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Low-lying Paddy Area 
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Kyushll University, Hakozaki , Higasld- ku, f ukuoka 812- 8581, JAPAN 

(Recei1}ed July 30, 109£) a.nd (l.ccepted August 2 4, 1999) 

Thi~ paper presents results of a case st.udy a ll reused ,\-'ater effect on the irrigation "'-ater 
quality in a low- IJing paddy area 'with creek net\vorks. The study , .... as conducted through the 
prot;edure of observations on the increment values of \vaLer quality indices (6.COD, bEe and 
Ll T- N) at arbitraT}' poinL" ill cre~ks from their primary values of the original irrigati(m 'vain ill 
the main c:anal. Thc anal.ysis "''as carried ouL oy vlotling the increment values of those water 
quality indices corresponding t.o t.he Tf~IIse< 1 war.~r that was scated in tcnn of content ratio of 
t.otal retu rn flow (eTR). The value of e TR was defi n~d as th~ ratio o f total return flow to the 
total arnounl of water ill a creek network. The resuJts show that in fine days, Ll COD and Do EG 
perform t.he same tendency of Ule relalioH to ret·urn now, tJle vaJue increases in line to raise i.n 
e TR. In rainy days, the increase of CTR will also increase .6. COD and 6 EC. But if CTR over 
70'~ , the change value of hOtll water quality indices tend La del.:rease. For':)' T-N, the plotted 
da ta are ve ry scattered and the value nucturt t.es JU)gativcly and positively sllOwing the 
purification process and the polluling action oc;cur in paddy fields. Among the considered water 
qualit.y pararne l.er~, it can be observed that the most severe indf>x is COD, ,\vhich recommends 
Lhe val ue of CTH. should not be higher than fi5%. 

K ey words : Re1J.<.;ed water, Conte/a mt'io qf h''rigat'ion returnJlou), Water GUiltiLy 

lN TROD UC TI ON 

Water quali ty is an important factor affect.ing the yields of water allocation and 
drainage control in an irrigation system. [f water reuse exists, il needs much more to 
have a care on the irrigation water quality, because returned water may have severe 
impact on some water quality indices relat.ed to the e~sting crops. 

This paper present s results of a study on such phenomenon for analyzing the 
relationship between the irrigation return now and water quality ehanging. The goal of 
the study is to obtain the valuable evaluation on the characteristics of the water quality 
changing due to the operation of reused water irrigation system in the considered area, 
Performance of the water quality changing needs to be 'clarified by considering not only 
the existenee of reused water, but also other related fac tors such as rainfall, fertilizer 
application and the growing stages of paddy plant, 

DESCRIPTION OF THE SURVEYED AREA 

Geography and Climate 
The study was carried out as a case study at a low- lying paddy area in the Oide 

district, being a part of the Kase River Irrigation System. The surveyed area is located in 
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the low-lying Saga plain facing the Ariake bay on the island of Kyushu, suuthwest JapaIl. 
Geographically, the area is very flat and just alluvial. The district is an artificially 
reclaimed area that is suitable for agricultural fields. The climate in this region is mild; 
v..ith the annual rainfall is around 1,800 nun. In paddy planting period, the average daily 
temperature is 23.7 "C, \vhile during non-paddy season it drops to 11.6 "C. As these 
condit.ions, the district is very suitable for paddy cultivation in swnmer season and it is 
called one of foremost granaries in Japan. 

Water Resources System and Layout of the Irrigation System 
Fig. 1 depicts the general scheme of the water resources system. The main resource 

is water storage in the Hokuzan resenToir 'with release and lateral inflow from the river 
basin being controlled by a regulating dam. Irrigation water for the Kase River Irrigation 
System, including water supply for the Oide District is taken from the Kawakami 
diversion, which flows to the delivery gates to each block of the creek network throughout 
the main canal system. A particular subject is the water operat.ion in a creek-fields 
system as described in the following section. 

N 

o 

PlKldy neklsllre. wilt! creek networks 
beIng II Pllrt 01 the Ollie distrlct 

Ariakl'l bay 

Fig. 1. Scheme of the water resources system 

The Oide district comprises of eleven blocks of low-lying paddy area with creek 
networks as illustrated in Fig. 2. The considered area is the lower part of left side of the 
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main canal which consists of five blocks namely C, D, E, F and G, from upstream side to 
clO\vnstn~am sirie rp.~pectively (Fig. 2.a) . 

The creeks were originally waterways in the swamp that performed canal net.works 
inside the block area after reclamation. As shown in Fig. 2 .b , a creek-fields system is 
characterized by the existence of water circulation between creek and the cultivated area 
in which surface runoff, seepage runoff and over supplied water of irrigated fields return 
again into creek networks. In this concern, a particular mention is the reuse mechanism 
of irrigation return flow, which intensively occurs in paddy fields and greenhouse. 
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(a) Layout of the irrigation system 

Block 0 enM1ll network 

, 
(b) A creek-fields system 

Fig. 2. Schematic repre~ental ion of the irrigation system layout 

The operat ion of irrigation water is conducted by temporarily storing water in creek 
networks. The water level in creek is alwaYR lower than the irrigated fields. Therefo re, a 
pumping system of irrigation water is usually applied. From Fig. 2.b it can be seen that 
circulation of the water reuse is performed not only witttin the creek-fields system of 
each block, but also among the blocks in which runoff from the upper block flows as 
irrigatj oll water supply to the lower block of creek net\vorks . Therefore, runoff from a 
concerning block to its lmver area is an important data for analyzing the reuse mechanism 
of irrigation return flow. 

P RO CED URE FOR ANALYS IS 

There were three main activities of analysis have been carried out as shown in Fig. 3 . 
First is water balance analysis using an appropriate complex Tank model (Jayadi , Fukuda 
and Kuroda, 1998) for simulating the cy clic wat.er in t.hp. irrigated area. The main purpose 
of using the model is to find out the acceptable values of surface and sub surface runoff 
that flow into creek storage as return flow components. For each block of irrigated area 
t.he model consists of six sub Tank models that applicable for paddy fields, upland fields, 
greenhouse, settlement area, main canaJ and creek. 

Second is simulation of return flow content ratio using a conceptuaJ model based on 
the simple water balance approach (Jayadi , Fukuda and Kuroda, 1998). The calculated 
components of returned water and the simulated waler depths in creeks were used to 
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simulate the daily content ratio of return flow as explained in the next chapter. 
The last st.ep is observation of the impact of the 'vater reuse on the water quality 

using the simulation output of the daily content ratio of return flow and the measured 
water quality indices. Field measurements were carried out in the regulating reservoir, 
the main canal and creeks. Measuring items were air temperature (T), dissolved oxygen 
(DO), pH, suspended solids (S8), chemical oxygen demand (COD), eledric conductivity 
(EC), total nitrogen (T -N) and total phosphate (T -1'), As paddy rice is the main crop, 
the analysis was focused on the increment values of COD, EC and T ~N at arbitrary points 
in the creeks from their primal1' values of the original irrigation water in the main canal. 
These increment values \vere defined as 6.. COD, .:lEe and D.. T -N. 

For the analysis, hydrological data, meteorological data and measl)ring water qualities 
at some representative points were exploited for both model calibration and water qualit.y 
assessment. Those kinds of data were collected by periodically field surveys and labo­
ratory- works. 

I 
Periodically field survey for 

I collecting the observed data 

J. J. J. .. .I. 
Water sampling Discharges at Creek water Rainfall at some Meteorological 
& field water some concerned level at some representative data 
quality measu- points concern8d points (T, h, U2, Ra, n) 
rement (main canal and points (digital AWLR) 
(T. DO. DH. Eel ~I)k~) (dl!j!IUI!I A.WLR) 

J. 1;;---~ Calibration of Tank model 
for analYSing cycliC using U1e approximated values 

\. water In U1e system ) of daily runoff In the creeks 

~ 
Laboratory work Simulation of now dlstr1butlon 
for measuring indices =nd r'.mcf'! c!:m;:~m~~ In the 
of T-P, T-N, COD and whole system 
SS 

! 
A conceptual model } Slmu/atJon of the daJly surfaCIJ 
of the return ftow runoff and sHpage runoff 
content ratio retum now content ratio 

~ 
Analysis on ~ simulated 
con,."t rat/a of retum flow 
and Its Impact on cha~ 
In nrer q,.,1ty 

Fig. 3. Diagram of procedure for analysis 
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A CONCEPT UA l. MODEL OF RETURN FLOW CONTENT RATIO 

As return flow co mponents have been calculated by th e complex Tank model, a 
simple logical treatment can easily be applied to develop a conceptual IIlodel of return 
110w content ratio as represented in Fig. 4. The calculated components of returned water 
and the simulated "rate r dcpths in creeks \ .... ·cre used to sim ulate the daily content ratio of 
return flow. 

The returned water was divided into t\'"O components of return flow, stated as surface 
runoff return flow and seepage runoff return flow. The remaining component of flow in 
creek was treat.ed as original irrigation water. The content ratio of each component of rebml 
now "vas calculated lAi th respect to thc total amount. of stored waler in creek. Therefore, 
the total value or these content ratios is equal to onc. In this study we deflned the ratjo of 
total amooot of surface runoff and seepage runoff return flow to the total amount of water 
stored in each creek network as the content ratio of lotal return flow (eTR). 

Fig. of. A COIICp.ptual model of return flow content ratio 

The results are expressed in equations (1), (2) and (:1). 

he . Rsp •. > • lOAc, + Qsp, + Qinc, . Rsp'U, Rsp, = 

Rsr. = 

he, ' 1 0.4.c, + Qout, 

he,.>' Rsr. ,· 10Ae.+Qsr,+Qinc.· Rsru, 
he, ' lOAc, + Qout, 

(1 ) 

(2) 

Ro, = 1.0 - Rsp. - Rsr. (3) 
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Rsp, Rsr are the conteJll ratio of seepage runoff and surface runoff re turn flo w, 
respectively. Rspl.,(, and Rsnt are expression of the content ratios, which are applied for 
t1O\v from the upper block. Ro is the content ratio of original irrigation water . Qsp and 
Qsr are discharge of seepage runoff and surface rWlOff return flow! respectively. Qoul is 

t he '\-vater flows to the outside of the concerning block. Ac is the average area of creek 
storage at water surface and he is creek water depth. Q'inc is water flow [rom the upper 
block of creek network. Subscript -i means the day of concerning calculation period . The 
e TR is equal to Rsp + Rsr. 

RESULTS AND DISCUSSION 

The Daily Content Ratio of Return Flow 
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Fig. 5. The daily content ratio of return flow, 1997 
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Fig. 5 shows example of the simulated dally content ratio of return flow in the year of 
1997. From the figure it is seen that during paddy season, both the content ratio of 
seepage rW10ff (Rsp) and t he content ratio of total return flow (eTR) were higher than 
those in non-paddy season_ Surprisingly) e TR of each block in a rainy day could reach a 
value more than 80%. In fine days, the erR decreased \\-;th the minimum values was 
about 50% in block C and D, 60% in block E and F , and 65% in block G. 

It can also be seen that in a fine day Rsp is the dominant part of the return flow. But , 
a certain amount of slU"face runoff appears in a rainy day_ This feature clearly indicates 
that paddy fields release the seepage runoff return flow intensively due to the high rate of 
percolation . As farmers are usually keep the depth of water pond within the required 
amount of \vat.er

j 
such phenomenon was reali z.ed by the analysis . 

In the period of non-paddy season, paddy fields change to be the cultivated areas for 
upland crops such as wheat , barley and onion) \,,-hich require a linlited supply of irrigation 
water, so t hat the runoff resp onse depends on the rainfall. The figure also clearly 
expresses such hydrological process in which the surface runuff return flow fits well to 
the rainfalL 

Alteration of the Measured Water Quality Indices 

o : lite, CIIIa l it)' • ..,1 i,.. s ilA 

Ariake bay 

Fig. 6. Locations of water quality measurements 

._-----_ .. _------
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Field '~lorks and iaboratoIY measurements of water quality \vere periodically carried 
out for both during irrigation and nOll-irrigation periods (paddy and non-paddy seasons) 
of 1997. I\,.leasurement points are shown in Fig. 6, i.e., at main canal and creeks. 
Concerning the study is focused in paddy rice cultivation; in this study we selected 6 
locations of sampling sites in vv'hich the observed data are representative of water quality 
characteristics of the study area. Measurement point 2 (L2) located at the upstream 
reach of the main canal, while the others distributed along creek net1v'orks from the most 
upper block to the lowest block. Locations 6 and 8 are located at Honjo and Tanaka, 
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respectively. Measurement points 11 (Dai.iu 1) is situated in the downstream reach of 
creek network, while points 13 (Daiju2) and 14 (Daiju3) are located at the lowest block of 
paddy fields area of the aide district. 

Fig. 7 shows graphs of the measured waLer quality versus sampling site for the 
indices of chemical oxygen demand (COD), electric conductivity (EC) and total nitrogen 
(T-N). According to the water quality restriction index for paddy rice cultivation in 
Japan (Tabuchi, et aI, 1998), several points were emphasized. From the figure can be 
observed that the value of COD t.oward dmvnsLream tended t.o increase and so its 
fluctuation as well as the variation. In Honjo and Tanaka, the fluctuation of COD values 
vl'~as relatively small. But at the downstream area of Daiju (Lll, L1:~, and L14) shown the 
great increase of COD that extremely over the limit particularly at the Daiju2 and Daiju3. 

The value of EC toviTards t.he dOVl'llstream tended to increase exponentially. From t.he 
upstream reach point up to Tanaka the graph shmvs insignificant variation and fluctuation 
of EC values, but at its lower region the values increase drastically that could over 
5,OOO.uS/crn. The graph also shows the characteristics ofT-N index that in the upstream 
and downstream part performed highly values as well as its variation and fluctuation. The 
fluctuation ofT-N value seems increase drastically, particularly at the downstream point.s. 
Similar to the appearance of COD values measured at creeks, the Imv values of T -N \-verc 
found only at Tanaka and Honjo. 

Generally speaking, it can be said that the values of wat.er quality index observed at 
the downstream area are commonly high. It caused by the relatively Ulllilovable water 
that leads to decrease in quality. In addition is polluting action due to the reuse cycles of 
irrigation water, in which the polluted return flow by some chemical substances is 
accumulated in creek storage. It. indicates that the reused water irrigation system may 
cause severe impact on water quality. 

Assessments of the Relationships Between Return Flow and Water Quality 
Changing 

To make clear the influence of the reused \-vater on the irrigation water quality, the 
measured water quality indices ell COD, Ll. EC and Ll T-N) were plotted corresponding to 
the eontent ratio of total return now (CTR). Fig. S shows graphs of the observed data of 
the water quality changing corresponding to t.he calculated retUTIl flow content ratio for 
the paddy season of 1996-1997. 

In general, it can be seen that Ll COD and Ll. EC shmv the similar tendency of 
relationship to eTR. I30th of the measured water quality indices tend to increase in 
accordance ",ith increase in CTR value. In the case of Ll. T -N, its relation to CTR does not 
show the distinct trend. The plotted data are very scattered, particularly during fine 
days. LlT-N fluctuates negatively and positively from -1.4 to 2.5rngll, which shows that 
paddy fields perform purification and pollution processes of nitrogen. 

In evaluating the influence of the water reuse on the irrigation water quality, we used 
the restriction indices for paddy rice cultivation that applicable in Japan. These rcstrided 
values are 6.0mg/! for COD, 300,uS/cm for EC and 3mgil for T-N (Tabuchi et aI., 1998). 
The ]Jrimary values of COD, EC and T-N are around 2--3rngil, 60-90,uS/cm and 1-2mgil, 
respectively. It means that the maximum acceptable values of il COD, il EC and il T-N 
are around 3.0mgil, 200p.S/cm and Img/!, respectively. From Fig. 8.a and S.b it can be 
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observed that the maximum values of eTR corresponding to Ll COD and .6. EC are around 
55% and 60%) respectively. It was fOWld that the observed value of T-N which higher 
than 3 rng/l was very rare (see Fig. S.c). So it can be concluded that the most severe 
index is COD, which recommends the value of eTR should not be higher than 55%. 

To see more detail on such phenomena, it is necessary to observe the relationship of 
the two factors in fine days and in rainy days observation period separately. Fig. 9 can be 
used for obtaining a more clear assessment of characteristics of the water quality 
changing towards the reused water. 

It seems that in usual fine days, '" COD and '" EC have the same tendency of the 
relationship to the return flow. Fig, 9.a and 9.b clearly show that the change value of the 
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two water qualit.yindices increase in accordance with the increase of CTR. In this period, 
the seepage runoff return flow is much higher than the surface runoff return flO\.\l which 
shows that lIDclean water of seepage runoff return flow originates from paddy plots and 
settlement areas flow out intensively, hut the amount. of surface runoff return flow is very 
small. Consequently, stored \vater in the creek performs pollution action stronger than 
the dilution process. 

Fig. 9.c describes pattern of 6. T -N in usual fine days. The fluctuation of total 
nitrogen in paddy plots is highly affecLed by the capability of paddy plant in consuming 
nitrogen. The negative values of '" T -N appear in the end of .June and the middle until 
the end of August, in 'which the nitrogen absorption reaches the maximum rate. Although 
the end of August is t.he fertilizing period, but if there is no rainfall, the effert of nitrogen 
absorption is higher than the influence of the supply of nitrogen from the fertilizer 
substance. For the other periods of fertilizer application (July and the beginning of 
August.) , LJ. T-N have positive values due to the Imv rate nitrogen absorption by paddy 
plant and the supply of nitrogen contained in ft~rtilizer matter. 

As shovl/Il in Fig. 9.d ancl9.e, during the rainy period both D..COD and D..EC perform 
the double trends of relationship to eTR. The increase in eTR up to 70% causes the 
value of LJ. COD and D.. EC rise, but ·when the value of eTR over 70%, t.he change values of 
both \-vater quality indices tend to decrease. This feature is verified by the identified 
chnracteristics of the daily return flow obtained in the previous study (Jayadi, Fukuda and 
Kuroda, 1998) shov..ing \vhen the abundant rainfall occurs: eTR value will be higher than 
70% due to the large value of surface runoff retun l flo"v _ In this condition, the influence 
of dilut.ion is more dominant than the pollution effect, so that the concent.rations of COD 
cont.ained in creek water tend to decrease. Moreover, when there is a heav~y rainfall 
occur, salinity of stored water in the creek will decline due to the decrease in 
concent.ration of salty substances contained in creek wat.er. It causes the value of EC to 
decrease. This phenomenon conforms to the observed data shm\oillg that. the low values 
of d COD and dEC occur in heavy rainy days. 

Fig. 9.f shmvs that. in rainy days, pattern of the change in il T -N \lIcith respect to eTR 
seems to be a linear relationship. In this period, process of nitrogen absorpt.ion in paddy 
fields also contributes significantly ill determining the concentration of total nitrogen in 
the creek water. The high posit.ive values of D. T -N occurred in the beginning of july and 
August, because there was much rainfall just after fertilizer application. The nitrogen 
contained in \~later pond of paddy plots \-vas transported to the creek storage by the 
surface runoff ret.Ufn flow. On t.he cUIl.t.rary, in tbe end of August in \vhich the nitrogen 
ahsorption fate was high and there v .... 'as not so much rain that. resulted in a small amount 
of surface runoff return flow only. Because of the stronger effect of the high absorption 
rate than the influence of polluting action, the values of D.. T -N were negative. 

CONCLUSIONS 

The study so far presents the results of evaluation on the reused water effect to the 
water quality. Even though with the existence of the creek networks inside of the irri­
gation area the water reuse can be implemented for conserving the water resources, but it 
\\.'as proven that this method could give negative effect on the irrigation water quality. 
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The negative effect of the reused water to the irrigation water quality is sho\','l1 by the 
appearance of unsuitable value of water quality indices , COD, EC and T ~N that exceeded 
the restricted value for paddy plant. Among these parameters, the most severe .index is 
COD, which reconunends the value of e TR should not be higher than 55%. 

Further study is necp.ssary to fin d t.he valid quant itative formulation of such 
r"lat.ionships, such that the important factors affecting the irrigation water Quality can be 
incorporated for es tablishing a more reliable operat ing rule of water allocat.ion and 
drainage control in the considered irrigation system. 
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