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SUMMARY

1. Title : A study on the plant establishment limitation in the agricultural

reservoir watershed

2. Research period : Jan. 2009 Dec. 2009 (1year)

3. Necessity and objectives

3.1 Background and necessity

Stream water quality become worse because of municipal and industrial

sewage increase, livestock facilities and entertainment facilities increase,

waste water treatment facilities lack, etc.

There are several agricultural reservoir which are lost their own public

function because there is no law to prohibit watershed development such

as agricultural industry complex, hospital, livestock complex.

Scientific measures are needed to prohibit plant establishment in

agricultural reservoir watershed to preserve agricultural reservoir.

3.2 Objectives

Review of plant establishment limitation law

Investigation of environmental factors in agricultural reservoirs

Water quality investigation of stream, determination of reaction

parameter and development of water quality model

Study on the measures of plant establishment limitation

3.3 Contents and scope

1) Review of plant establishment limitation law

Review of plant establishment limitation law in Korea

Review of plant establishment limitation status and issues

2) Investigation of environmental factors in agricultural reservoirs
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Investigation of physical and chemical factor in agricultural reservoirs

- Investigation of physical and chemical factors in reservoir and

watershed

- Field research : length, width, velocity, flow rate, water quality in

stream

Target : water quality monitoring reservoirs in Gyeonggi

province

Measure : field research, GIS data, water quality report of

stream

Investigation of pollution level in agricultural reservoirs

- Categories of eutrophication level using water quality monitoring

data from agricultural reservoirs

- Correlation analysis between plants and pollutant loading within

watershed in each eutrophication level

Analysis of main pollutant in each eutrophication level

Correlation analysis between watershed pollutant loading and water

quality

- Correlation analysis among watershed pollutant loading, stream

water quality, and reservoir water quality

- Necessity of watershed pollutant loading control from correlation

between watershed pollutant loading and reservoir water quality

Research of water quality variation in agricultural reservoir

- Calculation of water quality variation rate in reservoir using stream

and reservoir water quality data

- Determination of optimal water quality at the end of the stream

for maintaining target water quality in reservoir

3) Water quality investigation of river, determination of reaction

parameter and development of water quality model

Investigation of water quality variation depending delivery time and

distance, and determination of reaction parameters

- Investigation of water quality variation depending delivery time
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and distance

- Determination of first order reaction parameter

 
  ,  

 

Development of stream water quality model (QUAL2E)

- Water quality monitoring for QUAL2E model development

- Development of QUAL2E model

Development of QUAL2E for target stream(BOD, T-N, T-P)

Calibration of QUAL2E model using observed data

4) Study on the measures of plant establishment limitation

Study on the calculation measure for plant establishment limitation

distance

-Study on the calculation measure using other research report

Calculation of plant establishment limitation distance

-Using first order equation and water quality model

-Development of determination rule for plant establishment limitation

distance

-Calculation plant establishment limitation distance considering

determination rule

Proposition of plant establishment limitation measures for agricultural

reservoir watershed

- 4 to 5 proposition of plant establishment limitation measures

- Legal review for plant establishment limitation measures

- Comparison of plant establishment limitation measures

3.4. Utilization of the results

1) Expectation

a) Technical aspects

Proposition of calculation measure for plant establishment

limitation distance

Proposition of guideline for reasonable plant establishment

limitation
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b) Economical and industrial aspects

Maintenance of related law using guideline for agricultural water

protection area

2) Utilization plan

a) Utilization policy title (or project title)

Development of plant establishment limitation area for agricultural

reservoir watershed

b) Utilization division (or department of MIFAFF )

Department of agricultural infrastructure

c) Policy (or project) development plan

maintenance of maintenance law for rural area for plant

establishment limitation area in agricultural reservoir watershed

d) Other utilization plan such as education and technical support

Support of legal and scientific evidence for plant establishment

limitation to preserve agricultural reservoir water quality

4. Results

4.1 Review of plant establishment limitation law

There are several categories for establishment limitation law in the watershed:

landuse base law, each law base law, metropolitan management plan law

We considered two calculation methods for establishment limitation distance:

first order reaction equation and water quality modeling. Reasonable plant

establishment limitation distance was determined using observed average flow

velocity and first order reaction parameter from observed water quality data.

We determined required distance for decrease stream water quality

concentration to certain percentile. after selecting agricultural reservoir stream

and applying QUAL2E model.

4.2 Review of environmental factor in agricultural reservoirs

The rate of number, watershed area, and plant establishment area in

agricultural reservoir which is stream length larger than 5km was 1.2%, 41%,

and 24%, respectively. Only 24% of total agricultural reservoir watershed area
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can be permitted for plant establishment.

We can easily estimate stream flow in certain agricultural reservoir watershed

from the correlation between watershed area and observed flow rate. If

agricultural reservoir watershed area is 312ha, expected stream flow rate is

253m
3
/day. When we determine plant establishment limitation distance, stream

flow rate should be considered.

We determined correlation between slope and water velocity in stream from

GIS slope data and observed water velocity in 20 agricultural reservoir. We

determined average stream slope(9.5) of 18,000 agricultural reservoir from GIS

slope date and average water velocity(0.18m/s) from correlation between slope

and water velocity.

Average COD, T-N, and T-P concentration in agricultural reservoir was

6.0mg/L, 1.5mg/L, and 0.03mg/L, respectively. The rate of agricultural

reservoir which is larger then water quality standard (COD: 8.0mg/L, T-N:

1.0mg/L, T-P: 0.1mg/L) was 21%, 69%, and 7%, respectively. Agricultural

reservoir in Korea are suffering from organics and nitrogen, and agricultural

reservoirs need water quality improvement plan.

There was high positive correlation between watershed BOD loading and

stream and reservoir COD concentration (r=0.33, 0.64). Watershed pollutant

loading should be controled for agricultural reservoir water quality

improvement.

There was positive correlation between stream water quality and reservoir

water quality from monitoring data. To maintain 8.0mg/L COD concentration

in agricultural reservoir, stream COD concentration should be lower than

4.5mg/L.
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4.3 Determination of reaction parameter and development of water quality

model

COD first order reaction parameter at 20 and 0.05m/s was 0.98 from

observed monitoring data, it was similar range with domestic and international

literature value (0.84, 0.96).

Reaction parameter depends on water velocity in stream according to MEV

research report (MEV, 2003). Reaction parameter determined by monitoring

data was converted to reaction parameter at 0.18m/s, converted reaction

parameter was 1.61.

Water quality stream model (QUAL2E) was developed and calibrated using

observed flow rate and water quality data at 5.2km Songjeon stream in Idong

agricultural reservoir.

4.4 Study on the measures of plant establishment limitation

To limit plant establishment in agricultural reservoir watershed, required

distance for reducing plant effluent concentration to 80%, 70%, 60%, 50%,

40%, 30%, 20%, and 10% using first order reaction equation was 15.5km,

11.6km, 8.9km, 6.7km, 4.9km, 3.4km, 2.2km, and 1.0km, respectively.

Required distance was 15.5km for reducing plant discharge concentration

(40mg/L) to below water quality standard (8.0mg/L).

To limit plant establishment in agricultural reservoir watershed, required

distance for reducing plant effluent concentration to 50%, 40%, 30%, 20%,

and 10% using QUAL2E model was 5.7km, 4.4km, 3.2km, 2.0km, and 1.0km,

respectively.

To calculate required distance which is reflected current stream water quality

and plant discharge loading, we developed a new equation that was obtained

by assigning flow rate and water quality concentration after mixing plant

discharge and stream water to first order reaction equation.
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The developed new equation can be used to calculate practical and reasonable

required distance, but applying plant establishment limitation law is very

difficult because calculated distance is different in all the agricultural reservoir

watershed.

12 or 24 hours delivery time is needed to cope with chemicals spill, and

required safety distance was 7.8 or 15.6km at average water velocity

(0.18m/s). But required safety distance should be same with required plant

establishment limitation distance because industry sewage discharge plant

include dangerous chemicals handling plant. Safety distance should reduce

50% when harmful chemicals blocking facilities are equipped. Although

industrial sewage are not discharge to stream, no plant establish within 1km

from agricultural reservoir to protect agricultural reservoir pollution by

nonpoint source pollutant.

4 types plant establishment limitation measures were developed from these

result. 1st and 2nd measures are adopted 50% and 40% pollutant reduction

concepts considering effect of pollutant reduction and social and economical

costs. 3rd and 4th measures are adopted 10mg/L and 8mg/L target COD

concentration at the end of the stream after mixing plant discharge sewage and

stream water. 3rd and 4th measures are more reasonable then 1st and 2nd,

because 3rd and 4th measures can consider plant discharge pollutant loading

and stream water quality.

In all measures, required safety distance should be same with required plant

establishment limitation distance to cope with chemicals spill when harmful

chemicals are used in the plant although industrial sewage is not discharge to

the stream. Safety distance reduce 50% when harmful chemicals blocking

facilities are equipped. Although industrial sewage are not discharge to stream,

no plant establish within 1km from agricultural reservoir to protect agricultural

reservoir pollution by nonpoint source pollutant.
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역선정

수 축

석 및 평가

제한거 출

- 역선정

: 하천길 5km 상
: 적 염원 향 적 곳
: 에 한 주하천보다

상 적 로 적 곳

- 하천조사

: 수심과 하폭 등 수 학적
: 수 및 량조사

- 실측 료 한 축

- 축된 보정

- 최상 농 변화에 수

- BOD농 비 식화

: (하천각 간 농 차)/(최상 점농 차)

- BOD농 비 해 감소 에 한
필 하거 출
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