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6 ABSTRACT

7 Fish is one of major sources of dietary proteiiligeria, as such; private and public fish

8 ponds abound across the country. Fish pond owresssthe country face multiple

9 problems such as seepage, ponds overtopped, satxsjdike crack, reduction and

10 settlement and piping which often results in dexlimfish production and loss of investment.
11 Thereforg the problems confronting the farmensistbe addressed. To mitigate the

12 problems, pond must be propedygsignecand constructed. This study assessed the basic and
13 technical parameters needed for adequate pondndasdyconstruction. Types of fish pond
14 and its components were included hearting and coitepffs; upstream clay blanket; filter

15 blanket; seepage drains; berms and loading berstragm and downstream slope

16 protections; and relief well were highlighted. Ttbpography, water source, soils, vegetation
17 and climatology and its important and effects ongdesign and construction were

18 examined. This study also examines the parameteden for safe design and construction.
19 One must keep in mind that the ideal site is nwagb available. A universal pond design

20 may not be adequate in many situations; theretmre design is not practically feasible.

21 Deficiencies of the site are often mitigated by imgla series of choice of components.

22 Before installing a pond, it is important to rememthat no pond will be maintenance free.
23 However, upkeep can be minimized with good desigh@nstruction

24 Key Word: Pond, design, construction, basic antri®al factors, components, mitigation

25

26 1 INTRODUCTION

27 Pond is a body of standing water, either naturalrtficial, that is usually smaller than a

28 lake. They may arise naturally in floodplains ag péa river system, or they may be

29 somewhat isolated depressions. Usually they costafiow water with marsh and aquatic
30 plants and animals. Ponds are frequently humartrembed. A wide variety of artificial

31 bodies of water are classified as ponds. One ofibst important features of ponds is the

32 presence of standing water, which provides hafitatvetland plants and animals. Pond

33 provides an important source of biological diversitlandscapes. Pond is defined as an

34 artificial structure used for the farming of fishis filled with fresh water, is fairly shallow

35 and is usually non-flowing. Wokoma et al (2001)atésed the pond as an earthen vessel for
36 collecting and holding water with dikes and bottsail to reduce seepage to a barest

37 minimum. Pond fish culture refers to the farmingl &wusbandry of fish under controlled or

semi controlled conditions. Freshwater fish porftediaccording to their

38 sources of water,

39 the way in which water can be drained from the poimel material and method used for

40 construction and method used for fish farming (&ja2003).In fish cultivation a pond is

41 fairly shallow water used for the controlled fargiof fish and laid out to facilitate easy and
42 complete drainage (Huet, 2002). This definitionledes water contained in such structures
43 as pools, natural ponds, and lakes which canndtdieed and in which fish are caught with
44 lines, traps or nets. Pond can be described aartirea vessel for collecting and holding

45 water with dikes and bottom soil to reduce seepageminimum. Pond functions to

46 increase fish production at levels far higher ttieat obtainable from capture fishery.

47 Globally, the most important service provided by gond, at many scales, is the production
48 of fish and other wildlife. These are often alssasirce of food for humans as well as an



49 important source of recreation. At the same tifesé ponds help maintain water quality by
50 recycling nutrients. Selection of a suitable sitethe pond or series of ponds is a critical

51 consideration in pond culture. Often, more than siteeis available each site should be

52 studied to determined which is the most practioal @conomical. If all sites are unsuitable,
53 the project should be abandoned. Many farmers falesl because ponds were constructed
54 at an unsuitable site. Ponds can be conveniertlypgd into three basic types depending on
55 the way the ponds fit in with the features of theal landscape. Bolorunduro and Awelewa,
56 (2001) and Ronald, (2013) highlighted the pertirfantors in pond design and construction
57 are soil, water sources, topography, climatologiaatl vegetation. Generally, water sources
58 for ponds include rivers, stream, spring, wellggboole, rain and underground water

59 (preferably close to water table). Water is the iomadfor fish growth and it is the major

60 limiting factor in fish culture. Garg, (2013); Bajee, (2001); Boyd,(2009); Huet, (2002) and
61 Kumar, (2004), enumerated water source effect owl glesign and construction as follows:
62 Water source imfluencingthe water quality could be the determining factopond

63 productivity; determines the size and structurahposition of the pond; determines the

64 adequate water quality data that will pinpoint ldanel of treatment needed in a given area;
65 pond sitting strictly depends on water source ardability; determines the species to be

66 cultures, and the depth of pond. Soil can be desdras a vessel for collecting and holding
67 water for pond bottom to reduce seepage to a mimindthis property with respect to pond
68 efficiencyis extremely important and sometimes ranks as &sgivater quality parameter.

69 Soils are important in that they determine theadility of sites of ponds, determine pond

70 productivity and water quality. It also influendbg species to be cultured in a pond and the
71 cost and duration of pond construction (Coche, 2@@&he and Muir, 2002, and Kumar,

72 2004). The importance and effect of topographydnddesign and construction were listed
73 by Coche, 2006; Coche and Muir, 2002, and Kumad42@as follows: The type of pond to be
74 constructed; the quality of earth materials to teot filled; the position of structural element
75 such as inlet and outlet structures; the volumthefearth to be removed at the various points
76 in the pond; the labour cost; the side slopes®fiike; the arrangement of fish ponds at any
77 particular fish farm site, and method of fillingcadrainage of the pond. Climatological data
78 are classified into meteorological and hydrologitaia. The important of climatological data
79 was highlighted by Coche, (2006) that it helpshim ¢stimation of height, size and capacity
80 of dike and also influences the choice of pond ldeid pond location. In the coastal area,
81 the presence of vegetation has sometimes beerfarsthe assessment or an indicator of soil

property. The presence of red mangrove Rhizophgravas identified2 with highly acidic

83 nature of the soil in the prevalent area (Singl®,720The presence of Nypa- fruticans and

84 Meleuca especially in tidal brackish waters wersenbed (Singh, 2007). These species were
85 assessed to be strong indications of acid suluale while Avicenia was generally

86 associated with less acidic soils. Ponds are fmrikh variety of reasons, but two basic rules
87 remain the same no matter where the pond is loc@iterlpond must be sited on suitable soils
88 and properly constructed to retain water, and thkoaild be enough water available to fill

89 the pond, but not so much that the pond contindkaiys over. Because of these

90 requirements, careful attention and expert adwcpand site selection and construction are
91 essential. Poor site selection is the result dhadequate site investigation and improper

92 design and construction of pond structure havenditen the causes of failures on fish

93 culture. The dearth of qualified and experiencealdpdesign and construction was frequently
94 mentioned by most investigators but the situatsopairticularly serious in developing

95 countries. Prospective investors into pond culaweeusually discouraged with the negative
96 experience of past practicing fish farming mosivab have fallen victims of quack

97 aquaculturists. This study was performed to prowdsic and technical considerations on



98 earthen pond design and construction for fish fasme

99 2 Basic factorsin pond design and construction

100 Selecting a suitable site for pond is important prediminary studies are needed before final
101 design and construction. Analysis and selectigmooid sites should be based on landscape
102 structure and associated ecological functions agaliater source, climatological data, soils
103 and vegetation (Boyd, 2009; Pillay, 2003; Coch&&®inha and Ramachandran, 2001;
104 Huet, 2002; Coche and Muir, 2002, and Kumar, (2004)

105 2.1 Landscape (Topography).

106 The topography of a land is determined by survéxe importance and effect in pond design
107 and construction as follows:

108 (1) It helps to determine the shape, size and ¢yplee pond

109 (2) It helps to determine the quantity of earthextarials to be filled or cut

110 (3) It helps to determine the position of strucketaments such as inlet and outlet

111 (4) It helps to determine labour cost

112 (5) It determines the arrangement of fish pondmatparticular fish farm site

113 (6) It influences the method of filling and draieagf the ponds

114 (7) It helps to determine the characteristics df(ssloping land has shallow soil, while

115 flat land has deep soil)

116 (8) It determines the degree of erosion and amoLswil particles in the pond especially
117 steep longitudinal and large catchments.

118 2.2 Water Source

Generally, water sources for pond include rivetrgasn, spring, wells,19 bore-hole, rain
120 and underground water (preferably close to watde}al he important of water sources
121 on pond sitting as follows:

122 (1) It determines the level of pond productivity

123 (2) It determines pond depth

124 (3) It determines type of pond

125 (4) It determines the size and structural compmsitif the pond

126 (5) Pond sitting strictly depends on water sourtg availability.

127 (6) It influences the species of the fish to bdureld

128 2.3 Climatological

129 The importance of meteorological and hydrologictih{atological) data as follows;
130 (1) It helps in the determination of height, sipel @apacity of dike

131 (2) It helps in determine amount or volume of wateeded in the pond operation
132 (3) It influences the choice of pond and location

133 (4) It helps to determine the structural comporadiihe pond

134 (5) It influences time of construction.

135 2.4 Soils

136 The importance of soils is as follows:

137 (1) It determines the suitability of sites for pasetting

138 (2) It determines pond productivity

139 (3) It determines structural composition of the ¢ghon

140 (4) It influences cost of design and construction

141 (5) It determines level of pond management

142

143 2.5 Vegetation

144 (1) It is used for assessment or indicators of m@perty.

145 (2) It influences the cost of pond construction

146 However, accessibility, proximity to markets foragultural products, availability of



147 suitable materials and labour, security of fag#tand cost of power must be considered.
148 2 Pond Types and Components

149

150 2.1 According to the construction method

151

152 Primarily, and in term of design and constructipornds can be classified in two groups,
153 namely; embankment and excavated ponds.

Embankment ponds impound water primarily abovegtioeind level. Thias4 type of pond is

155 best suited to sloping locations. Surface watesigally relied on to fill these ponds.

156 Excavated ponds also called sunken or Dug-out pareldug into the soil so that water is
157 impounded primarily below ground level. Such pondemally are constructed on relatively
158 flat lands where embankment ponds would be impraktEither surface water or ground

159 water seepage fills the excavated reservoir. Pumgger can be used as a primary or

160 supplemental source of water for either pond tyfmmvever, because of the expenses

161 involved. It is usually best to choose a site whmrmping can be minimized if not avoided
162 altogether. Successful construction of either tyfppond depends on the capacity of the soils
163 in the reservoir area to hold water and to prowidéle side-slope and dikes. Sites must be
164 carefully selected.

165 2.2 According to the water source

166 Spring water pond and seepage pond are fed by dnwater. Rain-fed ponds are supplied
167 from rainfall and runoff only. Ponds fed from a emabody such as stream, a lake, a reservoir
168 or an irrigation canal are called Barrage pond.iff fed directly by water running straight
169 out from water body to the pond or Diversion poimdliectly) by water entering a channel
170 from which controlled amounts can be fed to thedo&ump-fed pond as the name applied.
171 2.3 According to the means of drainage

172 Undrainable ponds; which cannot be drained by tyaldrainable pond; which can be

173 drained by gravity, because, it is set higher tienevel to which the water is drained.

174 Pump-drained ponds, which may be drainable by tyr&wia certain level and then water has
175 to be pumped out.

176 2.4 Accor ding to the construction materials.

177 Earthen ponds; which are entire constructed froilmsaterials. This paper deals primarily
178 about this type of pond. Walled ponds are pondallyssurrounded by blocks, brick or

179 concrete walls. Sometimes wooden planking or catedmetals is used. Lined ponds, are
180 earthen ponds lined with an impervious materiahsag a plastic or rubber sheet purposely to
181 control seepage.

182 2.5 According to the use of the pond:

183 There may be different types of pond on the farm,

184 each used for a specific purpose: Spawning porrdsiéoproduction of eggs and small fry;
185 nursery ponds for the production of large juvenite®od ponds for brood stock rearing;

186 storage ponds for holding fish temporarily , ofteior to marketing; fattening ponds, for the
187 production of food fish; which have crops, animalspther fish ponds around them to

188 supply waste materials to the pond as feed otifenti

189 2.6 Pond Components

Pond as one of the hydraulic structures has diffesemponents. These seng® as mitigation
191 for both pre and post design and construction. &ltesnponents include:

192 (1) Hearting and Core: It is the most important péthe pond which fulfils the objective
193 of retention of water and also reduces seepadetbdrest minimum.

194 (2) Casing: It is the outer portion of the pondhribvides cover to the clayey hearting and



195 protectionsagainst cracking and also increase shear (weightesistance)

196 (3) Cut-offs: It is a trench or core excavated withearting zone or at the centre of the
197 dike and filled with clayey soil or concrete andperly compacted. It objectives is to
198 prevent or reduce seepage through the pond anddtion soil. There are three types
199 namely: (a) Cut-off trench (COT) is provided whelayey soil is available in plenty

200 (b) Cut-off core of masonry or concrete is provigdtere clayey soil is not available

201 and (c) Sheet pile cut is used when the depth mh@able soil in foundation is more

202 and provided below clay trench or concrete corenffut

203 (4) Upstream Clay blanket: The objective is to Elseepage. It is provided where

204 clayey soil is available in plenty. Foundation dstssof pervious soil to great depth,

205 when cut off trench is uneconomical or not feasible

206 (5) Filter Blanket: The objective is to remove Heepage appearing on the downstream
207 side of hearting. It is provided at the ground @cefonly, when the foundation soil is

208 less pervious or clayey, but casing soil is good.

209 (6) Seepage Drains: The objective is to removes#iepage appearing on the downstream
210 side of hearting. It is provided instead of thetlgofiiter blanket. When the soil in

211 foundation haseasonablpermeability.

212 (7) Berms and Loading Berm: The objectives of pdong berm on the upstream and

213 downstream faces as follow: (a) It increases ttength of dike (b) It reduces the

214 velocity of rainwater (c) It reduces seepage (dedtuces chances of siltation (e) It

215 prevents sloughing of dike into the pond (f) It yides a platform for handling

216 material.

217 (8) Upstream Slope Protection: The objectives aggdtect from the (a) action of waves
218 and (b) burrowing of animals

219 (9) Downstream Slope Protection: The objectivegrtgect from the erosive effects of
220 rain drops and from gulley formation by flowingmawvater

221 (10)Relief Well: The objective is to relief the fudation from seepage pressure. It is
222 used are curative measure, where more seepagseis/etl.

223 3 Technical consideration on pond design and construction

224 The importance of proper design, construction aedieed for involvement of experts during
225 the process of construction of fish ponds canndidiigtled. Ideally, a good pond should be
226 designed in such a way to allow total control of;

227 (1) What gets in or out

228 (2) When it gets in or out

229 (3) How it does this

(4) How muchz30 gets in or out

231 (5) Rate of getting in or out

232 During the process of designing ponds, decisiontherfollowing should be made.
233 (1) Total area of the pond water surface needed

234 (2) The length and the width of the pond wateramef

235 (3) The water depth and the total pond depth dt it deep and shallow ends
236 (4) The slope of the dikes and the pond bottom.

237 (5) The size of the free board

238 (6) The width of dikes.

239

240 The technical considerationgcludethe following;

241 (a) Design steps (b) Factors influencing the de&giChoice of components and (d)
242 Quality control

243



244 3.1 Design steps

245 The design steps should be included (1) investigatf soil in foundation, evaluation of
246 characteristics at field, in laboratory and estiorabf volume. (2) Analysis and modification
247 (3) Presentation of estimates cost and final choice

248

249 3.2 Factor sinfluencing the design

250 The factors include (1) Construction materialst th&oil materials at the site for

251 construction. These are grouped as impervious€glasilt) and pervious (sandy, soil rock) as
252 two main types. Soils having intermediate quality ealled as semi pervious. If both group
253 of the soils are available in plenty, a zoned seds adopted and if semi pervious or

254 impervious soils are available then homogeneousoseis adopted. (2) Foundation soil:
255 Earthen pond is located on the ground itself; hawesoil up to 2 m depth is called

256 foundation soil. The depth, perviousness and steangth of the foundation soil affect the
257 design of the pond. (3) Morphometric: Pond varyagsein morphometry and there is no
258 consensus about the best combination of morphamfetatures for an pond culture. For
259 Barrage ponds, morphometry is determined largelielnain, while Sunken and Diversion
260 ponds can be built to design morphometry.

261 3.3 Choice of components

262 The choice of different components depends upoffioif@ving:

263 (1) Foundation soil that is pervious and impervious

264 (2) Depth of foundation

265 (3) Height of dike

266 (4) Construction soil (a) only sandy (pervious) seiilable in plenty (b) only clayey

267 (impervious) soil available in plenty (c) both tygpef materials available in plenty.

268 The choice has to be made to meet the maximunedbtltowing requirements:

(1) Soils to be placed in the dike section, shdnddble to developss sufficient shear

270 strength at the plane of failure.

271 (2) The dike should be water tight that is, seeghgmigh the body of the dike should be
272 minimum and there should be no free passage.

273 (3) The foundation soil should have sufficient steteength and water tightness.

274 (4) The upstream slope should be protected agaima: action and borrowing animals
275 (5) The downstream slope should be protected faaimerosion

276 3.4 Criteriafor safedesign

277 The following criteria should be met with duringetbesign

278 (1) No overtopping: Overtopping cause'’s failuraghled pond , hence should be avoided by
279 providing sufficient free board, height of dikentgh of service spillway and

280 emergency spillway.

281 (2) Stable slopes: Both the upstream and downstetgpes should be stable under

282 critical load combinations

283 (3) Foundation shear: it should be within permiksiimits

284 (4) No free flow: The horizontal and vertical pigishould be avoided, by very careful
285 construction.

286 (5) Cover the seepage line

287 (6) Slope protection: Both the upstream and dowasir slopes should be protected.

288 (7) Proper construction: The quality control sholddfollowed faithfully and rigidly to
289 achieve design assumptions and avoid any defecsligken side.

290 3.5 Quality Control

291 The quality control is the procedures used to enthat the assumptions and range of
292 magnitudes of various parameters used in desigacieved during and after construction.



293 some points to be observed in quality control aréolows:

294 (1)Foundation preparation: Removal of loose soibts, compaction of weak seams, pot
295 holes and ant holes and others activities rel@egping, benching to ensure bond
296 particularly in the hearting.

297 (2)Quality regarding imperviousness of bottom afifiee cut-off.

298 (3)Continuous testing of borrow area material &ssify the soil, to decide quantity of
299 moisture to be added after placement , dry ancespanding wet density at optimum
300 moisture content

301 (4)Thickness of layers in casing (20 — 40 cm), tiegu(30 — 45 cm) and controlling
302 width of each at every layer

303 (5)Proper junction with rigid structures

304 (6)Removal of casing material, spilled over by ksievhile crossing the hearting area,
305 before of placement of next layer of clayey soil.

306

307 CONCLUSION

One must keep in mind that the ideal site is n@ags available3os A universal pond

309 design may not be adequate in many situationsetiwer, one design is not practically
310 feasible. Deficiencies of the site are often mikghby making a series of choice of

311 components. Before installing a pond, it is importa remember that no pond will be
312 maintenance free. However, upkeep can be minimiadgood design and

313 construction. Pond failure could be avoided /redughen the basic and technical factors
314 are strictly followed. Hence fish production angestment will be enhanced.
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