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CI-IARACTERISTICS OF FARM PONDS 

as Affected by Topography and Design 

R. P. BEASLEY 

INTRODUCTION 

This bulletin gives information enabling one to design and stake 
out ponds best suited to different types of topography. It gives the 
characteristics of farm ponds as determined by the topography, pre
sents a graphic method of judging their suitability, and helps to .de
termine the most desirable design at a particular location. It is thus 
possible to determine in advance of construction, the amount of earth. 
required in the fill, the capacity of the pond, the surface area, the 
area of maximum depth, the depth of water at all points, and the 
distance the earth must be moved in building the dam. 

The most efficient pond is one that stores the greatest quantity 
of water for the least amount of work required for its construction. 
The most important factors which affect this efficiency are listed 
below and should be considered in its design. 

1. The topography of the area. 
2. The radius of curvature of the pond dam. 
3. The depth of water in the pond. 
4. The depth of water stored above the original ground line 

compared ' to the depth obtained by excavation. 
5. The top width of the dam. 
6. The side slopes to be used on the dam and in the excavation. 
7. The amount of freeboard to be provided (the height of dam 

above the bottom of the spillway). 

The extent to which these factors affect the efficiency of a par
ticular pond can be determined by methods indicated in this bulletin. 
Those who are not familiar with the procedure in staking out and 
~~>nstructing farm ponds may wish to refer to Circular 583, "Farm 
Ponds in Missouri," or some similar bulletin. 
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PART I 

Analysis of Pond Designs on Different Topography 

Several pond designs were analyzed for different types of to
pography as shown in the upper left corner of Figures 3 to 13. Cer
tain pond characteristics were assumed to be constant in all of the 
designs. The pond dams were 8 feet wide on top and with 3 to 1 
slopes on the water side, 2 to 1 slopes on the back side of the dams, 
and with three feet of freeboard. These design factors are noted 
in Figure 1 which shows to an exaggerated scale the pond and dam 
as they would appear if viewed from a section perpendicular to the 
center line of the dam at the point of highest fill. 

The factors which influence . the efficiency of a pond and which 
have been varied in these studies are: the topography of the site, 
the radius of curvature of pond dam, the depth of water, and the 
depth of water stored above the original ground line compared to 
the depth obtained by excavation. 

In Figure 1, the depth of water stored above the original ground 
is 4 feet (called "fill") and the depth secured by excavation 4 feet 
(called "cut"). These measurements are at the point where the up
per slope of the dam intersects the original ground surface. If the 
dam were located further do.wnslope from the waterline stake, a 

Freeboard 

WaterHne Stake 

Waterline 

-----

~---------IOO'------~~-----

Cut OrkJinal Ground 
Surface - 4 'X. Slope 

Figure 1. Cross Sectional View of a Pond. 

greater depth of water would be stored above the original ground 
and if the 8-foot depth were maintained, less depth of excavation 
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would be required. For example, with a 5-foot fill and 3-foot cut a 
larger volume of earth would be required in the dam since it must 
be 1 foot higher and the surface area of the pond would be greater. 
A study of the ponds analyzed in Figures 3 to 13 will give an indi
cation of the fill and cut to use on different types of topography. 

With ponds located on the steeper slopes, it will be necessary to 
excavate back of the waterline to secure enough earth for the pond 
dam. This exposes an area of bare soil on a 3 to 1 slope above the 
waterline as indicated in Figure 2 and as shown by the shaded por
tions in Figures 6, 7, and 8. This is undesirable because of the ero
sion hazard on this steep slope before a sod can be established, but 
on steeper topography it cannot be avoided. 

"'=:111' '=' 1//1::: 
-\\\=)1 Excavation Above Waterline 

Original Ground Surface 

Figure 2. Cross Sectional View of a Pond on a Steep Slope. 

In comparing different pond designs, it is desirable to compare 
such factors as the work required to build the ponds, the amount of 
work in relation to the water storage capacity, the capacity in rela
tion to the amount of earth in the dam, and the total surface area in 
relation to the area of maximum depth. For purposes of such com
parison the following ratios are valuable: 

Work Ratio = Amount of Earth in Dam (cu. yds.) X Distance Moved (ft.) 
Capacity of Pond (cu. yds.) 

Capacity of the Pond (cu. yds.) 
Amount of Earth in the Dam Ccu. yds.) 

Storage Ratio 

Area Ratio = -,-__ S.,...u-::-r-::-fa_c..,.e_A_re_a-='C_sq ...... :-f_t.-:. )_-:-:-:--
Area of Maximum Depth (sq. ft.) 

A large area of maximum depth in a pond is desirable. In most 
ponds, the area of maximum depth should be at least one-sixteenth 
the surface area, or the area ratio should never be larger than 16. 
(In circular ponds the diameter of the area of maximum depth then 
should be at least one-fourth the diameter of the surface area.) 

Explanation m Figures 3 to 12 
All 'pond plans are drawn to a scale of 1" = 100', so that compara

tive sizes will be indicated. The heavy lines indicate the centers of 
the tops of the pond dams. 
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The numbered contour lines represent the depth of water in the 
pond. Note that some ponds have a much larger area of 8-foot depth 
t'ltan ot'lters and on some the slope from the waterline to the deepest 
part of the pond is very fiat, indicated by wider spacing of the con
tour lines, while on others the slope from the waterline to the deepest 
part is steep, indicated by closely spaced contour lines. Except 
where excavation was required back of the waterline, excavation was 
started at the waterline and uniform slopes were maintained from 
the waterline to the deepest part of the ponds. The slope of the ex
cavations was selected so as to give the correct amount of earth for 
the pond dam. In no case, however were slopes greater than 3 to 1 
used, and slopes of 3 to 1 were always used on the water side of the 
dam. 

The topography of the area on which the pond is located is il
lustrated by contour lines in the upper left corner of each figure. 

Ponds designed with 5-foot fill and 3-foot cut are illustrated in 
the upper right corner. 

Ponds designed with 4-foot fill and 4-foot cut are illustrated in 
lower . left corner. 

Ponds designed with 3-foot fill and 5-foot cut are illustrated in 
lower right corner. 

The radius of curvature used on the pond dam is indicated for 
each figure. 

The shaded portion of the figure represents the area of excava
tion back of the waterline. 

The dotted line represents the location of the original staked 
waterline in those cases where excavation has been required back of 
this line to give adequate earth for the dam. The following defini
tions are used in all figures: 

Radius = Radius, of curvature of the centerline of the dam (ft.). 

Fill = Depth of water stored above the original ground surface (ft.). 

Cut = Depth of water secured by excavation (ft.) 

Dam Fill = Amount of earth in the dam (cu. yds.). 

Capacity = Water storage capacity of the pond (cu. yds.). 

Surface Area == Area of the surface of the pond (sq. ft.). 

Bottom Area = Area covered by water of maximum depth in the pond (sq. ft.). 

Area Ratio · = Surface Area (sq. ft.) 
Bottom Area (sq. ft.) 

Stora e Ratio = Storage Capacity ~f the Pond (cu. yds.) 
g Amount of Earth 10 the dam (cu. yds.) 

W k R ti 
Amount of Earth in the Dam (cu. yds;) X distance moved (ft.) 

or a 0= . Storage CapaCIty of the Pond. (cu. yds.) 
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FIll 4 ft. , Cut 4 ft., Dam Fill 1376 ell. 

yd., Cap. 2107 cu. yd., Surl. Area 13,120 
sq. ft., Btm. Area 2340 sq. ft., Area 
Ratio 5.6, storage Ratio 1.53, Work Ra
tio 38. 

FIll 5 ft., Cut 3 ft., Dam ' FIll 1915 
cu. yd., Cap. 3243 ell. yd. , Surf. Area 
19,140 sq. ft., Btm. Area 3840 sq. ft., 
Area Ratio 5 .0 , Storage Ratio 1.69, Work 
Ratio 41. 

FIll 3 ft., Cut 5 ft., Dam FIll 948 cu. 
yd.. Cap. 1295 cu. yd., Surf. Area 8307 
sq. ft. , Btm. Area 1480 sq. ft. , Area 
Ratio 5 .6, Storage Ratio 1.36, Work 
Ratio 36. 

Figure 3. Ponds on an Inverted V-Shaped Valley, 4 % Slope, 125 ft. Radius. 
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FIll 4 ft., Cut 4 ft., Dam Fill 1415 
cu. yd., Cap. 2182 cu. yd., Surf. Area 
13,920 sq. ft., Btm. Area 2330 sq. ft., 
Area Ratio 5.9, Storage Ratio 1.54, Work 
Ratio 39. __ 0 

2 
4 

~:32 ~~# 

FIll 5 ft., Cut 3 ft., Dam FIll 1961 cu. 
yd. , Cap. 3341 cu. yd., Surf Area 20,-
320 sq. ft., Btm. 'Area 3840 sq. ft., Area 
Ratio 5.3, Storage Ratio 1.70, Work Ra
tio 41. 

Fill 3 ft., Cut 5 ft., Dam FIll 963 
cu. yd. , Cap. 1310 cu. yd., Surf. Area 
8480 sq. ft., Btm. Area 1470 sq. ft., Area 
Ratio 5.8, Storage Ratio 1.36, Work Ra
tio 37. 
. ~ 

D ~~ 
Figure 4. Ponds on an Inverted V-Shaped Valley, 4% Slope, 150 ft. Radius. 
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Fill 4 ft., Cut 4- ft., Dam Fill 1466 cu. 
yd., Cap. 2277 cu. yd., Surf. Area 15,-
100 sq. ft., Btm. Area 2350 sq. ft. , Area 
Ratio 6.4, Storage Ratio 1.55, Work Ra
tio 38. 

Fill 5 ft., Cut 3 ft., Dam Fill 2033 cu. 
yd., Cap. 3519 cu. yd., Surf. Area 22,400 
sq. ft. , Btm. Area 4150 sq. ft., Area Ra
tio 5.4 Storage Ratio 1.73, Work Ratio 
40. 

o 
2 

4 

6 

Fill 3 ft., Cut 5 sq. ft., Dam Fill 990 
cu. yd., Cap. 1358 cu. yd., Surf Area 
9060 sq. ft., Btm. Area 1500 sq. ft., Area 
Ratio 6~O, Storage Ratio 1.37, Work Ra
tio 36. 

~~ 
Figure 5. Ponds on an Inverted V-Shaped Valley, 4% Slope, 180 ft. Radius. 
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Fill 4 ft., Cut 4 ft., Dam Fill 1180 
cu. yd., Cap. 1557 cu. yd., Surf. Area 
9400 sq. ft., Btm. Area 1840 sq. ft., 
Area Ratio 4.4, Storage Ratio 1.32, Work 
Ratio 40. 

Fill 5 ft., Cut 3 ft., Dam Fill 1653 cu. 
yd., Cap. 2332 cu. yd., Surf. Are~ 12,850 
sq. ft., Btm. Area 3820 sq. ft., Area Ratio 
3.4, Storage Ratio 1.41, Work Ratio 42. 

Fill 3 ft., Cut 5 ft., Dam Fill 813 cu. 
yd., dap. 940 cu. yd., Surf. Area 6800 · 
sq. ft., Btm. Area 500 sq. ft. Area Ra
tio 13.6, Storage Ratio 1.16, Work Ra
tio 38. 

Figure 6. Ponds on an Inverted V-Shaped Valley, 6% Slope, 150 ft. Radius. 
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Fill 4 ft., Cut 4 ft., Dam Fill 897 cu. 
yd., Cap. 741 cu. yd., Surf. Area 4930 
sq. ft., Btm. Area 590 sq. ft., Area Ratio 
8.3, Storage Ratio 0.83, Work Ratio 64. 

Fill 5 ft., Cut 3 ft., Dam Fill 1231 cu. 
yd. , Cap. 1092 eu. yd., Surf. Area 6610 
sq. ft ., Btm. Area 1310 sq. ft., 'Area Ra
tio 5.0, Storage Ratio 0.89, Work Ra
tio 66. 

Fill 3 ft., Cut 5 ft., Dam Fill 620 cu. 
yd., Cap. 449 cu. yd., Surf. Area 3570 
sq. ft ., Btm. Area 100 sq. ft., Area Ra
tio 35.7, Storage Ratio 0.72, Work Ra
tio 65. 

11 

Figure 7. Ponds on an Inverted V-Shaped Valley, 12% Slope, 75 ft. Radius. 
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Fill 4 ft. . Cut 4 ' f.t.. Dam Fill 1000 
cu. yd., Cap. 839 cu. yd .• Surf. Area 
5810 sq. ft., Btm. Area 510 sq. ft., Area 
Ratio 11.4, Storage Ratio 0.84, Work 
Ratio 58. 

Fill 5 ft., Cut 3 ft., Dam Fill 1394 cu. 
yd., Cap. 1277 cu. yd. , Surf. Area 8000 
sq. ft., Btm: A:rea 1360 sq. ft., Area Ra
tio 5.9, Storage Ratio ' 0.92, Wor'k Ratio 
60. 

Fill 3 ft., Cut 5 ft., Dam Fill 697 cu. 
yd., Cap. 497 cu. yd., Surf. Area 4000 
sq. ft:., Btm. Area' 96 sq. ft., Area Ra
tio 41.6, Storage Ratio 0.71, Work Ra
tio 59. 

Figure 8. Ponds on an ,Inverted V-Shaped Valley, 12% Slope, 150 ft. Radius. 



---------------------100--------------------______ _ 

--------------------99------------------____ __ 

---------------------98---------------------------

2 'Y. 2 % 

----4----~------97-----------~--------

----------------96----------_________ _ 

-------------------95-------------------------

FIll 4 ft., Cut 4 ft., Dam FIll 
2819 cu. Yli., Cap. 5109 cu. yd., 
Surf. Area 34,350 sq. " ft., Btm. 
Area 2750 sq. ft., Area Ratio 12.5, 
Storage Ratio 1 .81, Work Ratlo 
43. 
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Fill 5 ft., Cut 3 ft., Dam Fill 
3871 cu. yd., Cap. 7504 cu. yd., 
Surf. "Area 43,650 sq. ft., Btm. 
Area 8670 sq. ft. , Area Ratio 5.0, 
Storage Ratio 1.94, Work Ratio 50. 

FIll 3 ft., Cut 5 ft., Dam Fill 
1931 cu. yd., Cap. 3170 cu. yd., 
Surf. Area 24,900 sq. ft., Btm. 
Area 25 sq. ft., Area Ratio 996.0, 
Storage Ratio 1.64, Work Ratio 39. 
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Figure 9, Ponds on a Flat 2% Slope, 100 ft. Radius. 
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Fill 4 ft., Cut 4 ft., Dam Fill 
2053 cu. yd., Cap. 3081 cu. yd., 
Surf. Area 16,320 sq. ft., Btm. 
Area 5630 sq. ft., Area Ratio 2.9, 
storage Ratio 1.50, Work Ratio 44. 
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141• 
Flll 5 ft., Cut 3 ft., Dam Flll 

2830 cu. yd., Cap. 4525 cu. yd., 
Surf. Area 21,260 sq. ft. , Btm. 
Area 10,020 sq. ft., Area Ratio 
2.1, Storage Ratio 1.60, Work Ra
tio 53. 

Fill 3 ft., Cut 5 ft. , Dam Fill 
1456 cu. yd. , Cap. 2016 cu. yd., 
Surf. Area 11,550 sq. ft., Btm. 
Area 2930 sq. ft., Area Ratio 3.9, 
Storage Ratio 1.38, Work Ratio 40. 

Figure 10, Ponds on a Flat 4% Slope, 100 ft. Radius. 
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Fill 4 ft. , Cut 4 ft., Dam Fill 812 cu. 
cu. yd., Cap. 1351 cu. yd.. Surf. Area:· 
8930 . q . ft., Btm. Area 1260 sq. ft" Area: 
Ratio 7.1, Storage Ratio 1.66, Work Ra
tio 35. 

Fill 5 It., Cut 3 ft., Dam Fill 1082" 
cu. yd., Cap. 2014 cu. yd., Surf. Area' 
12,480 sq. ft., Btm. Area 2370 sq ft., 
Area Ratio 5.3 , Storage Ratio 1.85, 
Work Ratio 37. 

Fill 3 ft., Cut 5 ft. , Dam Fill 545 cu. 
yd. , Cap. 804 cu. yd. , Surf. Area 5650' 
sq. ft .. Btm. Area 630 sq. ft., Area Ratio 
9.0, Storage Ratio 1.47, Work Ratio 33. 

Figure 11. Ponds on an Inverted U-Shaped Topography, 150 ft. Radius. 
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Fill 4 ft., Cut 4 ft., Dam Fill 812 cu. 
cu. yd., Cap. 1351 cu. yd., ' Surf. Area 
8930 sq. ft., Btm. Area 1260 sq. ft., Area 
Ratio 7.1, Storage Ratio 1.66, Work Ra
tio 35. 1 50 ft. Radius. 

Fill 4 ft., Cut 4 ft., Dam Fill 801 cu. 
yd., Cap. 1292 cu. yd., Surf. Area 8240 
sq. ft., Btm. Area 1350 sq. ft., Area 
Ratio 6.1, Storage Ratio 1:61, Work Ra-
tio 38. 75 ft. Radius. . 

Fill 4 ft., Cut 4 ft., Dam Fill 872 cu. ' 
yd., Cap. 1447 cu. yd., Surf. Area 9660 
sq. ft., Btm. Area 1530 sq. ft. , Area 
Ratio 6.3, Storage Ratio 1.66, Work Ra
tio 37. Straight Dam. 

Figure 12. Ponds on an Inverted U-Shaped Topography with Varying Radii. 
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Fill . 5 ft., Cut 5 ft., Dam Fill 1961 cu. 
yd., Cap. 3341 cu. yd., Surf. Area 20,480 
sq. ft., Btm. Area 1020 sq. ft., Area Ra
tio 20.1, Storage Ratio 1.70. Work Ra
tio 39. 

Fill 6 ft., Cut 4 ft., Dam Fill 2639 
cu. yd., Cap. 5028 cu. yd., Surf. Area 
27,680 sq. ft., Btm. Area 2720 sq. ft. , 
Area Ratio 10.2, Storage Ratio 1.91, Work 
Ratio 40. 

Fill 4 ft., Cut 6 ft., Dam Fill 1415 cu. 
yd .• Cap. 2182 cu. yd., Surf. Area 14,080 
sq. ft., Btm. Area 420 sq. ft.. Area Ratio 
33.5, Storage Ratio 1.54, Work Ratio 37. 

Figure 13. Ponds on an Inverted V-Shaped Topography--4% Slope, 150 ft. Radius. 
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TABLE 1. CHARACTERISTICS OF PONDS STUDIED 

/Depth V-Shaped V-Shaped V-Shaped V-Shaped 
of Description of Topography 4% Slopes 4% Slopes 4% Slopes 6% Slopes 

.Fill Radius of Pond Dam - Ft. 125 150 180 150 
and. Depth of Water in Pond - Ft. 8 8 8 8 
Cut Refer to Fil!ure No. 3 4 5 6 

Earth in Dam - Cu. yds. 1915 1961 2033 1653 
Capacity of Pond - Cu. yds. 3243 3341 3519 2332 
Capacity of Pond - Gallons 655,000 674,700 710,700 471,000 

51 Fill Surface Area of Pond - Sq. ft. 19,140 20,320 22,400 12,850 
31 Cut Area of Maximum Depth - Sq. ft. 3,840 3,840 4,150 3,820 

Distance· Earth Moved - Ft. 69 70 69 59 
Storage Ratio 1.69 1. 70 1.73 1.41 
Work Ratio 41 41 40 42 
Area Ratio 5.0 5.3 5.4 3.4 

Earth in Dam - Cu. yq.s. 1376 1415 1466 1180 
Capacity of Pond - Cu •. yds. 2107 2182 2277 1557 
Capacity of Pond - Gallons 425,500 440,700 459,900 314,400 

~ I Fill Surface Area of Pond - Sq. ft. 13,120 13,920 15,100 9,400 
~I Cut Area of Maximum Depth - Sq. ft. 2,340 2,330 2,350 1,840 

Distance Earth Moved - Ft. 59 60 59 52 
Storage Ratio 1.53 1.54 1.55 1.32 
Work Ratio 38 39 38 40 
Area Ratio 5.6 5.9 6.4 4.4 

Earth in Dam - Cu. yds. 948 963 990 813 
Capacity of Pond - Cu. yds. 1295 1310 1358 940 
Capacity of Pond - Gallons 261,500 264,600 274,300 189,800 

3 1 Fill Surface Area of Pond - Sq. ft. 8,307 8,480 9,060 6,800 

51 Cut Area of Maximum Depth - Sq. ft. 1,480 1,470 1,500 500 
Distance Earih Moved - Ft. 49 51 50 44 
Storage Ratio 1.36 1.36 1.37 1.16 
Work Ratio 36 37 36 38 
Area Ratio 5.6· 5.8 6.0 13 .6 

---
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TABLE 1. (Con't) CHARACTERISTICS OF PONDS STUDIED 
!Depth Flat Flat 

of Description of Topography 20/0 Slope 4% Slope U-Shaped U-Shaped U-Shaped 
Fill Radius of Pond Dam - Ft. 100 100 150 straij!ht 75 
and Depth of Water in Pond - Ft. 8 8 8 8 8 
Cut . Refer to Figure No. 9 10 11 & 12 12 12 

Earth in Dam - Cu. yds. 3871 2830 1082 
Capacity of Pond - Cu. yds. 7504 4525 2014 
Capacity of Pond - Gallons 1,515,500 913,900 406,700 

51 Fill Surface Area of Pond -: Sq. ft. 43,650 21,260 12,480 
~I Cut Area of Maximum Depth - Sq. ft. 8,670 10,020 2,370 

Distance Earth Moved - Ft. 98 84 68 
Storage Ratio 1.94 1.60 1.85 
Work Ratio 50 53 37 
Area Ratio 5.0 2.1 5.3 

Earth in Dam - Cu. yds. 2819 2053 812 872 801 
Capacity of Pond - ·Cu. yds. 5109 3081 1351 1447 1292 
Capacity of Pond - Gallons 1,031,800 622,200 272,800 292,200 260,900 

~ I Fill Surface Area of Pond - Sq. ft. 34,350 16,320 8,930 9,660 8,240 
41 Cut Area of Maximum Depth - Sq. ft. 2,750 5,630 1,260 1,530 1,350 

Distance Earth Moved - Ft. 79 66 . 59 61 61 
Storage Ratio 1.81 1.50 1.66 1.66 1.61 . 
Work Ratio 43 44 35 37 38 
Area Ratio 12.5 2.9 7.1 6.3 6.1 

Earth in Dam - Cu. yds. 1931 1456 545 
Capacity of Pond - Cu. yds. 3170 2016 804 
Capacity of Pond - Gallons 640,200 407,200 162,400 

3 1 Fill Surface Area of Pond - Sq. ft. 24,90() 11,550 5,650 

51 Cut Area of Maximum Depth - Sq. ft. 25 2,930 630 
Distance Earth Moved - Ft. 64 56 48 
Storage Ratio 1.64 1.38 1.47 
Work Ratio 39 40 33 
Area Ratio 996.0 3.9 9.0 

Depth 
of 
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Cut 

6 1 Fill 
41 Cut 

51 Fill 
51 Cut 

V-Shaped 
4% Slopes 
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Discussion of Results 
There are many factors influencing the practical aspects of build

ing a pond that cannot well be considered in an analysis of this type. 
On a certain slope the analysis' may indicate that the most efficient 
pond will be one with 5 feet of water stored by excavation and 3 feet 
stored back of the fill. In the field at a certain location, however, the 
subsoil conditions may be such that excavations cannot be made to 
that depth, so a shallower excavation over a larger area is indicated, 
even though more work per unit of water stored will be required. The 
type of equipment used in the construction of the pond may also limit 
one to building the type of pond that may not be the most efficient 
at that location. Practical factors such as these must always be con
sidered in determining the type of pond to construct at a particular 
location, as well as results of an analysis of the kind used in this 
bulletin. 

The Effect of Topography on the Efficiency of Farm Ponds of 8- , 
foot Depth. In general, the effect of the topography on .pond char
acteristics will be the same regardless of the relationship of fill to cut 
or the radius used. For comparison, however, ponds with 4-foot fill, 
4-foot cut, and 150-foot radius, located in the inverted V -shaped val
ley with slopes of 4 per cent, 6 per cent, and 12 per cent, as shown 
in Figures 4, 6, 8, and Table 1, will be used. As the slope of the land 
increases the storage ratio decreases (1.54 on a 4 per cent slope, 1.32 
on a 6 per cent slope, and 0.84 on a 12 per cent slope.) This would 
be expected since on the steeper slopes there is less' water storage 
back of the dam than on flatter slopes. Very little more work is re
quired per unit of water stored on the 6 per cent slope than on the 
4 per cent slope. This is because the earth is moved a shorter dis
tance on the 6 per cent slope, 52 feet compared to 60 feet on the 4 per 
cent slope. Also there is very little excavation required back of the 
waterline on the 6 per cent slope, so practically all of the excavation 
is used for water storage. On the 12 per cent slope, however, a large 
amount of excavation is required back of the waterline in which no 
water is stored, so a large increase in the work ,per unit {)f capacity 
is required, 58 as compared to 40 on the 6 per cent slope. On this 
general type of topography, there will be no appreciable difference 
in the amount of work required per unit of water stored until the 
slope is steep enough to require excavation back of the waterline to 
obtain sufficient earth for the dam, which in this case was slightly 
less than 6 per cent. 

In comparing the pond with a 4-foot fill and 4-foot cut on a 4 per 
cent fiat slope, Figure 10, to the pond in the inverted V-shaped valley 
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with a 4 per cent slope, Figure 4, it is noted that the pond in the val
ley has the highest storage ratio, 1.54 compared to 1.50, and the low- . 
est work ratio, 39 compared to 44. 

In comparing the pond with a 4-foot fill and 4-foot cut, on the 2 
per cent flat slope, Figure 9, to the one on the 4 per cent flat slope, 
Figure 10, it is again noted that the pond on the flat slope has the 
highest storage ratio, 1.81 compared to 1.50, but there is little varia
tion in the work ratio, 43 on the 2 per cent slope to 44 on the 4 per 
cent slope. This is because the water spreads over a greater area on 
the flat slope and the earth must be moved a greater distance, 79 feet 
compared to 66 feet. A greater portion of the earth on the 2 per 
cent slope could be obtained close to the dam which would result in 
less work and a larger area of 8-foot depth, but this would leave a 
larger area of shallow water around the edge of the pond, which is 
undesirable. This large area of shallow water around the edges of a 

. pond is a disadvantage of ponds on flat slopes. In the ponds located 
on the 2 per cent slope, Figure 9, it is 40 feet from the waterline to 
the point where the water is 2 feet deep, whereas in the ponds on the 
4 per cent slope, Figure 10, it is only 8 feet to the point where the 
water is 2 feet deep. 

The topography represented in Figure 11 is an inverted V-shaped 
topography with 4 per cent slopes up the valley and steeper, 8 per 
cent, slopes up the sides of the valley. A pond on this type of topog
raphy would be expected to be very efficient since a relatively short 
dam. will be required and it will back water up a long way in the flat 
valley. This fact is borne out by a study of this topography. The 
pond with 4-foot cut and 4-foot fill has a storage ratio of 1.66, which 
is the highest for any pond with this depth of cut, with the excep
tion of the pond on the 2 per cent flat slope which has a storage ratio 
of 1.81. In considering the work required, however, the pond in the 
valley is by far the most efficient with a work ratio of 35, whereas, 
the pond on the flat slope has a work ratio of 43. This analysis indi
cates that a natural depression would be the most desirable location 
for a pond. There are, however, other very important factors that 
must be considered in locating a pond, such as size and condition of 
the drainage area that are not taken into consideration in this analy-
sis. 

The Effect of the Relationship of Fin to Out on the Efficiency of 
Farm Ponds of 8-foot Depth. This relationship must be determined 
before the pond dain is staked out for it will determine the width of 
the base of the dam.. It can be seen by referring to Figure 1, that 
if 5 feet of water were to be stored above the original ground line, 
a higher dam. with a greater width of base would be required than 
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if only_ 3 feet of water were to be stored above the original ground 
line. The correct relationship of fill to cut to use will depend on the 
topography of the area, the soil characteristics, the size of pond de
sired, and the type of machinery to be used. 

It is noted in studying Figures 3 to 12 and Table 1, that in all 
cases the greater the depth of water stored above the original ground 
line, the greater will be the surface area and the capacity of the com
pleted pond, other factors being equal. The size of pond desired will 
thus be one factor determining the relationship of fill to cut that is 
to be used. 

In all the ponds studied-the storage ratio is highest with 5-foot 
fill and 3-foot cut and lowest with a 3-foot fill and 5-foot cut, and 
the work ratio is lowest for the 3-foot fill and 5-foot cut and highest 
for the 5-foot fill and 3-foot cut. The work involved is less because 
of the shorter distance the earth is moved in constructing the ponds 
with 3-foot fill and 5-foot cut. It must be emphasized here that in 
determining the work required the horizontal distance that the earth 
is moved was used in the computations, the vertical movement of 
the earth or the greater difficulty of excavating to the greater depth 
have not been evaluated. 

Ponds on an inverted V-shaped topography of 12 per cent slope 
with a 3-foot fill and 5-foot cut, Figures 7 and 8, have a small area 
of 8-foot depth which results in large area ratios, 35.7 and 41.6. If 
additional excavation were made to increase the area of 8-foot depth 
there would be an excess of earth over that needed to build the dam. 
The 5-foot fill and 3-foot cut ponds and the 4-foot fill and 4-foot cut 
ponds have sufficient area of 8-foot depth to give an area ratio less 
than 16. The pond on an inverted V-shaped topography of 6 per cent 
slope with a 3-foot fill and 5-foot cut, Figure 6, has an area ratio of 
13.6, which is quite large, but still meets the requirements. It ap
pears that on this general type of topography with slopes steeper 
than 6 per cent, the cut should not exceed the fill or the area of maxi
mum depth will be too small. In general this may hold true for other 
types of topography. Whether a pond on the steeper slopes would 
be staked using a 5-foot fill and 3-foot cut or a 4-foot fill and a 4-foot 
cut would depend on other factors such as soil type and size of pond 
desired. 

In all ponds on 4 per cent slopes, Figures 3, 4, 5, 10, and 11, it is 
noted that sufficient area of 8-foot depth is obtained. 

On the 2 per cent flat slope, Figure 9, the pond with 3-foot fill 
and 5-foot cut has an area ratio of 996.0, and the pond with 4-foot 
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fill and 4-foot cut has an area ratio of 12.5. In addition, these ponds 
have extensive areas of undesirable shallow water, which result in 
unsightly vegetative growth along the edge of the pond and poor 
environment for fish. If a 5-foot fill and 3-foot cut is used, to avoid 
the small area of 8-foot depth, the problem of extensive areas of 
shallow water would still exist. A greater portion of the earth ex
cavated from near the dam would give a larger area of 8-foot depth, 
but would result in even greater areas of shallow water. Another 
possible solution would be to excavate earth from just within the 
waterline and place this earth in a fill immediately above the water
line. This would require extra earth moving, but would give an 
area of deeper water just within the waterline, which is desirable. 

These problems will be encountered in attempting to locate a 
pond on other types of topography with flat slopes. Therefore, even 
though such ponds have high storage ratios, they are often not the 
most satisfactory ponds if these other factors are considered. 

The Effect of the Radius of Curvature of the Pond Dam on the 
Efficiency of Farm Ponds of 8-foot Depth. Ponds on an inverted V
shaped topography of 4 per cent slope with radii of curvature of the 
pond dams of 125 feet, 150 feet, and 180 feet are shown in Figures 
3, 4, and 5. This variation in the radius of curvature gives no sig
nificant difference in the storage ratio or in the work ratio. On this 
same type of topography of 12 per cent slope, Figures 7 and 8, the 
radius was varied from 75 feet to 150 feet. With this much change 
in the radius of curvature, there was again very little difference in 
the storage ratio, but greater variation in the work ratio. The 75-
foot radius pond with a 4-foot fill and 4-foot cut has a work ratio of 
64, and the 150-foot radius pond has a work ratio of 58. 

The effect of varying the radius of curvature on the inverted 
U-shaped topography is shown in Figure 12. The dam constructed 
with a radius of curvature of 150 feet has a slightly lower work ratio 
than the straight dam or the one with a 75-foot radius. 

The Effect of Varying the Depth of Water on the Characteristics 
of Farm Ponds. In general, the variations in topography, relation
ship of fill to cut, and radius of curvature would be expected to have 
the same effect on ponds of greater depth as they do on the ponds 
of 8-foot depth. 

In the ponds of greater depth, however, the size of dam is usually 
not increased as much in proportion as is the depth and volume of 
water stored. Many ponds 10 feet deep are constructed with dams 
having the same top width, freeboard, and side slopes as used for 
ponds 8 feet deep; for example, if the pond with 5-foot fill and 3-foot 
cut in Figure 4 had been excavated 2 feet deeper, a pond 10 feet deep 
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with 5-foot fill and 5-foot cut would have been obtained. This pond has 
tlte same size dam and water-holding capacity as the pond 8 feet deep, 
but in order to obtain the same amount of earth and secure a 10-foot 
depth, the side slopes must be less steep and the bottom area of the 
pond will necessarily be smaller, giving an area ratio of 20.1. The 
pond with a 4-foot fill and 6-foot cut has an even smaller area of 
maximum depth as indicated by the area ratio of 33.5. The pond 
with a 6-foot fill and 4-foot cut has a greater area of maximum depth 
and an area ratio of 10.2. Data on these ponds are given in Figure 
13 and in the last column of Table 1. 

Since it is desirable to have a large area of maximum depth wa
ter in the pond, most ponds of depths greater than 8 feet should be 
designed with the fills exceeding the cuts. The factor which will . 
largely determine the extent that the fill exceeds the cut is the size 
pond required. 

Summary (Part I) 

Ponds located on flat slopes have large storage ratios (cubic 
yards of water storage capacity per cubic yard of earth in the dam) , 
but are undesirable from the standpoint of extensive areas of shallow 
water. 

As the slope of an area on which a pond is to be constructed 
increases, the storage ratio decreases and the work ratio (amount of 
earth moving required per cubic yard of water storage) increases. 
The increase in the work ratio is not significant until excavation is 
required back of the waterline in order to obtain enough earth for 
the pond dam. On most types of topography it will be necessary to 
excavate back of the waterline with slopes steeper than about 6 per 
cent. 

A natural depression where a relatively short dam will back 
water over a large area will provide the greatest storage ratio, but 
it may not be the most desirable pond location when the size and 
condition of the drainage area is considered. 

In general, ponds with the fill (depth of water stored above the 
original ground) exceeding the cut (depth of water secured by ex
cavation) will have a greater storage ratio than will ponds of equal 
cut and fill or with the cut exceeding the fill. In those ponds where 
tlte fill exceeds the cut, the earth will have to be moved a greater 
distance in constructing the dam, which will result in a higher work 
ratio than in those where the cut exceeds the fill. On most types of 
topography with slopes under 3 per cent or over 6 per cent, ponds 
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with cut exceeding fill will have a very -limited area of 8-foot depth 
of water. Consequently on fiat slopes or steep slopes, a pond of 8-foot 
depth should have the fill equal to or exceeding the cut. A pond of 
greater depth than 8 feet, in order to have sufficient area of maxi
mum depth, should have the fill exceeding cut on all slopes. 

Varying the radius of curvature of a pond dam within reasonable 
limits will not materially affect the efficiency of the pond on most 
types of topography. 

There are methods of constructing a farm pond that will deviate 
from the methods discussed above. For example, the excavation may 
not always be made on a uniform slope from the waterline to the 
8-foot depth. Also, pond characteristics such as amount of free
board, side slopes used on the dam, etc., may b~ varied. A study of 
the pond designs previously discussed will give an indication of the 
variations to be expected if such changes are made. 

If an accurate study of ponds whose characteristics vary from 
those analyzed in Part I is desired, the method of analysis described 
in Part .II of this bulletin may be used to give this information in 
detail. 

PART n 

A Graphic Method of Analyzing Pond Characteristics 

The graphic method of analyzing pond characteristics, which was 
used to obtain results given in Part I of this bulletin, is explained in 
the following pages by applying it to a typical pond. The character
istics for this pond are tabulated in Table 1 and Figure 3. 

The first step is to select the top width of the dam, the amount 
of freeboard (height of the dam above the bottom of the spillway), 
the maximum depth of water, the depth of water to be stored above 
the original ground, the depth of water to be stored by excavation, 
and the side slopes to be used on tlie dam. The top width of dam 
selected is 8 feet and the amount of freeboard is 3 feet. The maxi
mum depth of water in the pond is 8 feet and the dam is so located 
that 4 feet bf water is stored above the original ground line and 4 
feet is stored by excavation below the original ground line. The side 
slopes of the dam are 3 to 1 on the water side and 2 to 1 on the back 
slope. The top of the dam is 7 feet above the point where the water
side of the dam intersects the original ground line. The horizontal 
distance from this point of intersection to the edge of the top of the 
dam is 21 feet and to the center of the dam the distance is 25 feet. 
In this distance of 25 feet on a 4 per cent slope, the ground surface 
drops one foot, giving a total height of the dam at the center line of 
8 feet. See Figure 14. 
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3 ' 1 Front Slope 

Waterline Stake 

1------- lOa' ------'1,.-+---
Cut Original Ground 

Surface - 4 % Slope 

Figure 14. Cross Sectional View of the Pond. 

It is assumed that this pond is to be built in a V-shaped valley 
having slopes of 4 per cent as shown in the contour map of Figure 15. 

The radius of curvature of the pond dam is selected to be 125 
feet. Using this radius, the center line of the dam is dra.wn on a 
contour m~p of the $ite, similar to that shown in Figure 15, except 

Scale I" = 60' 

Figure 15. Topography of the Site for a Pond. 
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that the contour lines are re-numbered to indicate the height of the 
dam at various points. See Figure 16. At the left end, the center 
line of the dam is extended tangentially until it intersects the zero 
height-of-dam contour. At this point the height of fill is zero. -The 
spillway is located at the right end of the dam and the center line 
is extended until it is at the 2Y2-foot height, at which point the spill
way is dug into the ground one-half foot, giving 3 feet from the top 
of the dam to the bottom of the spillway as required. The height of 
the dam at any point along a center line can be determined from the 
height-of~dam contours. 

Scale I" = 60' 

Figure 16. Contours Indicating the Height of Dam. 

With the height of dam at the centerline known, the area of sec
tion of the dam at any point can be computed. A formula for this, 
which is sufficiently accurate, is as follows: 

Area of .Section = 8 H + 5 HZ 
"2 

where H is the height of the dam. 
To determine the volume of the dam, it is necessary to divide it 

into a series of sections and determine the volume of each section 
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separately and then add the volumes of the individual sections. It is 
convenient to divide the dam into sections between the contours indi
cating dam heights. For example,the area of a dam 8 feet high is 
224 square feet, and one 7 feet high is 178 square feet. The volume 
is determined by multiplying the average area of the sections by the 
distance between them. The average area is 201 square feet and the 
distance as scaled between the 8-foot and 7 -foot heights is 35 feet. 
The volume of earth in this section is 201 X 35 or 7035 cubic feet. 
The volume of earth in other sections is determined in a similar man
ner and added together to give the total volume of the dam, which 
in this case is 1376 cubic yards. 

The next step is to determine the volume of water in the com
pleted pond. In Figure 17a, it is noted that the volume of water 
stored above ground, indicated by the shaded portion of the sketch, 
plus the amount of earth excavated, would give the total volume of 
water in the pond, assuming that there is no excavation back of the 
waterline. The amount of earth excavated will equal the amount of 
earth in the dam, in this case 1376 cubic yards. 

------~ --

Depth 

Depth 

Depth 

Depth 

--------,,-
Orlolnal Ground Surface 

Figure 17a. Water Stored Above Original Ground Surface. 

The depth of water in the pond stored above the original ground 
is indicated by the above-ground storage contours in Figure 
17b. The area enclosed by each of the above-ground contours is de
termined. The best way to measure these areas is to use a plani
meter. The volume of water stored between each of these levels is 
computed by taking the average · of the upper and lower areas and 
multiplying by the distance between them (1 foot). The total of 
these elements of volume is equal to the volume of water stored above 
the original ground surface. In this example the amount of water 
stored above the original ground surface is 731 cubic yards and the 
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Scale I"' 6.0' 

Figure 17b. Extent of Water Storage Above Original ?round Surface. 

amount of earth excavated is 1376 cubic yards, giving a total water 
storage capacity of 2107 cubic yards. 

The actual depth-of-water contours in the completed pond should 
now be determined. This is done by trial and error. The contours 
are first drawn in as if the excavation were made on a 3 to 1 slope 
from the waterline. The pond capacity is computed using these trial 
contours, following the same procedure that was used to determine 
the volume of water stored above the original ground surface. If 
this trial pond capacity is less than the actual pond capacity as com'
puted, 2107 cubic yards, it will be necessary to excavate back of the 
O-depth contour line to secure enough earth for the dam. (If this is 
necessary a different method of solution is used which is explained 
later.) If this trial pond capacity is greater than the computed ca
pacity, it indicates that the excavation was made at too steep a slope . 
and more earth was removed than would be required in the pond dam, 
in which case the trial contours must be adjusted until the trial pond 
capacity is equal to the pond capacity as computed. These contours 
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then represent the depth of water in the completed pond. (Figure 
18) 

Scale I" = 60' 

Figure 18. Contours Representing the Depth of Water in the Pond. 

To determine the work required to build the dam, it is necessary 
to compute the distance that the earth is moved. In this method, it 
is assumed that the pond is symmetrical about line X-X', in Figure 
19, and computations will be made for one half of the pond only. 
Point A . is located so that it will represent the center of volume of 
the earth in one-half the dam. The total of the volumes of the sec
tions of one-half the dam to the right of Point A is equal to the total 
of the volumes of the sections to the left of Point A. 

Contour lines are now plotted representing the depth of excava
tion required at various points. If the depth of water above the orig
inal ground surface, represented by contours, Figure 19, is subtracted 
from the depth of water in the pond, the difference will be the depth 
of cut. Points of equal depth of cut are thus located and lines con
necting these points are called depth-of-cut contours. The volume of 
earth excavated between adjacent levels or depth-of-cut contours can 
be determined by obtaUning the average area enclosed by adjacent 
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x 
Depth of Water Above 

Scale I" = 60' 
OrIgInal Ground Surfoce 

2 

3 

Figure 19. Contours Showing the Depth of Excavation Required and the Dis
tance Earth Must Be Moved to Be Placed in .the Da~. 

depth-of-cut contours and multiplying by the vertical distance be
tween them. The total of all these volumes should equal one:half 
the total amount of earth excavated or one-half the amount of earth 
in the pond dam, since only one-half the pond is being considered. 
The point representing the center of area or center of gravity of 
each of the areas enclosed by the depth-of-cut contours is next deter
mined. The area enclosed by the contour is divided into halves by 
drawing a vertical line through the area. To be certain the areas on 
the two sides of the line are equal, they are measured by a planimeter. 
If necessary, the line is moved slightly one way or the other as may 
be required to make the two areas equal. 
. In a similar manner the area is divided into two equal areas by 
a horizontal line. The point of intersection of the horizontal and the 
vertical line is the center of the area. The center points of the va
rious areas are designated as 0, 2, 4, and 6 in Figure 19. A point 
midway between 0 and 2 will indicate the center of volume of the 
earth excavated between the 0 and 2 foot depth-of-cut contours. This 
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is point x in Figure 19. Points y and z indicating the center of vol
umes between the 2 to 4 foot and 4 to 6 foot depth-of-cut contours 
are similarly located. Multiply the volume of each of these elements 
by the distance from its center of volume to the center of volume 
of one-half the dam (point A) . The total of these products divided 
by the volume of earth excavated in this half of the pond will be 
the average distance that the earth must be moved to be placed in 
the dam. In the example, this distance is 59 feet. The amount of 
work required can be determined by multiplying the amount of earth 
excavated in cubic yards by the distance it is moved in feet. If this 
value is divided by the volume of water stored, expressed in cubic 
yards, a figure called the "work ratio," which represents the amount 
of work required for each unit of water stored, is obtained. In this 

. 1376 X 59 . 
example the Vl70rk ratIO = 2107 = 38. 

If, as was previously indicated, it is necessary to excavate back 
of the waterline to get enough earth for the pond dam as determined 
by the trial contours, Figure 18, another method of solution is re
quired. 

Figure 20 shows a cross sectional view of a pond on a steep slope 
where it was nece,ssary to excavate back of the waterline to get 
enough earth for the dam. This results in an area of exposed bare 
soil on a 3 to 1 slope above the waterline as indicated in F igure 20 
and as shown by the shaded portions of the drawings in Figures 6, 
7, and 8. 

'::/I/, 'i2. fill ::' 
- \\\ = ) 1 

Original Ground Surface 

Figure 20. Cross Sectional View of a Pond on a Steep Slope. 

In determining the pond characteristics when excavation is re
quired back of the waterline the procedure is the same as discussed 
previously up to the step represented by Figure 18. A pond with a 
75-foot radius of curvature, a 5-foot fill and a 3-foot cut on an in
verted V-shaped topography of 12 per cent slope is used as an exam
ple when excavation is required back of the waterline. Characteris
tics of this pond are tabulated in Table 1 and Figure 7. If, when the 



BULLETIN 566 33 

trial water depth contours are drawn, it is found that excavation 
back of the waterline is required, the next step is to draw in trial 
depth-of-cut contours on a 3 to 1 slope, as indicated in Figure 21 for 
one-half the pond, assuming the pond is symmetrical. These depth
of-cut contours are adjusted until the volume of excavation, deter
mined as previously discussed, is equal to the amount of earth in 
one-half the dam. The center of volume of the excavation can now 
be determined and the average distance the earth must be moved to 
be placed in the dam can be determined as discussed previously. 

The depth of water in the completed pond can be determined at 
various points by adding the depth of cut to the depth of water stored 
above the original ground surface. Depth-of-water contours can 
then be drawn in as indicated in Figure 21. The water capacity and 

Scale I" = 30' 

Figure 21. Contours Showing Depth of Cut and Depth of Water in the Pond 
When Excavation Is Required Back of the Waterline. . 
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the surface area of the pond can be determined from these depth-of
water contours. 

This method of judging the suitability of various sites for ponds 
and of determining the most desirable pond design at a particular 
location may be used on any topography regardless of the steepness 
or irregularity of the slopes. 
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