Study on pollutants' reduction methods on Dam road

Ⅰ. Introduction
Nonpoint pollutants are generally large daily and seasonal changes in emission and difficult to predict and quantify them and have characteristics which contains many types of pollutants.
As the importance of the management of small areas’ nonpoint source pollution is expanding to manage systemic water quality, advanced countries as well as in domestic cases can be easily found that we can’t achieve the goal of water management without the management of nonpoint source pollution be suitable for a variety of land use. 
 A variety of ways to reduce nonpoint pollutants can be applied and largely be divided into natural type, device type facilities. There are storage facilities, artificial wetlands, infiltration facilities, vegetation type as natural type facilities. And there are filtration type, vortex type, screen type, biological treatment type as device type facilities. 
To install nonpoint pollution reduction facilities, various factors are considered such as runoff characteristics of the target area, river and reservoir water quality management, water quality objectives, pollutant removal efficiency of nonpoint pollution, etc. 
Meanwhile, the management plan through road cleaning has been suggested to regulate and remove nonpoint pollutants that occur on the road. Road surface is pollutants of rainfall runoff by itself and corridor of contaminants derived from the road at the same time. Recent studies suggest road sweeping as one of the most optimized management methods to lessen the discharged amount of the non-point pollutants during the rainfall. Creation and accumulation of pollutants road is known to be affected by complex factors such as road conditions, weather situation, vehicle density, and scale industrial facilities. 
The dam road as this study area has characteristics that the traffic is approximately 3% to 4% of the national highway average daily traffic, approximately 3% to 4% of the local load and the population density is low and fewer watershed pollutants. If we consider environment al characteristics of the upper dam’s watershed, reduction measures through cleaning vehicles are more efficient than natural type or device type facilities to reduce nonpoint pollutant that occurs on road. 
So we analyzed reduction efficiency of road nonpoint pollutants when cleaning vehicles are applied, and investigated the feasibility for applying a cleaning vehicle.
Ⅱ. Materials and methods
This study was conducted by the constructing dam which name is Seong-deok Dam. This dam is located in Cheongsong-gun, Gyeongsangbuk-do, South Korea and started in November 2006, is expected to be completed in December 2014. The specifications have total storage capacity of 27.9 million ㎥, reservoir area of ​​1.53 ㎢, road around the dam of 10.34km. Site survey was carried out to the road(Yongdap bridge) that represents the characteristics of dam upstream watershed and in order to investigate nonpoint pollutants runoff characteristics and removal efficiency of cleaning vehicles.
2.1. A experiment of nonpoint pollutants runoff characteristics 
To analyze nonpoint pollutant runoff characteristics of dam road, the sample which were leaked on the road at regular time intervals through using artificial rainfall were collected. And pollutants concentration and flow of the collected samples is measured and road surface contaminant distribution, the hourly flow-weighted average concentration (PEMC) and the initial flushing effect (First flush effect) were analyzed.
2.2. A experiment of removal efficiency of cleaning vehicles.
 To analyze removal efficiency of cleaning vehicles, the target road were divided into section 3 which were non cleaning area, water cleaning area, vacuum cleaning area. After artificial rainfall was generated using sprinkler, the status of pollutants of the target road, removal efficiency of before and after cleaning by cleaning vehicles were analyzed
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Fig. 1 Site survey about removal efficiency by the various road cleaning methods
2.3. Analysis methods
The collected samples were analyzed that BOD, CODMn, TN, TP was in accordance with the Standard Method (APHA, 1998) and Official testing method with respect to water pollution process (MOE, 2004) and heavy metals(Zn, Pb, Cu, Cr, Fe, Cd, Ni, Mn) was in accordance with ICP-OES(IRIS Intrepid Ⅱ XDL, Thermo). 
Ⅲ. Results and discussion
3.1. Distribution of road pollutants
At the road(Yongdap bridge) located in upper dam area, distribution of road pollutants accumulated on the road surface were analyzed using the method of artificial rainfall(Table 1). As a result, When compared to water concentration during no rain, concentration of pollutants arising from road surface showed characteristics that SS is up to 15 times, organic matters is up to 6 times, nutrients concentration is more than about 2~6 times. 
Table 1. Distribution of road pollutants with rain and no rain
	Site
	SS(mg/L)
	BOD(mg/L)
	CODMn(mg/L)
	TN(mg/L)
	TP(mg/L)

	Rain
	St. 1
	3.9~162.0
	0.8~4.0
	4.6~14.2
	0.80~1.57
	0.016~0.091

	
	Avg.±StDev.
	34.8±62.7
	1.5±1.2
	6.9±3.8
	1.12±0.27
	0.035±0.028

	
	St. 2
	7.1~241.0
	0.8~3.7
	4.0~17.2
	0.81~1.26
	0.018~0.184

	
	Avg.±StDev.
	50.8±93.3
	1.4±1.2
	6.9±5.1
	1.00±0.18
	0.052±0.065

	No rain
	St. 3
	15.9
	0.7
	4.5
	0.74
	0.031


3.2. Runoff characteristics of road pollutants during rain
The runoff characteristics of non-point sources pollutants were analyzed by the partial event mean concentration(PEMC) and the first flush effect analysis. As a result of PEMC analysis suggest that highly concentrated pollutants were mainly discharged early stages of a storm event in the road of upstream dam. After the concentration of pollutants increased rapidly, it quickly decreased again due to dilution following the increasing flow. 
The result of analysis using first flush effect showed, SS, BOD, CODMn, and TP all observations bisectors above distribution, and bisectors away from distribution and showed results indicating the effect of the strong first flush phenomenon. (Fig. 2).
[image: image2.png]_a-
—E

onea prop uemed sape[ums pozmenLIoN

(TAWdL DAL

g g & 2 g g
= 3 3 S 3 3
(T3w)ss DIWAD
g8 T § g 8

$3s2
=3 =
Biivy
ZRCEE s
L1l
FrTeT
<
\
L
L
g ] - °

*
(13" Nqo) ‘aod DD

18

w o E 2 @ =
- - 3 S s 3

(TAWNI DN

10

08

05

04

00

w

Nanwlized anndative ronoff vooveratio

Storm Duration(uin)




Fig. 2. The characteristics of PEMC variation and first flush effect in the upper dam area.
3.3. Removal efficiency of pollutant by road cleaning
The value of reduction efficiency for the particulate pollutants was about 87.7%~99.9% and 58.7%~92.0% for organic matters. From the result, we could expect a significant reduction of non-point source pollutant loads by road cleaning. 
Nutrient TP which was adsorbed mostly on the particles of pollutants showed high reduction efficiency of approximately 95.5 to 99.8%. On the other hand, TN showed the reduction efficiency of approximately 37.5 to 68.2%, that means a relatively low reduction efficiency than the other pollutants. Two road cleaning methods were also proven to be effective in reducing the amount of heavy metal components(Fe, Mn, Zn) found on the roads in the upper dam area.
Table 2. Characteristics of pollutants(organic matters) by artificial rainfall
	Classifi-
cation
	Before
cleaning
	
	After water cleaning
	
	After vacuum cleaning

	
	
	
	Min.
	Max.
	Avg.±StDev.
	R.E.(%)
	
	Min.
	Max.
	Avg.±StDev.
	R.E.(%)

	Turb.
(NTU)
	3,200
	
	4.6
	393.0
	93.9±167.9
	87.7~99.9
(97.1)
	
	5.2
	51.7
	22.1±20.4
	98.4~99.8
(99.3)

	BOD5
(mg/L)
	8.7
	
	0.8
	1.3
	1.1±0.2
	87.4~90.8
(87.9)
	
	0.7
	1.1
	0.9±0.2
	87.4~92.0
(89.7)

	CODMn
(mg/L)
	15.5
	
	2.7
	16.1
	6.7±5.5
	58.7~82.6
(72.1)
	
	3.5
	5.4
	4.4±0.9
	65.2~77.7
(71.6)

	TN
(mg/L)
	6.99
	
	2.26
	4.37
	2.81±0.88
	37.5~67.7
(59.9)
	
	2.23
	2.42
	2.34±0.08
	65.3~68.2
(66.5)

	TP
(mg/L)
	3.290
	
	0.026
	0.202
	0.076±0.074
	95.5~99.4
(98.3)
	
	0.025
	0.080
	0.046±0.024
	98.2~99.8
(99.3)


주) Avg. : Average, StDev. : Standard Deviation, R.E. : Removal Efficiency
Table 3. Characteristics of pollutants(heavy metals) by artificial rainfall
	Classification
	Before
cleaning
	After water cleaning
	Removal Efficiency(%)
	After vacuum cleaning
	Removal Efficiency(%)

	Cr(mg/L)
	N.D.
	N.D.
	-
	N.D.
	-

	Fe(mg/L)
	0.21
	N.D.
	100
	0.06
	71.4

	Ni(mg/L)
	N.D.
	N.D.
	-
	N.D.
	-

	Cu(mg/L)
	N.D.
	N.D.
	-
	N.D.
	-

	Cd(mg/L)
	N.D.
	N.D.
	-
	N.D.
	-

	Pb(mg/L)
	N.D.
	N.D.
	-
	N.D.
	-

	Mn(mg/L)
	0.228
	0.008
	96.5
	0.010
	95.6

	Zn(mg/L)
	0.028
	0.003
	89.3
	0.009
	67.9


3.4 The comparison of removal efficiency for each reduction methods of nonpoint pollutants
 The monitoring results about the device type (21 sites), and natural type(20 sites) during the operation of in the four-river watershed since 2004 and results of water and vacuum cleaning conducted at Yongdap bridge in the upper Seong-deok Dam area were analyzed and evaluated (Fig. 3). 
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Fig. 3 The comparison of removal efficiency for each reduction methods of nonpoint pollutants
From various studies of reduction efficiencies of both device and natural type of facilities, the road cleaning was proven as the most appropriate method to decrease the amount of non-point source pollutants with the minimum level of deviation and constant stabilization of the reduction effect. 
On the other hand, the device type facilities showed that the variation of removal efficiency of pollutants was very high depending on a variety of environmental conditions’ change and maintenance management. So stable removal efficiency of nonpoint pollutants were not expected when compared with the results of water and vacuum cleaning.
The device type facilities applied to dam road as s reduction measures of nonpoint pollutants has been evaluated having low buffering capacity for various rainfall patterns and Initial inflow concentration because of low facility capacity and short hydraulic retention time. In addition, the device type facilities are known to be high maintenance and labor cost due to aging facilities.
Therefore, application of road cleaning(using sweepers) methods can be implemented as a highly effective and stable tool to prevent generation of non-point source pollutants both on the roads and in the river basins, when it is practiced with improvements in cleaning plans.
Ⅳ. Conclusion
1) The nonpoint pollutants of road have characteristics that high concentration of pollutants runs off temporarily during initial rainfall. So considering the runoff characteristics of the target area and environmental conditions, it is necessary to establish a selection of and reduction facilities and a efficient operation plan. .
2) The device type facilities that can be applied to roads or bridges have a high variation for removal efficiency of pollutants depending on maintenance, so stable treatment is difficult and facilities maintenance and operation management is costly. 
3) The reduction measures of road pollutants being proposed as a method of road cleaning are   very efficient and stable ways that can reduce pollutants which occurs at the dam road through field experiments.
4) when we plan to reduce nonpoint pollutants that occurs at the dam road, if operating plans of sweepers which be appropriate to the site characteristics through pre-adequate site investigations are established, it can be expected high reduction efficiency of nonpoint pollutants.
