHOS i | |
NTWBEFEFIVERY B, HEEEKE (A=39.5 16 17 18 19
ha) #F®ELT, FOBHAKLSTICEF LoMBESy  Ju 15,77 Time (i)
Pllonw TR T 5L ic, KETVOHEEEE BN
EEgaEHOAEMEICOWTERFERMAL. LTFIC
FELEREENT S,

1) £, WABEEFNTHZBERRLEOEAEICOWTRITL, 10~15 SEEORKUEEQA B
bhBERAARS NG SERIFE, RECEYTHCERLAZHARL Y I 2V -2 a vERoBOND
ZEeREMDLAE. F, NRIDKXICET 2RY, FARMLE R TREZ KICEROBEHICLVES
NBED 1/2 BECHRELTHE IaL—2arvEiiieE, 2O LEKHEL 2 BhRETEL L
LHENDB T, : ) ~

2) KiC, BBRAFREETNVTH LHEFVOBEREIC OV TRET 2 EDHLEEE, T OS% 515
THEATEE. O BEANRTA-VOEERICEVWT, BREL - 7BEDENVA TS OBEEIC
RIFTHERIRALELHRETHSE. @ WRETF - 20EBOCERT 2EEN/IT A - 20BEHOBEWD
MERS IaL—YaryBRICRIETHER, ZHE S, BRLEBLRVWEBICETOES. @ THE
FcEhig, EALOMEISE, ToRBEERE MBS IalL - avBRABOADILEAD.

3) E5iC, THEFMCELOHEREMA, ARRETILVOBHEEREHLEZLZS, KOMEEE
. @ HKEERBOPOY THBICHEIL, Y IRBOBMCKE - KEOBBHHEERTT S AR
EoTEBOALRI— N TS 70OHBIGE R, BEOIHEFLOZTAICHATEYERESRD., @ FE
NICHIT2EBAROTEHICOVT, BERS2ERTOMYRVWEEAT Sz LICLY, THEFIVOHE
B —BRETELTHAORELIBONE. @ REFINCLOE, GBRHNOEEERSICHSIT LK
B - KEoORLREAHRTES.

hH, 5%, BERRLESBLIUVLIMET NV EMOKOLOIEKRICHERL, FhAs0BEfES LT
BALORES (8 #, WRET 2 L FENIRT A - A0BELOBE%, L) K2V TEYFEMLR

Fig. 13 Comparison between observed and
simulated COD pollutographs.
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