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Drinking Water Source Divisions Based on ldentification of Critical Source Areas

GENG Runzhe YIN Peihong” MA Qian
Policy Research Center for Environment and Economy Ministry of Environmental Protection Beijing 100029 China

Abstract: With safe drinking water essential for human well-being a holistic and adaptive framework is necessary to protect drinking water
sources and consumer supply infrastructure. In this paper GIS technology the Soil and Water Assessment Tool( SWAT) nonpoint source
model and remedial cost-effectiveness analysis were used to assess strategies for rezoning drinking water source areas in the upper
watershed of the Hongfenghu Reservoir. This reservoir is the major drinking water source for Guiyang City. The results show that: ( 1)
Agricultural non—point sources were the major cause of water pollution; Total nitrogen( TN) and phosphorus( TP) load from tillage and
livestock sources accounted for 89. 7% and 91. 8% respectively; TN and TP loads were primarily from the towns of Liuguang Huangla

Jiuzhou and Baiyun which were identified as the critical towns for water pollution control. ( 2) Soil testing and fertilizer recommendations

contour hedgerow strips conservation tillage and buffer strips were the most cost-effective control practices in the reservoir watershed; ( 3)

Four grade zones for drinking water source protection in the reservoir watershed were divided into divisional zones. The area of first and
second grade zones was 97.6 km® and accounted for 41. 4% of the original drinking water protection zones where a 60% ~70% reduction
in pollutant load could be achieved through implementation of best management practices( BMPs) in the identified critical source areas. In
the first grade zones district policy to protect the Hongfenghu Reservoir should be implemented including enforcement of immigrant

relocation and reduction of livestock numbers and returning land

tilled for grain forestry. In the second grade zones a series of less

© 2016-11-22 1 2016-12-17
(41601551 : restrictive policies including optional partial migration ( this policy
(YGCO-GGQY201418) can save 35% of the total cost for migration) and elimination of
(20137X07602-002) livestock should be implemented. In the third and fourth grade
(19879 zones a number of comprehensive policies should be implemented
cnugengrunzhe@ outlook. com. to achieve the most cost-beneficial actions balancing drinking
* (19689  ( ) water protection and local economic development. These include

yinpeihong@ sina. com construction of manure storage facilities soil testing to determine
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appropriate fertilizer applications and an improvement of sewage treatment facilities of rural communities. This research can provide a
theoretical and technical basis for drinking water source area protection in similar regions of the country where water quality is impaired
and protection is required.

Keywords: drinking water sources; SWAT model; critical source areas identification; non—-point source pollution
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Fig. 2 Land use spatial distribution of the upper watershed of Hongfenghu Reservoir
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Table 2 Parameters of the calibration and validation for 233
in the upper watershed of Hongfenghu Reservoir BMPs ArcSWAT
/%
ArcSWAT
( 0.82 0.65 13.2 36.6 3.
( 0.86 0.82 13.8 24.6 2.2.3 -
() 0.79 0.81 2.5 30.9
() 0.71 0.72 19.5 30.3 BMPs
() 0.84 0.87 2.1 29.3 34
3 ArcSWAT BMPs
Table 3 Methods for represention of BMPs in ArcSWAT model
SWAT
25°
15° ~25°
“MGT_OP = 6( * . mgt) .ZEROTILL( * .
1° ~15° mgt) .CN 3(* . mgt) . ITNUM ( dill. dat) :
tillage number EFFMIX( till. dat)  0.05
o 1se CN-3; USLE_P =90; FILTERW
B 10 m
25°
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( 40%) 40%
— 70% - 25% 25%
N FILTERW
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C, = co{( 145" +rm M}}/td
s
1 Cy /( hm’*a) ; C,
2
/a; rm E = YT xS xP,
1%) * ;s =1
2013 6.40%; td B, N.P i N.P
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BMPs - P,
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Fig. 4 Spatial distribution of TN and TP loads in the upper watershed of Hongfenghu Reservoir
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Table 4 Environmental effectiveness analysis for various BMPs on in the upper watershed of Hongfenghu Reservoir
/10* TN /% TP 1% /10*
100 m 24 789.8 38.4 72.1 31577.4
7 405.2 16.1 34.6 12 481.3
1° ~15° 9 183.9 12.0 26.1 15 312.6
1° ~15° 29 681.3 39.2 30.1 95 937.8
— 33 820.6 66. 1 22.3 111 764.6
( 40%) 167 298.0 19.7 25.0 320 549.5
15° ~25° 20 989.1 11.6 7.7 23 372.8
25° 840.7 0.02 0.02 38.2
25° 14 105.7 6.7 4.4 12 927.6
3.3 la
30 m
15° ~25° 25°
(12%)
25°
( N ); N 5a
1° ~15°
( 5).
5 BMPs
Table 5 Cost-benefical analysis of various BMPs
/10* /10* /10* /10* /a 1%
1694.5 111 764.6 676 411.5 519 002. 1 <1 306.3 —
1° ~15° 9 183.9 15 312.6 145 821.9 104 975.4 <1 17.5 25.00
29 681.3 95 937.8 62 415.6 78 377. 1 <1 5.3 —
24 789.8 31577.2 5877.2 3.7 1.5 41.2
7405.2 12 481.3 672.8 3456.6 <1 1.8 112.00
15° ~25° 20 989.1 23 372.8 3413.9 2 356.8 3.5 1.3 29.10
25° 14 105.7 12 927.6 1910.0 296.5 3.7 1.1 29.70
25° 840.7 38.2 391.5 -406.2 >5 0.5 -39.68
40 246.9 17 137.4 -19653.2 3.2 0.4 —
148 937.1 320 549.5 487 847.5
3.4
( 6.7) . @D
BMPs N
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48 x 10°
N N N 15. 7%
13.2%
6
Table 6 Analysis of the cost for placement of BMPs 10*
645.35 1347.87 1752.34 —
— — — 8 467.69
176. 16 424.21 622.55 1 893.26
6 016.13 2 959.13 — —
— 8.41 23.98 49.85
— — 55.43 1222.54
158.4 1178.21 — —
2 860.53 2221.83 — —
— 1084.6 — 1234.2
44 006. 01 96 157.1 — —
53 862.58 105 381.4 2454.3 12 867. 54

7

Table 7 The placement of the policy for drinking water source protection in in the upper watershed of Hongfenghu Reservoir

100%
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