Ecology and Resilient Infrastructure (2023) 10(4): 125-134 http://www.kseie.or.kr/
https://doi.org/10.17820/eri.2023.10.4.125 Online ISSN: 2288-8527

Py_STPSESn} ZEXIRE HE3H EIEAEXY|Y sHgt
Development of Turbidity Backward Tracking Scheme Using
Py_STPS Model and Monitoring Data

VESSRNIIEE S
SRANTEATY SALFAATEY. HAATII9, Ao BB g 14

Hong Koo Yeo' and Namjoo Lee**

'Senior Research Fellow, Dept. of Hydro Science & Engineering Research, Korea Institute of Civll Engineering and Building
Technology, Goyang 10223, Korea
*Professor, Dept. of Civil Eng., Kyungsung University, Busan 48434, Korea

Received 20 November 2023, revised 29 November 2023, accepted 29 November 2023, published online 31 December 2023

ABSTRACT: In order to develop a backtracking technique for turbidity measurement data without discriminatory charac-
teristics, three turbidity backtracking techniques for predicting inflow turbidity of a stream were compared using real-time
turbidity data measured at automatic water quality measurement points located upstream and downstream of the stream
and the Py_STPS model. Three turbidity backtracking techniques were applied: 1) simple preservation method of turbidity
load considering flow time, 2) a method of using the flow rate at the upstream boundary considering the flow time as the flow
rate at the downstream boundary, 3) method of introducing internal reaction rate to reflect the behavior characteristics of
turbidity-causing substances. As a result of applying the three backtracking models, it was confirmed that the backtracking
technique that introduced the internal reaction rate had the best results.
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Fig. 1. Concept of one dimensional advection-dispersion
equation (Lee and Kim 2023).
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Fig. 2. Schematic diagram for the turbidity backward tracking model (Lee and Kim 2023).



128 HK. Yeo and N. Lee / Ecology and Resilient Infrastructure (2023) 10(4): 125-134

Eq. 40| ] F-8}31} 8= W= A of| YR8 =2
AE5H A B o] HR, n]2| =5 51| 915 iy

A ofehet g

()@, (t) —c, (t—1,) @ (t—1,)
QQ(tit(])

02(75*750) =

(Eq.5)

Eq. 5014 §5HAIZE 1, chgat o] 718 4= glck.

N Dz
tO—E(V) (Eq. 6)

i=1 i
17| A, N& &34 171o]] 928k v L7ke] 4, D,

L 7h A, v 7 kel HaEgdolok

BHE o370 2 A 71A] A 28519
o}, A1 2 9ELA| 7S st el stk B
A& st Ao 2 FEeh 20 & Eq. 79] 324418 AL
gt Wholtt A2 Bl el 422 0) A
L e Qs aakAITES st AR A <)
RS LR A 9] S0 2 AMeHE WP O 2 Eq. 8
7} 7ho] HE3E 4= glrk, A3 L Bl QbR R o]
ABEA LS w5l ol RSB (RES A s
2 28 rS =5 otk YEEESE 12 Bl
ol A Z7ol o]at Bhw 7k T AjRA o] o8 e
2742 et gtebu] e o|n, wleba] 232
Eq. 99} Zo] &3 4= Qlek. A 7HA] 3441 A2 s}

No.364

Region of
Model application

Automatic water quality
measuring station(turbidity)

S W Water stage gaging station
Goyeonggyo

o

s

(a) Site map

Upstream

W ozt gk

o) Q) —c, (t—1,) @ (t—t,)
B Qz(tft())

(Eq. 7)

co(ts)[Ql(t—to) + @t =t —c, (t—t,) Q (t—1,)
QQ (t_t())

(Eq. 8)

[Q (t—t) +Q(t—t)] —c,(t—1) @ (t—1,)

QQ (t - to)
(Eq.9)

SHE 34w S A SR A 28317] Sl
A 2 2§99 L 2487172 BA 245 4

A8 P ok ek, 311] 7]5FaHA A2 (geometric

shHZe ARE Mo, QAR $A B
2 Yaf waF ) Q1oL Z & (inline structure) T

52

@ Automatic water quality measuring station(turbidity)
W Water stage gaging station

Geumhogang

Gangchang

4 Gangchanggyo
Seongjudaegyo

v

Goryeonggyo

Downstream

Goryeon

Region of model
application No. 320

No. 364

(b) Schematic diagram

Fig. 3. Application region of backtracking model (Lee and Kim 2023).



H.K. Yeo and N. Lee / Ecol. Resil. Infrastruct. (2023) 10(4): 125-134 129

o A 7| Eet AL g Stk By A 87
4 SHA71 53 B e 5 AR AR
3} No. 364 THHol| A 2 0l A .
A 367) wio|c). BhE G Am e ke 5 o)

2k &3t 5
] of SR ol A, 1Y AR S YA dEd
7t HEZFig 49tk S4H B g0 Haghs
w 0.6 NTU (7 8AFsS4 )01l gk 5.1
7)0]=17.61 kmo]|t}. NTU (3% EAsSd )00tk sk e ALt
B 24 m3 o] 2877k 2017.12.10. AU EE] (HEC-RAS)= ?l8ll A AAIR c 2 AT (4
2018.0227. 94717 80d= WO stelct 122 T“Jjﬂ%};ﬂjﬂl (e Tﬁqjii%%
HEC-RAS male] 2efst 22 20 Apgafol A o oo nb Fig 35 &8 S 4
AR QAT 52 77k B SAT L 7el0] o 8.56 0] 1L, Atk 121.1 o]t} 3k AA XA :
- v oT e C AP (IR ) RS dEA E AR
upebs] 7 AAES AR B oS 7k 71Xk ol o1, Fig. 63} 2T}, U4=0]0] HAZHEEL 13.48 m
2017.12.10. 95 2018.02.20. &7}A] 73 Y o] Hr}. o)1, HZHEL 13.61 mo|ch.

S G2A Y H.go] AT SHARE 0| /1%

r:LJ
N o
ot

s

lo l~>

i

Tuybidity

Fig. 4. Daily average turbidity for transient turbidity simulation (2017.12.10. - 2018.02.27.).

Discharge

Fig. 5. Daily average discharge for transient turbidity simulation (2017.12.10. - 2018.02.27.).

Discharge

Fig. 6. Goryeong Bridge daily average water level for simulation of transient turbidity (2017.12.10. - 2018.02.27.).
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Table 2. Result of application of backtracking model (Tracking equation-1)

Date Measured | Predicted| Error |Relative error Date Measured | Predicted | Error [Relative error
2017-12-10 1.0 0.1 -0.9 -85% 2018-01-16 1.3 11.2 9.9 759%
2017-12-11 0.9 0.7 -0.2 -18% 2018-01-17 1.3 9.7 8.4 643%
2017-12-12 0.6 1.3 0.7 110% 2018-01-18 1.3 54 4.1 315%
2017-12-13 0.6 0.6 0.0 0% 2018-01-19 1.3 7.7 6.4 493%
2017-12-14 0.7 0.8 0.1 10% 2018-01-20 1.3 4.6 3.3 251%
2017-12-15 0.9 0.7 -0.2 -19% 2018-01-21 1.3 5.8 45 343%
2017-12-16 1.0 1.3 0.3 26% 2018-01-22 1.3 5.6 4.3 330%
2017-12-17 0.8 2.5 1.7 211% 2018-01-23 1.3 10.4 9.1 700%
2017-12-18 0.7 3.8 3.1 448% 2018-01-24 1.3 0.6 0.7 -52%
2017-12-19 0.9 2.2 1.3 145% 2018-01-25 1.3 -2.1 -3.4 -265%
2017-12-20 0.8 2.3 1.5 193% 2018-01-26 1.3 2.8 1.5 116%
2017-12-21 0.9 2.7 1.8 202% 2018-01-27 1.3 15.3 14.0 1079%
2017-12-22 0.9 2.5 1.6 176% 2018-01-28 1.3 9.3 8.0 617%
2017-12-23 1.0 2.7 1.7 168% 2018-01-29 1.3 6.2 4.9 376%
2017-12-24 3.2 3.2 -0.0 -1% 2018-01-30 1.3 1.9 0.6 47%
2017-12-25 5.1 24 2.7 -53% 2018-01-31 1.3 8.1 6.8 525%
2017-12-26 1.5 0.7 -0.8 -54% 2018-02-01 1.3 2.3 1.0 74%
2017-12-27 14 1.8 04 29% 2018-02-02 1.3 3.7 24 183%
2017-12-28 1.1 2.6 1.5 136% 2018-02-03 1.3 19.5 18.2 1398%
2017-12-29 1.4 2.3 0.9 68% 2018-02-04 1.3 12.2 10.9 837%
2017-12-30 1.7 2.2 0.5 27% 2018-02-05 1.3 124 11.1 854%
2017-12-31 1.4 1.5 0.1 4% 2018-02-06 1.3 0.9 -0.4 -33%
2018-01-01 1.1 8.1 7.0 637% 2018-02-07 1.3 -1.1 24 -188%
2018-01-02 0.9 6.1 5.2 579% 2018-02-08 1.3 0.9 -0.4 -33%
2018-01-03 0.9 14.8 13.9 1540% 2018-02-09 1.3 3.2 1.9 150%
2018-01-04 0.9 8.7 7.8 867% 2018-02-10 1.3 2.0 0.7 56%
2018-01-05 1.2 8.7 75 628% 2018-02-11 1.3 10.5 9.2 706%
2018-01-06 1.3 3.2 1.9 144% 2018-02-12 1.3 8.5 7.2 554%
2018-01-07 1.2 6.1 4.9 410% 2018-02-13 1.3 6.3 5.0 388%
2018-01-08 1.2 4.8 3.6 296% 2018-02-14 1.3 4.0 2.7 208%
2018-01-09 1.4 4.9 35 250% 2018-02-15 1.3 2.6 1.3 98%
2018-01-10 1.1 14.3 13.2 1200% 2018-02-16 1.3 -1.8 -3.1 -240%
2018-01-11 0.9 13.8 12.9 1436% 2018-02-17 1.3 9.9 8.6 661%
2018-01-12 0.7 18.1 17.4 2490% 2018-02-18 1.3 2.7 14 108%
2018-01-13 0.6 10.1 9.5 1585% 2018-02-19 1.3 10.5 9.2 710%
2018-01-14 0.8 8.8 8.0 1002% 2018-02-20 1.3 5.1 3.8 293%
2018-01-15 1.1 4.7 3.6 325% Average 1.3 5.4 4.1 386%
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Table 3. Result of application of backtracking model (Tracking equation-2)

Date Measured | Predicted Error  |Relative error Date Measured | Predicted | Error |Relative error
2017-12-10 1.0 29 1.9 190% 2018-01-16 1.3 1.7 104 798%
2017-12-11 0.9 2.8 1.9 211% 2018-01-17 1.3 10.3 9.0 693%
2017-12-12 0.6 29 23 375% 2018-01-18 1.3 10.5 9.2 704%
2017-12-13 0.6 29 23 376% 2018-01-19 1.3 8.8 75 580%
2017-12-14 0.7 3.3 26 367% 2018-01-20 1.3 71 5.8 447%
2017-12-15 0.9 3.2 2.3 256% 2018-01-21 1.3 6.2 4.9 380%
2017-12-16 1.0 27 1.7 166% 2018-01-22 1.3 5.7 44 341%
2017-12-17 0.8 29 21 268% 2018-01-23 1.3 53 4.0 310%
2017-12-18 0.7 3.8 3.1 444% 2018-01-24 1.3 7.0 5.7 435%
2017-12-19 0.9 3.3 24 271% 2018-01-25 1.3 6.4 5.1 390%
2017-12-20 0.8 3.8 3.0 376% 2018-01-26 1.3 8.2 6.9 532%
2017-12-21 0.9 4.2 3.3 367% 2018-01-27 1.3 7.7 6.4 496%
2017-12-22 0.9 4.7 3.8 422% 2018-01-28 1.3 8.3 7.0 535%
2017-12-23 1.0 4.9 3.9 389% 2018-01-29 1.3 7.0 5.7 437%
2017-12-24 3.2 4.7 1.5 47% 2018-01-30 1.3 8.9 7.6 584%
2017-12-25 5.1 4.0 -1.1 -21% 2018-01-31 1.3 8.8 7.5 579%
2017-12-26 1.5 3.3 1.8 121% 2018-02-01 1.3 9.2 7.9 607%
2017-12-27 1.4 3.3 1.9 138% 2018-02-02 1.3 9.6 8.3 636%
2017-12-28 1.1 3.9 28 253% 2018-02-03 1.3 13.4 12.1 933%
2017-12-29 1.4 4.1 27 194% 2018-02-04 1.3 12.2 10.9 841%
2017-12-30 1.7 4.2 25 147% 2018-02-05 1.3 7.0 5.7 441%
2017-12-31 1.4 3.6 22 156% 2018-02-06 1.3 44 3.1 236%
2018-01-01 1.1 6.3 5.2 469% 2018-02-07 1.3 33 2.0 157%
2018-01-02 0.9 8.1 7.2 800% 2018-02-08 1.3 33 2.0 150%
2018-01-03 0.9 5.5 4.6 509% 2018-02-09 1.3 3.9 26 201%
2018-01-04 0.9 8.9 8.0 894% 2018-02-10 1.3 5.0 37 282%
2018-01-05 1.2 8.7 75 623% 2018-02-11 1.3 4.8 35 270%
2018-01-06 1.3 8.5 7.2 555% 2018-02-12 1.3 5.2 3.9 297%
2018-01-07 1.2 9.6 8.4 701% 2018-02-13 1.3 5.6 4.3 329%
2018-01-08 1.2 9.4 8.2 686% 2018-02-14 1.3 5.0 3.7 282%
2018-01-09 14 1.7 10.3 733% 2018-02-15 1.3 4.6 3.3 257%
2018-01-10 1.1 6.8 5.7 522% 2018-02-16 1.3 33 2.0 154%
2018-01-11 0.9 7.1 6.2 688% 2018-02-17 1.3 2.8 1.5 114%
2018-01-12 0.7 8.6 7.9 1135% 2018-02-18 1.3 3.8 25 192%
2018-01-13 0.6 10.2 9.6 1604% 2018-02-19 1.3 4.9 3.6 278%
2018-01-14 0.8 11.9 11.1 1390% 2018-02-20 1.3 5.3 4.0 305%
2018-01-15 1.1 11.3 10.2 927% Average 1.3 6.3 5.0 451%
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Table 4. Result of application of backtracking model (Tracking equation-3)
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Date Measured | Predicted Error  |Relative error Date Measured | Predicted Error  |Relative error
2017-12-10 1.0 0.6 -0.4 -42% 2018-01-16 1.3 2.3 1.0 80%
2017-12-11 0.9 0.6 -0.3 -38% 2018-01-17 1.3 21 0.8 59%
2017-12-12 0.6 0.6 -0.0 -5% 2018-01-18 1.3 21 0.8 61%
2017-12-13 0.6 0.6 -0.0 -5% 2018-01-19 1.3 1.8 0.5 36%
2017-12-14 0.7 0.7 -0.0 7% 2018-01-20 1.3 14 0.1 9%
2017-12-15 0.9 0.6 -0.3 -29% 2018-01-21 1.3 1.2 -0.1 -4%
2017-12-16 1.0 0.5 -0.5 -47% 2018-01-22 1.3 1.1 -0.2 -12%
2017-12-17 0.8 0.6 -0.2 -26% 2018-01-23 1.3 1.1 -0.2 -18%
2017-12-18 0.7 0.8 0.1 9% 2018-01-24 1.3 1.4 0.1 7%
2017-12-19 0.9 0.7 -0.2 -26% 2018-01-25 1.3 1.3 -0.0 -2%
2017-12-20 0.8 0.8 -0.0 -5% 2018-01-26 1.3 1.6 0.3 26%
2017-12-21 0.9 0.8 -0.1 7% 2018-01-27 1.3 1.5 0.2 19%
2017-12-22 0.9 0.9 0.0 4% 2018-01-28 1.3 1.7 04 27%
2017-12-23 1.0 1.0 -0.0 2% 2018-01-29 1.3 14 0.1 7%
2017-12-24 3.2 0.9 -2.3 -71% 2018-01-30 1.3 1.8 0.5 37%
2017-12-25 5.1 0.8 -4.3 -84% 2018-01-31 1.3 1.8 0.5 36%
2017-12-26 1.5 0.7 -0.8 -56% 2018-02-01 1.3 1.8 0.5 41%
2017-12-27 1.4 0.7 -0.7 -52% 2018-02-02 1.3 1.9 0.6 47%
2017-12-28 1.1 0.8 -0.3 -29% 2018-02-03 1.3 27 14 107%
2017-12-29 1.4 0.8 -0.6 -41% 2018-02-04 1.3 24 1.1 88%
2017-12-30 1.7 0.8 -0.9 -51% 2018-02-05 1.3 14 0.1 8%
2017-12-31 14 0.7 -0.7 -49% 2018-02-06 1.3 0.9 -04 -33%
2018-01-01 1.1 1.3 0.2 14% 2018-02-07 1.3 0.7 -0.6 -49%
2018-01-02 0.9 1.6 0.7 80% 2018-02-08 1.3 0.7 -0.6 -50%
2018-01-03 0.9 1.1 0.2 22% 2018-02-09 1.3 0.8 -0.5 -40%
2018-01-04 0.9 1.8 0.9 99% 2018-02-10 1.3 1.0 -0.3 -24%
2018-01-05 1.2 1.7 0.5 45% 2018-02-11 1.3 1.0 -0.3 -26%
2018-01-06 1.3 1.7 0.4 31% 2018-02-12 1.3 1.0 -0.3 -21%
2018-01-07 1.2 1.9 0.7 60% 2018-02-13 1.3 1.1 -0.2 -14%
2018-01-08 1.2 1.9 0.7 57% 2018-02-14 1.3 1.0 -0.3 -24%
2018-01-09 14 23 0.9 67% 2018-02-15 1.3 0.9 -04 -29%
2018-01-10 1.1 1.4 0.3 24% 2018-02-16 1.3 0.7 -0.6 -49%
2018-01-11 0.9 14 0.5 58% 2018-02-17 1.3 0.6 -0.7 -57%
2018-01-12 0.7 1.7 1.0 147% 2018-02-18 1.3 0.8 -0.5 -42%
2018-01-13 0.6 20 1.4 241% 2018-02-19 1.3 1.0 -0.3 -24%
2018-01-14 0.8 24 1.6 198% 2018-02-20 1.3 1.1 -0.2 -19%
2018-01-15 1.1 23 1.2 105% g 1.3 1.3 0.0 10%
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Reverse tracing result

Turbidity (NTU)
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