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Development of Multiple Transient Storage Model Using
Particle Tracking Method
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Abstract

To evaluate behavior in representing solute transport in natural streams, the storage zone model of
the axially periodic transient storage zones is developed. The periodic transient storage zone model
and continuous storage zone model are verified using the parameters and the tracer concentration vs.
time curves observed in laboratory channels. The periodic storage zone model best fit the measured
concentration vs. time curves, while the continuous storage model fails to describe some fluctuations
and the plateau region of the tail occurring in a discontinuous transient storage system. Dispersion
data from Shingobee River, Minnesota, U. S. A. show that the concentration curves simulated by the
proposed model fit the observed concentration curves well.

Keywords ' transient storage zone, parameter estimation, particle tracking method, dispersion
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Table 1. Various Types of Transient Storage Zones Observed in Natural Streams

Little Lost Man Creek

6-25 hours Triska et al. (1993)
Streambed Sediment Pinal Creek 1-25 min Harvey & Fuller (1996)
St. Kevin Gulch 6 hours Harvey et al. (1996)
North Fork Dry Run 0.3-46 hours Castro et al. (1991)
Hyporheic Flow Little Lost Man Creek 3-130 hours Triska et al. (1993)
(6 <m from stream) St. Kevin Gulch 80 hours Harvey et al. (1996)
Willamette River 0.16-82 hours Fernald et al. (2001)
North Fork Dry Run 6 days Castro et al. (1991)
Hyporheic Flow . B .
5 >m from sin Little Lost Man Creek 6-25 hours Triska et al. (1993)
Aspen Creek, Rio Calaveras | 10 days Wroblicky et al. (1998)
g:?gser Dam Subsurface Flow Shingobee River 0.5-1.6 hours Wroblicky et al. (1998)
Aquatic Vegitation Zone Pinal Creek 4-35 min Choi et al. (2000)
Periphyton—Colonized Films on . . .
Str Little Lost Man Creek 3 min Kim et al. (1990)
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a) Natural Stream (Side View)

Flow mege

Free-Flowing Water Zone

c) Multiple Storage Zone Transport Model

Free-Flowing Water Zone

Flow wip-

Advection

Free-Flowing Water Zone

Dispersion

Storage 1 Storage 2 w

d) Contineous Storage Zone Transport Model

Flow mige

Advection

Free-Flowing Water Zone

Dispersion

Fig. 1 Sketch of Conceptual Framework of the One and the Multiple Transient Storage Zone Model
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Table 2. Hydraulic variables and observed parameters in the experiment (Seo & Maxwell, 1992)

0.013 0.148 0.022 0.207
0.020 0.155 0.029 0.257
0.026 0.160 0.034 0.282
0.013 0.171 0.027 0.201
0.019 0.179 0.033 0.244
0.025 0.186 0.038 0.270

1
2
3
6
7
8

0.058 0059  380.00 0.49 0.009
0.060 0054 16500 0.47 0.019
0.061 0045 24462 0.46 0.013
0.063 0046  516.00 0.40 0.005
0.064 0039  440.00 0.42 0.007
0.065 0058 34286 0.37 0.006

q3TH AR 20044 4H

265



(=t—=x(1—L,/LY/UY. 4714 L,& A3
Zololty (=L,+2L). 671 seriesd 13 8 F719
seriesl] i&]A FUAHLZHE 274m 1822 329m
ol x| oA B 23 7]FEo AR o 2 HE
ANE FEEEE AEX)9) vAsle Fig. 59 EA8)
At} o] u 7]Z9 AAYEE AFEH WEEL A
At AAEe] A3 FES HL3Ey EEAE
oA A2H FTEREE IFHL A

= = =
37 Be 7 mEE e, dR= 2AHe )8

b =717 2 3t oj=2d 29
Aol S7ketA Fof Lo We

b AasA Ak o] 45 2R

Aol G SR Hed, Wk 2R

22 FA7 3F0] wE &7 o]
A

2.
EERRY

i

Flow weipe-

Free-Flowing Water Zone

Storage Zone

Fig. 4 Definition skeich

Storage Zone

of the Multiple Storage Zone

Simulated by One Storage Model (x=27.4m)
Simulated by One Storage Model {x=32.9m}
Simulated by Proposed Model (x=27.4m)
Simuluted by Proposed Muodel (x=32.9m)

0.3

60
a) Series | Observed (x=27.4in)

= 50 ¢ Observed (x=32.9m)
’% “ cesAPPER®
a 40
g
ot 30
=
&
=
8 20
=
S

10

0
0 0.05 0.1
50
b) Series 8

3 40
E
E/ ’\O

R
g
]
£ 2
I
2
]
O 10

0
1] 0.05

Elapsed Time

0.1 0.15

from Tracer Injection (hr)

Fig. 5 Comparisons of Simulated Dye Concentration Distribution with Measured Data

266

BEKER

=

LR YN
ZER

e} of

to
ulsd
ma jo
ux,
1o
ol
N
X
N
N
e,
o
-
3
=2
R
anj
Ho
D
R
=
il

&



e
o =
q o
)
=™ O

ox
lo
y
o
e

=
)

1

2
s
oft
o
mir

©

M
b

o
o
i
Ku)
30
o
o T

oX
2
2l
ofk

\d
do
N
il
=)

R

o] Lﬂ—/;\-E]’T—/] Shingobee Riverell Al &3

< 3-4m,

e 9 HAEER = AR
Ao eyt 53], Adde] &
Fulgke] Bt gk ol
291 §71E A sk
AL A ZH= 7]
A& TRl viERd Ay e Fat
o] Hshiz Aow vehdrh

4. 2| HE

Ayl Al e] A

EAo] & mFEHo] ahel] ol& A
ey v
238 Faskgiut. Shingobee Riverd] &%
_"I_‘_A]P_

6ol =A

X ol FRHYU,
Jo A%e

C) 45 gl

0. 1931113/%0]

1T

8“1%— 7=
sgom, ANFEe
o] A}l 300,00070E
Ags Bag AT AR5 e
7t Egom A waE A WA

WA e(x) =

s

0.12-050m, 2¥l1 A ANE 0.00420] T} F1g
15 upo} o] 3 g o]

o]3= 1256mo|n,
580m, 28)311256me] 474

el ko] &= 2
shdel shis webA 165m, 293m,

Aol M At 1 F ke

A 8 Fite] fE
ate] REQ 49 d3hE
TEEEL] AAE fste] A

st 60709 AgdE gl A4
Imin, Bl &gk ALE 913}
Hesge) Bl E

s Aow

g R

s-FE Wl 72b oM A 4
HlZ AElglom, w2 A

ols} .Fu] Aol

A T
Arjsh LR 5

e(x)/ a2 I ¥

ol ol5d & AZelA AR} &

& olgehy
s (=t—x(1
2 ae)Ae
i %ww s

sted Table 3o F~=3kc}
WSS 99 2% 2R
ANoH, Eio FE4HAF
2o w4 A, 2 HF
sto] £ 29
= 024-05m", B+ 0
A AgaaAs Wl
23 FFS 690x10 “m/s
gt 2 mye #gst
& BRo) Wb
FH A= 0.0
7 Slske) ¥ =g
1.3hr ' a3 PFe 0.
olgick. AAH s

& A7 2

Dal= aol+el

~le

N

2
_|L
R o
o
¥

Damkohler I ( Dal)#t-2

o7]A L& sz gol

DalA%7} ZobAli= 79+
12

A A A o] 2

7}-0},1“

PN'

M
e

27}1{1‘3—4‘

X3
Jo.

299 A7
—-L,/L)/U).
1%muﬁq w7

HU
N
N

2 FEHI=

FIReR -&

2 oM %
=se A4 0}71 Ho}oq

[oXie:]
.
\__
L

Aet AZF RS

35, ®#HAHE0.09m 0] ek
91x10 °*-9.90x10°m/s L
2.60x10 °m/s
o AAE A WA EH
B9= 021-027, BHLS 023,
Ak Aol Mol A AAZHE AA

5 J% ‘:’Hb 0.19-
+= 0.06hr !
e BlEAE @Edﬂ 98}
T3t

Table 3. Reach characteristics and parameters of the transient storage model in the lower Shingobee River,
Minnesota, U. S. A.

165.1

0.046

a 1.460 0.134 0.25 0.21 0.31 0.36
b 2864 1.843 0.107 0.031 0.35 0.27 0.50 0.75
C 600.0 1.170 0.167 0.066 0.21 0.21 0.24 1.18
d 636.0 1.290 0.152 0.130 0.18 0.25 0.32 1.73
ab 2936 1.652 0.119 0.049 0.30 0.26 0.43 0.77
abe 580.0 1.491 0.132 0.053 0.27 0.22 0.33 1.24
abcd 1256. 1.441 0.136 0.093 0.34 0.21 0.30 1.85
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