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Determination of Stream Reaeration Coefficient Using Modified Gas Tracer Method
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Abstract

A modified gas tracer method was used to obtain reaeration coefficients from an
artificial channel and a reach of Bokha stream, Ichon city. Propane was used as the tracer
gas and Rhodamine-B dye as a dispersion and dilution tracer. Concentrations of propane in
water sample were measured using a gas chromatograph and concentrations of dye using
UV -Spectrophotometer. To compare measured values with predicted values, commonly
used 14 equations were selected. Results of this study suggested that the modified gas
tracer method is a potentially useful procedure for the determination of reaeration
coefficients. However, estimated reaeration coefficients from predictive equations were
significantly different from that of this study. Therefore, when using predictive equations,
carelul seleclion of equation with consideration for hydraulic characteristics such as flow
depth and average velocity, or use of newly derived predictive equation which is adequate
for questioned stream would be needed.
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Table 1. Predictive equations for reaeration coefficient
Type Researcher Form of equation
Conceptual models O'Connor-Dobbins Ky, = 0.175°5 19
Krenkel-Orlob Ky = 8.15(vs) B 0%
Serni-Brmpirical models Cadwallader-McDonnell K, = 8.70(ws)" 1™
Bennett-Rathbun I K, = 1.54" 183020 = 1408
Churchill et. al. I K, = 0.001020%% =30 57088
Langbein-Durum Ky, = 0.2410h~ 1%
Owens et, al, T K, = 0.325" %=1
Owens et. al. T Ky = 0.2500" % p~1®
Churchill et. al. T K, = 0.2350"% 57160
Empirical models Isaacs-Gaudy K, = 0.223vh~ 1
Negulescu-Rojansk: K, = 0.512(0/ "5
Padden-Gloyna K, = 0,212,003, 1064
Bansal K, = 0.0847%8 710
Bennett-Rathbun I K, = 0.2620"%7 7188
Reference : Grant, R S. and S. Steven(1980). USGS/WRI-80-19.”
Remarks v @ average velocity(m/s)., % : average depth(m), s ' slope(m/m)
K, : reaeration coefficient( )
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Fig. 3. Rhodamine-B concentration at 850m downstr-

eam from the injection point(Measurement #1)
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Table 2. Hydraulic characteristics for the equations

in Table 1
A
Depth veraltge ) Slope
velocity | Width (m) "
Researcher (m) (m/s) (X10"m/m)

Max. | Min, [Max.| Min| Max. | Min. | Max, | Min.

O'Connar and

g 1122 |1 06 |- - .
Dobing 73 1.28 10,06 157 J0.68

Bennett and
Rathbun 1 11

Churchull et,
al. L1l

)

48 10.10 (152 ]0.04]203.3013.35 (1060 [1.2571

348 10.65 152 0.56|203.30(27.43{23514 |1.2571

Langhein and

732 065 [1.52 |0.061- - |23514 |0.68
Durum
0 .
lwlerﬁ ® logo lo1o lose |00 (1213 [335 [1060 156
al l
lsaacs and
Caudy 015 005 (050 (0.17 - |- -
Negulescu

005 |0. .20 - - - -

and Rajanski 0zt % 1020
This study 025 10,05 |0.24 |0.12 100 60

Table 3. Results of channel experiments

. Reaeration
Measur- Mezsurement Gas Channel coefficient
; point concentration | depth K
emen
(m) (/) | (m) 2o
(day™)
1 588.80
1 0.05 204.70
13 47334
1 58818
2 0.1 64.79
13 550,75
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Fig. 4. Rhodamine-B concentration at 1,000m downst-
ream from the injection point(Measurement #1)
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Fig. 7. Rhodamine-B concentration at 150m dowmstr-
eam from the injection point(Measurement #2)

Table 4. Plateau concentration of propane and time of
travel of the centroid

M _| Sampling Gas Time of travel
efjsui point concentration | of the centroid
en .
(m) (ug/ L) (min)
1 850 26.10 187.80
1,000 19.35 21547
1,200 7.08 266.98
100 88.07 10.17
2
150 34.69 1535

Table 5. Reaeration coefficients obtained from the

experiments
Reaeration
Measur- Reach coefficient, Kz
ement (m) Ko, (day™
1 850 ~ 1.000 29.57
1.000 —~ 1,200 55.31
overall 850 -~ 1.200 43.55
2 100 ~ 150 146.08
JeRA T
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| e 9lse] Owense F 323k Bennett

Table 6. Results of predictive equations and percent
error for laboratory test

Measurement 1| Measurement 2

Equation K error K. error
(200C) | (%) | (20C) | (%)

O'Connor-Dobbins 184.72 -10 48.16 -26
Krenkel-Orlob 60.44 =70 | 29.84 -54
Cadwallader-McDonnell | 8797 -57 3244 -50

Bennett-Rathbun I 244 42 20 | 71.62 11

Churchill et, al. T 71587 260 16.34 =75
Langbein-Durum 6868 | -66 | 14.86 =77
Owens et. al. I 48885 | 138 | 9316 43
Owens et. al I 55884 | 172 | 103.07 58
Churchill et. al. O 214.19 -5 | 3408 -47
Isaacs-Gaudy 10571 | -48 | 2032 -69
Negulescu-Rojanski 4341 -79 14.35 -78
Padden-Gloyna 4140 | -80 | 1299 -80
Bansal 5445 | -73 | 1432 -78

Bennett-Rathbun 1I 395.83 93 | 8482 31

and Rathbun®] #le] Table 59 & zt3 vw s}
o 74 2AEHA &3

22} ots} Ay AE =4 77l S0mE ¥
2 w2 :rLZ}‘ﬂ”i o] Eh A M%7 2
22 06m ¥ole S WRE TAHRGL &
& leEE o REcMe £H4F% HEHFE olF
gt & wAde Hgste) I AH4E Table 8
of vehf et Sl e 42 01melH,
&2 03m/sol¥lth Table 89 AAE B &
&7 Z7o) wl&e Owens®l 4 I II%} Bennett
and Rathbun® 2dlA HZF KA 2AE

HelZ &L & 4 Utk
Ay A8 okg] AE AAZ FE 14749 4
& wAA = Owensd 2 I, [1$ Bennett and

Rathbun®] 213} zte] &3l s v]4&g 2] =4
o4 Awd wANe] A&y FA % Y
Witk wapd ABNAS B PAAE olee

_62_



Modified Gas Tracer MethodE 1 &% 33 AZE7NA S 43

Table 7. Results of predictive equations and percent error for field test

Reach for measurement 1 Reach for
measurement 2
Equation 850 — 1,000 1,000 ~ 1,200 850 ~ 1,200 100 ~ 150
Kz €T, Kz eI, Kz err, K; err.

(207C) (%) (207C) (%) (207C) (%) (20°C) (%)
O'Connor-Dobbins 16.70 -46 17.37 -69 17.04 -62 2968 -81
Krenkel-QOrlob 32.77 11 33.37 -40 32.85 -24 48.72 -67
Cadwallader-McDonnell | 30.54 3 31.23 -44 30.63 -29 54.75 -63
Bennett-Rathbun I 34.36 17 3517 -36 34,61 -21 69.58 -52
Chruchill et. al. 217 -93 2.77 -95 249 -95 243 -98
Langbein-Durum 8.25 -72 8.93 -83 8.59 -80 11.11 -92
Owens et. al. 1 29.69 0 31.47 -43 30.58 -30 54.94 -63
Owens et, al. O 28.86 -3 30.44 -45 29.65 -32 57.50 -61
Churchill et. al. 11 13.55 -54 14.64 -73 14.09 -68 26.52 -82
Isaacs-Gaudy 9.65 -67 10.45 -80 10.05 =77 1418 -90
Negulescu-Rojanskl 11.26 -62 12.04 =77 11.65 =73 1256 -91
Fadden-Gloyna 7.70 -74 8.15 -85 7.93 -82 10,09 -93
Bansal 5.79 -80 6.08 -89 5.94 -86 9.42 -94
Bennett-Rathbun 11 26.45 -11 27.76 -50 27.11 -37 49.72 -66
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Table 8. Results of predictive equations considering
on drop structure

Table 9. Average error in reaeration coefficient by
predictive equations

Equation ~ error

(20Cy | (%)
O'Connor-Dobbins (1958) 7252 | -50
Krenkel-Orlob{1963) 8357 | -43
Cadwallader-McDonnel(1969) 11436 | -22
Bennett-Rathbun I (1972) 163.60 12
Chruchill et. al. T (1962) 5136 {-65
Langbein-Durum (1967) 37.10 =75
Owens et. al. 1 (1964) 181.01 24
Owens et. al, II(1964) 189.59 30
Churchill et, al. I (1562) 82.72 -43
Isaacs-Gaudy (1968) 50.77 -65
Negulescu-Rojnski(1569) 3126 | -79
Padden-Gloyna(1971) 2472 | -83
Bansal(1973) 2480 |-83
Bennett-Rathbun I (1972) 147.95 1

A]—'b’]— Ao 01]13} z_—1
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24 2 theks ANy AZoAs 452 B
w8 ek 3 A A AEINALF o
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Average
| |
perecnt error
Q'Connar-Dobbing(1958) 50 5 c
Krenkel-Orlob (1963) 4 3 S
Cadwallader-McDonnel(1969) 4 2 S
Bennett-Rathbun T (1972) 25 1 S
Chruchill ct. al. [ (1962) 118 14 S
Langhein-Durum(1967) 78 11 E
Owens et, al. T (1964) 52 6 B
Owens et, al. H(1964) 61 8 E
Churchill et. al TI(1962) 55 7 E
Isaacs-Gaudy(1968) 72 9 E
Negulescu-Rojanski(1969) 77 10 E
Padden-Gloyna(1971) 82 12 E
Bansal(1973) 83 13 E
Bennett-Rathbun T (1972) 48 4 E
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E * Empirical Models

1. =9 £, 1998, Modified Gas Tracer Method S
o} &% aH AFI|ALe FA, Mgigm
e FEHAE =&, pp. 1~47.

2. Bennett, J. P, and R. E. Rathbun, 1972,
Reaeration in Open-Channel Flow, U, S,
Geological Survey Professional Paper 737.

3, Boning, C. W, 1973, Index to Time-of

Studies of the US. Geological

US. Geological Survey Water
Resources Investigations 34-73, p. 71.

4. Churchil, M. A, H. L. Elmore and R. A,
Buckingham, 1962, The Prediction of Stream
Reaeration Rates, J. of Sanitary Engineering

-Travel
Survey,

_64_



Modified Gas Tracer MethodE o &% &3 AT A5 44

Proceeding of ASCE,
Proceedings Paper, pp. 1-46.

. Dobbins, W. E, 1964, BOD and Oxygen
Relationships in  Streams, T
Engineering Division, 91(SA3), pp. 53-78.

W. P. and A. F. Gaudy, 1968,
Oxygenation in a Simulated

Division, 88(SA4),

of Sanitary

. Isaacs,
Atmosphenc
Stream, J. of Sanitary Engineering Division,
Proceeding of ASCE., 94(SA2), Proceedings
Paper 5905, pp. 319-344.

. Grant, R. 5. and S. Steven, 1980, Comparison
of Tracer Methods and Predictive Equations
for Determination of Stream-Reaeration Coef-
ficient on Three Small Streams in Winscon-
sin, USGS/WRI-80-19.

. Kilpatrick, F. A, R. E. Rathbun, N.
Yotsukura, G. W. Parker and L. L. Delong,
1989, Determination of Stream Reaeration
Coefficlents by Use of Tracers, U. 8. Geol-
ogical Survey, Techniques of Water Reso-
urces Investigations Book 3, Chap. Al8.

9 Langbein, W. B. and W, H. Durum, 1967,

The Aeration Capacity of Streams, U. S.

Geological Survey Circular 542, pp, 1-6.

10. Negulescu, M. and V. Rojanski, 1969, Recent

Research to Determine Reaeration Coefficient,
Water Research, Pergamon Press, 3(3), pp.
189-202.

11. O'connor, D. J. and W. E. Dobbins, 1958,

12.

13.

14,

15.

16.

17.

-6‘5‘..

Mechanism of Reaeration in Natural Streams,
Transactions of ASCE, Paper No. 2934
Owens, M., R. W. Edwards and J. W. Gibbs,
1964, Some Reaeration Studies in Streams,
Int. J, Air Wat, Poll., 8, pp. 469-486.

Parker, G, W. and F. B. Gay, 1987, A
Procedure for Estimating Reaeration Coeff-
u. s
Geological Survey Water Resources Investig-
ations Rep, 86-4111.

Rathbun, R. E. and R. S Grant, 1978,
Comparison of the Radiocactive and Modified

iclents for Massachusetis Sireams,

Techniques for Measurement of Stream
Reaeration Coefficients, USGS /WRI-78-68,

Tsivoglow, E. C. and J R. Wallace, 1972,
Characterizing Stream Reaeration Capacity.
U S Envi,
EPA-R3-72-012.
Wilson, J. F, E. D. Cobb and F. A,
Kilpatrick, 1986, Fluometric procedures for

Protection Agency, Rep.

Dye Tracing, U. S, Geological Survey,
Techniques of Water Resources Investigations
Book 3, Chap. Al2.

Yotsukura, N, D. A. Stedfast, R. E. Draper
and W. H. Brutsaert, 1983, An Assessment
of Steady-State Propane-Gas Tracer Method
for Reaeration Coefficients-Cowaselon Creek,
New York, US. Geological Survey, Water

Resources Investigations 83-4183.



