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The volume balance and hydrodynamic models were used to simulate the advance phase of irrigation in level basins, To evaluate the accuracy of the models, the simulated advance time and water application efficiency were compared with the field data. The volume balance and hydrodynamic models underestimated the total advance time by 16 min (10%) and 8 min (5%), respectively. For complete irrigation. both models resulted in water application efficiency of 72.9%. Because the downstream end of the basin was under-irrigated, water application efficiency (80.6%) was higher in the field. Under the conditions examined, both the models were comparable in predicting advance time and application efficiency with an acceptable degree of accuracy,

INTRODUCTION
Level basin irrigation is a surface method, whereby a controlled amount ofwater is applied to a precision leveled soil surface, typically leveled to have no slope in any direction. over a short time period (Erie and Dedrick, 197(..) Dedrick et al_ 1982). Most of the infiltration takes place after the advance phase has been completed. Following the time of advance. the continuing inflow will increase the depth of surface water_ At the time of cutoff, water stored on the surface will continue infiltrating until the time of recession. The recession is assumed to occur at about the same time over the entire basin (Clemmcns et al.. 1981). Hence, this is a more static process rather than the dynamic process associated with surface irrigation in graded fields. The above implies that the advance phase is of vital importance in determining system performance especially in level basins where runoff is not permitted_
 (
37
)Over the last two decades, mathematical models have been proposed and developed lo design and manage level basins. They vary from the simple volume balance model based on the mass conservation to the more complex hydrodynamic model based on the Saint-Venant equations for unsteady spatially varied flow in open channels, The volume balance and hydrodynamic models are discussed in detail by Walker and Skogerboc (1987).
The computational complexity and smaller time step required to improve the accuracy of the hydrodynamic model increases computer time and cost. For advance phase, computer time is estimated to increase as the square of the number of time steps used (Clemmens and Fa ngurieier, 1978), On the other hand, the volume balance model does not involve any computational complexity, and can be solved inexpensively by a pocket calculator. Further. simple but accurate models have potential for their practical use in designing and managing surface irrigation systems_ Therefore, this paper is intended to compare the volume balance and hydrodynamic models for the prediction of the advance and resultant application efficiency.
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MATERIALS AND METHODS
The field data on a level basin were obtained from Guardo (1988). A level basin of 141.7 m length (L) was irrigated with a unit inflow rate (q) of 2.16 Ipsim for the duration (L) and advance time (tL) of 152 min. The soil moisture deficiency or required depth of irrigation (Z) at the time of irrigation was measured as 11.20 cm. The Manning's roughness coefficient (n) was estimated to be 0.288. The soil intake rate was characterized by the following equation:
Z	+ 0.00016t (1)
where z is infiltrated depth in mm and t is opportunity time in minutes.
A computer program in FORTRAN was developed for the volume balance method to simulate ti; For the hydrodynamic model, a surface irrigation simulation software (SIRMOD) developed by the Utah State University (1988) was used. To simulate tL. the time of cutoff option was chosen for the flow control in SIRMOD. For this purpose, obtained from the volume balance model, based upon a complete irrigation, was used as an input to SIRMOD,
RESULTS AND DISCUSSION
Time of advance: The observed and simulated values of 1 are listed in Table 1. As compared to the observed t, of 152 min, the simulated 1L were 136 min and 144 min for the volume balance and hydrodynam. models, respectively. For the given length of 141.7 m, the volume balance and hydrodynamic models underestimated t„ by 16 min (10%) and 8 min (5%), respectively, as compared to the field observation,
 (
38
)The field conditions can not be as uniform as assumed in the models, Values of slope. ation over a field even under the most uniform conditions (Fangmeier and Strelkoff, 1979). A slight deviation in the field advance curve at a distance of 80 m can be observed from Figure 1. This deviation in the advance curve could be caused by local differences in slope, roughness andior infiltration rate. It appears that the faster advance, simulated by the models, was the result of spatially uniform field conditions assumed in the models.
Comparison of the total advance times showed that the hydrodynamic model simulated tL more accurately than did the volume balance. Figure 1 shows that the difference between the two models increased with the advance distance. Therefore, one has to be careful in using the volume balance model in designing and managing very long basins. On the other hand, the volume balance simulated advance time agreed reasonably well with the hydrodynamic one over the short advance distance.
Application efficiency: Table 1 shows the observed as well as simulated time of cutoff. water application efficiency and water requirement efficiency. The inflow to the basin was cut off 152 min after the irrigation started. The post-irrigation profile of infiltrated water over the length of the basin resulted in E. of 80.6% and Er of less than 100% (under-irrigation). Water requirement efficiency of 100% could be achieved if the inflow to the basin could be continued beyond 152 mitt. However. extending the time of cutoff would lower the observed application efficiency from 80.6%.
Table 1. Comparison of volume balance and hydrodynamic models with field data
1.0	it	E. Er
1psim min min % %

	Field data
	2.16
	/52
	152
	80.6
	<100

	Vol. balance
	2.16
	168
	136
	72.9
	100

	Hydrodynamic
	2.16
	168
	144
	72.9
	100
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)The complete irrigation condition simulated by the Volume balance model resulted in Ea and t. of 72.9% and 168 min, respectively. For I of 168 min, the hydrodynamic model also resulted in a complete irrigation at an application efficiency of 72.9%.
In conclusion it appears that for the data examined, the volume balance and hydrodynamic models were equally good in simulating the performance of level basin irrigation systems. However, the advantage of the volume balance model is its simplicity and hence ease of calculations.
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