黄河干流大型自流灌区节水潜力分析
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摘要：黄河灌区是黄河水资源的耗用主体，年均用水量占黄河用水总量的90％左右。受经济条件、灌区设施、管理手段等多种因素制约，灌溉水浪费严重，灌溉水利用水平较低，一般不足0.5，更加剧了黄河水资源短缺的矛盾。根据黄河灌区用水现状，提出了节水潜力的概念和节水潜力的分析计算方法，对黄河干流大型自流灌区的节水潜力进行了分析。
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黄河干流大型灌区是黄河水资源的耗用主体，现状灌溉面积5480.2万亩，占流域现状总灌溉面积的48.6％。其中，自流灌溉面积5029.4万亩，占黄河干流大型灌区灌溉面积的91.8％，提灌面积450.8万亩，仅占8.2％。经统计，1999～2003年黄河干流灌区平均引水量184.48亿m3。其中，自流灌溉引水量164.11亿m3，占总引水量的89.0％；提水量20.37亿m3，占总引水量的11.0％。考虑到黄河下游引黄灌区自流连片，不易完全区分，该区域作为一个整体进行分析。本文将研究对象设定为黄河上游宁蒙大型自流和黄河下游自流灌区。

1  节水潜力的概念

截至目前，国内外对节水潜力的内涵还没有一个公认的标准，相应地对节水潜力的计算也没有统一的方法。本研究认为灌区节水潜力是指在可预知的技术水平条件下，通过采取一系列的工程和非工程节水技术措施，同等规模下灌区预期需要的灌溉用水量与基准年相比节约的水量。其中最大可能节水量一般称为可能节水潜力或理论节水潜力。

水从水源到形成作物产量一般要经过四个环节：一是通过渠道或管道等输水工程将水从水源送到田间；二是将田间水转化为土壤水；三是经过作物的根系吸收将土壤水转化为作物水，以维持作物的正常生理活动；四是通过作物复杂的生理过程，由作物水形成经济产量。在上述几个转化过程中都有可能产生水分损耗，出现灌溉水的浪费。因此，灌溉节水就是要针对上述四个环节，通过采取适宜的技术、经济、政策等方面的措施，尽可能减少灌溉水转化过程中的水分损耗，提高单方水的效益。就引黄灌区而言，虽然在上述四个环节都有节水的潜力，但最主要的是第一、第二个环节的潜力，即输水系统和田间系统的节水潜力，这是本文分析的重点。

2  节水潜力分析方法

2.1 分项法

2.1.1 输水系统

本文根据目前采用的几种计算方法，结合灌区的特点和灌区的相关试验成果，在渠系综合法基础上，提出了一种新的节水潜力计算模型－等效渠系法。具体思路为：首先，概化灌区不同级别渠道的等效渠道；其次，利用典型试验区的实验资料，分析不同级别渠道的单位长度损失量和单位长度渠道水利用系数；第三，根据试验区的成果，分析计算等效渠道的单位长度水利用系数和渠道的水利用系数；第四，计算等效渠系的水利用系数；最后，利用渠系综合法计算输水系统节水量。

（1）等效渠系概化

等效渠道是指该级渠道能代表灌区中该类输水渠道的输水特性，包括长度等效和流量等效。等效渠系是灌区不同级别等效渠道的集合。其概化方法为：
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级渠道的等效长度，km；
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级渠道的总数量，条。
等效流量：            
[image: image8.wmf]i

i

y

n

T

W

Q

i

64

.

8

10

4

'

´

=

                   （2）

式中    
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级渠道的等效流量，m3/s；
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 — 渠首总引水量，亿m3；
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级渠道的运行时间，天。
（2）等效渠道水利用系数的推求

由渠道渗漏量公式可得：
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式中    
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 — 等效渠道渗漏量，m3/s·km；
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 — 等效渠道流量，m3/s；
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 — 灌区的土壤参数；
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 — 分别代表典型试验区渠道的渗漏量、流量、土壤参数。

等效渠道的单位长度水利用系数：
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式中    
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级渠道的单位长度水利用系数；
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级渠道的单位长度损失量，m3/s·km。

等效渠道的水利用系数：
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级渠道的水利用系数。

    （3）等效渠系水利用系数计算
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式中    
[image: image32.wmf]d
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—渠系水利用系数。

（4）输水系统节水量计算

将灌区的现状引水量、现状水利用系数、等效渠系的水利用系数代入下式即可求得灌区整个输水系统的节水量。
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式中    
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 — 衬砌前渠首引水量，m3；
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 — 衬砌后渠首引水量，m3；
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 — 衬砌前渠系水利用系数；
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 — 衬砌后渠系水利用系数。

2.1.2 田间系统

（1） 沟畦改造
沟畦灌是当前最主要的田间灌水方式，其水分损失的主要途径包括：湿土和水面蒸发、跑水和深层渗漏，其中深层渗漏和跑水占水分损失的主要部分。黄河自流灌区大畦灌溉，加上土壤多为黄河泛滥形成的壤土、沙壤土，土壤渗漏损失严重。

沟畦改造产生的节水量
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就是改造前田间的灌溉水量
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与改造后田间的灌溉水量
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的差值，计算公式为：
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其中：                
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式中    
[image: image45.wmf]fr
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 — 实施沟畦改造产生的田间灌溉节水量，m3；


[image: image46.wmf]frb

W

 — 实施沟畦改造前的田间灌溉水量，m3；
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 — 实施沟畦改造后的田间灌溉水量，m3；
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 — 综合灌溉定额，m3/亩；
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 — 实施沟畦改造的灌溉面积，亩；
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 — 实施沟畦改造前的田间水利用系数；
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 — 实施沟畦改造后的田间水利用系数。

（2） 采用节水灌溉制度

灌区采用节水灌溉制度，降低作物灌溉定额，可减少灌溉水量，其减少的水量即为节水量，计算公式如下：
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其中：                 
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式中    
[image: image55.wmf]r
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 — 采用节水灌溉制度产生的节水量，m3；
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 — 采用现状灌溉制度的灌溉水量，m3；
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 — 采用节水灌溉制度的灌溉水量，m3；
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 — 采用现状灌溉制度的综合灌溉定额，m3/亩；
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 — 采用节水灌溉制度的综合灌溉定额，m3/亩；
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 — 采用节水灌溉制度的灌溉面积，亩。

（3） 种植结构调整

由于不同作物的灌溉需水量不同，灌区不同作物种植比例影响灌区的需水量，调整作物种植结构，灌区的综合灌溉定额将发生变化，其灌溉需水量的差值即为节水量，计算公式如下：
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其中：              
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式中    
[image: image64.wmf]ad
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 — 灌区种植结构调整产生的节水量，m3；


[image: image65.wmf]adb

W

 — 灌区种植结构调整前的灌溉水量，m3；
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 — 灌区种植结构调整后的灌溉水量，m3；
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 — 种植结构调整前的灌区综合灌溉定额，m3/亩；
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 — 种植结构调整后的灌区综合灌溉定额，m3/亩；
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A

 — 灌区灌溉面积，亩。

（4）井渠结合
井渠结合节水潜力是指利用一定量的地下水代替等量渠灌水量后相应减少的渠系损失水量。计算公式如下：
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式中：    
[image: image72.wmf]cw

W

 — 井渠结合节水量，m3；

          
[image: image73.wmf]w
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 — 井灌替代渠灌的水量，m3；
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 — 渠灌的渠系水利用系数。

实行井渠结合，井灌水量与渠灌水量保持适当的比例，可以实现当地地表水、地下水和黄河水的联合利用，达到节水、合理调整地下水埋深、维持灌区良好生态环境的目的。受气候、降雨及下垫面条件影响，不同区域的井渠结合灌溉适宜比例有一定差异，根据有关研究，干旱半干旱地区的适宜井渠灌比例为0.15～0.25，半干旱半湿润地区为0.46～0.65。

2.2  整体法

根据本项目的节水潜力研究思路，利用上述各种节水技术实施后的灌区综合灌溉定额、有效灌溉面积和灌溉水利用系数，分析节水技术实施后的灌溉需水量。灌区现状灌溉需水量与节水技术实施后灌溉需水量之差即为灌区的可能节水潜力。计算公式为：
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其中                
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式中  
[image: image77.wmf]ias
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 — 灌区的可能节水潜力，亿m3；
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 — 灌区的现状灌溉需水量，亿m3；
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 — 灌区节水技术实施后的灌溉需水量，亿m3；
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 — 采用节水灌溉制度后的综合灌溉净定额，m3/亩；
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 — 灌区有效灌溉面积，万亩；
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 — 灌区节水技术实施后的灌溉水利用系数。

3  灌区节水潜力分析

根据宁蒙和黄河下游引黄灌区现状用水量、渠系水利用系数、种植结构、节水灌溉定额等资料，利用上述分项法和整体法，对宁蒙和黄河下游引黄灌区的节水潜力进行分析。

3.1 采用的基本资料

宁蒙、下游引黄灌区渠系和田间系统现状、改造后的参数见表1。种植结构调整：根据灌区节水规划，灌区在保持现状灌溉面积和灌溉定额不变的条件下，宁夏引黄灌区粮食:经济:林草比例由现状74:16:10调整至70:17:13；内蒙古农林草比例分别由现状的91:3:6调整至60:20:20；下游作物种植结构由现状的粮食经济比例67:33调整为69:31。现状灌溉定额、作物调整后定额及节水灌溉定额见表2。

表1     黄河干流大型自流灌区输水系统、田间系统改造前后水利用系数表

	省  区
	引水量
	渠系水利用系数
	田间水利用系数

	
	
	现状
	改造后
	现状
	改造后

	宁   夏
	70.48
	0.46
	0.715
	0.76
	0.94

	内蒙古
	57.80
	0.38
	0.657
	0.80
	0.94

	河    南
	17.19
	0.51
	0.81
	0.83
	0.90

	山    东
	57.90
	0.55
	0.80
	0.86
	0.90

	合计
	145.57
	
	
	
	


表2                      黄河干流大型自流灌区现状灌溉定额和节水灌溉定额表

	省   区
	灌溉面积

（万亩）
	灌溉定额(m3/亩)
	节水灌溉定额

(m3/亩)

	
	
	现状
	调整后
	

	宁   夏
	533.40
	321
	290
	272

	内蒙古
	893.78
	227
	210
	193

	河    南
	1030.90
	200
	168
	174

	山    东
	2828.63
	170
	109
	156

	合计
	5286.71
	
	
	


3.2 节水潜力分析结果

根据宁蒙、下游引黄灌区基本参数，利用分项法和整体法对灌区的节水潜力进行了计算。见表3。

表3                     黄河干流大型自流灌区节水潜力计算成果表

	省区
	项目
	输水系统
	田间系统
	合计
	整体法
	误差

	
	
	渠系
	种植结       构调整
	节水灌       溉制度
	沟畦
	井渠
	小计
	
	
	　

	
	
	衬砌
	
	
	改造
	结合
	
	
	
	（％）

	宁夏
	可能节水潜力（亿m3）
	24.9
	3.16
	1.83
	4.71
	0.97
	10.67
	35.57
	34.18
	-4.07

	
	占可能节水潜力总量(%)
	72.85
	9.25
	5.35
	13.78
	2.84
	31.22
	100.00
	　
	　

	内蒙古
	可能节水潜力（亿m3）
	20.25
	2.55
	2.88
	3.46
	0.97
	9.86
	30.11
	30.52
	1.34

	
	占可能节水潜力总量(%)
	67.26
	8.48
	9.57
	11.49
	3.21
	32.75
	100.00
	　
	　

	河南
	可能节水潜力（亿m3）
	5.8
	0.73
	3.51
	1.54
	0
	5.78
	11.58
	11.63
	0.43

	
	占可能节水潜力总量(%)
	50.09
	6.30
	30.31
	13.30
	0.00
	49.91
	100.00
	　
	　

	山东
	可能节水潜力（亿m3）
	15.16
	2.44
	5.28
	2.41
	0.09
	10.23
	25.39
	25.72
	1.28

	
	占可能节水潜力总量(%)
	59.71
	9.61
	20.8
	9.49
	0.35
	40.29
	100.00
	　
	　

	合计
	可能节水潜力（亿m3）
	66.11
	8.88
	13.5
	12.12
	2.03
	36.54
	102.65
	102.05
	-0.59

	
	占可能节水潜力总量(%)
	64.40
	8.65
	13.15
	11.81
	1.98
	35.60
	100.00 
	　
	　


从表3可以看出，黄河干流大型自流灌区可能节水潜力为102.65亿m3（分项法）与整体法相比误差仅为-0.59％，分析结果比较可靠。宁、蒙、豫、鲁引黄灌区的可能节水潜力分别占可能节水潜力总量的34.65％、29.33％、11.28％和24.73％；上游的宁蒙灌区节水潜力大于黄河下游，占可能节水潜力的63.98％。就输水系统和田间系统节水潜力而言，输水系统占64.40％，田间系统占35.60％，输水系统大于田间系统节水潜力；各省区引黄灌区输水系统和田间系统之间的节水潜力存在差异，主要受各省区灌溉工程、技术水平等因素影响。

4  主要结论

（1）本文通过对节水潜力内涵的分析，提出了节水潜力的概念。在明确概念基础上，分析了从水源到形成作物产量的各个环节及可能产生的水量损失，提出了输水系统和田间系统是节水潜力的分析重点。针对输水、田间系统特点，提出了分项法和整体法两种可能节水潜力计算方法。在分项法中，提出了一种新的输水系统节水潜力计算方法—等效渠系法；田间系统，主要分析节水灌溉制度、种植结构调整、井渠结合和沟畦改造等，并给出了相应的计算公式；在可能节水潜力的具体计算过程中，采用分项法和整体法分别对节水潜力进行了计算，并进行了成果对比，两种方法计算结果基本吻合。

（2）通过上述分析可知，黄河干流自流灌区具有巨大的节水潜力，如果采取适宜的节水技术措施，可明显提高灌区 的水利用效率，减少农业灌溉用水浪费，节约相当规模的水资源，对缓解黄河流域水资源严重短缺的矛盾具有十分现实的作用。

（3）灌区改造应以渠道防渗为主，同时注重平衡发展。从输水系统和田间系统各种措施的节水潜力可以看出，输水系统衬砌节水潜力最大，占宁蒙灌区节水潜力的72％，占下游灌区节水潜力的59％。因此，灌区节水改造的重点在输水系统，通过对灌区输水系统的衬砌，可以较大幅度的提高节水量。由于田间系统还有30％～40％的节水潜力，因此，不能忽视田间工程改造，注重平衡发展。通过采用节水灌溉制度、畦田改造和种植结构调整，减少灌溉定额，提高田间水利用系数，最大限度发挥田间水的效率。节水措施的选择应根据投资、效益的分析，本着投资少、见效快、效果明显的原则择优安排。
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water-saving potential analyzes

on large-scale gravity irrigation districts in the Yellow River

  Zhang Huimin, Huang Fugui, Cheng Xianguo, Luo Yuli, Bian Yanli
 (Institute of Hydraulic Research of the Yellow River, zhengzhou  450003, Henan)

Abstract: Irrigation districts are the major water consuming part in the Yellow River, which volume of annual average water using takes up about 70% of the aggregate water using  of the whole basin. Be restricted to economical condition, installation of irrigation districts and  management method and so on, the irrigation water badly wastes and the water utilized coefficient is lower, general under 0.5. So the conflict of water resource shortage is exacerbated more. According to the current water using condition of the Yellow River irrigation districts, this paper puted forward the concept of “water saving potential”and its corresponding analyse and calculate method, and then analysed  water saving potential of large-scale gravity irrigation districts in the Yellow River.

Key words: water saving potential, irrigation scheduling, furrow and border rehabilitation, water transportion system, Yellow River gravity irrigation districts
The Yellow River mainstream large-scale gravity irrigation area is the main body of the Yellow River water resources consuming and the present irrigated area is 54,802,000 MU, occupies 48.6% of whole irrigated area of Yellow River basin. Among them, the gravity irrigation area 50,294,000 MU, occupy 91.8% of the Yellow River mainstream large-scale gravity irrigation area; lifting irrigation area 4,508,000 MU, only accounts for 8.2%. Through statistics, the average abstraction volume of water between 1999 and 2003 is 18,448,000,000 m3 in Yellow River mainstream irrigation area. Thereinto, that in gravity irrigation area 16,411,000,000 m3, occupies 89.0% of the total abstraction volume; Amount of lifting water 2,037,000,000 m3, accounts for 11.0%. Considered the undistinguishable gravity irrigation area on the lower Yellow River, so it’s took a whole body to analyze. The study object of this article is Yellow River upstream Ningmeng large-scale gravity irrigation area and  the Yellow River downstream gravity irrigation area.
1 Definition of water saving potential

So far, there’s no one acknowledged standard for the connotation of water-saving potential wherever in domestic or foreign, so there’s also no uniform method to calculate the water-saving potential. Under the condition of the predictable technical level, this research thought water-saving potential of irrigation area is refers to through a series of projects and non-project water-saving technology measure, the difference between anticipated water requirement for irrigating and the amount of irrigational water in benchmark year. In which the biggest available amount of saving water is called available water-saving potential or theoretical water-saving potential.

The water from the water source to forming the crops output have to pass through four links generally: One, water would be transported from water source to field by project such as channel, conduit etc. Two, water from field would be transformed to soil water; Three, through absorbed by roots, water from soil water would be transformed to crop water, maintaining the normal physiological activity of the crops; Four, through complex physiological process of the crops, water from crop water would be formed to economical output. All has the possibility in the above several conversion process to cause the water loss, appears the waste of irrigational water. Therefore, irrigational water saving is must aim at the above four links, through the measure such as suitable technology, economy, policy and so on, reducing the water loss in the conversion process of irrigational water as far as possible, enhances the benefits of one cubic meter water. For the Yellow River irrigation area, although all has the water-saving potential in the above four links, but the most primary potential are the first and the second link, namely, the water-saving potential of conveyance system and field system; that is the key point of this article. 
2 Analytic method of water saving potential

2.1  The method of subentry

2.1.1  Conveyance system of water
According to several computational methods which uses at present and the characteristics , the correlation experiment achievement of irrigation area, on the foundation of canal synthetical method, a new calculated model on water-saving potential is proposed – the method of equivalent canal. The concrete process is: First, generalize different rank channels to the equivalent channel; Second, make use of experimental data of typical pilot area to analyze the water loss and water used efficiency in unit length of different bank channels; Third, according to pilot area achievement, analyze and calculate unit length water used efficiency and channel water used efficiency of the equivalent channel; Fourth, calculate canal water used efficiency of the equivalent channel; Finally, through the method of equivalent canal , amount of saved water in conveyance system will be figure out.
 (1)  Generalization of equivalent canal system

Equivalent channel is refers to this rank channels that can be able to represent characteristic of this kind of channel conveyed water in irrigation area, including length equivalence and discharge equivalence. The equivalent canal system is the aggregate of different ranks of equivalent channels in irrigation area. It is generalized into:
Equivalent length:               
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where    
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（2）Ascertain of equivalent channel water used efficiency
From channel seepage formula:
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where    
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Water used efficiency in unit length of equivalent channels:
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where    
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Water used efficiency of equivalent channels:
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where    
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（3）Calculation of  water used efficiency of equivalent canal system
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where       
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— canal water used efficiency.
（4）Calculation of  the amount of water saving in conveyance system of water

Bring present abstraction volume of water, present water used efficiency, water used efficiency of equivalent canal system into below equation then obtains the amount of saving water of entire conveyance system in the irrigation area.
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where    
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2.1.2 Field system

(1) Furrow and border rehabilitation 

The Furrow and border irrigation is the most primary field irrigated way, its water loses includes: evaporation  of the wet soil and the water, running water and deep percolation, in which running water and deep percolation are the main body of total water loses. Yellow River gravity irrigation area is big furrow of irrigation, adding large scale of loam soil and sand soil that formed through flooding Yellow River, the soil leakage loss is serious.

The calculated formula of amount of saving water:
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thereinto                              
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where       
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(2) Adoption of irrigation quota on water saving
The irrigation area uses the water-saving irrigation scheduling, reducing the crops irrigation quota, then reducing the volume of irrigational water, namely amount of saving water, the formulas is follows:
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thereinto                                 
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where    
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 (3) Adjustment of planting configuration 
Because of different crops water requirement, different crops planting configuration affected water requirement of irrigation area; the adjustment of planting configuration changed synthetical irrigation quota, the difference in water requirement was the amount of saving water. The formula is follows:
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thereinto                          
[image: image141.wmf]ad

adb

adb

A

m

W

´

=

                                                    （15）


[image: image142.wmf]ad

ada

ada

A

m

W

´

=

                                                    （16）

where       
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 — amount of water saving after Adjustment of planting configuration in irrigation area, m3；
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 — synthetical irrigation quota before Adjustment of planting configuration in irrigation area, m3/MU；
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(4) Combination of well and channel

Water-saving potential of combination of well and channel is that well irrigation substitute for channel irrigation, then the canal water loses is water-saving potential. The formula is follows:
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where     
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 — amount of water saving through combination of well and channel, m3；
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Implements of combination of well and channel, keeping the proportion between well irrigation and channel irrigation, it may realize the union use of local surface water, the ground water and the Yellow River water, achieving water saving, the reasonable ground water burying depth, the maintenance of well ecological environment. Because of the influences of the climate, the rainfall and underlaying surface condition, the different region have different irrigation proportion in well and channel, according to the related research, the condign proportion between well irrigation and channel irrigation in arid and semiarid area is 0.15~0.25, in semiarid and semi-humid area is 0.46~0.65.

2.2  The method on integrity

According to the thought of studying water-saving potential, making use of  synthetical irrigation quota, efficient irrigated area and irrigated water used efficiency that are after the alteration, it analyzes the irrigational water requirement after the implement of water-saving technology. The difference of the irrigation water requirements is the available water-saving potential. The formula is:
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thereinto                             
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where  
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 — available potential of water saving in irrigation area, 108m3；
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3  Analysis of water saving potential in irritation area

According to the present amount of using water, canal water used efficiency, planting configuration, water-saving irrigation quota in Ningmeng and downstream Yellow River irrigation area, making use of the method of subentry and the method on integrity, this article analyzes the water-saving potential.
3.1  Basic data for use
Table 1 lists the status quo of canal and field system and the parameters that is after alteration. Adjustment of planting configuration: According to water-saving plan of irrigation area, under the condition of keeping present irrigated area and irrigation quota, the ratio of foodstuff/ economy/ woods and grass is from present 74:16:10 to 70:17:13 in Ningxia Yellow River irrigation area; the ratio of agriculture, forests, grass is from present 91:3:6 to 60:20:20; the ratio of foodstuff/ economy in planting configuration of the lower Yellow River is from present 67:33 to 69:31. The present irrigation quota and its adjustment value from crop, water saving irrigation quota are in the Table 2. 
Table 1. water used efficiency of conveyance and field system in large irrigation area on the mainstream of the Yellow River
	Province
	Diversion
	Calwtuseff
	Filwtuseff

	
	
	Status
	Alteration
	Status
	Alteration

	Ningxia
	70.48
	0.46
	0.715
	0.76
	0.94

	Inner Mongolia
	57.80
	0.38
	0.657
	0.80
	0.94

	Henan
	17.19
	0.51
	0.81
	0.83
	0.90

	Shandong
	57.90
	0.55
	0.80
	0.86
	0.90

	Total
	145.57
	
	
	
	


Table 2. Irrigation quota of status and water saving  in large irrigation area on the mainstream of the Yellow River                  

	Province
	Irrigated area
（104MU）
	Irrigation quota (m3/MU)
	Wsav irrigation quota
(m3/MU)

	
	
	Status 
	Adjustment 
	

	Ningxia
	533.40
	321
	290
	272

	Inner Mongolia
	893.78
	227
	210
	193

	Henan
	1030.90
	200
	168
	174

	Shandong
	2828.63
	170
	109
	156

	Total
	5286.71
	
	
	


3.2 Analytic result of water saving potential
According to basic parameters of Ningmeng and downstream Yellow River irrigation area, the water-saving potential was figure out through  the method of subentry and the method on integrity. (Table 3)
Table 3. Result of water saving potential in large irrigation area on the mainstream of the Yellow River                    

	Prov
	Item
	ConvSys
	Field system
	Total
	Integ
	Error

	
	
	CanlSys
	Plcnfaj
	Wsirsch
	Chfl
	Wlch
	Subttl
	
	
	　

	
	
	Lining
	
	
	Altr
	Comb
	
	
	
	（％）

	Ningxia
	Avlwtsvpot（108m3）
	24.9
	3.16
	1.83
	4.71
	0.97
	10.67
	35.57
	34.18
	-4.07

	
	Occupy the total(%)
	72.85
	9.25
	5.35
	13.78
	2.84
	31.22
	100.00
	　
	　

	InnMgl
	Avlwtsvpot（108m3）
	20.25
	2.55
	2.88
	3.46
	0.97
	9.86
	30.11
	30.52
	1.34

	
	Occupy the total (%)
	67.26
	8.48
	9.57
	11.49
	3.21
	32.75
	100.00
	　
	　

	Henan
	Avlwtsvpot（108m3）
	5.8
	0.73
	3.51
	1.54
	0
	5.78
	11.58
	11.63
	0.43

	
	Occupy the total (%)
	50.09
	6.30
	30.31
	13.30
	0.00
	49.91
	100.00
	　
	　

	Shandong
	Avlwtsvpot（108m3）
	15.16
	2.44
	5.28
	2.41
	0.09
	10.23
	25.39
	25.72
	1.28

	
	Occupy the total (%)
	59.71
	9.61
	20.8
	9.49
	0.35
	40.29
	100.00
	　
	　

	Total
	Avlwtsvpot（108m3）
	66.11
	8.88
	13.5
	12.12
	2.03
	36.54
	102.65
	102.05
	-0.59

	
	Occupy the total (%)
	64.40
	8.65
	13.15
	11.81
	1.98
	35.60
	100.00 
	　
	　


From Table 3, we can see, the available water saving potential of the Yellow River mainstream large-scale gravity irrigation area is 10,265,000,000 m3 (method of subentry) , comparing the error with the method on integrity only is - 0.59%, the analysis result quite is reliable. The available water-saving potential of  the Yellow River irrigation area of Ningxia, Inner Mongolia, Henan, Shandong occupy 34.65％、29.33％、11.28％ and 24.73％ of total separately; The upstream available water-saving potential of Ningmeng irrigation area is bigger than the Yellow River downstream, occupying 63.98% of the total. For the water saving potential of conveyance system and the field system, the conveyance system accounts for 64.40%, the field system accounts for 35.60%, the conveyance system is bigger than the field system in water-saving potential; because of influences of irrigational engineering, technical level etc. in these provinces, between various provincial capital areas Yellow River irrigated area conveyance system and field system water-saving potential existence difference.
4  Main conclusions
(1) This article through analysis of connotation on water-saving potential, put forward the concept of water-saving potential. It analyzed the water loss that are produced from the above four links; it proposed that the analytic focuses of water-saving potential were the conveyance system and the field system. In view of characteristics of conveyance system and field system, it proposed two available water-saving potential computational methods: the method of subentry and the method on integrity. In the method of subentry, it proposed one kind of new computational method of conveyance system water-saving potential - the method of equivalent canal; in field system, it mainly analyzed water-saving irrigation scheduling , adjustment of planting configuration, combination of well and channel, Furrow and border rehabilitation etc. and  given the corresponding formulas. In the calculated course of  available water-saving potential, using method of subentry and the method on integrity has separately carried on the computation, and has carried on the contrasting of outputs; the computed results tallied basically.
(2) From the above analysis, we can see that there are tremendous water-saving potential in the Yellow River mainstream gravity irrigation area. If the suitable water- saving technology measures are adopted, the water used efficiency would be enhanced obviously in the irrigation area; the water loss in agricultural irrigation would be reduced, the water resources would be saved greatly. That can abate the strong contradiction of water short in Yellow River basin in a certain extent.
 (3) The alteration of irrigation area should value canal seepage control and pay attention to balanced development. It’s can be seen from the water-saving potential of conveyance system and field system, the water-saving potential of lining in conveyance system is the biggest,  occupying 72% of the total in Ningmeng irrigation area, occupying 59% of the total in the downstream irrigation area. Therefore, the emphasis of water-saving alteration is conveyance system; through lining work for conveyance system of the irrigation area, the amount of saving water is enhanced greatly. Because there are still 30%~40% of water-saving potential in field system, therefore, the alteration of field work cannot be neglected and pay attention to balanced development. Through the adoptions of water-saving irrigation scheduling, adjustment of planting configuration and Furrow and border rehabilitation, the irrigation quota is reduced; water used efficiency in field is heighten; that exert the efficiency of field water adequately. The choices water-saving measures should according to the investment, the benefit analysis; in terms of the principles of few invests, swift effect, obvious output, arranges according to qualification.
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