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clay extends to adequate depths generally are satisfac- 

Excavated ponds tory. Avoid sites where the soil is porous or is under- 
lain by strata of coarse-textured sand or sand-gravel 

Excavated ponds are the simplest to build in relatively 
flat terrain. Bvrausr their capacity is obtained almost 
solely by excavation, their practical size is limited. 
They are best suited to locations where the demand 
for water is small. Because ex<:avated ponds can be 
built to expose a nlininlum water surface area in 
proportion to their volume, they are advantageous in 
places where evaporation losses are high and water is 
scarce. The ease with which they can be constructed, 
their compactness, their relative safety from flood- 
flow damage, and their low maintenance requirements 
make then1 popular in many sections of the country. 

Two kinds of excavated ponds are possible. One is fed 
by surface runoff and the other is fed by ground water 
aquifers, usually layers of sand anti gravel. Some 
ponds may be feci from both of these sources. 

The general location of an excavated pond depends 
largely on the purpose or purposes for which the 
water is to be uscd anti on other factors discussed 
previously in this handbook. The specific location is 
often influenced by topography. Excavated ponds fed 
by surface runoff can bc located in aln~ost any kind of 
topography. They are, however, most satisfactory and 
most conut~only used in ;i1-rl;ts of comparatively' flat, 
but well-drained terrain. A pond can be located in a 
broad natural drainageway or to one side of a 
drainageway if the runoff can be diverted into the 
pond. The low point of a natural depression is often a 
good location. After the pond is filled, excess runoff 
escapes through regular drainageways. 

Excavated ponds fed by ground water aquifers can be 
located only in areas of flat or nearly flat topography. 
If possible, they should be locateti where the perma- 
nent water table is within a few feet of the surface. 

soils 

If an excavated pond is to be fed by surface runoff, 
enough in~pervious soil at the site is essential to avoid 
excess seepage losses. The most desirable sites are 
where fine-textured clay anti silty clay extend well 
below the proposetf pond depth. Sites where sandy 

mixtures unless you are prepared to bear the expense 
of an artificial lining. Avoid soil underlain by limestone 
containing crevices, sinks, or channels. 

The performance of nearby ponds that are fed by 
runoff and in a similar soil is a good indicator of the 
suitability of a proposed site. Supplement such obser- 
vations of existing ponds by boring enough test holes 
at intervals over the proposed pond site to detern~ine 
accurately the kind of material there. You can get 
some indication of permeability by filling the test holes 
with water. The seepage indicates what to expect of a 
pond excavated in the same kind of material. 

If an excavated pond is to be fed from a water-bearing 
sand or a sand-gravel layer, the layer must be at a 
depth that can be reached practically and economi- 
cally by the excavating equipment. This depth seldom 
exceeds 20 feet. The water-bearing layer must be thick 
enough and permeable enough to yield water at a rate 
that satisfies the nlaximum expected demand for 
water and overcomes evaporation losses. 

Thoroughly investigate sites proposed for aquifer-fed 
excavated ponds. Bore test holes at intervals over the 
site to determine the existence and physical character- 
istics of the water-bearing material. The water level in 
the test holes indicates the normal water level in the 
completed pond. The vertical distance between this 
level and the ground surface determines the volume of 
overburden or excavation needed that does not con- 
tribute to the usable pond capacity, but may increase 
the construction cost considerably. From an economic 
standpoint, this vertical distance between water level 
and ground surface generally should not exceed 6 feet. 

Check the rate at which the water rises in the test 
holes. A rapid rate of rise indicates a high-yielding 
aquifer. If water is removed from the pond at a rapid 
rate, as for irrigation, the water can be expected to 
return to its normal level within a short time after 
removal has ceased. A slow rate of rise in the test 
holes indicates a low-yielding aquifer and a slow rate 
of recovery in the pond. Check the test hole during 
drier seasons to avoid being misled by a high water 
table that is only temporary. 
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Spillway and inlet requirements 

If you locate an excavated pond fed by surface runoff 
on sloping terrain, you can use a part of the excavated 
material for a small low dam around the lower end and 
sides of the pond to increase its capacity. You need an 
auxiliary spillway to pass excess storm runoff around 
the small dam. Follow the procedures for planning the 
spillway and provide protection against erosion as 
discussed in the Excavating the earth spillway section. 

Ponds excavated in areas of flat terrain generally 
require constructed spillways. If surface runoff must 
enter an excavated pond through a channel or ditch 
rather than through a broad shallow drainageway, the 
overfall from the ditch bottom to the bottom of the 
pond can create a serious erosion problem unless the 
ditch is protected. Scouring can occur in the side slope 
of the pond and for a considerable distance upstream 
in the ditch. The resulting sediment tends to reduce 
the depth and capacity of the pond. Protect the slope 
by placing one or more lengths of rigid pipe in the 
ditch and extending them over the side slope of the 
excavation. The extended part of the pipe or pipes can 
be cantilevered or supported with timbers. The dianl- 
eter of the pipes depends on the peak rate of runoff 
that can be expected from a 10-year frequency storm. 
If you need more than one pipe inlet, the combined 
capacity should equal or exceed the estimated peak 
rate of runoff. 

P i ~ e  diameter 1-/ 
(in> 

Pond inflow Q 
(ftVs) 

11 Based on a free outlet and a minimum pipe slope of 1 percent 
with the water levrl0.5 foot above the top of the pipe at the 
upstream end. 

In areas where a considerable amount of silt is carried 
by the inflowing water, you should provide a desilting 
area or filterstrip in the drainageway immediately 
above the pond to remove the silt before it enters the 
pond. This area or strip should be as wide as or some- 
what wider than the pond and 100 feet or more long. 
After you prepare a seedbed, fertilize, and seed the 
area to an appropriate mix of grasses and forbs. As the 
water flows through the vegetation, the silt settles out 
and the water entering the pond is relatively silt free. 

Planning the pond 

Although excavated ponds can be built to almost any 
shape desired, a rectangle is commonly used in rela- 
tively flat terrain. The rectangular shape is popular 
because it is simple to build and can be adapted to all 
kinds of excavating equipment. 

Rectangular ponds should not be constructed, how- 
ever, where the resulting shape would be in sharp 
contrast to surrounding topography and landscape 
patterns. A pond can be excavated in a rectangular 
form and the edge shaped later with a blade scraper to 
create an irregular configuration (fig. 34). 

The capacity of an excavated pond fed by surface 
runoff is determined largely by the purpose or pur- 
poses for which water is needed and by the amount of 
inflow that can be expected in a given period. The 
required capacity of an excavated pond fed by an 
underground waterbearing layer is difficult to deter- 
mine because the rate of inflow into the pond can 
seldom be estimated accurately. For this reason, the 
pond should be built so that it can be enlarged if the 
original capacity proves inadequate. 

Figure 34 Geonletric excavation graded to create more 
natural configuration 

Excavate>tl area 



Agrlcr~ltr~re iIantlbook 590 Ponds - Planning, Design, Construction 

Selecting the  dimensions-The dimensions selected 
for an excavated pond depend on the required capac- 
ity. Of the three dimensions of a pond, the most impor- 
tant is depth. All excavated ponds should have a depth 
equal to or greater than the minimum required for the 
spt.cific location. If an excavated pond is fed from 
ground water, it should be deep enough to reach well 
into the waterbearing material. The maximum depth is 
generally determined by the kind of material exca- 
vated and the type of equipment used. 

The type and size of the excavating equipment can 
limit the width of an excavated pond. For example, if a 
dragline excavator is used, the length of the boom 
usually deternlines the maximum width of excavation 
that can be made with proper placement of the waste 
nlaterial. 

The ~ninimum length of the pond is determined by the 
required pond capacity. 

To prevent sloughing, the side slopes of the pond are 
generally no steeper than the natural angle of repose 
of the material being excavated. This angle varies with 
different soils, but for most ponds the side slopes are 
1: 1 or flatter (fig. 35). 

If the pond is to be used for watering livestock, pro- 
vide a ramp with a flat slope (4: 1 or flatter) for access. 

Regardless of the intended use of the water, these flat 
slopes are necessary if certain types of excavating 
equipment are used. Tractor-pulled wheeled scrapers 
and bulldozers require a flat slope to move material 
from the bottom of the excavation. 

Estimating the  volume-After you have selected the 
dimensions and side slopes of the pond, estimate the 
volume of excavation required. This estimate deter- 
mines the cost of the pond and is a basis for inviting 
bids and for making payment if the work is to be done 
by a contractor. 

The volun~e of excavation required can be estimated 
with enough accuracy by using the prismoidal formula: 

where: 
V = volume of excavation (yd3) 
A = area of the excavation at the ground 

surface (ftz) 
B = area of the excavation at the mid-depth 

(112 D) point (ftz) 
C = area of the excavation at the bottom of the 

pond (ft2) 
D = average depth of the pond (ft2) 
27 = factor converting cubic feet to cubic yards 

Figure 35 Typical sections of a11 excavated pond - 

Longitudinal section 
(not t o  scale) 

b-~otal width 88 ft 

Cross section 
(not to scale) 
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As an example, assume a pond with a depth, D, of 12 
feet, a bottom width, W, of 40 feet, and a bottom 
length, I,, of 100 feet as shown in figure 35. The side 
slope at the ramp end is 4: 1, and the remaining slopes 
are 2: 1. The volume of excavation, V, is computed as 
follows: 

A=88~17:!=15,136 

4B = 4(64 x 136) = 34,816 

C =  4 0 , ~  loo= 4,000 

( A +  4 ~ +  C) = 53,952 

Then 

If the normal water level in the pond is at the ground 
surface, the volume of water that can be stored in the 
pond is 3,996 cubic yards times 0.00061963, or 2.48 
acre-feet. To convert to gallons, 3,996 cubic yards 
multiplied by 201.97 equals 807,072 gallons. The 
sample procedure is used to compute the volume of 
water that can be stored in the pond if the normal 
water level is below the ground surface. The value 
assigned to the depth D is the actual depth of the 
water in the pond rather than depth of excavation. 

Figure 36 Correct disposal of waste material - 
Waste nlaterial properly shaped, 
graded, and vegetated ble~lds 
into surrounding landscape. 

This 

Waste n~alerial poorly shapctl, 
unvegetated, and interrupting thr 
horizon line appears unnatural. Not this 

A summary of methods for estimating the volume of 
an excavated pond is provided in appendix A. This 
summary information is reprinted from NRCS (for- 
merly SCS) Landscape Architecture Note No. 2, Land- 
scape Design: Ponds, September 2,1988. 

Waste material-Plan the placement or disposal of 
the material excavated from the pond in advance of 
construction operations. Adequate placement prolongs 
the useful life of the pond, improves its appearance, 
and facilitates maintenance and establishment of 
vegetation. The waste material can be stacked, spread, 
or removed from the site as conditions, nature of the 
material, and other circumstances warrant. 

If you do not remove the waste material from the site, 
place it so that its weight does not endanger the stabil- 
ity of the side slopes and rainfall does not wash the 
material back into the pond. If you stack the material, 
place it with side slopes no steeper than the natural 
angle of repose of the soil. Do not stack waste material 
in a geometric mound, but shape and spread it to 
blend with natural landforms in the area Because 
many excavated ponds are in flat terrain, the waste 
material may be the most conspicuous feature in the 
landscape. Avoid interrupting the existing horizon line 
with the top of the waste mound (fig. 36). 
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Waste material can also be located and designed to be 
functional. It can screen undesirable views, buffer 
noise and wind, or improve the site's suitability for 
recreation (fig. 37). In shaping the material, the toe of 
the fill must be at least 12 feet from the edge of the 
pond. In the Great Plains you can place the waste 
material on the windward side of the pond to serve as 
a snow fence for collecting drifts in the pond. These 
banks can also reduce evaporation losses by breaking 
the force of prevailing winds across the pond. 

Perhaps the most satisfactory method of handling 
waste material is to remove it from the site. Complete 
removal, however, is expensive and can seldom be 
justified unless the material is needed nearby. Waste 
material can sometimes be used advantageously for 
filling nearby low areas in a field or in building farm 
roads. If state or county highway maintenance crews 
need such material, you may be able to have them 
remove it. 

Bailding the pond 

Clear the pond area of all undesired vegetation. Mark 
the outside limits of the proposed excavation with 
stakes. On the stakes indicate the depth of cut from 
the ground surface to the pond bottom. 

Excavation and placement of the waste material are 
the principal items of work in building this type pond. 

The kind of excavating equipment used depends on 
the climatic and physical conditions at the site and on 
what equipment is available. 

In low-rainfall areas where water is unlikely to accu- 
mulate in the excavation, you can use almost any kind 
of available equipment. Tractor-pulled wheeled scrap- 
ers, dragline excavators, and track-type tractors 
equipped with a bulldozer blade are generally used. 
Bulldozers can only push the excavated material, not 
cany it; if the length of push is long, using these ma- 
chines is expensive. 

In high-rainfall areas and in areas where the water 
table is within the limits of excavation, a dragline 
excavator is commonly used because it is the only 
kind of equipment that operates satisfactorily in any 
appreciable depth of water. For ponds fed by ground 
water aquifers, a dragline is normally used to excavate 
the basic pond. 

Excavate and place the waste material as close as 
possible to the lines and grades staked on the site. If 
you use a dragline excavator, you generally need other 
kinds of equipment to stack or spread the waste mate- 
rial and shape the edge to an irregular configuration. 
Bulldozers are most commonly used. Graders, either 
tractor-pulled or self-propelled, can be used to good 
advantage, particularly if the waste material is to be 
shaped. 

Figure 37 Waste material and plantings separate the pond from a a o r  highway - 
A 

New plantings 

BA 
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