21

211

45

13° 10

16° 30'

%

98° 10' 100° 5
" PRT A
2512)
- 2534)
140



25%)

89

500

12



(2537)

2534)
2502

2525 2526

. 2535)
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(Beck, 1991)

(decision-making)

12523)

1 2539)

1 2534)

10



2121

2122

1987)

3 ( Thomann

(calibration)

(optimization)
(verification)

(validation)

11

Mueller,



2123

1)
2)
3)
2
(1)

water quality model)

2)

water quality model)

3

(DHI, 1988)
(Hydrodynamic model)

12

( Transport Dispersion model)

( Water Quality model)

(Viessman, Lewis

Knapp, 1989)
(point  source

(non-point source
(hydrology cycle)
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. .1870-1900
. 1925 Streeter Phelps
\ Ohjo T
;oo 0 >0 i,
DOSAG DOSAG
DOSAG
(Thomann ~ Mueller, 1987)
1) DOSAG
DOSAG Streeter-Phelps
1 Streeter -
Phelps (DO sag equation) 1
(longitudinal
dispersion) 2 (Luen, 1983; Nation
Environment Board, 1976)
. 1970 Texas Water Development Board DOSAG |
DOSAG Streeter-Phelps
2) CAMP
. 1963 Camp Streeter - Phelps
3
3) DOBBIN
Dobbin Streeter - Phelps . .1964

Dobbin



Y

! ! 1
| e 1 Ov
(aerobic zone)
4) HARLEMAN
Harleman, Lee Hall , 1 2
finite different
5
B) QUAL
QUAL | Texas Water Development Board (1970)
DOSAG
2 (conservative substance) 1

(dynamic waste input)

DOSAG
. 1972 Water Resource Engineer, Inc. (WRE) US EPA
QUAL I QUAL I ( 1.0)
. .1976 WRE  The Southeast Michigan Council of Government
(SEMCOG) QUAL Il ( SEMCOG)
12

QUAL 1



b

QUALZE QUAL II
SEMCOG . 1985
15
QUALZ2E/UNCES
6) RIBAM
RIBAM DOSAG
Raytheon 17
RIBAM
7) RECEIV

Environmental Protection Agency (EPA)
(Storm Water Management Model [SWMM)])

RECEIV SWMM
1
RECEIV
SWMM
(small time increments)
Raytheon RECEIV EPA
RECEIV I SWMM
RECEIV I

RECEIV



16

) WRECEV
Water Resources Engineers
SWMM WRECEV quasi-two dimension
' RECEIV
WRECEV RECEIV
(time step)
9) EXPLORE
EXPLORE 1 Battelle
Pacific Northeast Laboratories EPA
0
10) PIONEER-I
DOSAG
PIONEER-I Battelle Pacific Northwest Laboratory (steady

state model)
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11) MIKE 11
Danish Hydraulic Institute (DHI, 1988)
MIKE 11 (a microcomputer based modeling system for river and channels) 1972

(sediment transport)

(estuary) 1 (one-dimensional
modeling) MS-DOS  UNIX
QUAL MIKE11
2.1.3
(2531)
() (.108)
1
(2539)
MIKE 1
5
6.2 /

2540 2550 2560 6.4



9.05 12.15 / 1.12
084 07 /
(2539)
1-2-3 201 :
(2540) MIKE 11
(pair t-test) 95 %
(1976)
DOSAG-1 5
39
()
(1978)

Tidal Dynamics Salinity model

(40)
Tidal Dynamics ()
0.025 Salinity model 2
10 0.7-0.9 ppt/km. 10
1.0-15 ppt/km.
Hsich (1983) QUAL Il
(1)
Negulescu Rojanski Pa-Chang IC,

Churchill Chung-Kang



Tischler (1985) QUAL Il HEC-II

(t-test) 95%

(greater Seoul urban area)
Larmie, Marivoet Vanoupline (1989) Densu
Ghana QUAL2E
Monte Carlo

Krajnc Rismal (1990) Sava Slovenia

QUAL I
retention time 5
Cubillo, Rodriguez ~ Barnwell (1992) QUAL-2E
Madrid
LAS



2.2 MIKE 11

Danish Hydraulic Institute (DHI)
!

MS-DOS  UNIX

MIKE 11 3

2.2.1 ( Hydrodynamic model )

2211

2 (types of flow)
(state of flow) (Chow, 1959; French,1985)

MIKE 11
. 1972

20



il
(!)
(steady flow)
(unsteady flow)
(2)
(uniform  flow)
(non-uniform flow)

(degree of change) 2 (gradually
varied flow [GVF]) (rapidly varied
flow [RVF])

2)
(Froude number; Fr)
v
Voo ceD — A ol

" (gL)05 (¢D)05 T

V =

g

L (D)

A

T

3

(1) (critical state flow) ;Fr=1
(2) (sub-critical state flow) ; Fr< 1

(3) (super-critical state flow) ; Fr> 1



22

2212
2
(continuity equation)
)
(volume transfer)
Q) (Chow, 1959; Ponce, 1989)
Q VA 22
V
A
Q = VAl = v2A2 = .. = vnAn (2.3)
(23)
(23) Q) Q)
(AX) (h)

( 12501)



* dA
dx2 f at 0

IQ_
O
1

Amein Chu (French, 1985; DHI, 1988)

00 1 aA
dx at A
q =
2)
2

(French, 1985)

23



(rate of accumulation of momentum within the control volume )

: (net rate of momentum entering control volume) + (sum of forces acting on control volume)
(1)
|a-tJ(pV)dv atl(pvh)Ax
P =
vV =
(2)

{pV2h - Axd_(pV2h)}-{pV2h+ Axd_(p V2h)}
2 dx 2 0x

-Ax 0_(p v2h)
ax

AX

ah Ax).:> h+\?g

Ax

24

(27)

(2.8)

(2.9)



25

(3.1)
Fy = pgh(Axsin0) (2.10)
simn 0 = S
0 = X
Fy = pgh(Ax) x (2.12)
(3.2) (‘hydrostatic pressure)
Fo = Jpdh
Fo = Ipghdh = -j-pgh2 (2.12)
(3.3) (frictionforce)
Ff = pghAx Sf (2.13)
sf = (friction slope)



AxP3(Vh) = -Axp_ [ V) + Axpgh( x- )-pgAx_ [h
XB‘) XpSX) pG(X)ngXZ

(v M+h W) +(v IV +hv W)+gh /' = gh( x-Sf)
0t ot 0X 5X 0x
(2.15)
(24) 6h_ = -5 (hv) (2.15)
0t b X
ov t VOV + gdn = g(Sx-Sf) (2.16)
dt 0X OX
V
X
g
X o=
St
(2.16)
(Sf)
(French, 1985)
Sf - VIV 2 (2.17)
12r 43
R
¢

1.49 1



Q=VA
aQ
30+ 3
at dx
(4)
(

27

= sin 0 0
(2.17) S X (2.16)
+ gA5h + gol 01 2 (2.18)
dx AR 43

momentum distribution coefficient4

Saint Venant



22.13
MIKE 11
(2.17)
Q = AR
L ; {d 0 ( )
219 Q Q)
on TAR mvs.
r AR = Qn/V sx (2.20)

(219)  (2.20)

Q = QnV(Sf/Sx) (2.21)
(2.16)
Sf = SX-13v.-x3 _v-dil (2.22)

g dt gdx dx

(2.21) (2.22)
(French, 1985; Ponce, 1989)

Q = Qn(l-iah - Vdv -1 dv )2 (223
DX  xg dx x dt

Kinetic Wave 1
Diffusion Wave
Complete Dynamic




(2.23)
1) Kinetic Wave
(Back Water Effects)
2) Diffusive Wave

(Hydrostatic Gradient)

3) Dynamic Wave

2214

(finite difference) (Implicit)

1

(analytical solution)®

(Finite  Element)
, 2528)

(discretization)

(characteristic) (explicit)
(initial condition)

2

Kinetic Wave

(partial differential equation)
(numerical technique)

(boundary condition)

(0



30

(upstream boundary)

Q) (h)
(time step ; At) 2.2
2.2
Q h Q
h
(linear
variation)
(1) courantcriteria (¢ 1)
cn = (v +Vgd)At < 10-15 (2.24)

Ax



o
—
~—

At =
A= (Spece sep)
(2) velocity criteria
VAL < I
AX
2) (grid computation)

MIKE 11 Abbott lonescu
centred 6-point Abbott 2.3



Q X
2.4
+112
00 2 (R4 * Q1+ - - 2031 -1
d X A2x ;
dh (he+1-h ")
! At
t A 2 X]
j..... Ax: — 1A Xjy
|
At
2.4 centering of continuity equation in 6-point Abbott scheme
b
A0j+AQjH
A2 x
0 il
Qjt ol

A2 x -1 jtl

(2.26)

(2.27)

(2.28)



dt

2.5

; +PjhrﬂY1jQr»,r‘1,+i (2.29)

aQ
60 +0 A +gAdll + golQl 2
dX gdx gAR%
Q
< A2X »
A AX| A)cj+t »

centering of momentum equation in 6-point Abbott scheme

+112

OQ W (Qj+1'Qj> (2|30)



(2.30) quadratic term
Q
ah thi#l> -W - +hH> (231)
cTX A2X]
(@aQl)n+l2_(aQln+>/2
a (a 1A 21 (AN (2.32)
ax A2X] '
Q2 * fQjH-(f-0QjQ] (2.33)
f = theta coefficient | 1)
“DH+WV'+yflt: = 5 (2.34)
0f] Yj = f(A)
Pi = f(Q™,At,Ax,c,AR)
5] = f(AAt,Ax,a,q,M,hJ _|,Q"+/2Q " ,h“+1,Q"# )
2.2.1.5
)
)
Q)

(discharge hydrograph)



2.2.1.6

resistance)

2.2.1.7

()
(h)
Q  h{rating curve)
(calibration of Hydrodynamic model)
(bed
(resistance number)
(trial and error)
(criterion of accuracy) (
)
(optimum  set)
(refine)
, 2527)

2 (Chow, 1959)
(chezy coefficient ; C)
(manning strickler coefficient ; )
(manning's )

irnvtfi



(French, 1985)

rr

oH

' Vv
gQ lo 1 = golol = golo 2 ;M=1 (2.35)
c 2AR M2Ard/3 AR4/3
C
M
R (resistance radius)

(hydraulic radius)
(R)
R#
Engelund
= 1Jy db (2.36)

Ac E (Aj/rp
Ac effective flow area
Aj y b
Iy = relative resistance
y (local water depth)

B y

3



(2) (Rh)

(conveyance ; K)

Ik, (237)
()
(A<]) AR
rRn (2.38)
() *
( ![\I A5/3 312
=iy 1pf"? 29)
. A,
Rhi b
A i
A
P. I
() r=
A (2.40)
P

P (wet perimeter)



2.1

Chow. 1959

2.1

2.1

<100 )

> 100 )

0.025 (
20

0.02
0.030
0.033
0.035

0.02
0.03

40 (

0.030
0.035
0.040
0.045

0.033
0.040
0.045
0.050

0.060
0.100

0.05



3

(Chow, 1959;

(2)
2527)
(scouring and silting)
Cowan (Chow, 1959)
= ( 0+ 1+ 2+ 3+ 4) 5
() 0 (basic )
0
(coarse grain) 0 0 2.2
() 1 0

(surface irregulation)
2.3

(2.41)

(ripples and dunes)



22 ]

(fine gravel)
(coarse gravel)

Chow, 1959: French, 1985

2.3

. Chow, 1959: French, 1985

0.020
0.025
0.024
0.028

0.000
0.005

0.010

0.020

40



24

Chow, 1959; French, 1985

3) 3

2.5

: Chow, 1959; French, 1985

24

0.000
0.005

0.010-0.015

(obstruction)

0.000
0.010-0015
0.020-0.030
0.040-0.060

41



2.6

2.6

Dense growths of flexible turf grasses or weeds, of
which Burmuda grass and blue grass are examples,
where the average depth of flow is 2 to 3 times the
height of vegetation

Supple seedling tree switches such as willow,
cottonwood, or salt cedar where the average depth
of flow is 3 to 4 times the height of the vegetation2
Turfgrasses where the average depth of flow is 1to
2 times the height of vegetation

Stemmy grasses, weeds, of tree seedlings with
moderate cover where the average depth of flow is 2
to 3 times the height of vegetation

Brushy growths, moderately dense, similar to
willows 1to 2 years old, dormant season, along side
slopes of channel with on significant vegetation
along the channel bottom, where the hydraulic
radius is greater than 2 ft. (0.6 m)

42

01
0.005-0.010

0.002-0.010
(Martin, Ambrose
McCutcheon,
1990)

0.010-0.025



26 ()

Dormant season, willow or cottonwood tree 8 to 10
years old, intergrown with some weeds and brush, none
of the vegetation in foliage, where the hydraulic radius
Is greater than 2 ft. (0.6 m)

Growing season, bushy willows about 1-year-old
intergrown with some weeds in full foliage along side
slopes, no significant vegetation along channel bottom,
where hydraulic radius is greater than 2 ft. (0.6 m)

Turf grasses where the average depth of flow is less
than one-halfthe height of vegetation

Growing season, bushy willows about 1-year-old
intergrown with some weeds in full foliage along side
slopes; dense growth of cattails along channel bottom;
any value of hydraulic radius up to 10 or 15 ft. (3 to
4.6 m)

Growing season, trees intergrown with weeds and
brush, all in full foliage; any value of hydraulic radius
upto 10 or 15 ft. (3 to 4.6 m)

. Chow, 1959; French, 1985

0.025-0.050

0.050-0.100

43



() mb
(meandering of channel)

2.1

Chow, 1959: French, 1985

2.1

4



2.2.2 ( Transport Dispersion model )

2221

(Fisher, Imberger ~ Brooks, 1979; Thomann ~ Mueller, 1987)

1) (advective or convective transport)
2) (dispersive transport)
(diffuse)
(dispersion)
3 1

, (vertical dispersion)
(horizontal or lateral dispersion)
(longitudinal dispersion)

(molecular diffusion)
, (thermal diffusion)

45



46

2
Taylor ~ Holley ( Fischer, 1967; Holley, 1969)

QC

Ot | 0
C
DX

(longitudinal dispersion coefficient)
2
(conservative substance) (non-conservative substance)
(Fisher , 1979)
- -KC (2.43)

K

(linear decay coefficient)

(Fischer, 1979; DHI, 1988) [

BAC, 0C \GuapxS = Akc+css ()

A (cross-sectional area)
C
(source/sink concentration)
q (lateral discharge)
t (time step)

X = (space step)



ADVECTI10N

ADVECTION AND DISPERSION

2.6

convection)

47

ADVECTION AND REACTION

ADVECTION, REACTION
AND DISPERSION
0 -
Q ...............
| « |
| CBTANIC
1
! \]S
|
Lol
K 1 1 !
3 (advection or
(dispersion) (Biswas, 1997)



1.1.22

2223

(conservative substance)

43

(first order reaction or linear decay)
Fick

(salinity)

480

( 12516)

( 12531

(2520)



2.8

(micromhosicm)

100-250
250-750

750-2250
2250-5000

2224

(N'Convective CourantNumber (CJ

(pPO
0.01-0.05

0.05-0.30

0.30-1.13
1.13-2.85

2520

d

Cl
C2

C3
C4

(2) Pelect Number (Pe)

Pe

49

(245)

(246)



(box-model principle) (mass flux)
(grid pointj) 2 J-12
jt1/2 2.1
TALAT
2.1 (box-model)
2
1)
oz -V - iptp iyl KCe o)
yn+lyn -
pn+1 [ - J (+1)
3 !;mmﬂ% - N+ 1o

qn+12

n+i/2
RSOUCG



pn+d2_(n+il2

031++1}/22 QWZNH/ AWZD jH A:xJ

.t
hdE -
Antf2 .
J+1/2
Cj+in2 =

(upstream interpolated concentration)
Cjtn f(Cl #eniL 47, +C3)
'WWJ[ 9m§1w >X(C*+1-2C* +€" )
G = courant number

(2.49)
order corrective term)

(247) | (248) (2.49)
(2.39)

Aib5 e e ¥ = 4

(248)

(2.49)

(explicit third



2225

1) (internal boundary condition)
(link at nodal point)
(internal inflow)
2) (external boundary condition)
(open boundary)

(close boundary)

(time varying values of concentration)

2.22.0 (calibration of Transport
Dispersion model)



2221 ,

Fischer

2.8

Dl-jchnrg , 1051tV 1
A 8 10

2.8
Scottish (West ~ Willame, 1972
Martin , 1990)



2.9
(QLOAT FIJ Mmoo
8
o usmRy O
2.9 Potomac
Chain .
(Hetiing ~ O’Connell, 1966 Martin , 1990)3
(3)
2)
(1)

(dye study)



(2)

Fischer (Fischer, 1979; Thomann

5

Mueller, 1987)

0.011V2 2
ux dvt (2.50)
V= vgds (2.51)
1 2
Dy ()
V =
d
Vv = ( shear velocity )
g
(0.00015-0.0098)
MIKE 11
o = fex (2.52)
Dy
f dispersion factor
ex = (dimensionless exponent)
Fick (Fick’s diffusion law) ' ,
29 2.10



56

2.9 ,
%
d v v D, D
(m) ) (misec) (mlse) (mVsec)  (mdsec)
Fischer
yMissouri 270 200 155 0.074 1500 5290.8  Yotsukura
Clinch, 085 47 032  0.067 14 137 (1970)
210 60 0.94 0.104 b4 100.2 GOdfreY
210 5083 0107 47 gy eeEnckIdN)
SOATOO ooy g6 03 0067 3 136
Noolsach 091 37 0.40 0.067 39 39.5
076 64 0.67 0.27 35 98.6 McQuivey
WindBighom 110 59 o8 0.12 42 2046 Keefer (1974)
JohnDay 216 69 1.55 0.17 160 3427
058 25 1.01 0.14 14 86.4
Comitt 247 34 0.82 0.18 65 23.5
Sabine 043 16 0.37 0.05 14 179
204 104 058 0.05 315 3924
Yadkin 475 1271 064 0.08 670 191.2
235 170 0.43 0.10 110 424
384 T2 0.70 0.13 260 66

- Biswas. 1997



2.10

Hudson
Potomac

San Francisco
Sulson

Sacramento
San Josquin

Yaquina

Mersey
Severn
Southampton

Thames

Tay

: Martin

, 1990

Dx(m2sec)
(mVs)
106-637 450-1500
56 6-59
600-1400
9-90
30-1770
10-100
17 600-853
14-99
25.1 161
103 359
54-174
158
53
84
338
50 50-135
100 70-210
200 30-470
300 70-700

0'Connor(1962)
Helting  O'Connell
(1965,1966)

Bailey (1966)

Glenne  Sellock
(1969)
Burt  Marriage

(1957)

Bowden (1953)
(1973)

6 . 40
London

o7



2.2.3 (Water Quality model)

2231

] )

(biochemicaloxygen demand)

2539)
(1) (carbonaceous biochemical
oxygen demand fCBODJ)

2.10
Streeter Phelps

( 12532)



BOD

kd (T°C)

d BOD
dt

Kd' BOD

(first-order decay oxygenation rate)

Van't Hoff-Arrhenius

Kd (T°C) = Kd(a#C)e(T_20)

Kd(20 °C)
T

e

d BOD
dt

11
—
o
~

= Kd BODO(T 2

(2.53)

(2.54)

20°C

(2.55)



60

2) (nitrogenous biochemical oxygen
demand [NBOD]) 1
0rganic Nirogen e ) ammonia (NHj)
2.10

(Thomann Mueller, 1987)

2.10



2) (dissolved oxygen)
(C02+ h2o)
(H2)
, 2532)
(Thomann ~ Mueller, 1987) 2.11
2.11

(Thomann  Mueller, 1987)

6l



(Thomann Mueller, 1987)

()
() 1
. (sediment oxygen demand [SOD])
&
(1.1)
2.12
|
-
| | 1 u
02
2.12

(Thomann ~ Mueller, 1987)



d DO
dt

CS =

Ka

Ka

K3

Ka

Ka

Ka

Ka (Cs- DO)

63

(256)

14,652 + 1 (-0.41022 + T(0.007991 - 0.000077774T))

(rearation constant or coefficient) 20°C( [ )

Thyssen

27185 V0031 h_0-6021

0'Connor-Dubbins

3.9 V05 h-1%

Churchill

5.233 vh~167

Owens

6.92 V0-73 h-1-75

= avbhcld

(2.57)

(2.58)

(2.59)

(2.60)

(2.61)



h ()
| = ( 1 )
a = (proportionality factor)
b =
c
d
Thyssen 0'Connor-Dubbins
Owens 213

2.13
(Bowie , 1985)



2.14

2.14

(12)

(Thomann

(Whitehead

Mueller, 1987)

Lack, 1982)

65



(euphotic zone) 2.15

2.15
(Thomann Mueller, 1987)

1 Pmax-cos 271(x/a) ,i:f T €(tUp tdowll)

0 0f XE (tupjtdown)
P

( [ 2 )
max

(maximum oxygen production by photosythesis)
a
T

Nup*~down

66



(L3)

(L4)

(L5)

R = R2e2T 20)
( )
RO = 20°C

(Arrhenius temperature coefficient)

(consurptionfrom degrackation of lissolved organic. meter)
grnee = kdsop e(T2)

BOD = (

20 C

(nitrification)

67

(269)



68

ammonia (NH3) >e nitrite (NOz) 2 nitrate (N03)
zNTTHTLfi + 36 2 fitrosomanas NG+ 4T+ 2
Mo vy nitrobactor - Kjm-
2
6
d NH3
dt : e,
NHj = ( F)
K4 = 20 C
( [ ( [ )09 )
v
dthO = Ka (Cs-DO) (Reaeration)
(Photosynthesis)
Rz 0,1-20) (Re spiration)
Kd BODO(T'ZO) (Degradation Organic Matter)
K4(NHj)  ejT—> e
K4 (NH3)°-5 _m) (Nitrification)
(2.65)
Y, =

(yield factor)



(Thomann ~ Mueller, 1987)
()

1 2539)

69



0

dT (insolution - radiation) 5|f TE(tW  tgown)
dT -radiation x <t (tUp, tdowd)

T = (°C)

2232

(two-step procedure)

2.2.3.3

2.2.3.4 (calibration of Water Quality model)
1)

2) (Kd)
3) (Ka)

©ox (P max)



2.2.35

2.11 2.16

[



2

2.11 ! (Kd)
Kd
(1 20°¢)
Potomac 1977 0.14£0.023 US EPA (197%)
1978 0.16£0.05 US EPA (19790)
Willamette 0.1-03 Baca (1973)
Chattagoocgee 0.16 Bauer (1979)
Qamuna( ) 14 Bargava (1983)
Merrinad () 0.01-0.1 Camp (1965)
Onondaga ( ) 01 Freedman (1980)
Yampa ( ) 04 Gremney  Kraszewski (1981)
Skravad ( ) 0.15 Huitved-Jacobsen (1982)
Seneca Creel 0.008 Metropolitan Washington
Council of Governments (1982)
(6 ) 0.02-0.60 Bansal (1975)
( 3 ) 056-3.37
Trvckee () 0.36-0.9
( 3 ) 03-125
N.Branch. Potamec 04
(3 ) 0.3-0.35
('2 ) 0.125-04
( 3 ) 0.2-0.23
Houseton( ) 0.25
Cape Fear R( 0.23
)
Holston ( ) 04-15 Novotny  Krenkel (1975)
New York Bight 0.050.25 O'Connor (1981)
White ( ) 0.004-0.66 Terry (1983)
N.Fork Kings River 02 Tetra Tecj (1976)

02 Chen  Orlob (1975)



211 ()
Kd '
(1 20°C)
Ouachita ( ) 0.15 Hydroscience (1979)
0.02 NCASI (1982a)
36 0.08-4.24 Wright McDonnell (1979)
0.2 Chen (1970)
Potomac 0.16,0.21 Thomann  Fitzpatrick (1982)
Martin , 1990
2.16

(Nemerow, 1974)



14

2) r
2
4
(1)
(2) (radioactiove carbon)
3)
(light and dark bottle measurement)
(4) 1

(diurnal variable of dissolved oxygen)

4
- (P
20°C ( 20)
Di Toro (Biswas,
1997) (P)
( 2.14)
) fK a(.-e-KaT)
(1l-e-KafT)(le-KaTO0-f))
P
( 1)
f = (photo period) (0 < f< 1)
Ka = (9
T = 1
Ac - ( )

(pmib('cmin )



(Thomann

P
P

5.00-6.00

(267)

()

Mueller, 1987)

«

«

39

2A¢C

3.2AC

P*H

2AC

Pescod (1969)
17.00-18.00 . ( )

Di Toro
Ka< 2 (2.68)
2 < Ka< 10 (2.69)
(2.70)
[ 2 )
)
Pescod (1969)

0.93

1)



2.12

Grand ( )
Clinton ( )
Flint ( )
Truckee ( )
Ivel ( )

Charles ( )

Bager ( )
S.Fork Rivanna

( )

Rivanna ( )
South ( )
Mediums ( )
Gavelse ( )

Biswas, 1997

('C)

28
21
28
28
16

19-25

9-24

(g/m -day)

44-13.0
42-13
1.3-18.0
48-9.6
9.0
3.4-4.0
0.0-12.0
0.45

2.1

2.3

2.0

13
0.2-25.9
15-148

(g/m -day)
9.3-12.7 (a)

16

O'Connor  Di Toro (1970)
O'Connor  Di Toro (1970)
O'Connor  Di Toro (1970)
O'Connor  Di Toro (1970)
O'Connor  Di Toro (1970)
Thomas  O'Connell (1977)
Erdmann (1979%,b)

Kelly (1975)

Kelly (1975)

Kelly (1975)

Kelly (1975)

Kelly (1975)
Simonsen  Harremoes(1978)
Guliver (1982)
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2.17

Ka (T°C)

Ka (T°c)
Ka(20°C)

(Thomann ~ Mueller, 1987)

Ka(20°C)o(T 20)

T°C
20°C

(272)

1



Mueller, 1987)

0.05-12.2

8

'(Thomann
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