21 (Hydrologic Cycle)

(Dunne  Leopold,1978)

(precipitation)
(rain) (Snow)
(hail slegt) (ice) (dew) (frost)
Interception
(Infiltration)
subsurface  runoff
percolation
ground water
interflow
(transpiration)
overland flow

surface storage
(Surface runoff)



- o = e ==

evaporation

Short cycle

Long cycle

On shore wind

Y

g 3 ( \ Eveporsiion |
; . .-:\D Clouds (condensation) i

Evzporation

e o o

o = e

21
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(uniform flow)

(non-uniform fiow)
o
o

#0

(teady flow)

(unstesdy flow)

22

10



L )
3 R (Reynold number)
R=" @9

L =
v = kinematic viscosity

(L) (laminarflow)

R < 50

) (turbulant fiow)

50 < R< 12500
(3) (transitional flow)
250< R
2)
2 (two - dimentional
flow) Richardson number
i X

g =
P =
y = vertical coordinate
dady = gradient of velocity in vertical direction
Op/oy = gradient of density in vertical direction
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(stratified)
R (homogengous)
3)
Froude number 3
- _N=
7 VL @
L -

(L) Critical flow ~ F=1

(2) Sub-critical flow ~ F<1

(3) Super-critical flow ~ F> 1
222
1)

Roberson 1Cassidy ~ Chaudhry (198)

§r K>+[rpw=o0 (28

(2527)
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Q
Q= AV 29
(Continuity equation)
Q=VJA= VA= VA (210)
(unsteady flow)
RN o1
9 1 2
T ,,.,X,; ZZ | :
V7 1:(‘1':;';.-3.;;}';1
22
i+ Bal= 0 )
Q= (39
X" m

" - )



B = (m
2) (Momentum equation)
! (impulse)
(X )
F=ma alllr
| Fdt — Jmdv

Flo—t)=m (2-V)

FA t= m2-mV1

Ax1=Vv1At
iU L, dx2=vA

23

14

23

1)

21

01)
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(pAjAX))V =(pA,VIAYV, (217)

= pA VAt (218)
= (PQV)iAt (219)
(PAAX2\2= pANZAL 22)
= (pQV)2At (221)
1/ 7% (pQV)zAt}FQV),At 02
= (pQV)2-(pQV), )
= (pQV)2—pQV)L
T 47,: = (3)t: pAV)+ (PAYV2) .A.).(ff’.’f.\f.l.) L (224)

(Gracually varieg
unsteady flow)

1) (Continuity equation)



@ p >< <

I

m

aHy" + va" =0
ot 0x

T+ 260 g
0t 0)

(Momentum equation)

0t

é\/% \(/%X Y+S—sx—o

B4yn. +g K-g(Sx-5f)=0

0x

friction slope
top width
longitudinal coordinate

complete dynamic model

Q=rARm"

empirical exponent

16

(22)

0%

(221

)

22)



(unsteacty flow)  Sf
Q= QN=TARm/ 7
Tar"-°L
) (231)
22)
0-0 |&-+viv
fx"8ft 3&
_ Ldy v dv
=Q dxLgdx
kinematic wave -
diffusive analogy -
complete dynamic

kinematic wave
(French,1986)  Kkinematic mockl

g 12
g dt

17

23
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i @,
cQ@’ %)
¢ = kinematic wave speed
diffusive analogy
00 0Q d20 0%)
di - dx o dx2 '
C = coefficient responsible for the translation characteristic
of the wave
D =
complete dynamic
2 Saint Venant
equation , (Roberson 1 Cassidy
Chauchry, 1988)
KAV .+ (AV)2+gA N = gA(Sx-S 1) (230)
dy Mdy 1dv

1 x dx gdx g dt
steady , uniform
steady Lnonuniform
unsteady Lnonuniform



223

2
1) (The Chezy formul) Antoing Chezy (1769)
v=cVrs (23%)
Q= ACVRS 2%)
) (The Manning’ formula) Robert Manning (1889)
v _MR23gl/2 (2. )
VS /7 (1)
RS ()
A= (9
Q= (3 )
C =
224 (
12527)
1)
()
2)

19
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(*.1d

(Manningh)

(natural channels)

(flood plains)

(excavated earth channels)

(artificially lined channels)

 Bruce (1990)

UK:,;. 1

0.030
0.040
0.035

0.035
0.050
0.075
0.150

0.022
0.025
0.030
0.035

0.010
0011
0012
0.014
0.015
0.013
0.012
0.014
0.012
0.013
0.014
0.015
0.016
0022
0.025

2
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2.3 (River water quality)
Thomann ~ Mueller (1967)

2
1 ) conservative substance
2 ) Non conservative substance

first order reaction
! mass balance Equation
(O'Connor ,1%7)

L ke (241)

231
Techbanoglous  Schroeder (1987)
(Advection and Dispersion)



1) Advection -

=CtvXc

0c
= Vx/N-
Ox

AX =

2) Dispersion

(2.42)

(243)

(2.44)

(2.45)

23
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/
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\ / 7/ A
\ » » 7 Bx
\ 3
+ /y:—A
~N
~
e %

o s -

(=0¥), va. %Closs.

24
(one-dimentional Equation) ~ Tehobanoglous  Schroeder (1%7)

(one dimentional equation)
Loocks, Stedingen  Haith (1981)

de
e 1A g «
d my el o
de CE 5C P 047

dt Ddx2 o

o< X

24



25

==

Slrcamflow, Q  (L*TmX)
X=0  Dowsreemdsane A (L)

(a) Advection only:

= Az0
g
-
<
S (b) Advection and dispersion:
-
L2
g
©
o
v
[
o
v —“\
' - —
= \'=0
é
(c) Dispersion only:
I / ! \
X=0 - Downstream distance X

25
(Loock 1Stedingen  Haith ,1981)



Fischer et al (1979)

Dx:O.OZL’I.\/fV\Q
HU
x =
v (1
()
H ()
* «JgHs

26
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River
Missouri River
Clinch River
Tennessee

Bayou Anacoco

Nooksack River
Wind/Bighom River

John Day River

Comité River
Sahine River

Yadkin River

 Fischer et al (1979)

232
1) €

H
m
210
085
210
210
0%
091
0.76
110
216
058
247
043
204
475
23
384

(M  (misec) (miseq) (midsec)
20 1% 0074 5908
47 032 006/ 437
o0 09 0104 1002
53 08 0107 %7
% 034 0067 136
3 040 0067 305
o4 067 021 986
5 08 012 246
69 1% 07 327
5 100 014 84
A 08 018 25
16 03 0 179
M 08 006 3924
2r 064 008 1912
0 043 010 424
2 00 013 660
(Water quality parameter)

(Dissolve Oxygen ; DO)

(Andrew 1Moo Leroy ,197)

20

References

Yotsukura et .
(1970)

Godfrey and
Frederick (1970)
(prediicted Dx
From Fischer,
193)
McQuivey and
Keefer (1974)
(predicted Dx
from
Fischer,1975)
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(benthic zone)

(1) (Andrew 1Moore  Leroy,1972)
LY
12
13
14
(19
2
Y (Thomann
Mugller 11987)
21 (Photosynthesis)



COQ level

0 level
>
=
4z
=3 2 gzl
28 58
2 n

26

Black (1977)

29
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euphotic zone

dysphotic zone euphotic zone
benthic zone
dysphotic zone benthic zone
euphotic  dysphotic zone 2
euphotic zone
dysphotic zone
CO2+HD ~ -=--m- y CHOn+02+HD
Hydrogen bond
22 (Respiration)
CHON+ 02 ==-nenem- y C02+ HD
)

Wastes (1084

Steeter  Phelps  (a25)
Ohio "Oxyoen Sag Curve” — "DO
Sag Model”



Dissolved oxygen
saturation concentration

3

Deficit N,

Dissolved oxygen concentration

//%‘?ﬁumm

Dissolved
n

28 Dissolved Oxygen sag curve X=0 (Loocks,
Stedinger  Haith 11981)
R = K2(Cs-C) (249)
R (1)
k? =
G = (1)
C (1)
(4)
(Techobanoglous ~ Schroeder , 1967)
Thomann ~ Mueller 11987
(41) O Connor - Dubbins  (1958)
1-3) 05-16 /



01-50

(2N

TP (250
v o= 7 )
H = ()
(@.2) Churchill (1962 2-11
1.85 /
116V
A) = PILET (251)

@3 Omwn et d. (1969) 04 - 110

/

6V
K2 H1&% (2'52)
23 (Reaeration constant ; K2)
Water body Range of K2at 20°c
(bese g),d1

SHl Pords and back weaters 010-023

Suggss streans and Large lake 023-03%

Large streans of low velocity 03%-046

Large streanrs of nomel velocity 046 - 069

Swift Srears 0 - 115

Rapids and Waterfalls > 115

: Tehobanoglous Schroeder (1987)

32



Streeters

Phelps (1925)
mass balance

‘é‘f K2(CGs- 0 - K jL-S,

—

33



24

River

Grand, Michigan
Clinton, Michigan
Crnckee, Nevada

Vel, Great Britain
Clint, Michigan

North Carolina streams
Laboratory Streams
Charles, Massachusetts
Shenandoah, Virginia
Eaker, Virginia
Rappahannock,
Virginia

S.Fork Rivanna,Virginia
Rivanna Virginia
South, iaginia
Mechums, Virginia
Havelse, Denmark
Experimental Channels

o
o

28
28

16
28

19-25
23

9-24

Pm Pav
g/m2day  g/m2day
127-316 44130
13226  42-13
129260 4896
24 9.0
4,0-40.0 13-18

98
34-40
- 0.0-12.0
48174 -
045
6.1
21
23
20
13
- 0.2-25.9°
545 15-148

aAlgal respiration only

b Total community respiration

¢ Measurements were made over the period of 1 year, and radiation varied
by more than a factor of 10

R
g/m2day
9.3-12.7a
9.3
3.6-6.2a
4.6a
4-20a
2150
24-29
0.0-360
0.9-5.93
1%
1.3
34b
5.4b
5.3
2,60
48-22.9
2.6-10.7h

34

Reference

O'Conner and Di Toro (1970)
O'Conner and Di Toro (1970)
O'Conner and Di Toro (1970)
O'Conner and Di Toro (1970)
OConner and Di Toro (1970)
Thomas and 0 ‘Connell(1966)
Thomas and 0 ‘Connell(1966)
Erdmann (197%,b)

Deb and Bowers (1983)
Kelly et . (1975)
Kelly et . (1975)
Kelly et . (1975)
Kelly et . (1975)
Kelly et . (1975)
Kelly et . (1975)

Simonsen & Harremoes(1978)
Gulliver et
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2) (Biochemical Oxygen Demand ; BOD)
Tehobanoglous ~ Schroeder (1967)

(Andrews 1
Moore  Leroy ,1972)

(L) 2
(LL) Carboneceous Biochemical Oxygen Demand (CBOD) CBOD

CBOD

Ultimate CBOD—L,,

11*35(531



Master (1991)
first - order differential equation

Moo= KLt

; 54
- | 1)
(-

lt=1¢ K 05

0 = (1)
10= BODL+ Lt (25

2% 2%

BODt =L0(1-&-k1) (250

(12) Nitrogenous Biochemic ~ Oxygen Demand

Nitrosomonas

NH4+ 1502 > 2H++ HD + N02

36
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! Nitrobacter

no; + 0502  ---eeeee ) NO3

NBOD
(Thomann ~ Mueller 11967)

Total BOD
/_\’__,__,__._. Ly + LY =BODU
Bon| BODS—_ /'/./- cacio L, = CBODU
7
// 41:’02?_92_—_7 —————— LY = NBODU
//// b NBOD
o s Incubation time, days
210 CBOD ,NBOD  Total
25 X
Method of
Location Kd Determining Reference
(I/day@20 .base €) Coefficient
Potomac Estuaiy 1977 0.14 + 0,023 field study US EPA (197%)
Potomac Estuary 1978 0.16 £ 0.05 US EPA (197%)
Willamette River, OR 0.1-:0.3 Baca et .(1973)
Chattahoochee Rive, GA 0.16 Bauer et .(1979)
Yamuna River, India 14 Bhargava (1983)
Merrimack River, Mass 0.01:0.1 field study Camp (1965)
Onondaga Lake, New York 01 model calibration ~ Freedman et . (1980)
Yampa River, Colorado 04 model calibration ~ Grenney and Kraszewski
(1981)

Skravad River, Colorado 0.15 field study Hvitved-Jacobsen (1982)



25

Location
Seneca Creek

Kansas (6 rivers)
Michigan (3 rivers)
Truckee River, Nevada
Virginia (3 rivers)
N. Branch, PPotomac.WA
South Carolina (3 Rivers)
New York (2 rivers)
New Jersey (3 rivers)
Houston Ship Channel, TX
Cape Fear R Estuary, NC
Holston River, Term
New York Bight
N. Fork Kings River, CA
Lake Washington
Ouachita River, Arkansas
San Francisco Bay Estuary
Boise river, ID

. Fork, Trinity River, TX
Willamette River, OR
Arkansas River, CO
Lower Sacremento River,
CA
Deleware River Estuary
Wappinger Creek
Estuary,NY
Potomac Estuary

Speed River, Ontario

Kd

(I/day@20 Dase )

0.8

0.02-0.06
0.56-3.37
0.36-0.96
0.30-1.25
04
0.30.35
0.125-04
0.20.23
0.25
0.23
04-15
0.05-0.25
0.2
02
0.15
02
0.75
C06-03
0.07-0.14
15
041

031
031

0.16:0.21

10

Method of
Determining
Coefficient

various methods

model calibration
calibration
lab and field
field study

laboratory study

field study

38

()

Reference

Metropolitan Washington
Coucil ofGovemments(1982)

Novotny and Krenkel (1975)
Report by Bansal (1975)
O'Connor et . (1983)
Tetra Tech (1976)

Chen and Orlob (1975)
Hydroscience (1979)
Chen (1970)

Chen and Wells (1975)
Jennings et .(1982)
McCutcheon (1983)
Hydroscience (1972)

Thomann and Fitzppatrick
(1982)
Gowda (1983)
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Orlob (1983)

- Advection + Diffusion + Reaeration - BOD - Benthic demand - Ammonia

Oxidation - Nitrate oxidation - Detritus oxidation - Biotic respiration
+ Photosynthesis

—A+ D ask2(0*-0)-K LV -K &ab(09)* -(3,a INHOV

2%)
- p2a 2NHV- p 3 DENV- Kh(pP\V+ Koy(JIpPV
0 (M3
0 (ML3
A Advection rate (MT)
D Diffusion rate (MT)
12
: (LTY
K
L CBOD (ML3
* Benthic Sediment Oxygen Demand (T')
ab ('-3
©s = (M2
nh3 = (ML3
no2 = (MLQ
DET = Detritus concentration (ML3
a, «2a, = detritus
Pirp2 p3 =

detritus (T")

p (ML3

(T



§ N
11 11 11

Dubbins (1964)
L)
2 )
benthic zone

3 )
4 )

5
6.
1
8

N N N N

Frankel ~ Henson (199)
J )

10 )

1)

(T

40

Stoichiometric oxygenation factor for gal growth

benthic layer

benthic layer



3)

et 197

Krenkel

(Temperature)

( , 23%)
Parker (1969 ; Jobson  Yotsukura (1972) ; Heiolt (197)
4
L )
(turbulant fiow)
?
2)
3 )
4)
3
1)
10

2)

41
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4)
(Vilee, 1972)
(Wood, 1567)
!
5
( 25 55
1)

(L) (Temperatuire)
Stanier et al(1976) 3

- Psychrophilic bacteria 15-
| Pseudomonas

- Mesophilic bacteria 24 - 40

Salmonella 1Escherichia coli
- Thermophilic bacteria
-8 Thermotrix thiopara 1BaciUus  }ills 1Bacillus coagulans
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(12 (Hyarostatic pressure)

1
10 1,000 10000
(barophillic microorganisms)
(13 (Lign)
(euphotic zong)
0 15
(L4) (Salinity)
[
25-4
1
(L5) (Turbiclty)
(Epibacteria)
(Periphytes)
(16) -
pH H
pH
H  50-90
pH Vibtio choleme  Alcaligenes faecalis oH

acidophiles ( , 55%)



, 2517)

44

@7 (Inorganic and Organic constituents)
2 (
- heterotroph
heterotroph
- autotroph
(t8)
aerobic respiration
fermentation
5 ( , 2536)
- Obligate aerobes
- Facultative anaerobes
Fermentation
- Obligate anaerabes
- Aerotolerant  anaerobes anaerobes
- Microaerophilic bacteria anaerobes
6 5
, 2524)

19

Meiman Kurkle (1967)



1 Weibel 1 Anderson Woodward, 1964) 1

Salmonella 1 Shigella 1 Vibrio (Keswick et ., 1982

(APHA

1971)

(Hammer, 1975

Bonde (1977)

1)

(22)
(23

(24
(29

(2 s)
27)
(28)
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@) (total conform and fecal
conform bacteria)

Family Enterobacteriaceae Aerobic
Facultative Anaerobic
48 b (APHA ,1971)
1 ' (&20)
E Chh D
Enterobacter aerogenes
Hams et ., 1975
47 (Mitchell, 1972)
Multiple
Tube Fermentation Technique Membrane Filter Technique b
24
445 (APHA, 1975
)
2  Gaudo Gauda
1981)
41 Multiple Tube Method
Most Probable Number (MPN)
/'Q0 3
- (Presumptive test)
) 24 - 48

hydrogen gas



- (Confirm  test)
Presumptive test
Presumptive test EC medium
245 + 002 24

- (Complete test)
(Presumptive  test)
(Confim test) MPN index
MPN
MPN/100 ml ( , 253
@2 Membrane Filter Method
MPN test

Membrane filter

(Membrane filter) 045

M-FC Broth Lactose

445
2-24 : v (typical colony)
(Mannitol) 445
Collee, Duguid Marmion (1989)
Membrane Filter Method MPN Method

MPN Method MPN  Method



Cande et a (1973

(maess balance equation)

(51)
(52
©3
(54)
9
56
©7)

(Waksmean

Hotchkiss ,1987)

Protozoa

(Callucci

Zooplankton

(259)

Pramer ,1950)

48



2.6

System
Ohio River

Upper Illinois River

Lower Illinois River

“Shallow Turbulant Stream”

Missuuri River
Tennessee River (knoxville)
Tennessee River
(Chattanooga)
Sacramento River
Cumberland River
Glatt River
Groundwater Stream
Leaf River (Mississippi)
Lake Michigan
FordLake (Ypsilanti,
Michigan)

Temperature

Summer (00
Winter (5C)
June-September
October and May
December-March
April and
Novermber
June-September
October and May
December-March
April and
Novermber

\Winter
Summer
Summer
Summer
Summer

10C

10-17C
August

k
(Uhn)
0,049
0.045
0.085
0105
0.024
0043
0.085
0037
0026
0029
063
002
0043
0.5
0072
023

11
oo
0017
036

04
0052
0109 and 0.016

49

Reference
Frost and Streeter (1924)

Hoskins et~ (1927)
Hoskins et (1927)

Kittrell and Kochtitzky (1947)
Kittrell and Furfari (1963
Kittrell and Furfari (
Kittrell and Furfari (
Kittrell and Furfari (1963
Kittrell and Furfari (1953
Wasser et al (1934)
Wuhrmann (1972
Mahloch (1974)

Zanoni et (1978)
Gannon et (1963)
Thomton et (1980)

BEBEEE



24 (Mathematical Model)

(Andrew
Melone ,1976)

5 ( , 2540
2537)

241
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1.Definition of problem

Selection of

complexity

2 Bounding of the problem in

time , space and subsystems

|

3. Data requirement

4. Conceptual diagram

5. Equation

l

7 Revision require

6.Verification

8.Sensitivity analysis

9.Calibration

211

10.Validation

Quality of
available data
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Tl
1 2
1. )
2. ) ( ) (regulate)
3 )
4) (time
interval ) (time span)
5 )



(sensitivity analysis)

100%

(trial and error)

(Jorgensen, 1991)

10 (Validation)

(input data)

(partial differential)
(numerical analysis)



(25)

5
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24
(53 Lotus 1-2-3
2.01
( )
5 . .5¥H
18 504
18
505
191 504
(2539) MIKELL
' (
)
1 1 , 1 1
. 2537 '
4 62
1
4 . 2540
(240) MIKELL
(TDS) (Sulfate) (HD
Model ) o " (Manningn) 0033 - 0030
(Dispersion coefficient) 700 - 00 4

(t-test) B



Liengcharemnsit. (1979)

57

first-order decay 24
24 2
first order decay
24 90-%%
0% 48
(Salinity)
Ted M Spar (1979 ' ' (Dispersion  coefficient)
QUAL 1 (one
- dimention)
2
240000 cfs 800000 cfs
2 Rhodamine B dye Rhodomine WT dye
(Dispersion coefficient) '
30
Holmes (1982 Bedford Ouse Model
steady state Aire
Regression
(Correlation coefficient) Correlation coefficient

coefficient 2 088 09



Tischer and Bradley (1986)

HECh
QUAL-n (Calibrate)

BOD removal coefficient 1 Rearation coefficient :

Ammonia removal coefficient Paldang
B 47 5/%
+1 B +2
K2 63%
+3
Sensitivity analysis %
Paldang + 2%
AlL-Layla and AL-Rizzo (1989) Tigris Sadam
6
QUAL fully
implicit finite difference procedure (Reach)
computational element : computational

element



Crockett 1Crabtree and Cluckie (1989)
!

Fortran77

SIMCAT Fortranes
log-normal distribution

(mess balance)

(8 digit location code)

Little and Lauria (1989
3

59

TOMCAT

8
(Self-Purification Model)



(trial and error)
Cubilo .Rodriguez and Bormwell  (1992) QUAL 2E
MADRID
2 (Calibrate)
[
100 ppm
(secondary treatment)
Magsood (1996) IVBKELL
RAVI 1
(HD Modkl) (WQ Modkl)
2 7
1997
€0 4
a0 5

Lahore

60
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