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ABSTRACT

The comprehensive development of agriculture project in Yanjin country,
Henan province was taken as a typical example to quantificationally
evaluatesavailable surface water quantity, ground water quantity, irrigation
water quantity and water quantity for living use in order to discuss a
methodol ogy on water resource balance analysisin northern drought region
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of China.

INTRODUCTION

Anaysisof water resource balanceisthe premise
and basisof irrigation and water conservancy proj ects.
Analysisresultsnot only decidethe scal e of the dem-
onstration areabut a so directly indicatethefeasibility
of thedemonstration projects®. Only whenthe status
of soil and water resourcesin thedemongtration areais
found out, can the demonstration project areabe sci-
entifically planned accordingtolocal conditions, canan
overdl improvement inland useefficiency beachieved,
and can theeconomic benefit, the socid benefitandthe
ecological benefit be coordinated and unified and can
benefitsbemaximized?. Theproject demonstration area
inYanjin County isan agricultural comprehensivede-
velopment project, aiming to accel erate theimprove-
ment of agricultura fieldswithlow or moderateyields
so that the construction of the food production core
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areacan bedrivenforward. Performing water resource
balanceanaysisonthisproject hasimportant strategic
implicationsinimplementing the construction planning
of the food production core areain Henan Province
andraisngtheagriculturd productivity intheYanjinarea.

THE OUTLINE OFTHE YANJIN PROJECT
DEMONSTRATIONAREA

Yanjin Countryislocated inthe Centra Plains. The
country hasawarm temperate continenta monsooncli-
mate with an average annua temperature of 14°C, an
averageannual precipitation of 614.2 mm concentrat-
inginsummer and autumn, an averagefrost-free period
of 216 d and an average annual sunshine duration of
2504.83 h. Theagricultura comprehensive devel op-
ment project areaislocated in theeast of Yulin Village
which consistsof 8 administrativevillages, including
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Jiadi, Laorenzhuang, Wanquanzhuang, Wangcun,
Donglouzhuang, Zaozhuang, Xiaohanzhuang and
Dahanzhuang. Theterrainisflat and transportationis
convenient with Provincial Highway S227 and S226
running by. The project areaisabout 8.996 kminthe
north-south direction and approximately 5.894 kmin
the east-west direction and about 2292 hm? of thearea
isfieldswith low or moderateyields. Theclose sites
were selected and joined into alarge project demon-
dration areawherewd | irrigationisthemgjor irrigation
method. The soil inthe project areaissandy with loose
textureand good aeration. After yearsof soil improve-
ment, cropsplanted therearemainly rainfed cropssuch
aswinter wheat, corn and peanut. The project demon-
stration areais one of the key target countiesin the
National Food Productivity Project for Additiona 50
Trillion Kilograms. Thecounty isrichinresourcesand
has convenient transportation and prominent regional
advantages.

THE CURRENT SITUATION OFWATER
RESOURCE INTHE PROJECT DEMON-
STRATIONAREAANDANALYSISAND
PREDICTION OFWATER DEMANDAND
AVAILABLEWATER SUPPLY

Thecurrent situation of water resour ce

The hydrogeology in Yanjin Country has Quater-
nary feetures. Itsaquifer is15-30 mthick with fine (pow-
der fine) sand or middle-grained (coarse) sand and usu-
aly separated by 1-3 clay (or sandy) soil sublayerswith
aunit water dischargeof 10-16 m¥(h-m). According to
statigtical dataof recent years, thegroundwater tableis
at adepth of 6-9 m. Thegroundwater hasapH of 7.7-
8.3andasdinity of 0.9-1.5 ¢/I. Therefore, theground-
water isextremey weakly mineralized and suitablefor
agriculturd irrigation and people and anima consump-
tion. Currently, theprevalent irrigation method isfur-
row irrigation wherewater |ost during ddivery isgredt.

According to water resource eva uation, the county
has 2.10 x 108 m? of availablewater resource. Based
onthe populationand cultivated land in 2008, thewa:
ter resource per personis430 m?, and water resource
per hm?is3733 m3, which arefar lower than the pro-
vincid leve of 445 and 6105 m?, respectively. Thewater
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conservancy projects have severely aged and degraded.
Although exploitation of surfacewater holds certain
potential, itisof great difficulty and high cost. Farm
irrigation till mainly adoptsthetraditiond floodirriga:
tionwhosewater useefficiency islow. Themaindrain-
ageriver isserioudy silted up. Itscurrent drainage ca
pacity cannot deal with three-year floods, far lower than
the designed capacity for five-year floods. The mgjor
tributaries have prominent problemsin drainagewith
drainagecapacitiesal lower than three-year floods. As
aresult, thefarmlands have poor flood-res stant ability.

Water demand prediction

Water demand prediction for the project demon-
stration areaincludes near-term planning (year 2010),
medium-term planning (year 2015) and long-term plan-
ning (year 2020). Therearenoindustriesintheproject
demonstration area. Therefore, water usemainly in-
cludesagricultura irrigation, domestic water useand
other water use. And domestic water useisassociated
with water used by residentsand by animals.

Determination of agricultural water demand

According to dataobtained from the Ministry of
Agricultureand the Ministry of Water Resources, the
representative cropsinthe project demonstration area
arewinter wheat, corn and peanut. Well irrigation com-
bined withlow pressure pipelineirrigationisgoingto
beused. Asirrigation well groupsareindependent with
relaivey highirrigation water useefficiency, anirriga
tion water use coefficient of 0.9 wasadoptedin calcu-
lations.

Thewater demand in agriculturd productioninthe
project demonstration areawas cal culated using the
following equation:

W=MA/,

whereW, isthetota water demandin agricultura pro-
duction (m3); M isirrigation amount (m¥hn); Aisirri-
gation area(hm?); and 7 isirrigation water use coeffi-
cient and 0.9 wasused in calculations.

Thedesigned planting system in the project dem-
onstration areawas doubl e cropping of wheat-corn or
wheat-peanut withacropping index of 1.9. According
to the Local Sandard Irrigation Quota of Henan
Province (DB41T385-2009), theirrigation quotasfor
major cropsin Henan Province were obtained and ag-

Hn Tudian Jounual



BTAIJ, 10(6) 2014

Sun Ken et al.

1601

————, FyurL PAPER

ricultura water demandswith different assurancerates
were cal culated using the above equation for thedem-
onstration area. Theresultsareshownin TABLE 1.

Deter mination of domesticwater demand and other
water demandsin theproject demonstration area

Themgority isagriculturd populaionintheproject
demonstration area. Taking into account such factors
asnatural population growth rate and peasant-worker
shift, a population annual growth rate of 5%. was
adopted. Thecal culation results showed that the total
population in the project demonstration areawas 9810
and total livestock was 800 heads. According to the
Local Sandard Irrigation Quota of Henan Province
(DB41T385-2009), for awater supply assurancerate
of 95%, resident water demandis:

0="% »365
107

P=Py(1+r)" +P;
Where Q isresident water demand (x10* m®/year); P

isprojected water using population (person); P, isthe
current permanent resi dent populationin thewater sup-
plying (person); qisthe highest daily water quota (L/
(person-d)) with 65 L/(person-d) and 50 L/(head-d)
for people (qp) and anima (q,), respectively; r isthe
natural growthratefor thedesign period with rp:5%o;
nisthedesign period; and P, isthetotal mechanical
increase of population inthedesign period and isde-
termined with theaverageincrement method (person).
Other water demand ismainly the basic flow that is
needed to sustain the natural eco-environment andis
caculated as2% of agriculturd irrigationwater demand.
The predicted water demandsfrom calculationinthe
project demonstration areaareshownin TABLE 2.

Deter mination of availablewater resour ceamount

Avallablewater resource amount isthe part of the
water resourcethat can beutilized after takinginto ac-
count theconstraint of natural, technica and economi-
cal conditions and after meeting eco-environmental
water demand.

TABLE 1:Agricultural water demandswith different assuranceratesfor theproject demonstration area

Net Gross ) Irrigation
. L o Cultivated
Project Crop Assurance Plant-lng Watt?r.use irrigation irrigation land area water
rate ratio coefficient quota guota demand
(Mm¥hm®)  (M¥hm?) hm? (x10* m?)
Wheat 0.95 2025 2131.58 2292 464.13
Corn P=50% 0.30 0.95 900 947.37 2292 65.14
Others 0.65 1350 1421.05 2292 211.71
Water-saving Total 740.98
irrigationzone Wheat 0.95 2625 2763.16 2292 601.65
Corn P=75% 0.30 0.95 1425 1500.00 2292 103.14
Others 0.65 1350 1421.05 2292 211.71
Total 916.50
TABLE 2: Predicted water demandsin the project demonstr ation area (unit: x10*m?)
_— Crop .
Level year Irrigation assurancerate Domestic water demand Others  Total
Water demand
2010 740.98 3.79 14.82 759.59
2015 P=50% 740.98 3.93 14.82 759.73
2020 740.98 4.00 14.82 759.80
2010 916.50 3.79 18.33 938.62
2015 P=75% 916.50 3.93 18.33 938.76
2020 916.50 4.00 18.33 938.83
s BioTechnology
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Natural precipitation

The 30-year (1979-2008) statistical dataobtained
from theweather station of Yanjin County were used
for precipitation frequency cdculation and andyds. The
curve-fitting method was used to deducethe precipita-
tion frequenciesin median water years (P=50%) and
drought years (P=75%). C =0.25 and when C =2C ,
thetheoretical frequency curve matched theempirica
datapointspretty well, whichisshowninFigure 1.

According to theannual precipitation frequency
curve of the project demonstration area, the precipita-
tionin median water years (P=50%) is563.2 mm, and
that in drought years (P=75%) is481.4 mm. Accord-
ing to curve matching results, year 1994 was selected
asthe P=50% representative year with annua precipi-
tation of 583.1 mm and year 2002 was selected asthe
P=75% representative year with annual precipitation
of 497 mm.

1000
S~ 800 =y Qa=571.0
=8 hmgsdory Cs=2Cv=0. 5
£3 800 !&ﬂmqmmhm% i
B3 400
- o
S 3 200

0

0 10 20 30 40 50 60 70 80 90 100frequency (%)

Figurel: Theoretical precipitation frequency curvefor the project demonstration area

Thewater quality of degp groundwater isrelatively
good and suitablefor drinking. Yet, asitisdifficult to
rechargedeep wells, it isnot appropriateto exploit the
deep water resourceat alarge scale at thistime. The
project areaisrelatively rich inshallow groundwater
whichhasbeenexploiteda acertainlevd andismainly
for peopleand anima drinking and industria produc-
tion. Therefore, only theshalow groundwater resource
isevaluatedinthisstudy.

Shallow groundwater resource

Recharging sourcesfor the shallow groundwater
mainly include precipitation infiltration recharging, sur-
facerunoff (theYdlow River) infiltration rechargingand
surfacewater body vertical infiltration recharging. In
thelatera direction, rechargingisamost equivaent to
draining, that is, recharging offsetsdraining. Therefore,
thelateral directionisnot takeninto consideration for
andysisthistime.

Rechar gingamount from precipitation infiltration
(P)

Precipitationinfiltrationisoneof themainrecharg-
ing sourcesfor shallow groundwater, and recharging
amount can be ca cul ated using thefollowing equation:
P =0.1XP:a F,

WhereP isrechargingamount from precipitationinfil-
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tration (10* m®); P, isthe annual precipitationinthe
calculationregion (mm); o istheprecipitationinfiltra-
tion coefficient of theith subarea, and for thisestima-
tion, a.=0.2; F, istheareaof thecalculation region with
preci pitation infiltration recharging (km?).

Rechargingamount fromirrigationinfiltration (I )

Theirrigation method in the project demonstration
areaislow pressurepipdineirrigation. Part of theirri-
gation water evaporateswhile another part of thewa
ter rechargesthe groundwater. Thefollowing equation
isusedincdculation:

=2

Where, isirrigationwater infiltration recharging coef-
ficient for theith crop andfor rainfed crops, 5=0.20; |.
isthegrossirrigation amount for theith crop.

Lateral rechargingfromriversand canals

Laterd recharging from surfacerunoff mainly comes
fromtheYellow River. Intheproject area, the Yellow
River isaseasond stream. During theirrigation season,
aswater isin great demand, basically thereisno avail-
ablewater fromthe Yellow River inthe project area.
Therefore, water fromtheYelow River isthemanweater
recharging source.
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Latera rechargingamount isoneof thekey factors
influencing groundwater storage. Accordingto local
hydrogeol ogical data, the groundwater in the project
areagoesbasicdly inthesamedirection astheterran
therefrom northeast to southwest. Inthe project area,
the northeast-southwest boundary is8998 minlength.
Accordingtotheregiona balance method, the project
area is|looked on as one water storage entity when
caculating regiona boundary withinayear. Theequa
tionfor caculatingthelaterd runoff recharging amount®
isasfollows.

Q= KBIMt

Wheret istherechargingtime(d); K isthe permesability
coefficient (mmv/d); | isthehydraulic dopeof theground-
water; Bisthelength that thevertical groundwater goes
throughtheflow cross-section (m); M istheaveragethick-
nessof theaquifer (m); and Qisthelatera recharging
amount to thegroundwater from runoff (104 md).

Theexploitableamount of groundwater resour ce
Theexploitableamount of groundweter resourceis

themaximum quantity of water that can bewithdrawn
fromtheaquifer under the conditionsthat itiseconomi-
caly reasonableand technically feasible, that it won’t
causewater environmental problemssuch as continu-
ouslowering of thewater table, deterioration of water
quality, invasion of sesawater, and subsidence of land,
andthat it won’t have negative influences on the eco-
environment!. Accordingto the“‘withdrawing-recharg-
ing balance” rule, the exploitable amount in the project
areawasdetermined using the exploitableamount co-
efficient method:

W, = pW,
Where W, istheamount of expl oitable groundwater;

W istherecharged amount for groundwater; and pis
the exploitable amount coefficient, and p=0.9.

SUPPLY-DEMAND BALANCEANALYSES

Based on the above comprehensiveanalysisand
calculation results of water demand and exploitable

TABLE 3: Thecalculation resultsof theexploitablewater resourceamount of the proj ect demonstration area (unit: 10*mq)

Lateral permeation

Frequency Precipitation infiltration Irrigation input . Total Exploitable amount
from riversand canals
P=50% 618.48 148.20 322.78 1089.46 980.51
P=75% 537.77 183.30 347.61 1068.67 961.81

TABLE 4: Comparison of water resour cesupply-demand balancein theproject demonstration area

Water demand (x10* m®)

The maximum available  Water excess/deficit

Level Irrigation water supply (x10° m®)
year assurance rate Agricultural Industr Domesti Othe "
o Total (x10* m®) Excess deficit
irrigation y c r
759.5
2010 740.98 0 379 1482 980.51 220.93
759.7
2015 P=50% 740.98 0 3.93 14.82 980.51 220.78
759.8
2020 740.98 0 400 14.82 0 980.51 220.71
938.6
2010 916.50 0 3.79 1833 961.81 23.19
938.7
2015 P=75% 916.50 0 393 18.33 961.81 23.05
938.8
2020 916.50 0 400 18.33 961.81 22.98
s LBioTechnology
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water resourceamount intheproject demondrationarea
inYanjin County, comparison of water resource sup-
ply-demand balanceisshownin TABLE 4.

It can be seen from TABLE 4 that for the project
demonstration area, when P=50%, the amount of wa-
ter resourcethat can beutilized isgreater thantheamount
that isneeded, and avail ablewater resource can meet
theagricultura production demand. If theproject dem-
onstration area hasthe matching water conservancy
fadlitieswhich cangivefull performance, itishighly sure
that thewater demandin theproject demondtration area
can be met. When P=75%, water supply and demand
arebasically inbaancewithalittlesurplusand supply
isdightly higher than demand. Comprehensive analy-
sesshowed that rational development of thewater con-
servancy facilitiesin the demonstration areacan change
theorigind fiddswithlow and moderateyie dantofieds
with highyiddswhereirrigation can be guaranteed. At
thesametime, locd irrigation water use coefficient can
also beraised and water resource can befully and ef-
fectively utilized.

CONCLUSIONS

Water resource balance analysis for the project
demonstration areain Yanjin County showed that for
the status quo year (2010), whentheassurancerateis
50% or 75%, available water supply can meet water
demand. For the planning years of 2015 and 2020,

when the assurancerateis50% or 75%, availablewa-
ter supply isdightly in surplus. Indrought years, water
gap can befilled by increasing water recharging from
theYellow River or water shortage can be solved by
taking engineering or non-engineering measures such
asraising precipitation storage and yearsof effective
regulation.
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