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Prediction of Reaeration Coefficients in Rural Small Streams
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Abstract

Reaeration phenomena, the physical process of absorption of oxygen from atmosphere, is
one of the important parameters of dissolved oxygen simulation in streams. This study was
aimed at predicting reaeration coefficients in rural small streams, examining the influence
of drop structure on reaeration and the seasonal fluctuation of reaeration coefficients.
Reaeration coefficients of five streams including four tributaries of Bokha watershed in
Gyeonggi Ichon and Onyang stream in Chungnam Onyang were measured. Constant rate
injection (CRI) method using propane and Rhodamine-WT as gas and dye tracer was
adopted.

Reaeration coefficients ranged between 6.16 and 29.16 reciprocal day, higher than those
in USGS database. Prediction equation, k; = C V"™ was regressed from the measured

data at 95% confidence level, with an absolute error of 21.2% and a standard error of 4.0
reciprocal days. Reaeration coefficients of experimental reaches with drop structure showed
percentile increases of 42.3 to 159.2 compared to those without it, an indication that drop
structure plays an important role on stream reaeration. Taking into consideration the
seasonal fluctuation of reaeration coefficients, the values measured during September and
October were the highest, mainly due to the removal of aquatic plants, by intensive
rainfall during summer.
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Fig. 1 Experimental stream reaches in Bokha water-
shed

Fig. 2 Experlmental reaches in Onyang stream
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Fig. 3 Principle of experiment using CRI method
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Fig. 4 Apparatus for gas injection
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AE&Y FA7e ez AL Table 19 2o
o, 3% 10~38 m, ®%F 0007~0282 m’/s, B
FH% 005~051 m/s, FHFA 005~023 m, 3t
AZA 0.003~0.0239) HHE JehAATh

AZ7) AFE 98 BF FE9 o)FATS=
HE 7ti9 o|FANE FET, FAHETL A
fol 72 HEERY zolE EFAsS 4 (3),
(4), (5)8 ol&sld AE7 AFE AMFAH
2 (6)& o]g3d 20 C 7|1F02 258 HAF
Qem, AF#E Table 13 7ok

Table 1914 He wel o] AMFr) AFLE
00/7/21 %A 00/9/27 B]HAX ZHE A
Z7) A4}t 2835 2916 1/day2 7M% 2 e
Bgon, 00/7/06 AEH] AZ7] AL} 616
1/dayE HA g Jellidich ole SHA 2%
Az BYHL Mol JEEC U AHAL
ZFEHY ASE HBEY FAA Az YA
el 289 of AMEY dFE2l Aoz Az}

AEF AE7]) AFE USGSHAM nj=e 237
ZF, 16670 b 49370 Al@FE e &3

£ 3@ 998 ol 85 cmoli AA S M) 3 AZ7 A+ A8 (Melching and  Flores,
9] YatE 40 cmHAE BE XEsle 4L 4N 1999) ¢} wjw & Fig. 59 Zch
3t
Table 1 Hydraulic conditions on experimental reach
Travel Width Mean Mean Discharge Reaeration
Site Date time velocity depth . Slope coeff,
(min) {(m) {m/s) {m) (m"/s) (1/day)
99/10/06 | 19.12 1.80 027 | 020 0.097 | 00041 24.52
99/12/23 | 1941 2.37 016 | 0.4 0052 | 0.0030 9.74
99/12/23 9.74 2.37 0.22 0.10 0051 | 0.0050 12.84
Kwanri stream 00/03/22 | 3223 2.80 010 | 013 0,035 | 0.0030 15.03
wanrt § 00/03/22 | 2335 2.80 009 | 013 0035 | 0.0050 13.80
00/05/30 |  50.75 1.87 006 | 013 0015 | 0.0030 6.54
00/05/30 | 1685 1.87 013 | 006 0014 | 0.0050 10.86
00/09/27 | 10.40 357 030 | 015 0.159 | 0,0030 29.16
¢ gum stream 00/05/30 485 1.00 017 | 018 0.031 | 00225 12.74
Upstream of Bokha | 99/10/26 6.40 3,50 026 | 021 0.191 | 0.0050 14.35
Jakchon stream 00/07/06 | 3495 146 005 | 009 0.007 | 0.0038 6.16
Uost ‘o 00706720 | 1255 3.06 027 | 005 0044 | 00012 17.60
pstream o Unyang i /7,21 8,07 384 040 | 015 0232 | 00012 2331
Downst of Onvand 00707721 5.58 3.68 051 0.15 0.282 | 00025 28.35
ownstream NYang o0,/07/21 567 3.10 037 0.23 0270 | 00023 19.22
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Fig. 5 Comparison observed k: with USGS dataset of
ke measurements

Fig. 504 H& uieh o] & AFoA AEFH
AZ7) AT L §F A uxINE
o USGSHlA FAHF AE7) A A5E F M

2F g2 FEd AXE ALE JERod,
ol &3t FY ol FHo ¢, AdH
L2 HFE fFo AN AF7) HEo] s

AN AZ7) AL F4, F&, SFHAA
29 o8 7kA] FHZAd JIE god, FF
9 42 ZAYE £ e ALE ¢EA A
(Bennett and Rathbun, 1972).

A BME dsld A% 59 SEldAE
EYPusE a5 e Yeg wEs A (8)
3z

k; = CVAHPQSIWE + Ecerrrrnrnnnescnenenns (8)

o i t-BRE 53 5% {9 £FAM B
gu$ HFE AAFE SPSS 54 ZEI9Y
stepwise optiong ©}8-3le] 37 FAsPrh

SPSS A Z21YdE )&% 39 24 A
T Table 2914 BE uiel o] AAASFI}
07412 ¥|wd 2 & BRAT 4 (8)9 44
49 44 5 C awtweol F9nsiv, C, a @
9 95% A8 772 Table 39 7t}

LAY AN HEII] AL BAEL
9] B Table 43 2ok Fat2 F4FE 5%
A F(2, 14 : 05)% 3828t} 02 o&9A4
o] fodtty & # Sk F, A 47 AF
o) Fatel AFHEG JNHOE Wol AA 4
ZurA o] A&% AE7] ATE FE3I 43¢
o & Utk B¢, A JRAAAE Yotr
7] 918l o] == Durbin-Watson A &2 0E
4 NEFE FAE T ATIAST dE
Jehled 2 479 A Zds= 20052 2
E 7Hl A glen, AARYo) A
=« ok

we 2s o rir

Table 2 Coefficients of correlation and determination

Mean kg 2 . ]
(1 /QY) Pearson r R Adjusted R
14.72 0.861 0.741 0.721

Table 3 Estimates of coefficient

Coefficient Estimate 95%. confidence
intervals

C 40,528 27.550 ~ 59.561

a 0.598 0.386 ~ 0.810

q71M, Ve BFHFE(m/s). HE #4(m), Q

Table 4 Results from the analysis of variance of the
prediction equation

= F%(mYs), SE 3AAAHm/m)els, C, a b,
c, d. e “dolth

A BEHE seu dolM, SPHEFS 41
Botd4E AAASF7E wolkle EF4 4 (multi-

collinearity) 8| EH& #A57 fsted 2 SYA
#Ee) ZYoZ A BHY woith 2 =PES

Degrees .
Source | "ot | Sum ol | e | B e,
Regression ======l=‘== 2370 | 2.370 [37.151] 2.005
Residual 13 0.829 | 0.064
Total 14 3.199
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mebd, S LFAE 4 (9) 9 3o,
ko = 40.528 VOB (9)

AN A 50y #
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Ao, A ENAA HE K57 §5E O
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S
L.
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Observed vaives (1/day}
Fig. 6 Plotting of observed values versus predicted
ones

Table 5 Comparison observed k; with predicted ones
Obs. k; | Pre. k; | Error 3?:1,
(1/day) | (1/day) | (%) (%)

99/10/06 | 2452 1 1871 | -23.71f 2371
99/12/23 | 974 | 1349 | 3849] 3849
99/12/23 | 1284 | 1650 { 28.47| 2847
Kwanri [ 00/03/22 | 15.03 996 | -33.72( 33.72
stream |l 09/03/22 | 13.80 9.78 | -29.14| 29.14
00/05/30 | 654 759 | 1617|1617
00/05/30 | 1086 | 11.89 | 949| 949

Site Date

Bhd AL £ AFol AXNY 2oy §
3% FA0l kX A M3t Ao, KPP F
7Hl et £49 FrHgRYE HE f59 F
7ol AUALR A7) EQY RO Aztdr

B A& FFE A5LH Y didst A
7] AleE HYstd A& A&7 AFs vzs
o B Fig 65} gk 45X} dSAske) Yo
R4 Table 53 7t}

Table 5el4 R wis} o] -3372 ~ 3953%
o 23 WHE Jdehhew, HF FUF 22
T 21.23%, BT AT 40 1/day2 Jeh} &
g Hol AE5EE & dWEe AR AnErt

3. E2ollMel WE2| A5 AHY

Feld, FEHAAM RE XPEE NFTLS
HE 2 MAsS AF7) AFE FAHsIoH, 1
A3 Table 63 2ok &4 A B2E Fde
73¥ EECl 80 cm, B9 AA H&E 40 cmAEY
SAYE Holx, HEHE HE 70 cm, B9
HA HFo] 60 cmd EZ 4L AIY 2}

Table 6914 E uie} Zho] HoAe] A Z7)
A= 2839 ~ 27683 1/day & JEow, A
9] 616 ~ 2016 1/dayRtt ®A @A AHZ7)
ZHgo] dojdd € F Utk EF, Rl Y=
7] AlFe B 39 ANFAMY AR A7
E 9%E v Ao vehd B Fo| ¥l o}

Table 6 Experimental results of reaeration coeffi-
cients in drop structure

00/09/27 | 2916 | 1959 | -32.83| 32.83 , Travel | Conc. of |Reaeration
Sikgum Site Date time gas coefficients
o Joos/30 | 1013 | 1414 | 3953 3053 (min) | (mg/L) | (1/day)
Upstream of] 99/12/23 0.170
JB %}?3 99/10/26 | 1435 | 1813 | 26.29| 2629 2/23| 695 0,098 99.90
ak hon 0.143
00/07/06 | 616 | 703 | 1415|1415 :
ream Kwanri | 90703722 | 5.10 0,086 123.61
00/05/30 | 3.20 :
Onyang | 00/07/21 | 2331 | 2353 | 095 095 2 0.118 78.92
Downstream 00707721 | 2835 | 2698 | -4.84] 484 00/09/27 | 120 ?g;g 27683
of Onyang | 00/07/21 | 1922 | 2240 | 1651]| 1651 Jakchon 0155
Average 21.23 stream 00/07/06 | 14.10 0.091 28.39
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Table 7 Percentile increase of reaeration coefficients
involved drop structure

. _| Reaeration .
Reaeration . Percentile
Site Date |coefficients cogfﬁctent‘s increase

(1/day) | "ith DS* | oy

(1/day)

99/12/23 10.78 27.93 159.2

Kwanri | 00703722 14.51 23.68 63.2
stream | 00,/05/30 7.61 10.84 423
00/09/27 29.16 5478 879

Jakchon

stream 00/07/06 6.16 12,55 103.8

* DS : Drop structures

vzt 2o gifo] AZ7] AFd & %S v
T ASE Azdo

Rolqe) AZ7] Q%L 1A K7 At B
€ AN PV} BE X3 7T AF7)
ASE vlxLeP e, Table 7 et

Table 7904 R Bt o] BE ¥ F
28 AE7) ASFE 1255 ~ 5478 1/day® HE
ZstA e #7279 AE7 AF 616 ~ 2916
BY 423~159% F78te ALR vEint &
28NN B AE7] Rl F2E 8L 3
T Ae AoE Ahd,

4. MEI| A2 AlEELl e

Table 82 AZ7] Age] AFH HFE B3}
7} 98 Y #70F BEA AEFULE MY
el AFYZ 53] S E Fajo}

Table 8olA ¢} 7ol AE7] Ass #H-4AF -

Table 8 Seasonal change of reaeration coefficients

Mean [Mean |DischargelReaeration
Site Date |[velocity|depth coefficients
(m/s)| (m)| (m%s) | (1/day)

99/10/06] 027 | 019 | 0097 | 2452
99/12/23) 018 {015 | 0051 1078
Rwanri) 03091 009 | 020 | 0.035 1451
stream

00/05/30| 0.08 {010 | 0.014 761
00/09/27{ 030 1015 | 0159 | 29.16

AgHTE 7Rl 3% el 2452, 2916
l/day2 =7 vebyth ole 83 §3F9) 985
VAAT FIANDAME &JAY & YKo 4§
o stdel FAAE HEEZ AT AABYE A
71 #go] LA Y 99, gl A
T IFE HEEC) &8 R EA My A
A@Gol AAL Rl FrstRA AZ7) 2

£l A doid Aoz Ayt
N. 29 9 W&

1 NE77e FElzdL 31E 10~38m, YF
% 0007~0282 m’/s, BERE 005~051 m/s,
HEF4A 005~023 m, 3HHAAL 0.005~00239)
HAH

2. 28 HAM AE7) AFE 616~29.16 1/day
o ¥HE Jehliglen, ol v)=F 2374 F, 166
A AL PSR Y USGSY AE7| AF
ZAg s BusgdEs o YT FF 4o B2
AE7) Aezkg JeR itk

3. SPSS &4 Z23YL ol&sld IAAEAE
A3 HF FEE SF HFE d24Ae
k; = 40.58 VP o] gr=gdon NIz 95%
M FRRE AT 23 fo)40) QAP

4. A% Yol BF FETY FEE Yed
RE Adpdo] F4lo] ¢ $4 Wyl Fow,
f3o) Mgl wel 49 FRtE A
o2 f&9 Z77t 7] QEY AR Qg
=3

5 MEZ) AL AE&X 4&XE ving A
-3372 ~ 3953%¢ A HHE JeEhgied,
Y@ AUz 2xE 21.23%. EE 23E 40
1/day® Jiebygth

6. B9 AZ7) ASE 2839 ~ 27683 1/dayE
Vel 31319 616 ~ 29.16 1/dayi ot A
B AF7) FHLo] doijdE ¥ F ANI, BE
Xg3le P73 HE XEsiA gs 779 A
7] ASFE vZd A3 BE EPsE 279 A
Z7) AF7t 423~1592% F718E € F U
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