AMANTABEBICET 3
B*Fﬁﬁ@ﬁiﬂ’l i

(A BF % B % K 45 1294 %)

BE 0 52 4 12 H

SRR A




FF

BHRATKER, WEBCHEB LILHAD —BEANLMKBICHKRT 5 70I1C
KEBHBILOBAD SMEALSEEVDRATOSE, Lirl, —HEARES
FICk 2 KEBBOM L2 Z AT KRR T RER, ANEBEE ESESBR
DHEEVRELEBHOHBBEEB LTV CEICE D, it - CTRANNLHE
BOBPIEE O BALOARRATABELBEIMI NETHEEVIERGH 5,
OOEIEBSER TS, RN BEKEAEGEC, £/, ABR TR K
RITHHICERECERIN TS, CORBBAEEZT, BOHENICAKR
FTABEREL THCHERODICHEED, DUEBEOFELZRAT 2 C
LRBH TEENRETH 5,

COBBER, ODHEIHVTHELS TAEOELOHEOKKICE N THEELE 15
S TWh, T, COBRBRBRT 2D, RKICEFTEIELFBES+
BICHREL, MEFEEABERLTOLCEBRTRTH L EEL 5,

COXIBEAD S, BLOMTHIRNLER S 2AXB L0 KB HIIE
BHTHLHLEBEONS, TITHXRTKLBERERASIKEO TS, CORELE
DHTRHEENTOELCATH B,

WERHLBEHELTE, KRB AHO—RELTEEXEOB—REREOREE
Bh, +HCHEREO(THREAE OBV EELTE R, 40, BRS5 2EED
BERERBO—RELTIODFENL I P MBI o1,

74— FERR, KERERETFOMAKGEEFABOEMETH 2, 4H, 7 4
U FREFHCEBEERONMECEROEE 72 & EZ T b,

LT, CZRIRTOBRERBLBREOBEICHTZEELLKRET
H5,

ABIOHTOBRNBCOBEK —BEDOANEZOTHLEE% 3,

AAFALBEHEES, BARNHE
RBEHHRTFAHEDE
# @ B A



BMMS5 249 Adhd, XKERERETHETRERARFTONKEEH AR LS
£, Richard Field Kk B3, 2B ICE > ThMnEO T KHE & H
EEM ARG AT - oo

FieldRIINKEHHBOEMETHO, CONBICET 2 boE LKkEE
DMLV RNVDEEEZBDEERELLA4 LY —BRATH -1 B bR B,

AEEEFR, Field ROSHARICHBN LTS Lo« O M KT &8 5% %
TLEHNHbDTHD, HERLPSBANAIN T E THREA TR T AKE B KK O
ROHL25F, PHERXNTKEOMKERREOOET L2 KEAEBHON KT TH
ORI STFICE > T 3,

MAKOTFKRKICXAHEBICHLT, MorOMEEBESNTHEHEHTRALE
L. AREEVARONRKEBHH N REEZL S LTHLTH IR ICLTE
FOTH Do

AEOField ROFHICY - TR, BT KAEEREZRQOBARMBEAR %15
ENTHWIEARBEK (Bl1E~B 4R BAMEE, B BEATKEFEHABERER)
BLUOHAIBAK (BS5EAAMAE, BEFEHRTR/TRKEBR) 2 50K
KXEROMAE TH 3 Frank Middleton X CKERBERETF) 0BARNIC L 3
LIAMBED, TNSDHA~DWMRAICHL, BBEELET ILLE AR
EBLEL-TZRDUTHHO B LEBHRNTEFILTRE LN,

TR T KEBE B B %



1.3
1.4
1.5

BIE
3.1
3.2
3.3
3.4
3.5

H K

% 7@éﬁﬁ_|:7_kﬁﬁ:5%ﬁ%% ............................................................... 1
KEICEB T BH RS BEIEIT D UNT  ceererrermeriton i iiatreessareees s enens 4
~~~ Swirl Concentrator /Regulator €2\ T ~~~

}_S % g )H, .................................................................................... 24
OOERBI 2ARR T ARERERNEDOEIRLBYE  --rorrreerrrrmemssirnmeninenen 43
DUBECB T ZRKEE B EFLOBIR oo rirtneesseenenes oo ‘ 50
E & L'IS g .................................................................................... 68
KEICH T 2 FREEBEEOBR  -oorvreveeerrrrecs i ttire e sraaee e 76

~~ AR TFTKEELMATD 7 + ~V FEOBELD ~~~

FHRMEIC BT B 7 4 = FERADBEEGE  cooreeeerrermmesreere nmtatee semvnviens 92
¥ OE W et eeteeteee e te et bete st e eeetessbesteaae enben beses s enan earrenreanteeneanane 93
A G U O 103
= O RGN 105
K PR TT reeeesrersenrereenereonmteniit ettt eaaeae e asae e e en e e et re e aesentan eearan sesaas 112
A < S S U e RN 117
X



1T FTEHEHRATKEMERRLE

AEEPALVOR.Field REBATH, BTEHAHR T KEMENESIZ, 98 208 HEDH
REFEELEH TR NI, UTRCOSHCET 2HEABAABRBAC T LD DT
550 |

ERATKERBENRRC DOV T—EMhTEL L, COMBRLBBMS0FES Alcen® 1H
Proe e & B L. BAGAEICHD 3 E OB CHIEL TL 3o '

BERICEML T 283, ALETT. R, JIIBH. #iEl, 88M. SHEH, 58,
Kb, #Fil, R&MH. EAMT, BT TH0, BMS2EE,SRFIC KR b - T
"3,

F—<id, MARTAKRIZKEGFBEHBELE DI SCBE LT HENS T ETHLH,
KB T ARKEREOMBZ OB, BRKFOME, BRAOMBLZ EEELEL OBEEO0AT
WBEDOMBERRTH 2,

HIBLcL S, SROARRTREPADZ DHFHTOHEFRTH 5R.Field RAED L TKE
B 2FKGEEMBORREMRELBRNTHESFETH 70 LOLABOSOBSTOERE L
THXR B0 CORMBICH T 2 AENZBEROFFZBALTHRLLENI T ENHD, Swirl
Concentrator /Regulator WO XKETCHEINLZHEE T KOBHEUBERIC 5 — <4 >
TCHERO T, EhebpEr o, TAERT/KECBREOLAEMES LU LAPIEH F/KE
HWREOLZBEZRDRZ S5, bBEARXEH 2 ZOMEORRIC OO THRASS - 12




Meeting of Research Committee on the Reconstruction of combined sewer system

at Conference Room of Chuo-Godo-Kaiaisho, Tokyo

1977 , Sep. 20 th ; from 9:30 to 17:00

9:30 Opening Adress Mr. Inomae , Director ,Dept. of
Sewerage and Sewage Purification,
Ministry of Construction

9:40 "The Swirl Concentrator for Treating and Requlating Sewered(Separate

and Combined) and Unsewered Flows" .

Mr. Richard Field , Chief
Storm and Combined Sewer Section
Wastewater Research Division

Municipal Environmental Research
Laboratory
US Environmetal Protection Agency

12:10 Lunch Time
13:00 "Present Status and Future Prospects...... Combined Sewer System
Problem in Japan"
. Mr. Yamada , Managing Engineer ,
Dept. of Sewerage and Sewaae
Purification
Ministry of Construction
14:00 "Current Status of Studies on Wet Weather Pollution Control
Technology in Japan"
Mr. Andoh , Chief
Sewage Morks Section
Water Pollution Control Division
Public Works Research Institute

Ministry of Construction

15:00 Recess
15:15 Discussion
17:00 Closing Adress Mr. Yamada

**My, Andoh will be a chairman of this Meeting**
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Figure 2, Profile of Syracuse, NY Swirl Regulator/Concentrator

Table 1. Swirl Regulator/Concentrator:
BODg Removal.
Average BQDg
Mass Ioading, kg p<r storm, mg/1
2 %
Storm-No. Influent | Effluent | Rem. Inf. | Eff. Rem,
7-1974 277 43 82 314 65 79
1-1975 97 30 69 165 112 32
2-1975 175 86 51 99 70 ) 29

Table 2. Swirl Regulator/Concentrator: Suspended Solids Removal

Swirl Concentrator Conventional Requlator
Mass Loading Average SS Mass Loading
kg per storm. mg/l kg
2 b )
Storm No. | Inf. | Eff. | Rem.P| 1nf. | EfFf. | Rem.P | 1nf.| Underfiow| Rem.2
02-1974 374 179 52 535 345 36 374 101 27
03-1974 69 34 51 182 14 23 69 33 48
07-1974 93 61 34 110 20 18 93 20 22
10-1974 256 134 48 230 164 29 256 49 19
14-1974 929 57 42 159 123 23 99 26 26
01-1975 103 24 77 374 167 55 103 66 64
02-1975 463 167 64 342 202 41 463 170 34
06-1975 112 62 45 342 259 24 112 31 27
12-1975 250 168 33 291 232 20 250 48 19
14-1975 83 48 42 121 81 33 83 14 17
15-1975 117 21 82 115 55 52 117 72 61

BFor the conventional regulator removal calculation, it is assumed that the
SS concentration of the foul underflow equals the SS concentration of the
inflow.

bbata reflecting negative SS removals at tail end of storms not included.
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Figure-1 Wet Weather Drainage System of an Urban Area
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Table-1 Summary Wet Weather Pollution Control Studies

Problem Definition

°quantity characteristics
of wet weather flow

°quality characteristics
of wet weather flow

°prediction methodology

°solution methodology

Control Measures
°effectiveness

°others

estimation of peak discharge

estimation of design hydrograph

rationalization of rational method

definition measures of coefficients

application of rational method to the design of
drainage system

some considerations on inlet time

relation between runoff characteristics and urbanization

approach into design rainfall

some considerations on effective rainfall

application of RRL method

modification of RRL method

time variant wet weather water quality model

water pollution by storm sewer runoff

quality characteristics of wet weather flow

some considerations on pollutants sources

overflow phenomenon from combined sewer system

survey of 12 cities

simulation of pollutants load discharge
in a combined sewer system

prediction measures by multi regression analysis

theoretical considerations on quality of wwf

some considerations on detention storage
development of computer simulation model
application of cost-effectiveness analysis

detention storage

increase of interceptor capacity
porous pavement

swirl regulator/concentrator
separation of sewer system

merits and demerits of combined system and
separate system
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Fig.-2 Discharge from Combined Sewer System
(average of ten cities survey results)
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Table-2. Math Models to predict the quantity of stormwater

RATIONAL METHOD :
AP

Q =550 1A
where Q = peak discharge(m /s) , C =peak runoff co-efficient , i =rainfall intensity(mm/hr)

A =area of basin (ha)

r(t)
J

TANK MODEL METHOD :

- falt)=(rie) ¥ a ]

~ h(t) oy
t)=h{t)* x,
i(t)=h{t)* 2 TE_ e
( h{t) is greater than H,) l — '
B equation of continuity izj,t)*)\a .
r(t)-a(t)-i(e)=gt

where q{t)=discharge , h(t)=height of stored water ,i(t)=infiltration ,H =height from

. the bottom to the hole 1 , Agconstant of hole 0 ,);=constant of hole 1
r(t)#0 A
A LR S s T o e " R

(alt) = 57y K- o ,

Ao Xo*xye H, [

i(t) = K(t)+ |

Aot Xy Aot Xy |

S EoNE I

1
\ r(t-t)-(xo*xy).e dt h £

)

rélation between storage height and discharge
(one tank,two. runoff holes)

STORAGE FUNCTION METHOD :
S =K*Qf
/ d
ﬁ f*Yj,E*A‘Ql= Ti‘

where  Sp=storage , Qg=discharge ,f =inflow co-efficient ,y,=average rainfall
A =area of basin ,p =power constant

(mm)

q(mm/hr)

MODIFIED RRL METHOD :

_ =y
s=k.q"
Po=0
p1=iiA;
P2=i2A1+1,A; 4
P3=i3A +i,A41,A, .| |6

................ J——I}:L__ out

time

Essentially RRL model assumes that pervious area does not produce runoff , and that
impervious area yields 100% runoff .
MRRL assumes runoff from pervious area and that depression occurs on impervious area .

Also calculation of storage-discharge relationship is slightly modified .

—_ 53.__
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Table-3. Characteristics of wet weather combined sewaae

(ma/1)
Items Range Averaae
BODs 10 - 1500 60 (200)
SS 10 - 3000 200 (180)
COD(Mn) 5 - 300 40 (100)
K-N 2 - 60 10 ( 30) |

T-P 0.1 - 20 2.5 (3) ‘

() : dry weather average

Table-4. Characteristics of storm sewer runoff

(mg/1)

Items Range Average
BOD, 3 - 1000 30
s 10 - 2500 150
COD(Mn) 5- 80 40
K-N 1- 25 5

T-P 0.01 - 2.0 0.3




Discharge Volume and Average Concentration
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Average concentration during wet-weather

Average concentration during wet-weather

Average concentration during dry-weather

Average concentration during dry-weather
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Table-5 Comparison of heavy metals component ratio
(fall out versus wet weather combined sewage)

In Cu Pb Cd Ni
(fall out)
max. 1.30 3.60 0.95 0.017 0.153
min. 0.35 0.08 0.13 0.003 0.032
ave. 0.64 0.80 0.44 0.009 0.063
(ng/m?)
71 : 89 : 49 . 1 Y AN
{combined
sewage)
max. 0.692 0.193 0.100 0.002 0.020
min. 0.133 0.016 0.010 ND ND
ave. 0.415 0.080 0.050 0.001 0.012
(mg/1)
415 80 : 60 1 12

comment : Zn is highly contained in dry weather combined sewage
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Table-6  Runoff quality by road surface spreading

time  runoff BOD COD{(Mn) SS (ma/1)
(min.) volume (1)
0-2.5 1.0 88.4 136 376
5.0 a0 86 7
7.5 v 25.6 47 21
0.0 14.9 35 18
15.0 22.0 15.5 24 13
200 " 9.3 21 5
30.0  44.0 7.5 15 7
5.0 " 6.4 15 13
50.0 " 5.8 12 7
Surfaﬁgshing 25.0 23.8 139 1420
% = — k-P-¥ P = P, «exp(-k-r-t)
r = 35 mn/hr k=2.93%10 " (hr/mm-min) for BOD
(k=2.4%10" —= 8.0 10" [hr/mn-min] by Sartorset al in UsA)
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Fig.-28 Combination of detention pond,
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Figure-2. Combined sewage quantity and quality data
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Figure-3. Combined sewage quantity,quality and load data
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