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ENGINEERING FIELD MANUAL 

CHAPTER 11. PONDS AND RESERVOIRS 

PART I - GENERAL 

1. DEFINITION 

Ponds and reservoirs are bodies of water created by constructing a 
dam or  embanlanent across a watercourse or  by excavating a p i t  or dugout. 
Ponds constructed by the f i r s t  of these methods a re  referred t o  herein- 
a f t e r  as ''Embanlanent Ponds" and those constructed by the l a t t e r  method 
as "Excavated Ponda ." Ponds resu l t ing  from both excavation and embank- 
ment are c lass i f ied  as Embanhnt Ponds where the depth of water impounded 
againat the embankment a t  emergency spillway elevation i s  3 feet or  more. 

2. USES FOR WATER ON THE FARM 

WATER FOR LIVESTOCK 

Water i s  as important as forage i n  the production of livestock. In- 
adequate stock water developmente i n  pasture and range areas contribute t o  
ae unstable liveetock industry and l ivestock losses,  prevent use of needed 
grazing areas, and encourage overgrazing i n  the v i c in i ty  of exis t ing water 
supplies. 

Prwiding adequate water for l ivestock on range and pasture consis ts  
of developing enough water t o  s a t i e fy  s tack needs and providing a proper 
d i s t r ibu t ion  i n  r e l a t i on  t o  the available forage. 

A pond should be of a s i ze  tha t  w i l l  meet the needs of a l l  l ivestock 
tha t  w i l l  use the surrounding grazing area. Table 11-1, showing the average 
dai ly  consumption of water by various kinds of l i fes tock,  should be helpful 
i n  estimating water needs. 

Table 11-1. Daily consumption of water by l ivestock 

.. .- 

Kind of Livestock 

Beef Catt le  add Horses 
Dairy Cows (drinking only) 
Dairy Cowe (drinking and barn needs) 
Hogs 
Sheep 

... - ..- - 

Gallons per Head 
per Day 



The t o t a l  
depend on the  
stock served, 

amount of water tha t  w i l l  be consumed a t  one pond' w i l l  
average da i ly  consumption per animal, the number of l i ve - '  
and the  length of period over which they a re  served. 

fRRIGATION STORAGE 

The required storage capacity of a farm reservoir  used f o r  i r r i ga t i on  
depends on a number of factors .  Theae a re  the water requirements of the  
crops t o  be i r r iga ted ,  t h e e f f e c t i v e  r a i n f a l l  t ha t  can be expected during 
the growing season, the application eff ic iency of the  i r r i g a t i o n  method 
used, the losses due t o  evaporation and seepage, and the expected inflow 
i n t o  the  pond. A l l  of these can be estimated with reasonable accuracy and 
a water budget prepared t o  determine the  required capacity of the  reservoir .  

Where the acreages t o  be i r r iga ted  and the  storage requirements are 
small, the  preparation of water budgets is of ten not j u s t i f i ed .  In euch 
cases, Table 11-2, o r  loca l ly  developed guides, can be used t o  determine 
storage requirements i n  small i r r i ga t i on  ponds and reservoirs .  

Table 11-2. Capacity guide f o r  small i r r i g a t i o n  reservoirs  L/ 

Climate 
Annual 

Rainfal l  
fnches 

S uperhumid 
Humid 
Subhumid - Mois 
Subhumid - Dry 
Semiarid 
Arid 

t 

- 

l/ Based on the assumption tha t  the  watershed area i s  adequate t o  - 
f i l l  the reservoir  a t  l e a s t  once annually. 

2 1  Table i s  limited i n  use t o  40 acres i r r iga ted .  - 

Acre Feet per Acre I r r iga ted  z/ 

Over 60 
40 - 60 
30 - 40 
20 - 30 
10 - 20 

Under 10 

Where i r r iga ted  acreages a re  large the  preparation of a water budget 
i s  required. In such cases the  problem should be referred t o  an experi- 
enced engineer or hydrologist.  

Vegetable 
Crops 

0.75 
1.00 
1.50 
2 .OO 
3.00 

REGULATION OF IRRIGATION STREAMS 

I n  some locations available i r r i ga t i on  streams f luctuate  widely or 
become so  small a s  t o  l i m i t  the  method of application,  reduce the  e f f i -  
ciency of application,  or require excessive amounts of labor. I n  such 
instances, on-farm regulating or "overnight storage" reservoirs may be 
constructed t o  regulate and increase the  available i r r i ga t i on  stream. 
Reservoirs are f i l l e d  by canal delivery, diversion, o r  pumping. 

Small reservoirs  are  not r e l i ab l e  

Fie ld  
Crops 

1.00 
1.50 
2.00 
2.75 
4.00 

The regulating reservoir  should be located where it w i l l  serve the 
la rges t  acreage possible consistent  with the  avai lable  water supply. The 
capacity of such a reservoir  w i l l  vary with tihe stream s i ze  t o  be regula- 
ted and the period of time it  is  t o  be stored. Storage of the available 
inflow fo r  24 t o  72 hours i e  cormon. 

Perennial 
Crops 

1.25 
1.75 
2.50 
3.50 
6.00 



FIELD AND ORCHARD SPRAYING 

Ponds may provide water for  applying insect ic ides  and fungicides t o  
f i e l d  and orchard crops. The amount of water needed fo r  spraying is  re- 
l a t i ve ly  small, but i t  i s  important t h a t  it be available when needed. 
About 100 gallons per acre . f o r  each application should be enough for  most 
f i e l d  crops. Orchards, however, may require 1,000 gallons or more per 
acre  for  each spraying. 

Suitable means should be provided t o  convey water from the pond t o  
the spray tank. I f  the  pond i s  of the embankment type, a pipe placed i n  
the dam, and equipped with a valve and a f lex ib le  hose at the downstream 
end w i l l  permit the apray tank t o  be f i l l e d  by gravity.  I f  the  pond is 
the excavated type, a small pump w i l l  be required t o  f i l l  the  tank. 

FISH PRODUCTION 

A pond tha t  is conetructed and managed properly may yield from 100 t o  
300 pounds of f i s h  annually f o r  each acre of water surface. This i s  about 
equal t o  the beef production real ized from average improved grassland. 

Ponds with a surface of 114 acre t o  several  acres can be mauaged for  
good f i s h  production. Those l e s s  than two acres have proven popular since 
they are  not as d i f f i c u l t  t o  manage as the larger  ones. 

Shallow water a t  the  edges of a pond promtee waterweed growth, which 
makes f i s h  management d i f f i c u l t ,  and provides a breeding place for  mosquitoes. 
These problems can be overcame t o  a l a rge 'ex ten t  by deepening the shallow 
edges around the  pond. This can be done by borrowing from the pool edge 
during construction, or by cu t t ing  and f i l l i n g  as shown i n  Figure 11-1. 

LTO AVOID WEED HOBLEY 
IN S W u O W  WbTER I 

< REMWE SOIL TO DEEPEN 

Figure 11-1 Deepening pond edges by cut and fill method 



FIXE FXOTECTION 

The f i r e  protection pond should be located reasonably near the  build- 
ings t o  be protected. A centr i fugal  pump with power un i t  attached and a 
length of hose suf f ic ien t  t o  reach a l l  sides of the f a r the s t  building 
should be provided. It i s  good pract ice  i n  areas subject t o  freezing t o  
provide fo r  one or more dry hydrants s imilar  t o  the  one shoyn i n  Figure 
11-2. 

A sa t i s fac tory  f i r e  stream should not be l e s s  than 250 gallons per 
minute with a pressure a t  the nozzle of no l e s s  than 50 pounds per square 
inch. F i r e  nozzles usually range from 1 t o  1% inches i n  diameter. Good 
qual i ty  rubber-lined f i r e  hose, 2% t o  3 inches i n  diameter, should be used. 
The length of the hose should preferably not exceed 600 f ee t .  

d typ ica l  example of a f i r e  hose l i ne  i s  one consist ing of 500 f ee t  of 
3-inch hose t o  which a 1-l/&inch smooth nozzle i s  attached. A centr i fugal  
pump, operated a t  85 p . s . i .  w i l l  provide a stream of 265 g.p.m. with a 
nozzle pressure of 50 p .s . i .  Such a stream running f o r  5 hours would re- 
quire  114 acre foot of water. Local dealers  i n  pumps, engines, and s i m i l a r  
equipment should be able t o  furnish the  da ta  required regarding pump capa- 
c i t i e s  and engine horsepower. 

A f i r e  protection pond may a l so  serve as  a source of supply for  local  
f l r e  departments when accessible t o  large tank trucks. These trucks a r e  
heavy with a maximum capacity of about 1,000 gallons. They normally carry 
about 20 f ee t  of suction hose and generally must operate from all-weather 
roads. These points should be considered i n  location of dry hydrants. 
When used for  t h i s  purpose, hydrant f i t t i n g s  should be designed t o  f i t  
loca l  f i r e  company equipment. To make best  use of these i n s t a l l a t i ons  the 
f i r e  department should be kept up t o  date  on the location of i n s t a l l a t i ons  
accessible t o  t h e i r  equipment. 

A pond or reservoir  can provide recreation,  such as  swinming, b o a t i q  
and f ishing for  the  owner, h i s  family, and friends.  The area inrmediately 
surrounding the pond can be made i n t o  an a t t r a c t i v e  place for  picnic8 and 
games. 

Where a pond i s  used for  public recreation,  there  should be a supply 
of water adequate t o  wercome evaporation and seepage losses  and maintain 
a desi rable  water level .   he waters must be f ree  of pollution,  especial ly  
where they are  used for  swinrmlng and bathing. If  bathing I s  one of the 
intended a c t i v i t i e s  there should be an adequate depth of water i n  the 
v i c in i t y  of a gently sloping shore. Minimum f a c i l i t i e s  fo r  public use and 
safety, such as access roads, parking areas, boat ramps or docks, f i r e -  
places, picnic tables ,  and drinking and sani tary  f a c i l i t i e s ,  should be 
prwided . 

For protection of the public health,  most s t a t e s  have laws and regula- 
t ions  governing water supplies being used for such purposes as bathing and 
human consumption t o  meet ce r t a in  prescribed standards. Such supplies usual- 
l y  must be teeted and approved before t h e i r  use by the public is permitted. 



I ~ o f  fo scale J 
Figure 11-2 Details of dry hydrant installation. 



WATERFOWL AND OTHER WILDLIFE 

Ponds and reservoirs a t t r ac t  many kinds of wildl i fe .  Migratory water- 
fowl often use them as rest ing places i n  the i r  f l igh t  t o  and from the North. 
In some of the northern s t a t e s  ducks often use them as breeding places, 
par t icular ly where there i s  an ample supply of good food. Upland game and 
game birds use ponds as watering places. 

MULTIPLE USES 

Where possible, a pond should be constructed to provide water for two 
or more purposes. For example, it could be used t o  provide water for live- 
stock, for  f i sh  production and for  spraying one or more f i e ld  crops. Stor- 
age requirements for  each purpose should be considered t o  be sure of an 
adequate supply for,, a l l  intended uses. 

The several purposes for  which water is  t o  be used should be.compat- 
ible .  Some combinations are  not. For example, a pond would not: normally 
be used for both i r r iga t ion  and .recreation. Unless the reservoir i s  very 
large, most of the water might be removed during the i r r iga t ion  season, 
thereby lowering the water level t o  a .point where boating and swimming 
would not be pract ical .  

LEGAL REQUIREMF,NTS 

Many s t a t e s  have laws that  require permits to  construct dams for water 
storage for any intended use. The technician should know the requirements 
i n  h i s  s t a t e  and comply with them i n  the planning, design, and layout of 
ponds and reservoirs. 

3. TYPES OF PONDS AND RESERVOIRS 

Farm ponds and reservoirs may be divided into two general types; 
namely, embankment and excavated ponds. An embankment pond i s  a body of 
water created by constructing a dam across a stream or watercourse. These 
ponds usually are bu i l t  i n  areas where land slopes range from gentle t o  
moderately steep and where stream valleys are suff ic ient ly  depressed to  
permit the storage of water t o  a considerable depth. 

An excavated pond i s  a body o$ water created by excavating a p i t  or 
dugout. These usual ly.are  constructed i n  relat ively level areas. The 
fac t  that  the i r  capacity i s  obtained almost ent i rely by excavation l imits 
t h e i r  use t o  locations where only a small supply of water is required. 

Ponds are  also bu i l t  i n  gentle to  moderately sloping areas where capac- 
i t y  is  obtained by both excavation and the construction of a dam. For the 
purpose of c lassif icat ion,  these are  considered t o ' b e  embankment-type ponds 
i f  the depth of water impounded against the embankment exceeds three fee t .  



4 .  SELECTING THE POND SITE 

The s e l e c t i o n  of a s u i t a b l e  pond s i te  should begin with preliminary 
s tud ies  of poss ib le  sites. Where more than one site i s  avai lable ,  each 
should be studied separa te ly  with a view of se lec t ing  the  one t h a t  proves 
most p r a c t i c a l  and economical. 

From an economic viewpoint, a pond should be located where the  l a r g e s t  
s torage  volume can be obtained with t h e  l e a s t  amount of e a r t h f i l l .  This 
condit ion general ly w i l l  occur a t  a s i te  where the  va l l ey  is narrow, s i d e  
slopes a r e  r e l a t i v e l y  s teep,  and the  slope of the  va l l ey  f loor  w i l l  permit 
a l a rge  deep bas in ,  Such s i t e s  tend t o  minimize the  area of shalluw water; 
however, they should be examined c a r e f u l l y  f o r  adverse geologic condit ions.  
Except where t h e  pond is t o  be used f o r  w i l d l i f e ,  l a rge  areas of shallow 
water ehould be avoided due t o  excessive evaporation losses  and t h e  grcrwth 
of aoxious aquat ic  p lants .  

Ponds t o  be used f o r  watering l ives tock  should be spaced s o  t h a t  l ive-  
s tock w i l l  not  have t o  t r a v e l  more than one-quarter mile t o  reach them i n  
rough, broken country, nor more than one m i l e  i n  smooth, r e l a t i v e l y  l e v e l  
areas.  Forcing l ives tock  t o  t r a v e l  long dis tances  f o r  water i s  detr imental  
t o  both the  l ives tock  and the  grazing area .  Overgrazing near water and 
unused feed f a r  from water a r e  c h a r a c t e r i s t i c  s f  inadequate water d i s t r i -  
bution.  

Where water must be conveyed fo r  use elsewhere, such as f o r  i r r i g a t i o n  
o r  f i r e  protec t ion,  ponds should be located as c lose  t o  the  point  of use 
a s  is  p r a c t i c a l .  

Ponds t o  be used fo r  f i sh ing,  boating, swimming and other  forms of 
r ec rea t ion  ehould be read i ly  access ib le  by automobile. This i e  par t i cu la r -  
l y  t r u e  where the  general  public i s  charged a fee  f o r  use of t h e  pond, The 
success of such an income-producing enterprise-may wel l  depend on the  acces- 
s i b i l i t y  of the  pond. 

Po l lu t ion  of farm pond water should be avoided by se lec t ing  a s i te  
where drainage from farmsteads, feeding l o t s ,  c o r r a l s ,  sewage l i n e s ,  mine 
dumps and similar areas w i l l  not  reach t h e  ponds. Where t h i s  cannot be 
done p r a c t i c a l l y ,  t h e  drainage from such areas  ehould be d iver ted  from 
the  pond. 

The pond should not be located where sudden re lease  of t h e  water, due 
t o  f a i l u r e  of t h e  dam, would r e s u l t  i n  l o s s  of l i f e ,  in ju ry  t o  persons o r  
l ives tock,  damage t o  residences o r  i n d u s t r i a l  bui ld ings ,  r a i l roads  o r  high- 
ways, o r  cause in te r rup t ion  of use o r  service  of public u t i l i t i e s ,  Where 
t h e  only s u i t a b l e  s i t e  presents  one o r  more of these  hazards, a more d e t a i l -  
ed inves t iga t ion  should be made. 

Low-hanging powerlines present  a hazard t o  fishermen and others  using 
farm ponds. They may be wi th in  reach of a f i sh ing  rod held by a m o n e  

e f i sh ing  from the  top of t h e  dam. S i t e s  under such l i n e s  should be avoided. 



A check should be made t o  insure that  no buried pipelines or cables 
ex is t  i n  the construction area. These might be broken or punctured by the 
excavating equipment, resul t ing not only In  damage to  the u t i l i t y  but i n  
injury t o  the operator of the equipment as well. Where such a a i t e  must 
be used, the u t i l i t y  owners should be contacted prior t o  foundation investi- 
gation or construction. 

5. PRELIMINARY SITE STUDIES 

I n  addition t o  the considerations mentioned for the selection of a 
pond location, there are other physical character is t ics  of the drainage 
area and the pond s i t e  which should be investigated before the f ina l  selec- 
t i on  i s  made, 

ADEQUACY OF THE DRAINAGE AREA 

Where surface runoff is  the main source of water supply, the contri- 
buting drainage area should be large enough t o  yield suff ic ient  runoff t o  
maintain the water supply i n  the pond during a l l  periods of intended use. 
The drairiage area should not be so large,  however, as t o  require large and 
expensive overflow structures t o  bypass runoff safely. 

The amount of runoff that can be expected annually from a watershed 
of a given area depends on so many factors that  no s e t  ru le  can be given 
for  i t s  determination. The physical character is t ics  of the watershed that  
have a d i rec t  e f fec t  on the yield of water are  land slopes, s o i l  i n f i l t r a -  
t ion,  vegetal cover and surface storage. Storm character is t ics  such as 
the amount, intensi ty  and duration of r a i n f a l l  also a f fec t  water yield,  
A l l  of these character is t ics  vary widely throughout the United States.  

Exhibit 11-1 can be used as a general guide for estimating the s ize  
of a watershed required for  each acre-foot of capacity i n  a pond or reser- 
voir t o  maintain normal pool level,  i f  more precise local  data i s  not 
available. The map does not apply when ponds are used for i r r iga t ion .  

MINIMUM POND DEPTH 

For a permanent water supply, it is necessary t o  provide suff ic ient  
water depth t o  meet the intended use and t o  of fse t  seepage and evaporation 
losses. These losses vary i n  different  sections of the country and also 
from year t o  year i n  any section. Table 11-3 shows recommended minimum 
depths of water for farm ponds, assuming normal seepage and evaporation 
losses. Greater depths are  desirable where a year-round water supply i s  
essent ial  or where seepage losses may exceed three inches per month. See 
State  Standards and Specifications for  local  miniaturn depths. 



Table 11-3, Reconrmended minimum depths of ponds and reservoirs 

IlRAINAGE AREA PROTECT1 ON 

Climate 

Superhumid 
Humid 
Subhumid - Moist 
Subhumid - Dry 
Semiarid 
Arid 

To maintain the required depth and capacity of a farm pond, it i s  
neceesary that  the inflow be reasonably free from sediment. The best 
protection is  adequate erosion control on the contributing drainage area. 
Land under a cover of permanent vegetation, such as t rees  or grasses, 
makes the most desirable drainage area. I f  such an area is  not available, 
cultivated areas that  are  protected by necessary conservation practices, 
such as terracing, contour t i l l age ,  strip-cropping, conservation cropping 
systems, vegetated des i l t ing  areas, and other soil-improvement practices, 
may be ut i l ized  as a l a s t  resort .  Allowance should be made for the ex- 
pected sedimentation during the effect ive l i f e  of the structure.  

ADEQUACY OF POND CAPACITY 

Annual 
Rainf a1 1 
(inches) 

Over 60 
40 - 60 
30 - 40' 
20 - 30 
I d  - 20 

Under 10 

To insure that  the water stored i n  a farm pond w i l l  be adequate t o  
sa t ie fy  the'intended uses, a reasonable estimate of the pond capacity 
should be made. The following i s  a simple method of estimating capacity. 

Minimum Water Depth 
Over 25 percent of 

the Area 
(feet)  

6 
8 
9 

10 
12 
14 

The pond-full water elevation is  established and the waterline is  
staked a t  t h i s  elevation. The widths of the valley a t  t h i s  elevation are 
measured a t  regular intervals  and these measurements are used t o  compute 
the pond-full surface area i n  acres. The surface area i s  multiplied by 
0.40 tims the maximumwater depth a t  the dam. For example, a pond with 
a surface area of 3.2 acres and a depth of 12.5 fee t  a t  the dam would 
have an approximate capacity of 0.4 x 12.5 x 3.2 = 16.0 ac . f t .  (1 acre- 
foot = 325,857 gal lom).  If a more accurate answer is  required, the 
surface area a t  successive intervals of elevation may be determined and 
the average end-area method may be used to compute the volume. 

6 .  ENGINEERING SURVEYS 

Once the location of the pond or reservoir has been determined, suffi-  
c ient  engineering surveys should be made so that the dam, spillway and 
other features of the pond can 'be planned. 

Surveys for  embanhnt-type ponds normally w i l l  consist of a prof i le  
of the centerline of the dam, a profile of the centerline of the earth 



spillway, and suff ic ient  measuremants for estimating the pond capacity. 
For the larger and more complex reservoirs,  par t icular ly those used t o  
s tore  water for  I rr igat ion,  a complete topographic survey of the en t i r e  
pond s i t e  and cross-section surveys of embanbut  and spillway locations 
may be required. 

The prof i le  along the centerline of the proposed dam should extend up 
both sides of the valley above the expected elevation of the top of the 
dam and beyond the probable location of the ear th spillway. The prof i le  
should show ground surface elevations at a l l  s ignif icant  changes i n  the 
ground slope and a t  intervals  no greater than 50 feet. The prof i le  a s s i s t s  
i n  establishing c r i t i c a l  elevations for  the structure including normal pool, 
c re s t  of the emergency spillway and top of the embankment. It i s  used also 
t o  compute the volume of ear th required t o  construct the dam. 

A slmilar prof i le  should be run along the c e n t e r l h e  of the ear th 
spillway from a point on the upstream end, well below the selected normal 
water surface elevation, t o  a point on the downstream end where water cau 
be safely discharged without damage t o  the structure.  This prof i le  serves 
as a basis  for  determining the slope and dimensions of the spillway. 

A l l  surveys made a t  the pond s i t e  should be t i ed  t o  reference points 
and a bench mark, These may be a large spilce driven in to  a t ree,  an iron 
rod driven flush with the ground, a point on the concrete headwall of a 
culvert ,  o r  any other object so located that  i t  can be expected t o  remain 
undisturbed u n t i l  construction of the dam has been completed. Figure 11-3 
shows a sample s e t  of tlotes for  a farm pond design survey. 

Engineering surveys for excavated ponds are  relat ively simple where 
no water i s  stored against an embanlauent. Usually the four corners of the 
proposed excavation are  located on the ground and rod readings taken at 
these points. These readings should be referenced t o  a bench mark and 
recorded. Engineering surveys for both embankment and excavated ponds may 
be recorded on approved standard forma or data  sheets. 



Figure 11-3 Sample notes for a pond design survey. 



PART I I - MANKMENT PONDS 

1. GEOLOGIC INVESTIGATIONS 

SOILS I N  THE PONDED AREA 

The su i t ab i l i t y  of a pond a i t e  depends on the a b i l i t y  of the so i l s  i n  
the reservoir area t o  hold water. The s o i l  p rof i le  should contain a layer 
of material tha t  is  suff ic ient ly  impervious and thick t o  prevent high seep- 
age losses. Clays and s i l t y  clays are  excellent materials for  t h i s  purpose. 
Sandy clays usually a re  satisfactory. Coarse textured sands and sand-gravel 
mixtures are  highly pervious and therefore a re  generally unsuitable. The 
absence of a layer of relat ively impervious material w e r  a portion or por- 
t ions of the ponded area does not necessarily mean tha t  the s i t e  must be 
abandoned. It usually means, however, that  these portions of the area w i l l  
have t o  be treated by one of the several methods described l a t e r  i n  t h i s  
chapter under the heading, Sealing Farm Ponds. Any of these methods may 
prove t o  be expensive. 

I n  some areas, such as coastal  plains, lake plains, and r iver  del tas ,  
it  i s  often possible t o  impound a limited depth of water over areas where 
no impervious layer ex is t s  i n  the s o i l  p rof i le  but where a permanently 
high water t a b l a  ex is t s  a t  or near the g r o ~ d  surface. 

Some of the limestone areas are especially hazardous for use as pond 
s i t e s .  There may be crevices, sinks, caverns or channels i n  the limestone 
below the s o i l  mantle and not v is ib le  from the surface. These may drain 
the pond i n  a short  time. I n  addition, the s o i l s  i n  these areas are often 
granular. The granules do not break down readily i n  water and the so i l s  
remain highly permeable. Without extensive investigations and laboratory 
tes t s ,  i t  i s  d i f f i c u l t  t o  recognize a l l  of the factors that  might make a 
limestone s i t e  undesirable, One of the best  guides t o  the su i t ab i l i t y  of 
a s i t e  i n  such areas is the degree of success experienced with farm ponds 
i n  the immediate vicini ty .  

Borings or t e s t  p i t s  should be made a t  ir i temals i n  the reservoir area 
t o  determine the nature of the s o i l  profi le .  The frequency of these borings 
w i l l  depend on the occurrence of s ignif icant  changes i n  the s o i l  profi le .  
The borings should be made t o  a depth suff ic ient  t o  identify the underlying 
materials that  may af fec t  the design or safety of the structure.  A record, 
or log, of each boring or t e s t  p i t  should be made showing the location, 'depth 
and classes of materials encountered. The location of each boring should be 
marked on the ground so it can be referenced to  other or more detailed surveys. 

STUDIES OF FOUNDATION CONDITIONS 

The term foundation, as used here, includes the valley floor and i t s  
aide slopes, or abutments.. The requirements of a foundation for an earth- 
f i l l  dam are  that  it prwide  s table  support for  the embankment under a l l  
conditions of saturation and loading, and that  it prwide  suff ic ient  res i s t -  
ance t o  seepage t o  prevent excessive loss of water. Adverse foundation con- 
di t ions can lead t o  fa i lure  of a dam due t o  cracking, piping, sl iding, 
settlement, or up l i f t .  



The foundation conditions under the proposed damsite should be investi- 
gated thoroughly t o  insure that  the s i t e  i s  sui table  and that  a safe struc- 
tu re  can be designed. The extent of the foundation examination w i l l  depend 
upon the complexity of the conditions encountered and on the height of the 
dam. Borings should be.taken or t e s t  p i t s  excavated a t  intervals along the 
centerline of the dam. The depth and spacing of the borings or p i t s  should 
be suff ic ient  t o  determine the su i t ab i l i t y  of the foundation. 

AVAILABILITY OF SUTTAELE FILL MATERIAL 

F i l l  material must be available i n  suff ic ient  quantit ies for  construc- 
t ion of the dam and should be located close enough to the s i t e  so that  place- 
mexit costs w i l l  not be excessive. Soi l  borings should be made i n  the select-  
ed borrow areas i n  order t o  estimate the kinds and amounts of sui table  f i l l  
materials available. 

Materials selected for  construction of a dam must have suff ic ient  
strength for the dam t o  remain s table  and a suff ic ient ly  low permeability, 
when compacted, t o  prevent harmful seepage of water through the dam. 

SOILS TN THE SPILLWAY AREA 

In most cases it i s  necessary t o  bypass excess storm runoff around the 
embankment of a farm pond through an excavated earth spillway. For economic 
reasons, auitable material excavated from the spillway should be used i n t h e  
e a r t h f i l l .  Thus, s o i l  borings should be made along the approximate center- 
l i ne  of the proposed spillway to  determine the type of material that  w i l l . be  
e n c o ~ t e r e d ,  i t s  erodibi l i ty ,  and i t s  su i t ab i l i t y  for use i n  the embanbent. 0 RECORDS OF SOILS INVESIIClfCIONS 

A permanent record of a l l  s o i l  borings and t e s t  p i t s  made i n  the reser- 
voir  area, foundation, borrow area, and spillway area should be maintained 
in the work uni t  offick. Form SCS 538, Figure 11-4, or a similar form, 
should be used t o  record s o i l  borings. 

See Chapter 4 of th i s  manual for  guidance i n  the c lass i f ica t ion  of 
the so i l s  encountered, and i n  determining the i r  su i t ab i l i t y  as foundation 
or construction materials. 

2. SPILLWAY REQUIREMENTS 

A l l  reservoirs formed by dannning natural drainageways require the 
protection of a carefully designed)spillway or a combination of spillways. 
The function of spillways is  t o  pass s t o m -  runoff around or under the e m  
b a n b n t  t o  prevent overtopping. The spillway also must convey the water 
from the pond safely to  a s table  out le t  below without damage t o  the down- 
stream slope of the embankment. Spillways are  usually classif ied as t r i ck le  
tubes, principal spillways, and emergency spillways. 

3 .  TRICKLE TUBES 

DEFINITION 

A small pipe spillway is  provided i n  many farm ponds and reservoirs 
t o  protect the vegetative c w e r  i n  the emergency spillway from prolonged 
saturation by continuous flow, spring flow, or low flows that  may continue 
for several days during snawmelt or following a storm. This type of sp i l l -  
way i s  designed t o  discharge such a small percentage of the peak flow that  
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SOIL INVESTIGATION TO DETERMINE SUITABILITY OF PROWSED POND SITE 

Figure 11-4 Soil investigation form. (Sheet I of 2 )  
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TYPES OF MATERUL ENCOUNTERED IN BORINGS 

Well graded gravels; gravel-sand mixtures 
Poorly graded gravels 
Silty gravels; gravel-sand-silt mixtures 
Clayey gravels; gravel-sand-clay mixtures 
Well graded sands; sand-gravel mixtures 
Poorly graded sands 
Silty sand 
Clayey sands; sand-clay mixtures 
Silts; silty, v. fine sands; sandy or clayey silts 
Clays of low to medium plasticity; silty, sandy or gravelly clays 
Inorganic clays of high plasticity; fat clays 
Elastic silts; micaceous or diatomaceous silts 
Organic silts and organic silty clays of low plasticity 
Organic clays of medium to high plasticity 

1. Suitable material for em-t L available WYen n NO ( m r  btd on dh. shtd m -* 

Figute 11-4 Soil investigation farm. Sheet 2 of 2 



it has no measurable e f fec t  on the emergency spillway design. This type 
of spillway i s  conrmonly called a t r i c k l e  tube. 

DES IGN CAPACITY 

The design capacity of a t r i ck le  tube should be 
long-duration, continuous, or  frequent flows without 
spillway. 

4, PRINCIPAL SPILLWAYS 

DEFINITION 

adequate t o  discharge 
flow through the ear th 

The principal spillway is  constructed of permaxlent material, and usu- 
a l l y  i s  designed t o  provide flood protection or t o  reduce the frequency of 
operation of the emergency spiliway. Its discharge capacity depends upon 
the purpose of the reservoir and the use for which the spillway i s  designed. 
If the reservoir i s  t o  be used for retarding flood flow, it discharges a 
low percentage of the peak flow. A t  locations where an emergency spillway 
is  not feasible the principal spillway should be designed t o  discharge the 
runoff for  the design storm. 

DROP INLET SPILLWAYS 

One type of principal spillway that  i s  c o ~ n l y  used with farm ponds 
and reservoirs is  the drop i n l e t  spillway. It consists of a pipe barrel  
located under the embankment with a r i s e r  connected t o  the upstream end. 
The elevation of the c re s t  of the r i s e r  determines the normal pool level  
i n  the reservoir. This type of spillway may be used to  drain the pond or 
t o  supply water for  i r r iga t ion  or other purposes by ins ta l l ing  a valve or 
gate i n  the upstream end of the barrel .  

Design 

S m a l l  diameter pipes are part icular ly susceptible t o  clogging with 
t rash and rodents. For t h i s  reason no barrel  smaller than 6 inchea i n  
diameter and no r i s e r  smaller than 8 inches i n  diameter should be used. 
Where the riser i s  t o  be constructed of reinforced concrete or concrete 
block, the inside dimensions should not be smaller than 24 by '24 inches. 

The c res t  elevation of the emrgency spillway should be located at 
an elevation above the crest of the drop in l e t  equal to  the head required 
t o  develop design flow through the principal spillway conduit. 

Drawings and design information are  given i n  Chapter 6 of t h i s  manual. 
Construction methods and materials are cwered i n  Chapter 17, Also see 
Exhibit 11-4 for determining the capacity of principal spillways consider- 
ing temporary s torage. 

HOOD INLET SPILLWAYS 

Another type of principal spillway commonly used with farm ponds and 
reservoirs i s  the hood i n l e t  spillway. It consists of a pipe la id  i n  the 
ear th embanbut  i n  a manner that  the elevation of the invert  of the pipe 
a t  i t s  upstream end establishes the normal pool level i n  the reservoir. The 
i n l e t  end of the pipe is cut a t  an angle t o  form the hood. An anti-vortex 
device, usually made of metal, is  attached t o  the entrance of the pipe t o  



increase the hydraulic. efficiency of the tube. The hood inlet spillway 
often can be constructed at less cost than the drop inlet type because 
there is no expense for a riser. This type of spillway has one major 
disadvantage in that it cannot be used as a drain or water supply pipe. 

Pipe smaller than 6 Inches in diameter should not be used because of 
the danger of becoming clogged. The crest elevation of the emergency 
spillway should be located a distance above the invert or crest eleva- 
tion of the hood inlet spillway at least equal to the value of the 
minimum head,,h, required to provide full pipe flow, but in no case less 
than 12 inches. 

See Chapter 6 of this manual for further design information and typi- 
cal installations, and Chapter 17 for construction methods and materials. 
See-Exhibt 11-4 for determining the capacity of principal spillways con- 
sidering temporary storage. 

5; EMERGENCY SPILLWAYS , 

An emergency spillway is an earth or a vegetated channel, usually 
designed to discharge flow in excess of the principal spillway design 
discharge. Where watersheds are small and long duration flows are not a 
problem, it may be feasible to handle the runoff safely with only a 
vegetated spillway, 

Emergency spillways, as discussed here, apply to both the vegetated 
and nonvegetated spillways, the latter being used where climatic or soil 
conditions make it impossible to grow or maintain a suitable grass 
cover. Emergency spillways are usually excavated, but may exist as a 
natural spillway such as natural draw, saddle or drainageway. In either 
case the spillway must discharge the design peak flow at a non-erosive 
velocity to a safe point of release. Ordinarily, emergency spillways, 
whether vegetated or nonvegetated, should not be built on fill material. 

LIMITATIONS 

Emergency spillways have certain limitations. They should be used 
only where the soils and topography will permit safe discharge of the 
peak flow a t  a point well away from the dam and at a velocity which will 
not cause appreciable erosion. Temporary flood storage provided in the 
reservoir may be used to reduce the design flow or frequency of use of 
the spillway. 

DESIGN SPILLWAY CAPACITY 

Emergency spillways should have the minimum capacity t o  discharge the 
peak flow expected from a design storm of the frequency and duration 
shown in the following table less any reduction creditable to conduit 
discharge and detention storage. The procedure for determining peak 
flood flow is',preseated in Chapter 2 of this manual. 

EFM Notice 9, 4/80 
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(Note: Neither the location nor Note: Use care to 
the alignment of the level por- keep all machinery 

has to coincide with the and traffic out of 
er line of dam.) Q the spillway discharge 

area to protect aod.) 
Excavated Earth Spillway Optional with 

eod or riprap 
on wing dike 

PLAN VIEW OF EARTH SPILLWAYS 

Water Surface 

PROFILE ALONG CENTERLINE 

CROSS-SECTION OF LEVEL PORTION 

Definition of terms: 

Hp = Depth of water in reeervoir above creet 
L = Length of level portion mln 7.6 meter (25 ft.) 
b Bottom width of spillway 
So - Slope for exit channel 
Se Slope of inlet channel 

Figure 11-5: Profile and cross-rection of excavated earth spillway 



Minimum Spillway Capacity (SI Units) 
Drainage Effect ive height  o f  Storage Minimum design storm 

area  dam Frequency Minimum 

dura t ion  - 
hectare  

8 o r  l e s s  ...............? 6 o r  l e s s  l e s s  than 60 10 2 4 
8 o r  less ................ more than 6 l e s s  than 60 25 2 4 
More than 8 .............. 6 o r  l e s s  l e s s  than 60 2 5 2 4 

................................................. a l l  o the r  50 2 4 
*dam (cubic dekameter) = 1,000 m5 

Minimum Spillway Capacity (English Units)  
Drainage Ef fec t ive  height  of  Storage Minimum design storm 

a rea  dam Frequency ~lnirnum 

dura t ion  
ac re  f t  a c r e - f t  Y r .  h r  . 

.............. 2 0 - o r  less 20 o r  l e s s  less than 50 10 2 4 
20 or less .............. More than 20 l e s s  than 50 2 5 2 4 

............ More than 20 20 o r  less l e s s  than 50 2 5 2 4 

.................................................. a l l  o the r  50 2 4 

EXCAVATED SPILLWAYS 

Elements of Excavated Spillways 
Excavated spi l lways cons i s t  of t he  th ree  elements shown i n  Figure 11- 

5. These a r e  i n l e t  channel, l e v e l  por t ion ,  and e x i t  channel. Each 
element has a s p e c i a l  funct ion.  The flow e n t e r s  the spi l lway through 
the  i n l e t  channel. The depth of flow Hp loca ted  upstream from the  l e v e l  
por t ion  is cont ro l led  by the  i n l e t  channel, l e v e l  por t ion ,  and e x i t  
channel. The flow is cont ro l led  i n  the  l e v e l  por t ion  and then d is -  
charged through the  e x i t  channel., Flow i n  t h e  e x i t  channel 'can be 
e i t h e r  s u b c r i t i c a l ,  c r i t i c a l ,  o r  super c r i t i c a l .  

Excavation of t h e  i n l e t  channel. o r  t he  e x i t  channel, o r  both, may be 
omitted where the  n a t u r a l  s lopes  'meet t he  minimum s lope  requirements. 
The d i r e c t i o n  of s lope  of the  e x i t  channel must be such t h a t  discharge 
w i l l  not  flow aga ins t  any p a r t  of t he  dam. Wing d ikes ,  sometimes c a l l e d  
kicker  levees  o r  t r a i n i n g  levees,  may be used t o  d i r e c t  t he  outflow t o  a 
s a f e  poin t  of r e l ease .  

The spi l lway should be excavated i n t o  o r i g i n a l  e a r t h  f o r  t h e  f u l l  
design depth. Where t h i s  is not  p r a c t i c a l ,  t h e  end of t he  dam and any 
e a r t h f i l l  constructed t o  confine the flow should be protected by vegeta- 
t i o n  o r  r i p rap .  It is  d e s i r a b l e  t h a t  t he  entrance t o  t he  i n l e t  channel 
be widened so i t  is  a t  l e a s t  50 percent  g rea t e r  than t h e  design bottom 
width of t he  l e v e l  port ion.  The i n l e t  channel should be reasonably 
sho r t  and should be planned w i t h  smooth, easy curves f o r  alignment. It 

should have a s lope  toward the  r e se rvo i r  of not  less than 2.0 percent ,  

except i n  rock, t o  i n su re  dra inage  and Low i n l e t  losses .  

EFM Notice 9 ,  4/80 



The level portion should be located near the intersection of the 
extended centerline of the dam with the centerline of the spillway and 
have a length of at least 7.5 meters (25 feet). e 

The exit channel must have a slope that is adequate to discharge the 
peak flow within the channel. The slope, however, muat be no greater 
than that which will result in maximum permissible velocities for the 
soil type or the planned grass cover. The exit channel should be 
straight and should confine the outflow to a point where the water may 
be released without damages to the fill. 

Selecting Spillway Dimensions 

With the required discharge capacity, the degree of retardance, 
permissible velocity, and the natural slope of the exit channel known, 
the bottom width of the level and exit sections and the depth of the 
flow ( ~ p )  may be computed from Exhibit 11-2. The natural slope of the 
channel should be altered as.little as possible. 

The selection of the degree of retardance for a given spillway will 
depend mostly upon the height and density of the cover chosen (Exhibit 
11-2, Table 2). Generally, after the cover is selected, the retardance 
with a good uncut condition will. be the one to use for capacity deter- 
mination. Since a condition offering less protection and less retard- 
ance exists during the establishment peroid and after mowing, it may be 
advisable to use a lower degree of retardance when designing for stability. 

When the anticipated average rise of a spillway is more frequent than 
once in 5 years, the maximum permissable velocities shall be in accord- 
ance with Exhibit 11-2, Table 1 for vegetated spillways and Exhibit 11- 
2, Table 4 for earth spillways. For vegetated spillways only, the 
maximum permissible velocity may be increased 10 percent when the 
anticipated average use is not more frequent than once in 5 years or 25 
percent when the anticipated average use is not more frequent than once 
in 10 years. 

Water surface profiles were cajlculated by computer for all the 
anticipated spillway conditions and based on the retardances described 
in SCS TP-61. Critical slope and depth proved to be of minor importance 
in detting Hp, so Exhibit 11-2, Tables 3A through E were developed from 
the water surface profiles and will carry the design flow as shown. 
Tables 3A through E give minimum and maximum slope requirements for the 
various discharges q, velocities V, and retardance given. 

Some velo~ities injExhibit 11-2 Tables 3A - E show different dis- 
charges in m /s/m (ft /s/ft).for the same Hp values. The Hp values are 
set to insure design q at the mini~num slope, but velocitiea at minimum 
slope may not reach maximum velocity. The maximum velocity will only be 
achieved where the exit channel is at maximum slope. Rounding is.also 
part of the reason. Table 3A - E are not appropriate for bottom widths 
less than 2.4 meters (8 feet). Table 3E should be used for earth spillways'. 
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Spillway s i d e  s lopes  should be no s teeper  than 3 : l  unless t h e  
spil lway is  excavated i n t o  rock, i n  which case the  s i d e  s lopes  may 
be v e r t i c a l .  

Usually t h e  se lec ted  bottom width of the  channel should not exceed 35 
times t h e  design depth of flow. Where t h i s  r a t i o  of bottom width t o  
depth is  exceeded, t h e  channel is l i k e l y  t o  be damaged by meandering 
flow and accumulated debr is .  Whenever the  required bottom width of t h e  
spil lway is  excessive, considerat ion should be given t o  t h e  use of a 
spil lway a t  each end of t h e  dam. These two spil lways need not  be of 
equal width s o  long as t h e i r  t o t a l  capacity meets requirements. In  
cases where the required discharge capacity exceeds, t h e  ranges shown i n  
t h e  above exh ib i t s ,  o r  topographic conditons w i l l  not  permit t h e  con- 
s t r u c t i o n  of t h e  e x i t  channel bottom with a s lope  t h a t  f a l l s  within the  
ranges shown i n  these  exh ib i t s ,  t h e  design is  beyond the  scope of t h i s  
manual. 

See Exhibit 11-4 for  p r i n c i p a l  spi l lway discharge requirements ad- 
justed fo r  temporary s torage  provided i n  t h e  reservoir .  Emergency 
spil lway design flow may be adjusted t o  consider t h e  outflow through t h e  
p r inc ipa l  spillway. 

NATURAL SPILLWAYS 

Many t i m e s  l a r g e  expanses of good sod a r e  destroyed t o  provide t h e  
minimum s lopes  f o r  an excavated spillway. This may increase  t h e  con- 
s t r u c t i o n  cos t  and w i l l  increase  maintenance costs .  Wherever t h e r e  is  a 
good vege ta t ive  cover i n  t h e  spil lway a rea  and the  topography s u i t a b l e ,  
considerat ion should be given t o  t h e  use of a na tu ra l  spillway. The 
discharge capacity can be computed by t h e  following procedures. 

Discharge Through Natural Vegetated Spillways 

I n  a n a t u r a l  spi l lway t h e  outflow takes  place around the  end of t h e  
embankment on n a t u r a l  o r  undisturbed ground. The number of poss ib le  
cross  sec t ions  and p r o f i l e  shapes i s  so  g rea t  t h a t  an ana lys i s  here of 
t h e  r a t e  of flow f o r  each condit ion is  impractical .  

I n  most cases  the  l e v e l  por t ion  of t h e  flow rou te  w i l l  be V-shaped, 
one s i d e  determined by t h e  embankment end s lope  and wing dike, and the  
o ther  by the n a t u r a l  ground. The ground s lope  should be determined 
along a l i n e  perpendicular t o  t h e  contour d i r e c t i o n  within the  flow 
depth range. See Figure 11-6. 

The end of t h e  dam should be approximately perpendicular t o  the  
contours of t h e  abutment. A s h o r t  wing d ike  may be used t o  p ro tec t  
t h e  t o e  of t h e  embankment. The e x i t  s lope  away from the  con t ro l  sec t ion  
should be wi th in  t h e  s lope  ranges given i n  Exhibit 11-5. 
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PROF I LE 

Figure 11-16 
spillww . 

wed t o  / 
protect 
embankment. 

PLAN VIEW 

Plan, profile and eross section of a natural vegetated 

Discharge (Q), velocity (V) and depth of water in the reservoir above 
the crest (Hp), were determined using water surface profiles calculated 
by computer. The spillway was segemented into 0.6 meter (2 foot) segments, 
then using dat? from water surface profiles a discharge for each segement 
was determined for a specific depth, length of flow, and retardance. 
Total Q is the sum of the discharges of each segement. ~xhibit 11-5 was 
then developed using the given parameters. 

Determining the Maximum Water Elevation in Reservoir 

With the required discharge capacity (Q), the end slope of the 
embankment (Zl),and the slope of the natural ground (2 2 ), known; the 
maximum depth of water above the level portion (Hp), can be obtained 
from Exhibit 11-5. The depth is added to the elevation of the spillway 
crest to determine the maximum elevation to which water will rise in the 
reservoir. 
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Exhibit 11-5 has been developed for an end slope of 3:l and natural 
ground slopes of 1 to 5 percent. 

An example showing the use of Exhibit 11-5 is as follows: 

(SI Units) (English Units) 

Given : Given : 
3 Q = 2.43 m /a (From Chapter 2) Q = 86 ft3/s (From Chapter 2) 

Vegetation: Bermuda~rass Good Stand Vegetation: Bermudagrass Good Stand 

Height: -15 to 25 cm Height: 6 to 10 inches 

Slope of Natural Ground 1.0% Slope of Natural Ground 1.0% 

Solution: 

From Table 2 Exhibit 11-2: 

Determine a Retardance of C 
From Exhibit 11-5: 

Enter under Z2 slope 1% 
Under Retardance C column 

3 find a Q = 2.43 m /s 

at Hp = 0.40 m and 

V = 0.82 m/s 

Solution: 

From Table 2 Exhibit 11-2: 

Determine a Retardance of C 
From Exhibit 11-5: 

Enter under Z slope 1% 2 
Under Retardance C column 

3 find a Q = 86 ft /s 

at Hp = 1.3 Et and 
V = 2.7 ft/s 

Velocity is well below the maximum permissable velocity of 2.4 m/s 
(8 ft/s) given in Table 1 Exhibit 11-2. Hp can be determined by inter- 
polation when necessary. For a Q greater than listed in Exhibit 11-5, 
the spillway should be excavated according to Exhibit 11-2. 

PROTECTION AGAINST EROSION 

Earth spillways should be protected against erosion by a good vegetal 
cover, if soil and climate permit. As soon after construction as is 
practical, the entire spillway area should be thoroughly prepared 
for seeding or sodding. Liberal amounts of fertilizer should be used 
where moisture is available or can be applied. In cases where the 
subsoil is low in fertility, it may be desirable to save the topsoil 
and spread it in the excavated spillway. Adapted perennial grasses or 
perennial grasses and legumes should be sown, protected, and treated 
until a good stand has been established. Mulching is usually necessary 
to protect the seeding on'the spillway slopes. Irrigation of the spill- 
way area is often needed to assure adequate germination and growth, 
particularly when seeding must be done during relatively dry periods. 
Where the added cost is justified, sprigging or sodding with suitable 
grasses will afford quick protection. 
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6 .  DRAINS AND WATER SUPPLY PIPES 

D M I N  PIPES 

Some state agencies requ i re  t h a t  provision be made for  draining farm 
ponds, f luc tua t ing  the  water surface e leva t ion  t o  el iminate breeding places 
f o r  mosquitos, or meeting other  S t a t e  r equ i remnts .  Providing f o r  drainage 
of farm ponds i s  a des i rab le  p rac t i ce  i n  that it permits good f i s h  manage- 
ment and allows for maintenance and needed r e p a i r s  without c u t t i n g  the f i l l  
or r esor t ing  t o  o ther  devices t o  remove the  water. The d ra in  pipe should 
be extended beyond the  upstream toe  of the  dam and be equipped with a s u i t -  
able gate o r  valve. 

WATER SUPPLY PIPES 

A water supply pipe should be i n s t a l l e d  under or  through the  dam 
where water i s  t o  be used below t h e  dam, such a s  f o r  stockwater, i r r i g a -  
t ion, io: f3J!!%. .zsqwy~&z4~.k. This pipe usual ly  i s  in  addi t ion  t o  t h e  
p r inc ipa l  spi l lway o r  t r i c k l e  tube. The water supply pipe should have 
water- t ight  jo in t s  and be equipped wi th  a s u i t a b l e  valve and s t r a i n e r  a t  
i t s  upper end. For small r a t e s  of flow, such as are needed t o  f i l l  l ive-  
s tock o r  spray tanks, &inch diameter s t e e l  pipe i s  general ly used. Where 
l a rge r  r a t e s  of flow. a r e  required,  such as f o r  i r r i g a t i o n  purposes, l a rge r  
diameter pipe are cormnonly used. Water supply pipes should be provided 
with anti-seep c o l l a r s  t o  r e t a r d  seepage. (See Figure 11-7 f o r  a sketch 
of a s tock watering f a c i l i t y . )  

Figure 11-7 Embankment pond equipped with a s tock watering f a c i l i t y  



7.  DESIGN OF EARTHFTLL EMBANKMENTS 

It is  possible t o  construct a safe  e a r t h f i l l  dam on alnrost any Eounda- 
t ion  i f  the foundation has been thoroughly investigated and the design and 
construction procedures are  adapted t o  s i t e  conditions. Some foundation 
r d i t i o n s  require construction measures that  are relat ively expensive which, 
In  the case of small farm ponds, cannot be just i f ied.  S i tes  with such founda- 
t ion  conditions ordinarily should be abandoned. 

The most sat isfactory foundation i s  one tha t  consists of,  or i s  under- 
l a i n  a t  a shallow depth by a - t h i c k  layer of relat ively impervious consoli- 
dated material. Such foundations cause no s t a b i l i t y  problems. Where a 
sui table  layer occurs at the surface, no special  masures are required. 
It i s  suff te ient  t o  renrove the top-soil and scar ify or disk the area t o  
provide a bond with the material i n  the dam. 

Where the impervious layer i s  overlain by previous material a compact- 
ed clay cutoff,  extending from the surface of the ground into the impervious 
layer, i s  required t o  prevent possible fa i lure  by piping and t o  prevent 
excessive seepage. 

Where the fouadation consists of highly pervious sand or sand-gravel 
mixture and any impexvioua clay layer i s  beyond &onomical reach with 
available equipment, a detailed investigation should be made. While such 
a foundation might be sat isfactory insofar as s t a b i l i t y  i s  concerned, 
,corrective measures w i l l  be required t o  prevent excessive seepage and 
possible fai lure .  

A foundation consisting of or underlain b y . a  highly p la s t i c  clay or 
unconsolidated material requires a very careful investigation And design 
i n  order t o  obtain s t ab i l i t y .  

Water impounded on bedrock foundations seldom gives cause for concern 
unless the rock contains seams, f issures  or crevices through which water 
may escape a t  an excessive ra te .  Where rock i s  encountered i n  the founda- 
t ion,  a very careful investigation of the nature of the rock i s  required. 

See Chapters 4 and 17 of t h i s  manual for  further guidance. 

FOIRPDATION CUTOFFS 

Where the foundation consist8 of pervious materials a t  or near the 
surface, with rock or impervious materials a t  a greater depth, seepage 
through the pervious layer should be reduced t o  prevent piping and exces- 
s ive losses. Usually a cutoff joining the impervious stratum i n  the 
foundation with the base of th'e dam ie needed. 

The most corumon type of cutoff i s  m e  constructed of compacted clayey 
material. A trench is cut para l le l  t o  the centerline of the dam t o  a 
depth tha t  extends well in to  the impervious layer. The trench is  extended 
in to  and carried up the abutments of the d b  as f a r  as pervious material 



ex i s t s  tha t  might allow seepage under the embankment. The trench should 
have a bottom width of not l e s s  than 4 fee t  but adequate t o  allow use of 
equipment necessary t o  obtain proper compaction. Its s ides  should be no 
e teeper than 1: 1. The trench should be f i l l e d  with successive t h i n  layers  
of re la t ive ly  impervious material, each layer being thoroughly compacted 
a t  near optimum moisture conditions before the succeeding layer is  placed. 
Any water collected i n  the trench should be removed before back f i l l  opera- 
t ions are s ta r ted .  (See Chapter 17 of t h i s  manual). 

EMBANKMENT TOP WIDTH 

A conservative top width for  dams under 10 fee t  i n  height i s  8 fee t .  
The top width should be increased as the height of the dam increases. 
Table 11-4 contains recommended top widths for  embankments of various 
heights. See S t a t e  Standards and Specifications for  'local requirements. 

Where the top of the embanbent i s  t o  be used for  a roadway, the fop 
width should provide for a shoulder on each s ide  of the  traveled way t o  
prevent raveling. The top width i n  such cases should not be less than 
14 fee t .  

Table 11-4. Recommended top widths for  ear th  embankments 

EMB-NT SIDE SLOPES 

- 

Height of Dam 
(feet)  

Under 10 
10 t o  15 
15 t o  20 
20 t o  25 

The s ide slopes of a dam depend primarily on the s t a b i l i t y  of the 
material i n  the embanbn t .  The greater  the s t a b i l i t y  of the f i l l  mate- 
r i a l ,  the steeper the .side slopes may be. The =re unstable materials 
require f l a t t e r  s ide slopes.   able' 11-5 contains -reconmended maximum 
slopes for  the upstream and downstream faces of dams constructed of vari-  
ous materials. See State Standards and Specifications for  local  require- 
ments. 

-- - -  -- 

Top Width 
(feet)  

8 
16 
1 2  
14 

J 

Table 11-5. Recmamded s ide slopes fo r  ear th  embanbnta  

F i l l  Material 

Clay CH 
Clayey sand SC Sandy clay CL 
S i l t y  c lay n s i l t y  sand SM 
Clayey gravel GC S i l t y  gravel GM 

S i l t  ML or  MH Clayey silt ML 

Side Slope8 
Hor iewta l  t o  Vertical  

Upstream 

3 t o  1 

h 

2% t o  1 

3 t o  1 

Dclwnstream 

2 t o  1 

2% t o  1 

3 t o  1 

0.r 



FREEBOARD 

Freeboard i s  the added height of the dam provided as a safety  factor 
t o  prevent waves or  runoff from storms greater  than the design frequency 
from overtopping the embanbn t .  It i s  the ve r t i ca l  distance between the 
elevation of the water surface i n  the pond when the spillway i s  discharg- 
ing a t  designed depth and the elevation of the top of the dam a f t e r  a l l  
s e t t l e m n t  has taken place. Where the maximum length of a pond is l ess  
than 660 f ee t ,  a freeboard of not l e s s  than 1.0 foot should be provided. 
For ponds with lengths between 660 and 1,320 f ee t  the  minimum freeboard 
should be 1.5 f ee t .  For ponds up t o  + mile i n  length, the minimum free- 
board should be 2.0 f ee t ,  See Sta te  Standards and Specifications for  
loca l  requirements. 

ALLOWANCE FOR SETIILEWNT 

Settlement includes the consolidation of the  f i l l  materials and the 
consolidation of the foundation materials due t o  the weight of the dam 
and the increased moisture caused by the storage of water. 

Settlement o r  consolidation depends on the character of the materials 
i n  the dam and foundation and on ' t he  methods and speed of construction. 
The design height of ear th  dams should be increased by an amount equal t o  
the estimated settlement. This increase should not be l e s s  than 5 percent. 

EARTHWORK COMPUTATION 

The estimate of the volume of borrow required should include the dam, 
allowance for  settlement, back f i l l  for  the cutoff trench, backf i l l  fo r  
exis t ing stream channels and holes i n  the foundation area, and any other 
embankment the contractor is required t o  perform. 

Volume estimates for  dams usually a re  made on the basis  of cubic 
yards of e a r t h f i l l  i n  place. The conrmon method of estimating the volume 
of e a r t h f i l l s  i s  the "sum of end areastt method. With the f i l l  heights, 
aide slopes and top width established, the end area of the  cross section 
at each s t a t i on  along the center l ine  may be obtained from Exhibit 11-6. 

For example, assume tha t  a dam has slopes of 3 t o  1 on both upstream 
and downstream sides  and a top width of 12 fee t .  For a point along the 
center l ine  where the f i l l  height i s  15.0 fee t ,  the exhibi t  shows tha t  the 
end area at  tha t  point i s  675 + 180 o r  855 square f ee t .  The number of 
cubic yards of f i l l  between two points on the center l ine  of the dam is  
equal t o  the sum of the end areas at the two points m l t i p l i e d  by the 
distance between these points and divided by (2 x 27) o r  54. The t o t a l  
volume of e a r t h f i l l  i n  the dam i s  the sum of a l l  such segments. A 
sample volume estimate i l l u s t r a t i n g  the use of the "sum of end areastt 
method i s  presented i n  Table 11-6. 
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Table 11-6, Sample volume computations using "sum of end areas" method 

Station 

0 + 50 

-1- 68 

1 + 00 
+ 37 
+ 53 
+ 75 

2 + 00 

+ 19 
+ 32 
-I- 36 

+ 40 

+ 43 

-1; 46 

4- 59 

3 4- 00 

+ 35 

+ 60 

3 + 96 

Ground 
Elevation 

35.0 

32.7 

25.9 

2 1 . 5  

20.0 

19.8 

19.5 

20.3 

20.3 

18 .8  

18.2 

18.5 

19.6 

1 9 . 8  

20 .8  

27 .7  

31.6 

35.0 

F i l l  
Height 
(feet) 

0 .0  

2 . 3  

9 .1  

13.5 

15.0  

15.2 

15.5 

14.7 

14.7 

16.2 

16.8 

16.5 

15.4 

15,2 

l4,2 

7.3 

3.4 

0.0 

End 
Area L/ 
(sq.ft.) 

Sum of  
End 

Areas 
(sq. ft.) 

Distance 
(feet) 

- 

Double 
Volume 
(cu.ft.) 

Total 

379,548 = 7,029 cu. yds. 
54 

1/ End - 

Allowance for settlement (5%) = - 351 cu. yds. 
Total Volume = 7,380 cu. yde. 

I 
areas based on 12-foot top width and 3 to 1 slopes on both sides. 

21 Double volume in c u . f t .  is divided by 54 t o  obtain volume in cu.yds. - 



The sample voluple estimate of 7,380 cubic yards includes o n l y t h a t  
volume of earth required t o  complete the dam i t s e l f .  An estimate of the 
volume of ear th required to  backf i l l  the core trench, old stream channels 
and other required excavation should be made and added t o  the estimate 
made for 
shown i n  
sions of 

The 

the -dam. For example,' assume that  i n  addition t o  the volume 
Table 11-6, there i s  a cutoff trench t o  be backfilled. The dimen- 
the trench are  as follows: 

Average depth = 4.0 fee t  
Bottom width = 8.0 fee t  
Side slopes = 1 t o  1 
Length = 177 fee t  

volume of backf i l l  i s  computed as follows: 

End Area = (8 x 4) + (4  x 4 )  
= 32 + 16 = 48 square fee t .  

Volume = 48 x 177 = 315 cubic yards. 
2 7 

Adding t h i s  t o  the volume required for the dam i t s e l f ,  the t o t a l  
volume becomes 7,380 + 315 = 7,695 cubic yards. 

PLANS AND SPECIFICATIONS 

A l l  information developed during the design process should be recorded 
fn  the form of an engineering plan for the pond. This plan should show a l l  
pertinent elevations and dimensions of the dam, the dimensions and extent 
of the cutoff trench and other areas requiring backfi l l ,  the location and 
dimensions of the t r i ck le  tube and other planned appurtenances, and a l l  
other information pertinent Fo the construction of the dam. The plan should 
also include a b i l l  of materials l i s t i n g  the quantity and type of a l l  con- 
s t ruct ion materials required. A sample plan of a farm pond embankment i s  
shown i n  Figures 11-8 and 11-9. 

Applicable engineering standards and construction specifications have 
been developed i n  each s t a t e  for  ponds and reservoirs. To obtain a quality 
job of construction-the owner and contractor must understand a l l  require- 
ments. Both the owner and the contractor should be furnished copies of 
the plans and specifications.  

8. STAKING FOR CONSTRUCTION 

Staking i s  a means whereby the information on the farm pond plans i s  
transmitted t o  the job site. This information w i l l  pxovide l ines ,  grades, 
and elevations required for  construction of the job i n  accordance with the 
plans. Cmslderation should be given t o  the contractor's wishes i n  stak- 
ing so tha t  he can make the most effect ive use of the stakes. The quality 
and appearance of the completed job w i l l  r e f l ec t  the care and thoroughness 
exercised i n  the staking procedure. 
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The areas t o  be cleared usually w i l l  consist of the damsite, the 
spillway s i t e ,  the borrow area, and the area over which water i s  to  be 
impounded. Each of these areas should be clear ly marked with stakes or 
f lags.  In  the case of the pond area, the-proposed waterline should be 
located accurately with a level and rod. Clearing stakes should be a t  
leas t  15 fee t  outside th i s  waterline t o  give a cleared area around the 
edge of the reservoir.  

The embanbut  i s  located by set t ing stakes along i t s  centerline a t  
intervals  of 50 feet or less .  Usually th i s  w i l l  have been done during the 
course of the i n i t i a l  planning survey. F i l l  and slope stakes are then se t  
both upstream and dawnstxeam from the centerline stakes marking the points 
of intersection of the side elopes with the ground surface. See Chapters 
1 and 17 for  procedures on slope staking. 

The earth spillway i s  located by staking the centerline and then se t t -  
ing cut and slope stakes along the l ines  of intersection of the spillway 
side slopes with the natural ground surface. The procedure for set t ing 
these stakes is  the same as for staking the embankment, except that  they 
are  cut  stakes rather than f i l l  stakes. They should be of fse t  so they w i l l  
remain i n  place for ready reference during construction. 

Where sui table  f i l l  material must be obtained from a borrow area, i t  
i s  essent ial  that  t h i s  area be clear ly located. Cut stakes should be se t  
t o  control excavatton within the l imits  of suitable material and t o  drain 
the borrow area. 

A principal spillway or t r i ck le  rube should be located by stakes off-  
set from the centerline of the conduit and placed a t  intervals  not exceeding 
50 feet .  The principal spillway should be located where it w i l l  r e s t  on a 
firm foundation. Cuts from the tops of the stakes to  the grade elevation 
of the tube should be plainly marked on the stakes. The locations of the 
r i s e r ,  drainage gate, antiseep col lars ,  conduit, ou t le t  structure,  and 
other appurtenances should be located by additional stakes, c lear ly marked. 

Figure 11-10 presents a sample se t  of construction layout notes for 
an embankrent and ear th spillway. Design, layout, and check notes may be 
recorded on approved standard forms or data sheets, 

9. CONSTRUCTION METHODS AND SPECIFICATIONS 

Attention t o  de ta i l s  of conetruction and adherence t o  specifications 
are  as important as adequate investigations and safe design. A safe design 
can be ruined by poor construction. 

Chapter 17 of th i s  manual prwides guidance on construction methods 
for  the various elements of a pond or reservoir.  Specifications for  the 
work should conform t o  State  Standards and Specifications applicable to  
the e i t e  and the purpose of the structure.  



Figure 11-10 Construction layout notes. 
(Sheet I of 2 )  



Figure 11-10 Construction layout notes ( sheat 2 of 2 )  

10. POND AND RESERVOIR PROTECTION 

A farm pond should not be considered complete u n t i l  proper protection - - 
from erosion, wave action, livestock and othe; sources of darnage-has been 
provided. Ponds that  lack such protection may be ahort-lived, and the 
cost of maintenance i s  usually high, 

PROTECTION AGAINST EROSION 

In  most areas the exposed surfaces of the dam, spillway, borrow areas 
and other disturbed surfaces can be protected against erosion by establish- 
ing a good cover of sod-forming grass i n  accordance with the local Technical 
Guide. 

PROTECTION FROM WAVE ACTION 

Occasionally there i s  need for be t te r  protection against wave action 
than w i l l  be provided by a grass cover. Some methods used t o  provide this 
protection are  earth berms, log booms, and rock riprap. 

A berm, 8 t o  10 fee t  i n  width, located a t  normal pond level often 
w i l l  provide adequate protection from wave action. The face of the dam 



above the berm should be protected by vegetation. 

A boom may consis t  of a s ing le  or double l i n e  of logs chained together 
and securely anchored t o  each end of the dam. The logs should be t i e d  end 
t o  end a s  close together as  i s  prac t ica l .  There should be enough s lack i n  
the  l i n e  t o  allow the boom t o  adjust  i t s e l f  t o  f luctuating levels  i n  the 
reservoir .  Double rows of logs should be framed together t o  act a s  a un i t .  
The boom should be placed so as t o  f l o a t  about 6 feet upstream from the 
face of the dam for  best  resu l t s .  I n  the case of a curved dam, anchor posts 
may be required on the face of the  dam as  w e l l  as at the  ends i n  order t o  
prevent the  boom from r id ing  on the slope. B o a  afford a high degree of 
protection and a re  r e l a t i ve ly  inexpensive, especially i n  areas where timber 
i s  readi ly  available.  They should prove sa t i s fac tory  f o r  the smaller, less 
important s t ructures .  

Where the water level  i n  the pond can be expected t o  f luctuate  widely 
or where a high degree of protection i s  required, the use of rock r iprap i s  
a most e f fec t ive  method of control .  Riprap should extend from the top of 
the  dam down the upstream face t o  a leve l  a t  l e a s t  3 f e e t  below the lowest 
expected leve l  of the  water i n  the  reservoir .  Riprap may be placed by 
machine o r  by hand. Machine placing requires more stone but l e s s  labor i n  
placing. The layer of stone should be a t  l e a s t  12 inches thick.  Stones 
should be durable and large enough not t o  be displaced by waves. 

Where r ip rap  i s  not continuous t o  the upstream toe, a berm should be 
provided on the upstream face to  support the layer of r iprap.  See Chapter 
17 fo r  guidance on in s t a l l i ng  r iprap.  

Other Methods 

Other methods include increasing the top width of the dam, f l a t t en ing  
the f ront  slope of the embankment, and applying a layer of coarse sand and 
gravel on a 10:l slope. These methods are  applicable t o  a r id  areas where 
vegetation i s  not dependable and rock and timber is  not readi ly  available.  

The complete fencing of embanhnt- type ponds i s  recommended where 
l ivestock a re  grazed or fed i n  adjacent areas.  The fencing prwides  the  
protection needed t o  develop and maintain vegetative c w e r .  When combined 
with a watering f a c i l i t y  below the dam, fencing provides good drinking 
water and eliminates the danger of pol lut ion by livestock. Fencing a l so  
improves w i ld l i f e  environment. 

11. CHECKING FOR COMPLIANCE W I T H  STANDARDS 

While both the  owner and the contractor have respons ib i l i t i es  f o r  
compliance with standards, inspection is  a l so  required i f  high standards 
are  t o  be maintained. 



INSPECTION'DURING CONSTRUCTION 

There are  numerous items i n  the construction of a.farrn pond that  must 
be checked during construction. Since it w i l l  be impossible for  work uni t  
personnel t o  spend as much t i m e  as may be desirable on the job, responsibi- 
l i t y  nust be assumed by the owner. The owner or h i s  representative should 
be encouraged t o  watch the construction and report h i s  observations to  the 
work uni t  s t a f f .  I f  corrective action is necessary, the owner can be ad- 
vised of the course t o  follow. The following a re  i t e a  that  might be 
checked by the owner. 

1. A l l  clearing and grubbing operations should be completed accord- 
ing t o  specifications before any work on the eabankment i s  
s tar ted.  

2 .  Before embankment construction begins the foundation should be 
properly prepared. The completed cutoff trench should be in- 
spected t o  insure tha t  it i s  excavated t o  impervious material 
and is f ree  of water before it i s  backfilled. 

3. The completed ins ta l la t ion  of the drop i n l e t  spillway, drainpipe 
antiseep col la rs  and other appurtenance should be inspected before 
embankment construction is s tar ted.  Materials used and location, 
alignment, grades and dimensions should be checked.for compliance 
with the plans. 

4. The ear th excavation and the selecting, placing, spreading and 
compacting of the material i n  the embanhnt should be inspected 
frequently t o  insure that  the specifications are  met. 

FINAL INSPECTION AND MEASUREMENTS , 

The f ina l  inspection by the technician should include suff ic ient  pro- 
f i l e  and cross-section readings t o  insure that  the height, top width, side 
slopes and other dimensions shown on the plans have been met .  Elevations 
of the top of the t r i ck le  tube or principal spillway with re la t ion  to  the 
contra1 section of the spillway should be taken. Cross sections and prof i le  
of the emergency spillway ehould be surveyed t o  insure that  it is  constructed 
i n  accordance with the plan dimensions and l e f t  i n  the specified condition. 

The f i n a l  inspection should be made immediately a f t e r  completion of 
the work and before the contractor mwes h i s  equipment from the s i t e .  
Since t h i s  may not always be possible, training of local  contractors t o  
understand and meet construction requirements can save time of both the 
contractor and the technical s t a f f .  

RXCORDS OF THE COMPLETED WORK 

A l l  observations and measurements made i n  connection with the f ina l  
inspection of farm pond construction should be recorded i n  engineering 
loose-leaf or f i e ld  notebooks and noted i n  red on the construction plans. 
A sample of the measurements required i s  shown i n  the Conetruction Check 
Notes, Figure 11-11, The notes ehould be f i l ed  i n  accordance with State  



Figure 11-11 Construction check notes. 



memorandums. Some S t a t e  l a w s  require  a formal completion repor t  and as- 
b u i l t  plans.  

12, POND AND RESERVOIR MAINTENANCE 

A farm pond must be adequately maintained i f  i t s  purposes a r e  t o  be 
rea l i zed  throughout i t s  expected l i f e .  Severe damage t o ,  o r  t o t a l  f a i l u r e  
of ,  dams and spillways have been caused by l ack  of maintenance. For these  
reasons, it i s  important t h a t  the  owner ca r ry  out the  measures described 
i n  the following paragraphs. 

INSPECTION AND REPAlRS 

Farm ponds should be inspected pe r iod ica l ly ,  e spec ia l ly  a f t e r  heavy 
r a i n s ,  t o  determine the  need f o r  minor r e p a i r s .  Tnrmediate r e p a i r  o f t en  
el iminates the  need fo r  more c o s t l y  r e p a i r s  l a t e r - .  

R i l l s  on the  slopes of the  dam and washes i n  the  e a r t h  spil lway should 
be f i l l e d  with s u i t a b l e  material .  and thoroughly compacted. These areas  
should be  reseeded o r  resoclded and f e r t i l i z e d  a s  needed. Should the  up- 
stream face  of t h e  e a r t h f f l l  wash o r  slough due t o  wave ac t ion,  p ro tec t ive  
devices such a s  booms or  r ip rap  should be i n s t a l l e d .  I f  the re  i s  seepage 
through o r  under the  dam, an engineer should be consulted t o  recormnend 
proper cor rec t ive  measures. 

The vegeta t ive  cover on the  dam and e a r t h  spillway should be maintained 
by mowing and f e r t i l i z i n g  when needed. Proper mowing prevents the  forma- 
t i o n  of woody growth and tends t o  develop a cover and root  system more 
r e s i s t a n t  t o  runoff .  Fences should be kept i n  good r e p a i r .  

Appurtenances such a s  t r i c k l e  tubes, t r a s h  racks,  o u t l e t  s t ruc tu res ,  
valves and watering troughs should be kept f r e e  of t r a sh .  

Burrawing animals may cause severe damage t o  farm pond dams o r  s p i l l -  
ways. I f  such damage remains unrepaired it may lead t o  f a i l u r e .  A t h i c k  
layer  of sand o r  gravel  on the  f i l l  discourages burrowing. Poul t ry  n e t t i n g  
can be used e f fec t ive ly ,  but  it w i l l  r u s t  out  and need replacement. I f  
these  p e s t s  p e r s i s t ,  aggressive trapping and poisoning should be undertaken. 

It i s  des i rab le  t o  keep the  water i n  a faxm pond a s  c lean and unpolluted 
as poss ib le .  Unnecessary trampling by l ives tock  should not be permitted. 
Where it i s  not  p r a c t i c a l  t o  exclude l ives tock  from a pond by fencing, small 
rocks o r  gravel  should be used t o  pave the  approaches t o  t h e  water. Drain- 
age from barn l o t s ,  feed yards, bedding grounds, outhouses, s e p t i c  tanks, 
o r  other sources of contamination should be diver ted  from farm ponds. This 
is  espec ia l ly  important where the  water supply i s  t o  be used f o r  harvest ing 
i c e ,  f i s h  and w i l d l i f e  development, o r  recreat ion.  

In areas  where surface  waters encourage the  breeding of mosquitoes, 
the  pond should be stocked wi th  top-feeding f i s h .  Gambusia minnows a r e  
p a r t i c u l a r l y  e f fec t ive .  Where malaria p reva i l s ,  aquatic growth and 



shoreline vegetation should not be permitted, and special  precautions 
should be observed in the planning, construction, and operation of the 
pond. Most s t a t e s  i n  malarial  sections have heal th  regulations covering 
these precautions whlch should be followed. 

In some areas the development of algae and other forms of plant l i f e  
in reservoirs  may become objectionable. Generally, these a r e  harmless, 
but they may cause disagreeable tastes or odors, encourage bac te r ia l  
development, and make the pond unsightly. Treatment with bluestone 
(copper sulfate) w i l l  check the development of algae. The usual dosage 
i s  2 or  3 pounds per mill ion gallons of water, w e l l  d is t r ibuted through- 
out the  reservoir .  Overdosage may be harmful t o  both wi ld l i f e  and l ive- 
stock. 



PART I11 - EXCAVATED PONDS 

An excavated pond is  the simplest type t o  construct and i s  the only 
type tha t  can be constructed i n  r e l a t i ve ly  f l a t  t e r ra in .  The f ac t  that-  
the capacity of these ponds is  obtained almost solely  from excavation 
l i m i t s  t he i r  p rac t ica l  s ize ,  Since excavated ponds can be constructed t o  
expose a minlnnam water surface area i n  proportion t o  volume,. they a re  
advantageous where evaporation losses a re  high and water i s  scarce. See 
Figures 11-12 and 11-13. 

1. TYPES OF MCAVATED PONDS 

Excavated farm ponds may be divided in to  two types: those fed by 
surface runoff; and those fed by ground water aquifers,  usually layers of 
sand and gravel, In  some instances a pond may be fed from both of these 
sources. 

2.  LOCATION OF EXCAVATED PONDS 

The location of excavated p o d s  depende on the purpose 'for which the 
water i s  t o  be used and on othex factors  discussed previously i n  t h i s  
chapter. 

Excavated ponds fed by surface runoff may be located on almost any 
type of topography. They are ,  however, most sa t i s fac tory  and most conrmoq- 
l y  used i n  areas with comparatively f l a t  t e r ra in .  A pond may be located 
i n  a broad natural  drainageway or t o  one s ide of a drainageway i f  the  run- 
off  can be diverted in to  the pond. The l o w  point of a natural  depression 
i s  often a good location for an excavated pond. After the pond is f i l l e d ,  
excess runoff eecapes through natural  drainageways. Thus, locations with 
favorable discharge cor~ditions should be selected.  

An excavated pond fed by ground water aquifers can be located only 
where shallow underground flow exiata or  where the permanent water tab le  
Is within a few fee t  of the surface. See Figure 11-14. 

3. SOILS INVESTIGATION 

Where the excavated pond is  t o  be fed by surface runoff, r e l a t i ve ly  
imperv.iws s o i l  a t  the s i t e  is  essen t ia l  t o  avoid excess seepage losses. 
Clays and s i l t y  clays extending below the planned reservoir  depth a re  
.most desirable,  and s i t e8  with sandy clays usually p r w e  sat isfactory.  
S i t e s  where s o i l s  a re  poroue or  a re  underlain by sands or  gravel should 
be avoided unless the owner i s  prepared t o  bear the expense of an a r t i f i -  
c i a l  l in ing,  Soile underlain by limestone containing crevices,  sinks or  
channels should be avoided. 

The performance of nearby exis t ing ponds i n  a similar s o i l  is a good 
indicator of the s u i t a b i l i t y  of a proposed s i t e .  Such observations .of 
exis t ing ponds should be supplemented by subsurface investigations.  Some 
indication of the permeability of the s o i l  may be obtained b y  f i l l i n g  the 
test holes with water and observing the seepage charac te r i s t ics  of the 
material . 



C R O S S  SECTtON 

LONGITUDINAL SECTION 

(&f io scale) 

Figure 11-12 Excavated pond and typical sections. Note fenced desilting area abwe pond. 



WASTE MATERIAL STACK E 0 

(NO+ fo scale) 
WASTE MATERIAL REMOVED 

Figure 11-13 Cross sections of excavated pond showing methods of waste material disposal. 



Figure 11-14 Excavated pond fed by ground water. 

S i t e s  proposed fo r  aquifer-fed excavated ponds requ i re  a thorough sub- 
surface- inves t igat ion.  T e s t  holes should be bored t o  determine the  e x i s t -  
ence and physical  c h a r a c t e r i s t i c s  of t h e  water-bearing mater ia l .  The l e v e l  
t o  which water w i l l  rise i n  t h e  t e s t  holes usual ly  ind ica tes  the  normal 
water l e v e l  i n  the  completed pond. The v e r t i c a l  d i s t ance  between t h i s  
l e v e l  and the  ground surface  w i l l  determine the  volume of excavation re- 
quired t h a t  w i l l  not contr ibute  t o  the  usable capaci ty  of the  pond. From 
an economical s tandpoint ,  t h i s  v e r t i c a l  d is tance  between water l e v e l  and 
ground surface  o r d i n a r i l y  should not  exceed s i x  f e e t .  The r a t e  a t  which 
the  water r i s e s  i n  the  test holes should a l s o  be observed. A rapid  r a t e  
of rise ind ica tes  a high yie ld ing aquifer .  1t a l s o  indicates  t h a t  the  
water may be expected t o  r e t u r n  t o  i t s  normal l e v e l  wi th in  a shor t  time 
a f t e r  drawdown. A slow r a t e  of rise i n  the  test holes ind ica tes  a low- 
yie ld ing aquifer  and a slow rate of recovery i n  the  pond. Observations 
of the  test holes should be made during d r i e r  seasons t o  avoid being m i s -  
led by a temporary high water table. 

4 .  SPILLWAY AND INLET REQUIREMENTS 

Where an excavated pond, fed by surface  runoff ,  i s  located on sloping 
t e r r a i n  a por t ion of t h e  excavated mater ia l  may be used t o  c r e a t e  a low 
dam around the  lower end and s ides  of t h e  pond t o  increase i t s  capacity.  
In such cases, an e a r t h  spillway is  required t o  pass excess storm runoff 



around the dam. The procedures for planning the spillway and providing 
for protection against erosion are  the same as those previously discussed 
under Embanlanent Ponds, 

Sometimes surface runoff must enter an excavated pond through a chan- 
ne l  or ditch rather than through a broad shallow drainageway. In  such 
cases the w e r f a l l  from the ditch bottom t o  the bottom of the pond may 
create a serious erosion problem. Scouring w i l l  take place i n . t h e  side 
elope of the pond and for a considerable distance upstream i n  the ditch. 
The resul t ing sediment w l l l  reduce the depth and capacity of the pond. 
Protection can best be provided by the use of one or more lengths of pipe 
of adequate s i ze  placed i n  the ditch, backfilled, and extended over the 
s ide slope of the excavation. The extended portion of the pipe may be 
cantilevered over timber supports. The required dianreter of the pipe for 
an on-channel pond w i l l  depend on the peak rate of runoff that  may be 
expected t o  occur once i n  ten years. The procedure for  estimating peak 
r a t e s  of runoff is  presented i n  Chapter 2 of t h i s  manual. Exhibit 11-7 
shows the capacity of various s izes  of pipe in l e t s .  Where more than one 
pipe i n l e t  i s  required, t he i r  combined capacity should equal or exceed 
the estimated peak r a t e  of runoff. 

For off-channel ponds, the pipe s ize  should be such that  it w i l l  divert  
from the channel. suff ic ient  runoff from normal annual r a i n f a l l  or low flows 
t o  supply the reservoir.  ere, duration of flow i s  of prime importance. 

Off-channel ponds also can be f i l l e d  by pumping from the stream during 
storm flows. The pump must be large enough t o  f i l l  the pond before stream 
flow returns t o  normal. 

I n  areas where a considerable amount of s i l t  i s  carried by the inflow- 
ing water a grassed f i l t e r  s t r i p  should be provided i n  the drainageway 
irmnediately above the pond. The width of t h i s  s t r i p  should be equal t o  or 
somewhat greater than the width of the pond and i t s  length should be 100 
fee t  or more. The perennial grasses used should create a high "n" value 
so that  flows through the grass w i l l  be reduced i n  velocity t o  a point 
where the s i l t  w i l l  s e t t l e  out and the water entering the pond w i l l  be 
re la t ive ly  s i l t - f r ee .  See small inser t ,  Figure 11-12. 

5. PLANNING AN EXCAVATED POND 

SHAPE AND CAPACITY 

Excavated ponds may be constructed t o  almost: any shape desired, how- 
ever, a rectangular ahape usually is  the most convenient for excavating 
equipment. 

The required capacity of an excavated pond fed by surface runoff i s  
determined by the purpose for  which water 'is needed and the amount of 
inflow that  can be expected. These factors have been discussed under 
Edmnlanerrt Ponds. 

The required capacity of an excavated pond fed  by an underground 



water-bearing layer i s  d i f f i c u l t  t o  determine since the estimated r a t e  of 
inflow ihto the pond can rarely be estimated with reasonable accuracy. 
For t h i s  reason the pond should be constructed i n  such manner that  it can 
be enlarged i f  the origina1,capacity proves inadequate. 

SELECTING POND DIMENSIONS 

The selected dimensions of an excavated pond w i l l  depend upon the 
required capacity. Excavated ponds fed by surface runoff should have a 
depth equal to  or greater than the minimum required by State  Standards 
and Specifications. Where an excavated pond i s  fed from ground water, the 
depth should extend well in to  the water-bearing material. The maximum 
depth w i l l  depend on the climatic conditions, the nature of the material 
t o  be excavated, and the type of equipment t o  be used i n  excavating the 
pond. 

The width of an excavated pond w i l l  not ordinarily be limited, except 
that the type and s i ze  of the excavating equipment may become a limiting 
factor.  For example, i f  a dragline i s  used the length of the boom w i l l  
determine the maximum width of excavation that  can be made with proper 
placement of the waste material. 

The minimum length of the pond should be that  needed to  obtain the 
required pond capacity. However, t h i s  length may need to  be increased to  
meet the needs of the excavating equipment, such as a carryal l .  

The side elopes of an excavated pond should not be steeper than the 
natural angle o f repose  of the material being excavated. This angle w i l l  
vary with different  so i l s ,  but i n  most cases the side slopes should be 
f l a t t e r  than 1: 1. 

Where the water i s  t o  be used for watering livestock, a ramp with a 
slope of 4:1, or  f l a t t e r ,  should be provided a t  one or both ends for access 
Regardless of the intended use of the water, these f l a t  slopes at the ends 
of the pond are  necessary when tractor-pulled scrapers or bulldozers are  
used for construction. 

ESTIMATING THE VOLUME OF AN EXCAVATED POND 

After the dimensions and side slopes of the pond have been selected, 
it i s  usually necessary t o  prepare an estimate of the volume of excavation. 
Such an estimate determines the cost of the pond and serves as a basis for 
payment i f  the work is  done by contract. 

The volume of excavation requiredcan be estimated with suff ic ient  
accuracy by use of the prismoidal formula: 

(A $ 4B $ C) 
6 

, where: X z  
V = Volume of excavation, i n  cubic yards 
A = Area of the excavation a t  the ground surface, i n  square fee t  
B = Area of the excavation a t  ,the mid-depth point (112 D ) ,  i n  

square feet  



C = Area of the excavation a t  the bottom of the pond, i n  square 
feet .  

D = Average depth of the pond, i n  fee t  
27 = Factor converting cubic fee t  t o  cubic yards 

As an example, assume a pond with a depth, D, of 12 feet ;  a bottom 
width, W, of 40 fee t ,  and a bottom length, L, of 100 feet  as shown i n  
Figure 11-12. 

The side slope a t  the ramp end is  4:l and the remaining slopes are 
2:l. The volume excavation, V, is computed as follows: 

Top length = 12 (2) + 12(4) + 100 = 172 fee t  
Top width = 12 (2) (2) 4- 40 = 88 fee t  

A = 88 x 172 = 15,136 square feet  

Mid-length = 6(2) + 6 (4) + 100 = 136 fee t  
Mid-width = 6(2) (2) + 40 = 64 feet  

4B = 4(64 x 136) = 34,816 square fee t  
C = 40 x 100 - - 4,000 square fee t  

(A + 4B + C) = 53,952 square fee t  

Then V = 5 3 y  952 x - l2 = 3,996 cubic yards (or 4,000 cubic yards) 
6 2 7 

Assuming that  the normal water level i n  the pond i s  a t  the ground 
surface, the volume of water that  can be stored i n  the pond i s  4,000 cu, 
yds. x ,00062, o r  2.48 acre feet .  To convert t o  gallons multiply 4,000 
cu. yds. by 202.0 t o  get 808,000 gallons. The same procedure is  used t o  
compute the volume of water that  can be stored i n  the pond when the normal 
water level  is below the ground surface. I n  t h i s  case, the value assigned 
to  the depth, D, i s  the actual depth of water i n  the pond rather  than the 
depth of excavation. 

DISPOSAL OF WASTE MATERIAL 

The placement or disposal of the excavated material should be planned 
i n  advance of construction. Proper disposal w i l l  prolong the useful l i f e  
of the pond, improve i t s  appearance and f a c i l i t a t e  maintenance and estab- 
lishment of vegetation. The waste material may be stacked, spread, or 
removed from the s i t e  as conditions warrant. 

The waste material, when not removed from the s i t e ,  should be placed 
i n  a manner that  i t s  weight: w i l l  not endanger the s t a b i l i t y  of the pond 
side slopes and the r a i n f a l l  w i l l  not wash the material back into the pond. 
Stacked material should be placed i n  a uniform bank with side slopes no 
steeper than the natural angle of repose of the s o i l .  A berm with a width 
equal to  the depth of the pond, but not less  than 12 feet  should be l e f t  
between the toe of the waste bank and the edge of the pond. I n  the case 
of large ponds, i t  i s  often desirable t o  stack the waste material along 
two sides of the pond t o  reduce the height of the banks. I n  the Northern 
Plains the waste banks may be placed on the windward side of the pond t o  
serve as a snow fence for  collecting d r i f t s  i n  the pond. See Figure 11-12. 



Banks placed i n  t h i s  manner may a lso  reduce evaporation losses by break- 
ing the force of prevail ing winds across the pond. 

Spreading the waste material along one or  both s ides  of a pond has 
several  advantages. The pressure on the excavated alopes is reduced, 
establishment of vegetation is enhanced, and the general appearance of 
the pond i s  improved. The waste material  should be spread t o  a height of 
no more than 3 f ee t  with the surface graded t o  a uniform slope away from 
the pond. The pond s ide slope of the spread material should be no steeper 
than the excavated slopes. Rocky, i n f e r t i l e ,  or  otherwise unproductive 
material ,  should not be spread w e r  productive areas. Sometimes the waste 
material  may be used for  f i l l i n g  nearby low areas In a f i e l d  or  i n  the 
construction of farm roads. 

Figure 11-13 shows cross sections of a pond i l l u s t r a t i n g  the methods 
of placement and disposal of waste material. 

6 .  EXCAVATED POND CONSTRUCTION 

The pond s i t e  and waste areas should f i r s t  be cleared of a l l  woody 
vegetation. .The l i m i t s  of the  excavation and spo i l  placement areas should 
be staked, and the depth of cut from the ground surface t o  the pond bottom 
should be indicated on the stakes. 

Excavation and the placement of the waste material a re  the principal 
%terns of work required i n  the construction of t h i s  type of pond. The type 
of equipment used w i l l  depend on climate and physical conditions at the 
s i t e ,  and on the equipment available.  

In  areas of low r a i n f a l l  almost any type of equipment may be used 
and the  choice of type is  determined by ava i lab i l i ty .  The most commonly 
used a r e  tractor-pulled wheeled scrapers, draglines, and bulldozers. Due 
t o  i t s  inefficiency i n  transporting material, the use of a bulldozer for  
excavation i s  usually limited t o  re la t ive ly  small ponds. 

In  high-rainfall  areas and i n  areas where a ground water t ab le  ex i s t s  
within the l imi t s  of excavation, the dragline i s  most couunonly used since 
it can operate s a t i s f ac to r i l y  i n  water, The dragline is  used exclusively 
for  ponds fed by ground water aquifers.  

The excavation should be made and the waste material  placed as  near 
t o . t h e  staked l ines  and grades as s k i l l f u l  operation of the equipment w i l l  
permit. Where the pond i s  constructed by a dragline, other types of equip- 
ment may be required t o  shape or  spread the waste material. Bulldozers 
and graders are  commonly used for  t h i s  purpose. 

Excavated-ponds should be protected against erosion damage by a good 
c w e r  of sod-forming grasses on the s ide slopes of the  pond above the normal 
water level ,  the berms, the waste banks, and the emergency spillway, where 
required. 



PART IV - SEALING PONDS AND RESERV0.IRS 

1. SEALING METHODS 

GENERAL 

Excessive seepage losses i n  farm ponds usually are due t o  the selec- 
t ion  of a site where the s o i l s  are too permeable to  hold water. This may 
be the resu l t  of inadequate s i t e  investigations i n  the planning stage. 
However, the need for  water may be so important as t o  jus t i fy  the selec- 
t ion of a permeable site. I n  such cases, plans for  reducing seepage losses 
by sealing should be part  of the design. 

The problem of reducing seepage losses is  one of reducing the perrne- 
a b i l i t y  of the so i l s  t o  a point where the losses become tolerable.  Losses 
may be reduced by the methods discussed below, the choice of which w i l l  
depend largely on the proportions of coarse grained sand and gravel and 
f ine grained s i l t  and clay i n  the so i l .  A thorough investigation of the 
materials t o  be sealed should be made by a so i l s  sc ien t i s t  before the 
method of sealing is selected. I n  some cases it may be necessary t o  have 
a laboratory analysis of the materials. 

SEALING BY COMPACTION ALONE 

Pond areas containing a high percentage of coarse grained material 
can be made re la t ive ly  impervious by compaction alone i f  the material 1s 
well graded from small gravel or coarse eand to  f ine sand, clay, and s i l t .  
This method of sealing is  the leas t  expensive of those presented i n  th i s  
chapter, but i t s  use is limited t o  the s o i l  conditions described. 

The pond area should be cleared of a l l  t rees  and other vegetation 
and a l l  stump holes, crevices, and similar areas should be f i l l e d  with 
relat ively impervious material. The s o i l  should be,scar if ied t o  a depth 
of 8 t o  10 inches with a disk, ro to- t i l le r ,  pulverizer or similar equip- 
rent  and a l l  rocks and t ree  roots ehould be removed. The loosened s o i l  
should be rol led under optimum moisture conditions t o  a dense, t igh t  layer 
with four t o  s i x  pasaea of a sheepsfoot ro l l e r .  

The thiclaess of the compacted seal should not be less  than 8 inches 
for  impoundarente up t o  10 fee t  i n  depth. Since seepage losses vary direct-  
l y  with the depth of water impounded, the thickness of the compacted seal  
should be increased proportionately when the depth of water exceeds 10 fee t .  
This w i l l  require compacting the s o i l  i n  two or m r e  layers not exceeding 
8 inches i n  thickness over tha t  portion of the pond where the water depth 
exceeds 10 feet.  I n  these cases the top layer or layers of s o i l  w i l l  have 
t o  be removed and stockpiled while the bottom layer i s  being compacted. 

USE OF CLAY BLANKETS 

Pond areas containing high percentages of coarse grained s o i l s  but 

a lacking suff ic ient  amounts of clay t o  prevent high seepage losses can be 



sealed by blanketing. The blanket should cover the en t i r e  area over which 
water i s  t o  be impounded. It should consist of material containing a wide 
range of pa r t i c l e  s izes  varying from small gravel or coarse sand t o  f ine 
sand and clay i n  the desired proportions. Such material should contain 
approximately 20 percent by weight of clay part ic les .  

The thickness of the blanket w i l l  depend on the depth of water t o  be 
impounded. The minimum thiclaress should be 12 inches for a l l  depths of 
water up t o  10 feet .  The mininaun should be increased by 2 inches for  each 
foot of water w e r  10 fee t .  The construction procedure i s  similar t o  that  
described previously for  constructing earth embankments. 

Clay blankets require protection from cracking that  resu l t s  from dry- 
ing or freezing and thawing. A c w e r  of gravel, 12 to  18 inches thick, 
placed over the blanket may be used for  th i s  purpose. Blanketed areas 
should be protected by a cantilevered pipe or rock riprap where flow into 
the pond i s  concentrated. 

SEALING W I T H  BENTONITE 

Seepage losses i n  well graded coarse grained so i l s  may be reduced by 
the addition of Bentonite. Bentonite is  a f ine textured col loidal  clay 
that  w i l l  absorb several times i t s  own weight i n  water. At complete satura- 
t ion  it w i l l  swell from 8 t o  15 tines i t s  or iginal  volume. When Bentonite 
i s  mixed i n  the correct proportions with the coarse grained material, and 
the mixture is thoroughly compacted and saturated,. the par t ic les  of Bentonite 
w i l l  f i l l  the pores i n  the material and make it nearly impervious. A labora- 
tory analysis of the material i s  essent ial  t o  determine the amount of Benton- 
i t e  that  shwld  be applied per unit  of area. Rates of application range 
from 1 t o  3 pounds per square foot, depending on s i t e  conditions. Bentonite, 
upon drying, w i l l  return t o  i t s  or iginal  volume and leave cracks i n  the pond 
area. For t h i s  reason, Bentonite is not reconmended for ponds where a wide 
fluctuation i n  the water level is  expected. 

As  with other methods, the pond area should be cleared of a l l  vegeta- 
t i on  and a l l  holes, crevices and areas of exposed gravel should be f i l l e d  
or covered with sui table  compacted material. 

The s o i l  moisture level  i n  the area t o  be treated should be optimum 
for good compaction. If  the area I s  found t o  be too wet, sealing operations 
should be postponed u n t i l  moisture conditions are  sat isfactory.  I f  the 
material is  too dry, water should be added by sprinkling. 

The Bentonite shwld  be spread uniformly over the area t o  be treated 
a t  the r a t e  determined by the laboratory analysis. The Bentonite is  then 
thoroughly mixed with the s o i l  t o  a depth of a t  leas t  six inches with a 
ro to - t i l l e r ,  disk, or similar equipment. The area should then be compacted 
with four t o  s i x  passes of a sheepsfoot ro l l e r .  

Since considerable time may elapse between application of the Bentonite 
and the f i l l i n g  of the p o d  i t  may benecessary t o  protect the treated area 
by mulching with straw or hay anchored t o  the surface by the f ina l  passes 
of the sheepsfoot ro l l e r .  Treated areas subject t o  inflow should be protect- 
ed by r iprap .or  other wchanical means. 



TREATMENT WITH CHEMICAL ADDITIVES 

Excessive seepage losses often occur i n  f i ne  grained clay s o i l s  be- 
cause of the arrangement of the clay pa r t i c l e s  which form a honeycomb 
atructure.  Such s o i l s  a r e  said  t o  be aggregated and have a re la t ive ly  
high permeability ra te .  The application of small amounts of ce r t a in  
chemicals t o  these aggregates may r e su l t  i n  collapae of the open struc- 
t u re  and rearrangement of the c lay par t ic les .  The chemicals used are 
cal led dispersing agents. 

For chemical treatment t o  be effect ive,  the s o i l s  i n  the p o d a r e a  
should contain more than 50 percent of f i ne  grained material  ( s i l t  and clay 
f ine r  than .074 rmn diameter) and at  l ea s t  15 percent of c lay f iner  than 
.002 mm diameter. The s o i l s  should contain less than 0.5 percent soluble 
salts (based on dry s o i l  weight). Chemical treatment is  not e f fec t ive  i n  
coarse grained so i l s .  

While there a re  many soluble s a l t s  tha t  meet the requirement of a 
dispersing agent, sodium polyphoaphates are most conmroaly used. Tetraso- 
dium Pyrophosphate (TSPP) and Sodium Tripolyphosphate (STPP) a re  most 
effect ive.  These dispersants should be f ine ly  granular with 95 percent 
passing a No. 30 sieve and less than 5 percent passing a No. 100 sieve.  
They usually a re  applied at  a r a t e  of from 0.05 t o  0.10 pounds per square 
foot. Sodium chloride, which is  less effect ive,  is  applied a t  a r a t e  of 
from 0.20 t o  0.33 pounds per square foot. A laboratory analysis of the 
s o i l s  i n  the pond area is  essen t ia l  t o  determine which of these dispersing 
agents w i l l  be most effect ive and the r a t e  a t  which it ahould be applied. 

The dispersing agent i s  mixed with the aur face ' so i l  and compacted to  
form a blanket. For depths of water up t o  8 fee t ,  the blanket thickness 
should be a t  l ea s t  6 inches. For depths of water greater than 8 f ee t ,  the 
blanket should be 12 inches thick treated i n  two &inch l i f t s .  A minimim 
t h i c h e s s  of 12 inches is  recommnded for  a l l  areas i n  the range of water 
surface fluctuation.  

The area t o  be t reated should be cleared of a l l  vegetation and t rash.  
Rock outcrops and other exposed areas of highly permeable material should 
be cwered with from 2 t o  3 f ee t  of f i ne  grained s o i l .  This material 
should then be thoroughly compacted, I n  cavernous limestone areas, the 
success or f a i l u re  of the s ea l  may depend upon the thickness and compac- 
t i on  of t h i s  i n i t i a l  blanket. 

The s o i l  m i s t u r e  level  i n  the area t o  be t reated should be near 
optimum for compaction down t o  a depth of 12 inchea. I f  the s o i l  i s  too 
wet treatment should be postponed. Polyphosphates releaee water from the 
s o i l  and the job could eas i ly  become too wet to handle. If the  s o i l  is  
too dry, water should be added by sprinkling. 

The diapersing-agent should be applied uniformly over the pond area 
a t  a r a t e  determined by the laboratory analysfs. The dispersant may be 
applied with a seeder, d r i l l ,  f e r t i l i z e r  spreader or  by hand broadcasting, 



The dispersing agent should be thoroughly mixed into each 6-inch 
layer with a disk, ro to - t i l l e r ,  pulverizer or similar equipment. Operat- 
ing the mixing equipment i n  two directions w i l l  produce best resu l t s .  
Each chemically treated layer should be thoroughly compacted with 4 t o  6 
passes of a sheepsfoot ro l l e r .  

The treated blanket should be protected from puncture by livestock 
trampling. Areas near the normal waterline should also be protected from 
erosion by covering with a 12- t o  18-inch blanket of gravel or other sui t -  
able bater ial .  Areas where inflow into the pond i s  concentrated should be 
protected with riprap or other erosion res i s tan t  materials such as concrete 
or metal pipe. 

Due t o  rapid technologic advancemnts, new chemical additives are  
being developed constantly. Some of these may prove useful i n  reducing 
seepage losses. 

USE OF FLEXIBLE MEMBRANES 

Another method of reducing excessive seepage .losses is  the use of 
f lexible  membranes of Polyethylene, vinyl and butyl rubber. 

Thin films of these materiala are  s t ructural ly  weak but, i f  kept 
intact ,  they are  almost completely watertight. Polyethylene f i l m  are  
l e s s  expensive and have be t te r  aging properties than vinyl. Vinyl i s  
more res i s tan t  t o  impact damage and is readily darned and patched with a 
solvent cement. Polyethylene cau be joined or patched only by heat seal- 
ing. Butyl rubber can be joined or patched with a special  cement. 

These th in  films must be protected from mechanical damage i f  they 
are t o  be serviceable. A l l  polyethylene and vinyl rubber menhranes 
should have a c w e r  of earth or ear th and gravel not lees than 6 inches 
thick. Butyl rubber membranes need t o  be covered only i n  areas subject 
t o  t rave l  by livestock. I n  these areas, a minimum c w e r  of 9 inches 
should be used over a l l  types of membranes. The bottom 3 inches of cover 
should not be coarser than s i l t y  sand. 

A l l  membranes should be of a quality that  meets or  exceeds the mini- 
mum requirements shown i n  the State  Standards and Specifications for  Pond 
Sealing or Lining. The mlnimum normal t h i c h e s s  should equal or exceed 
the value shown below for the s o i l  material being covered and the type of 
membrane used. 

Soil  Material Not Coaser than: 

The area t o  be lined should be drained and allowed t o  dPy un t i l  the 
surface i s  firm and w i l l  support the men and equipment that  must t rave l  
over it during ins ta l la t ion  of the l ining. 

Sands, Clean or S&lty 
Gravels, Clean, S i l t y  or Clayey 

Polyethylene 

8 m i l .  
15 m i l .  

Vinyl Butyl Rubber 

8 m i l .  
15 m i l .  

15 m i l .  
30 m i l .  



The pond a rea  should be cleared of a l l  vegetation and a l l  roots,  
eharp stones or other objects t ha t  might tend t o  puncture the film, I f  
the material  w e r  which the l in ing  is t o  be placed is  stony or  of very 
coarse texture, it should be cwered with a cushion layer of f i ne  tex- 
tured material  before the  l in ing  i e  placed. A l l  banks, s ide  slopes and 
f i l l s  within the area t o  be l ined should be uniformly sloped no steeper 
than 1:l for  exposed l in ing  and 3:l for  cwered l ining.  The cover mate- 
r i a l  m y  s l i d e  on the l ining i f  placed on steeper slopes. 

Certain plants  penetrate vinyl and polyethylene f i l m .  For t h i s  reason; 
it is desirable t o  s t e r i l i z e  the subgrade with chemicals, par t icu la r ly  the 
aide slopes where nutgrass, Johnsongrass, quackgrass, and other plants  
having a high penetrating pmer  a re  present. S t e r i l i za t ion  is  not required 
where butyl rubber meubxanes are  used. 

The top edges of the  l in ing  should be anchored i n  a trench excavated 
completely around the area t o  be l ined a t  the planned elevation of the top 
of the l ining.  The trench should be 8 t o  10 inches deep and about 12 inches 
wide.  The l in ing  should then be anchored by burying 8 t o  12 inches of the 
l in ing  in the anchor trench and securing it with compacted backf i l l .  

The l inings are usually l a id  i n  sections or  s t r i p s  with a 6-inch over- 
lap for  seaming. Vinyl and butyl  rubber l in ings should be l a id  smooth but 
i n  a loose s t a t e .  Polyethylene should have up t o  10 percent slack.  EX- 
t r e m  care  must be exercised i n  handling t o  avoid puncture. 

The materials used t o  c w e r  the membrane should be f r ee  of large clods, 
sharp rocks, s t i cks  and other objects t ha t  would puncture the l ining.  The 
c w e r  should be placed t o  the  specified depth without damage t o  the m e r  
brane. 



Exhibit 11-1 Guide for estimating approximate acres of drainage area required per acre-foot of storage 
in  a farm pond. 



TABLE 1 
11 PERMISSIBLE VELOCITIES FOR VEGETATED SPILLWAY - 

(SI Units) 

21 Permissible velocity - 
Erosion resistant 3/ Easily erodible 51 

soils soi l s  
Slope of exit channel Slope of ex i t  channel 
PCt PCt PCt PCt 

Bemudagrass 
Bahiagrass 

Buffalograss 
Kentucky bluegrass 
Smooth bromegraes 
Tall fescue 
Reed Canarygrass 

Sod forming 
grass-legume 
mixtures 

Lespedeza sericea 1.1 1.1 0.8 0.8 
Weeping lovegrass 
Yellow bluestem 
Native grass 

11 SCS-TP-61 - 
21 Increase values LO percent when the anticipated average use of the - 

spillway is not more frequent than once in 5 years or 25 percent 
when the anticipated average use is not more frequent than once in 
10 years. 

31 Those with a higher clay content and higher plasticity. Typical soil - 
textures are silty clay, sandy clay, and clay. 

41 Those with a high content of fine sand or silty and lower plasticity or - 
non-plastic. Typical soil textures are fine sand, silt, sandy loam, and 
silty loam. 

TABLE 2. -- Guide to se lec t ion  of vegetal retardance 

Average length Degree of Average length D e ~ r e e  of 
Stand of vegeta-tion retardance Stand of  vegetation retardance 

CR en 

Good Longer than 76 A Fair Longer than 76 B 
28 tu Gl B 28 to 61 C 
15 to 25 C 15 to 25 D 

5 to 15 D 5 t o  15 D 
l e s e  than 5 E leer then 5 . . E 
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TABLE 1 
PERMISSIBLE VELOCITIES FOR VEGETATED SPILLWAY 1/ 

(English Units) 

21 Permissible velocity - 
Erosion resistant 31 Easily erodible 41 

soils eoils 
Slope of exit channel Slope of exit channel 
PC t PC t PCt PCt 
0-5 5-10 0- 5 5-10 
f t/e ftls f t l s  f t l s  

Bermudagrass 
Bahiagrass 

Buffalograss 
Kentucky bluegrass 
Smooth bromegrass 
Tall fescue 
Reed Canarygrass 

Sod forming 
grass-legume 
mixtures 

Lespedeza sericea 3.5 3.5 2.5 2.5 
Weeping lovegrass 
Yellow bluestem 
Native grass 
mixtures 

11 SCS-TP-61 - 
21 Increase values 10 percent when the anticipated average use of the - 

spillway is not more frequent than once in 5 years or 25 percent 
when the anticipated average use is not more frequent than once in 
10 years. 

31 Those with a higher clay content and higher plasticity. Typical soil - 
textures are silty clay, sandy clay, and clay. 

41 Those with a high content of fine sand ,or silty and lower plasticity or - 
non-plastic. Typical soil textures are fine sand, silt, sandy loam, and 
silty loam. 

TABLE 2. -- Guide to selection of vegetal retardance 
(Englirrti units) 

Average length Degree of Average length Degree of 
St and of vegetation retardance Stand , of vegetation retardance, , ,  

in in 

Good Longer than 30 A Fair Janger than 30 B 
11 to 24 B 11 to 24 C 
6 t o  10 C 6 t o  10 D 
2 t o  6 G 2 t o  6 11 

lees thaa 2 E lese than 2 E 
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Example 111 (SI Units) for use of Exhibit 11-2 where only one re- 
tardance is used for capacity and stability. 

Given : 
Q = 2 .5  m 3 / s  (Determined from NEFM Ch-2) 
So - 4% (Determined from profile or to be excavated). 
L = 15.3 m 

Spillway to be excavated in an erosion resistant soil and planted 
to a sod forming grass-legume mixture. After establishment, a 
good stand averaging from 15 to 25 cm in height is expected. 

Required : 

Permis~ible velocity (V), vidth of spillway (b) and depth of 
water in the reservoir above the crest (Hp). 

Solution: 

From Table 1 sod forming grase-legume mixtures-permissible velocity 
V = 1.5 m/s. From Table 2 average length of vegetation 
15 to 25 cm Retardance C. 

For C Retardance enter Table 3-C from left at maximum velocity V = 
1 5 m/s, 4% slope is in the slope range of 1-6 with q of .28 3 m /s/m. Then: 

Hp for L of 15.3 - 0.43 rn 

Erosion Resistant Soil No 
Cover: Type graae-legume mixture 
Condition: good 
Height: 15 to 25 cm 
Slope: - 4% 

Q V max Retardance L 9 b HP So 
m3/ s m/s Table 2 m m3/s/m m m Slope Range 

Table 1 stability capacity stability capacity Min. Max. 

Sample form for,recording solution to example where one retardance is 
used for stability and capacity. 
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Example #1 (English Unite) for use of Exhibit 11-2 where only one 
retardance is use for capacity and stability. 

Given : 
Q - 87 f t3/a (Dstenined from N B n  Ch-2). 
So - 4% (Determined from profile or to be.excavated). 
L = 50 ft 

Spillway to be excavated in an erosion reaiatant aoil and planted 
to a sod forming grass-legume mixture. After eatabliahment, a good 
stand averaging from 6 to '10 inchee in height is expected. 

Required : 

Permiseible velocity (V), width of spillway (b) and depth of water 
in the reservoir above the creat (Hp), 

Solution: 

From' Table 1 sod forming grass-legume mixtures permismible velocity 
V = 5 f t/s: From Table 2 average length of vegetation 6 to 10 
inches. Retardance C. 

For C Retardance enter Table 3-C from left at maximum velocity 
V = 5 ft/s, 4% elope is in the slope range of 1-6 with q of 3 3 ft /s/ft. Then: 

Hp for L of 50 = 1.4 ft. 

1 Erosion Resistant Soil: @ No 
Cover: Type graem-legume mixture 
Condition: && 
Height: 6 to 10 Inches 
Slope: X 

9 v m x  
Retardance L 9. b HP So 

ft / s  ft/s (Table 2) ft. ft3/s/ft f t  ft Slope Range 
Table 1 stability capacity stabi l i ty  capacity Min. Max 

Sample form for recording eolution to example where one retardance is 
'used for stability and capacity. 
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Example #2 (SI Units) for use of Exhibit 11-2 where one retardonce 
is used for stability and another is used for capacity. 

Givm : 
Q = 2.8 m 3 / s  (Determined from NEFM,Ch-2). 
So 1 8% (Determined from profile or to be excavated). 
L = 7.6 

Spillway to be excavated in a easily erodible soil and planted 
to bahiagrass with a good stand of 28 to 61 cm expected. 

Required : 

Permissible velocity (V), width of spillway (b) and depth of 
water in the reservoir above the crest [Hp). 

Solution : 

From Table 1: Determine permissible velocity for bahiagrass 
in a easily erodible soil with 8% slope. V = 1.5 m / s .  

F r o m  Table 2: (1) Select retardance to be used for stability 
during an establishment period with a good stand of vegetation 
of 5 t o  15 cm. (Retardance = - D) . 
(2) Select retardance to be used for capacity for good stand 
of vegetation with a length of 28 to 61 cm. (Retardance = B). 
F r o m  Table 3-D: Enter from left at maximum velocity V = 1.5 
m/s a slope of 85 is in the range for: Q = 0.19 &/S/~ 

b = L  2.8m3/5 
0.19 m3/s/n (stability,) 

F r o m  Table 3-B: Enter at q = 0.19 m3/s/m find Hp for L of. 
7.6 m. Hp = 0.43 m. (capacity) 

Erosion Resistant Soil: Yes 6 
Cover: Type Bahiagrass 
Condition: good 
Heights Max: 28 to 61 cm Min. 5 to 15 cm 
Slope: 8% - 

Q V max Retardance L 9 b rn So 
m 3 / s  m/s (Table 2)  Cm) m3/s/m Cm) (m) Slope Range 

Table 1 stability capacity stability capacity Min. Max. Adequate 

2.8 1.5 D 7.6 0.28 1 4 No 
D 0.19 15 1 9 

B 0.19 0.43 . 1  8 Yes 

Sample form for recording solution to Example where one retardance is used for 
stability and another is used for capacity. 

Exhibit 11-2 

EFM Notice 9, 4/80 
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Example #2 (English Units) for use of Exhibit 11-2 where one 
retardance is used for stability and another is used for capacity. 

Given : 
Q 100 ft3/sec (Determined from NEFM Ch-2). 
So = 8% (Determined froni profile or to be excavated). 
L = 25 ft 

Spillway to be excavated in a easily erodible soil and planted 
to bahiagrass with a good stand of 11 to 24 inches expected. 

Required : 

Permissible velocity (V), width of spillway (b) and depth of 
water in reservoir above the crest (Hp). 

Solution: 

From Table 1: Determined permissible velocity for bahiagrass 
in a easily erodible soil with 8% slope. V = 5 ft/s. 

Prom Table 2: (1) Select retardance to be used for stability 
during an establishment period with a good stand of vegetation 
of 2 to 6 inches. (Retardance = D). 

(2) Select retardance to be used for capacity for good stand 
of vegetation with a length of 11 to 24 inches. (Retardance = B). 

From Table 3-0: Enter from left at maximum velocity V = 5 ft/s 
a slope 'of 8% is in the range for: Q = 2 ft3/s/ft 

From Table 3-B: Enter at q = 2 ft3/s/ft find Hp for L of 25 ft 
Hp = 1.4 ft. (capacity) 

Erosion Resistant Soil yes @ 
Cover: Type ' Bahiagrass 
Condition g ~ a d  
Height: Max: 11 to 24 inches Min. 2 to 6 inches 
Slope: 8% 

Q v m a s  Retardance L 9 b @ So 
I ft3/s ft/s Table 2 'ft ftS/s/ft ft ft Slope Range 

Table 1 stability capacity stability capacity Min. Max. Adequate 

100 5 D 25 3 1 4 No 
D 2 50 1 9 Yes 

B 2 1.4 1 8 Yes 

Sample form for recording solution to example where one retardance is used for stability 
and another is used for capacity. 

Exhibit 11-2 

EFM Notice 9, 4/80 
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Table 3-A.--Hp and elope range for discharge, ve loc i ty ,  and crest  length, 
Retardance A 

(Sf Units) 

Max. Velocity Discharge - ...-- H~ Slope Range 
V q L (m) Min. Max. 

7.6 15.3 30.5 61 

Table 3-A*--Hp and elope range for  discharge, veloci ty ,  and crest length, 
Retardance A 

(English Units) 

Max. Veloclty Discharge H~ Slope Range 
V q L(ft3 Min. Max. 

25 50 100 200 
ft/s f t Wft ft ft ft ft P e t  

Exhibit 11-2 

EFM Notice 9 ,  4 /80  

Sheet 7 of 12 



Table 3-8.--$ and elope range for discharge, velocity,  and crest length, 
Retardance B 

(SI Unite) 

Max, Velocity Discharge H~ Slope Range 
V 9 L (m) Min. Max. 

7.6 15.3 30.5 61  

Table 3-.H.--l+, and elope range for discharge, velocity,  and crest length, 
Retardance B 

(English Units) 

Max. Velocity Discharge Hp Slope Range 
V q L ( f t )  Min. Mitx. 

25 50 100 200 
ftle f t3I s l f  t f t ft ft  ft Pet 

- 

Exhibit 1 1-2 

- - -  
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Table 3-C.--flp and slope range for discharge, velocity, and creet length, 
Retardance C 

(Sf* Units) 

Max. Velocity Dir charge H~ Slope Range 
V 9 L (m) Hin. Max. 

7.6 15.3 30.5 61 

Table 3-C.-+$, and elope range for discharge, velocity, and creet length, 
Retardance C 

(English Units) 

Max. Velocity Discharge H~ Slope Range 
V 9 L(f t) Min. Max. 

25 100 200 
f t / ~  f t3/8/ft  f t ft ft ft pet 

Exhibit 11-2 EFM Notice 9 ,  4/80 Sheet 9 of 12 



Table 3-D.--% and alope range for discharge, velocity, and crest length, 
Retardance D 

(SI Units) 

Max. Velocity Discharge H~ Slope Range 
V 4 L (mj Mln. Max. 

7.6 15.3 s.5 61 

Table 3-0.--% and elope range for discharge, velocity, and crest length, 
Retardance D 

(English Unite) 

Max. Velocity Discharge H~ Slope Range 
v P L ( f t )  -- Min. Max. 

2 5 100 200 
f t l a  f t3/s / f t  ft  ft  f t ft pet 

Sheet 10 of 1 2  
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Table 3-E.--% and alope range fbr discharge, velocity,  and crest length, 
Retardance E 

(SI Unita) 

Max. Velocity Discharge H~ Slope Range 
v 9 L (d Min.  ax. 

. L  CL 1 

Table 3-E .--I$, and elope range for discharge, velocity,  and crest length, 
Retardance E 

(Englieh Units) 

Max. Velocity Discharge H~ Slope Range 
V 9 Mft)  Min. Max. 

2 5 100 200 - 
f t / s  ft3/s/ft f t  ft ft  f t  P C t  

Exhibit 11-2 Sheet 11 of 12 
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TABLE 4 

PERMISSIBLE VELOCITIES FOR EARTH SPILLWAYS 1' 
(SI Units) 

Original material excavated Meters/second 
Fine sand, non-colloidal 0.46 2/ 
Sandy loam, non-colloidal 0.53 

Silt loam, non-colloidal 
Alluvial silts, non-colloidal 

Ordinary firm loam 
Volcanic ash 

Fine gravel 
Stiff clay, very colloidal 

Graded, loam to cobbles, non-colloidal 1.14 
Alluvial silts, colloidal 1.14 

Graded, silt to cobbles, colloidal 1.22 
Coarse gravel, non-colloidal 1.22 

Cobbles and shingles 1.52 
Shales and hardpans 1.83 

TABLE 4 

PERMISSIBLE VELOCITIES FOR EARTH SPILLWAYS 11 
(English Units) 

Original material excavated Peet/second 
Fine sand, non-colloidal 1.50 Zj - 
Sandy loam, non-colloidal 1.75 

Silt loam, non-colloidal 
Alluvial silts, non-colloidal 

Ordinary firm loam 
Volcanic ash 

Fine gravel 
Stiff clay, very'colloidal 

Graded, loam to cobbles, non-colloidal 3.75 
Alluvial silts, colloidal 3.75 

Graded, silt to cobbles, colloidal 4.00 
Coarse gravel, non-colloidal 4.00 

Cobbles and shingles 5.00 
Shales and hardpans 6.00 

1/ From TR No. 60 Earth D m s  and Reservohs, June 1976. - 
2/ Values shown apply to clear water, no detritus. - 
Exhibit 2 Sheet 12 of 12 0 



Figure 1 

Runoff in Watershed Inches 
vr 

Figure 1 and Tables A and 0 can be used to determine the capacity of 
principal spillways considering temporary storage. Figure 1 is a plot 
of Vs versus Vr to determine which Table to use. Table A is for pipe 
flow structures with a discharge over 0.47 ft3/s/acre (300 csm) and 
Table B is for pipe flow structures with a discharge under 0.47 fta/s/acre. 

Description of Terms: 

Vs = Volume of temporary storage, acre-feet or in. 
Vr = Volume of runoff, acre-feet or in. 
Qo = Required principal spillway discharge, ft3/s (Table A) 

and ft3/s/acre (Table B) 
.Qi = Peak flow from design storm, ft3/s 

Exhibit 11-4 Estimate of principal spillway discharge allowing for 
temporary storage. 
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11-SSb , 

Table A 

Table A: Values of  Qo/Qi f o r  p ipe  flow structures with a discharge over 
0.47 f t3 / s / ac re  (300 csm) . 
Example #1: 

Given: Vs = 5.9 acre-feet o r  0.94 i n .  
V r  = 21 .1  acre-fee t  o r  3.4 i n .  
Qi = 360 ft3/s 
D.A. = 75 acres 

Find: Qo 

Solution: Find t h e  point  f o r  V s  of  0.94 i n .  and V r  of 3.4 i n .  i n  - 
figure 1. Since t h e  point  i s  below t h e  l i n e ,  use Table A. 

- Vs - - 0.94 = 0.28 (Vs and V r  must be i n  same units) 
V r  3.4 

* = 0.50 (From Table A) 
Qi 

Qo = 0.50 X Qi = 0.50 X 360 ft3/s 180 ft3/s 

Exhibit 11 -4 (cont . ) 
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Table B 

Table B is for pipe f low structures with a discharge under 0.47 ft3/s/acre 
(300 csm). 

Example #2: 

Given: Vs = 34 acre-feet or 1.6 in. 
VT = 3.2 in. 
Qi = 420 ft3/s 
D .  A.- 256 acres [drainage area) 

Find: Qo 

Solution: Use Table B determined from Figure 1) 1 Qo = 0.31 ft /s/acre (from Table B) 
= 0.31 ft3/s/acre X 256 acres = 79 ft3/s 

Exhibit 11-4 (cont .) Sheet 3 of 3 



Natural Retardance 
Ground A B C D E 
Slope B2 Hp Q V Q V Q V Q V P 

Exhibit 11-5 Discharge through natural vegetated spil lways 
3 : l  End slope ($1 Units) 
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- Retardance Natural - 
Ground A B C D E Slope 

Slopel32 Hp Q \I Q V Q V Q V  Q " Min. Max. 

PCt ft  fG/s f t / s  fG/s ft/s f t 9 S  ft/s f t3 / s  f t / s .  f t3 / ,  ft/s PC= 

Exhibit Discharge thmugh'natural vegetated spillways 
3 : l  End slope (English Units) 
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Fill 1"" 
Height 2i:1 

IWN WIDTHS 

20 

Exhibit 11-6 End area teble for embedment sections for various side slopes and crown widths. 
4-20407 Rev. 12-6B 
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SIDE SLOPES 
2 1  12A:l 1 3:l 134:l. 1 4 : l  

- 

Pill 
Height 

12.2 
12.4 
12.6 
12.8 
..13.0 
19.2 
13.4 
1s.b 
13.8 
14.0 
14,2 
14.4 
14.6 
14.8 
15.0 
15.2 
15.4 
15.6 
15.8 
16.0 
16.2 
16.4 
16.6 
16.8 
17.0 
17.2 
17.4 
17.6 
17.8 
18.0 
18.2 
18.4 
18.6 
18.0 
19.0 
19.2 
19.4 
19.6 
19.8 

" 20.0 
20.2 
20.4 
20.6 
20.1 
21 .o 
21.2 
21.4 
21 .a 
21 .a 
22 .O 
22.2 
22.4 
22.6 
22.1 
29 .O 

CROWN WIDTHS 

TTTTqT - 

_ 

- 

18 

- 
195 

199 
POP 
205 
208 - 
21 1 
21 5 
211 
22 1 
224. 
227 
230 
234 
237 
240 
243 
246 
2 50 
255 
256 
259 
262 
266 
269 
27 2 
27 5 
271 
282 
28 5 
288 - 
291 
294 
29 8 
30 1 
304 
307 
910 
3 1.4 
311 
320. 
323 
326 
330 
333 
336 - 
339 
342 
346, 
349 
352 
355 
3 58 
382 
365 
$6 8 - 

Exhibit 11-6 ~ n d ' a r e a  table for embankment sections for various side slopes and crown widths 
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F I L L  
E I G H T  

SIDE SLOPES CROW WIDTHS 
I 

N O T E ,  T O  ~ I M D  T H E  E N D  A R E A  !on A N *  F I L L  M C I O M T  A D D . I O U A R E ' F I L T  F O U N D  U ~ D E L  S T A K C D  
. . 

S I D E  ILOICL T O  T H A T  U N D E R  r s r ' c n o * ~  W I D T H  u m t m  r o n  T O T A L  c o n  r r c t ~ o n .  E X A ~ P L C ,  s . 4  
F I L L .  , a 0 1  r n o ~ t  r n e  B A C K  ~ L O ' P E I  1 4 * ' c n o w ~  WIDTM,-  1 2 a t  81 -  P I P  r o u ~ n r  r r r t  T O T A L  r o n  

I C E T I O N .  A U V  C O Y ~ I N A T I ' O N  O r  I L O I I m  TM.AT A D D  T O . 5 .  0 .  0 1  7 Y A V  .C U I E D .  A C O Y D I m 4 T l O m  

O r  l i l t  r 1 0 N T  A N 8  lill B A C K  W I L L  9 1 V E  l m C  S A M E  L C I U L T *  A 1  1 1 1  r R 0 N T  A N D  L A C K .  

Exhibit 11-6 End area table for embankment sections for various side slopes end crown widths 
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Pond 
Inflow, Q 
C.f.8. 

Pipe Pond 
Diameter Inflow, Q 
inches A/ c . f .8 .  

Pipe 
Diameter 
inches - I/ 

1/ Based on a free outlet and a minimum pipe slope of 1.0 percent 
I 

with the water level 0 .5  foot abwe the top of the pipe at its 
upstream end, 

Exhlbit 11-7 Dimtars of pipe inlets required to discharge 
various rates of inflow into. excavated ponds. 
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