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INVESTIGATION OF SYSTEM DESIGN CRITERIA AND THE 

CAPITAL COST OF VARYING DESIGN RETURN PERIODS 

FOR SOIL AND WATER CONSERVATION STRUCTURES 

D. Otim,  J. C. Smithers,  A. Senzanje,  R. van Antwerpen 
 

HIGHLIGHTS 
 Very few sediment yield events contribute to annual sediment yield. 
 Any rainfall, runoff, and peak discharge event has the potential to generate the most extreme sediment yield event. 
 Twenty year return period recommended for design of conservation structures. 

ABSTRACT. Design of conservation structures includes both hydrologic and hydraulic designs. Hydrologic design involves 
estimation of design floods which are required for the sizing of the hydraulic structures. The minimum recommended return 
period for the design of conservation structures is 10 years but due to the projected levels of risk, and the fact that a few 
large events are likely to be responsible for the majority of the erosion, the 10-year return period currently recommended 
may be inadequate. This study investigated system design criteria and the capital cost of varying design return periods for 
soil and water conservation structures in the sugar industry of South Africa. Observed rainfall data and results of runoff, 
peak discharge and sediment yield simulated using the Agricultural Catchments Research Unit (ACRU) model were utilized 
in this study. Relationships between extreme events of sediment yield and the rainfall, runoff and peak discharge events 
associated with them were analyzed and the capital cost of varying design return periods was also investigated. The results 
showed that only 0.2% of sediment yield events contributed up to 95% of the annual sediment yield simulated in the sugar 
production areas in South Africa and that any event of rainfall, runoff and peak discharge had the potential to generate an 
extreme sediment yield event provided the soil surface was not adequately protected. Based on a sustainable soil loss of  
5 t ha-1, the 20-year return period was recommended for the design of soil and water conservation structures. Furthermore, 
the capital cost implication of varying design return periods from the minimum 10-year return period ranged from an 
increase of 16% to 35% across the sugar industry. Therefore, given that soil erosion is associated with adverse effects on 
sustainable crop production and also increases in costs of replanting destroyed crops, the 20-year return period is recom-
mended for the design of soil and water conservation structures in the sugar industry in South Africa. 
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aterways and contour banks are widely used 
structures in soil and water conservation and 
their designs entail both hydrologic and hy-
draulic designs (Morgan, 2005; Otim et al., 

2019). However, it is recommended that soil management 
practices and agronomic measures are employed together 
with soil and water conservation structures for proper con-
trol of runoff and soil erosion from cultivated lands 
(Morgan, 2005; Sustainet, 2010; Krois and Schulte, 2014; 
Reinders et al., 2016). The aim of soil and water conserva-
tion is to ensure that the rate of soil formation is not ex-
ceeded by the rate of soil loss (Morgan, 2005) and, in the 
sugar industry of South Africa, sustainable soil losses are in 
the range 5 to 10 t ha-1.year-1 (Matthee and Van Schalkwyk, 
1984; Le Roux et al., 2008). However, most of the erosion 
occurs in relatively few events and consideration should be 
given to individual rainfall events which initiate key hydro-
logical responses such as stormflow and sediment yield 
(Schulze et al., 2011). 

Hydrologic design encompasses design flood estimation 
which is required for the sizing of hydraulic structures, 
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