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This publication cancels “Airport Drainage,” 

4. EXPLANATION OF REVISIONS. 

In  addition to minor changes in text and fig- 
ures, this advisory circular includes: 

a. Revised minimum pipe cover requirements to 
reflect better information on pipe strength and 
the ohnge from single wheel loads to gross air- 
cmft loads. 

b. An additional @re (Figure 3) for pipe dis- 
charge bnsed on Manning’s formula for n=0.012 
to meet cnrrent pipe design requirements. Velo- 
city grids were also added to all pipe discharge 
figrum (Figures 3 through 8) to enhmca their 
utility. 

c. New surfnce flow time curves for better ap- 
plication in determining time of ooncentnrtion. 

Corn Momow 
Director, Airports Service 
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Chapter 1. INTRODUCTION 

1. CHARACTERISTICS OF AIRPORT DRAINAGE. 

a. An airport should have smooth, well-drained 
operational arew with sufficient stability to per- 
mit the eafe movement of aircraft under all 
weather conditions. The design of adequate 
drainnge for an airport is an important engineer- 
ing problem because i t  involves extensive a m ,  
varying soil conditions, relatively flat grades, 
shallow watercourses, and concentration of out 
fall flow. 

b. The drainage system should ,be built before 
or during the grading operations because draining 
and grading are interrelatad. A drainage system 
cannot be expected to function properly unless 
the airport m-ea has been correctly graded to di- 
vert the surface runoff into the system. In the 
absence of ndequate stabilization or pnvement, 
drainage does not asure an all-weather airport, 
but it will shorten the interval of nonuse. 

c. The large area that must be drained on nn 
average airport requires an economically designed 
drainage system to realize the full value of the in- 
vestment made. Sound engineering principlea 
must be applied in the utilization of all avnilable 
data, such as: topographic maps; soil reports; de- 
terminations of water tables; intensity, frequency, 
and duration of precipitnkion; climate and tam- 
perature reports; and nature of the area sur- 
rounding the particular site. 

d. The topography of the site and the outlying 
arens affect the final layout of the runways, taxi- 
ways, aprons, and buildings. The l a t i o n  of 
these facilitim will control the grading and the 
extent of drainage required. It is important that 
the grading of the airport be such that all shoul- 
ders and slopes drain away from runways, taxi- 
ways, and all paved areas. After final elevations 
on the airport have been determined, all surface 
flow of water onto the site must be intercepted 
and disposed of, any depressed or low spots on the 
site must be drained, and all surface runoff must 
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be accumulatad and directed into adequate out- 
falls. 

e. Enough tests should be taken to identify 
all soil types &use texture, permeability, and 
capillarity have a pronounced effect upon their 
drsinability. Because of its effeot on the stability 
of soils and on the ultimate design of the airport, 
the water table should be murntely determined 
owr the entire area. When a high water table 
does exist, provision must be made for either 
lowering it or raising the finished pavement 
grades. 

f. In designing a drainage system, it is impor- 
tant to determine expected precipitation at the 
airport site. Iutmsity-frequency or precipitation 
data may be obtained from several wurces, such 
as: U.S. Weather Burenu, U.S. Department of 
Agriculture Experiment Stations, Soil Conserva- 
tion Corps, State hydrographers’ ofioes, State 
highway departmenb, or local drainage districts. 
These sources should be explored for records 
available for a particular location, because all 
computations in the drainage design for intensity- 
frequency, intensity-duration, frequency-duration, 
and supply data should be based on aotual pre- 
cipitation reoords. 

g. Available climatological data should be 
studied, especially maximum and minimum tam- 
peratures, during the sawon when freezing and 
thawing normally occur. Them d a b  provide 
facts on depth of avernge frost penetration, nor- 
mal amount of yearly snowfalls, and maximum 
and average depths of snow for winter months. 

2. PURPOSE OF AIRPORT DRAINAGE. 

a. The purpose of airport drainage is to dis- 
pose of water which may hinder any activity nec- 
essary to the safe and efficient operation of the 
airport. The drainage system should collect and 
remove surf- water runoff from ench area, I-+ 
move excm underground water, lower the wabr 
table, and protect all slopes from erosion. 
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b. Natural drninage normally does not meet 
thase requirements. Constructed facilities must 
be sufficient to provide for present requirements 
and any future enlargements of the system. This 
may mean the installation of a portion of a drain- 
age system to supplement the natural drainage on 
the site or it may cnll for a complete system to 
drain the entire airport area. A proper under- 
standing of all contributing drninnge factors de- 
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termines the extent of the fncilitias required on 
each particular airport. 

c. An inadequate drainage system can muse 
serious hazards to air traffic at airports. The 
most dangerous consequences of inadequate drain- 
age systems are saturation of the subgrade and 
subbnse, damage to slopes by erosion, loss of b- 
ing power of the paved surfnces, and excemive 
ponding of water. 

Chop I 
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r a shorbr period. The value of A is measured 
d can be accurately determined. 
I21 A maximum rainfall expected once in 5 

am is generally recommended for estimwting 
noff for airports. The damage or inconven- 
ice which may be mused by greater storms is 
sufficient to warrant the i n o r d  cost of a 
!ainnge system bnsed on a design for a a t o m  
pected once in a period longer than 5 y a m .  

RUNOFF COEFFICIENT. 

a. The runoff coefficient or factor as it is 
metimes designated, is the percentage of rain- 
11 on a given area that flowa off ns free water. 
iis percentnge will seldom reach 100 percent, 
en with steep s lop ,  because impervious sur- 
CBS absorb some moisture and small depressions 
Id irregularities hold back additional amounh. 
uring a storm, the percentage of runoff will 
c m  gradually as the soil becomes saturated, 
e impervious areas become thoroughly wet, 
id all depressions become filled. Then the per- 
utage will remain fairly constant, varying di- 
ctly with the inbnsity of the rainfall. The 
mposite effect of all those factors must be taken 
to consideration. 
b. Many authorities have prmnted estimates 
r “values of relative imperviousness” for dif- 
rent types of urban surfaces, to be used in con- 
nction with their various formulas. These es- 
nates mver conditions applicable to the design 

drainage systems for large arms, usually 
ithin urban surroundings where the character 
surfnce is different generally from those on 

rports. 
c. From these studies and other information 
ataining to relative imperviousness of different 
rfaces, Table I has been compiled which ap- 
ylps more applicable to the conditions found on 
rports. The appropriate runoff coefficient 
ould be selected from Table I for use in the 
tmula Q=CIA. 
d. If the drainage area contributing to a car- 
in inlet is composed of several surfaces for 
hich different coefficients from this table must 
I assigned, the coefficient used in the formula 
ould be a weighted average in accordance with 
e respeotive areas. For example, if a drainage 
ea to an inlet consists of I,$ acre of asphalt 
rvement having a coefficient of 0.90 and 2 acres 
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of impervious soil with turf having a coe 
of 0.35, the average coefficient for ,the total a 
is 2.0) equal or 0.46. to [(O.OOXO.5) f (0.35X2.0)] ‘1 + (0.5+\\ 

6. TIME OF CONCENTRATION. 

a. According to the theory underlying the 
Rational Method, maximum discharge at  any 
point in a drainage system ~ U I V  when : 

Ill The entire a m  tributary to that point 
is contributing to the flow. 

(21 The rainfall intensity producing such 
flow is based upon the rate of rainfall which 6&n 
be expected to fall in the time required f m  mter 
to flow from the most remote point of &he area 
to the point k i n g  investigated. The ‘‘most re- 
mote point” is the point from which the time 
of. flow is greatest. It may not be at the greatest 
linear distance from the point under investi- 
gation. 
b. The time at  which maximum discharge 

occurs is referred to as the time of concentration. 
It is composed of two components referred to as 
the “inlet time” and “time of flow.” The “inlet 
time” is the time required for water to flow over- 
land from the most remote point in the drainage 
subnren to the inlet. The “time of flow” is the 
time during which water flows thmugh the drain- 
nge system to any point being investigated. In 
some instances the “inlet time” will be the time 
of concentration. Such is the casa for an inlet at 
the upper end of a drainage line. 

I11 Furthermore, a condition may exist 
where the “inlet time” to a structure along. the 
line may exceed the time required for water hll- 
ing on a more distnnt subarea to m h  that inlet. 
All areas tributary to the particular stmcture 
are not contributing until such time as water 
is entering the inlet from the most remote part 
of the individual subnren which it serves. The 
time of concentration, therefore, will be the “inlet 
time.” .4 problem of this nature is found in 
the example of drainage system design in Chapter 
4. Problems which arise in this regnrd will have 
to be invwtignted and resolved individually to 
determine under what conditions of time and 
flow the maximum volume of water can be ex- 
pected at  the point studied. 

12) “Time of flow” can be determined by 
hydraulic computation. 
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131 The “inlet time,” considered one of the 
most important fncton in determining runoff, will 
vnry with surface characteristics of the drainage 
area. The curves (Figure 2) will provide ade- 
quate estimates of “inlet time” for the designer. 
Where the particular drainage area consists of 
several types of surfnces, the i‘inlet time” must 
be determined by adding the respective times 
established for flow over the length of the several 
surfaces along the path from the most remote 
point to the inlet. 

7. COLLECTION AND DISPOSAL OF RUNOFF. 

a. Before any definite computations can be 
made toward the actual design of the drainage 
system, a topographical map will have to be 
prepared showing actual ground contours exist- 
ing on the airport area. The contours preferably 
should be drawn to a %foot interval. This map 
should be extensive enough to show the areas 
surrounding the aioport boundaries with all natn- 
ml water courses, swales, d r a w ,  ditches, slopes, 
ridges and configurations. It should also show 
all improvements that might have a bearing on 
the runoff and drainage of the immediate area, 
such as railroads, highways, canals, and irriga- 
tion and dminage installations. 

b. An additional detailed plan is necessary to 
show Che layout of the runwayq taxiways, aprons, 
and building area with the finished contours 
drawn to a I-foot interval or less. This plan 
can be the “drainage working drawing.” The 
entire system should he sketched upon it, with the 
outline and identifiontion of each single subarea, 
all main and Intern1 storm pipelines, pipe sizes, 
direction of flow, grndients, oetch bnsins, inlets, 
manholes, gutters when required, surfa,ce chan- 
nels, peripheral nnd outfall ditches, and other 
essential drainage features. 

c. The finished grades in conjunction with khe 
drainage design nre very important. The loca- 
tion of the runways, taxiways, aprons, and build- 
ing area is usually fixed by the time the drainage 
design is started; but the cross seotions of the 
paved a r m ,  their profilq and all the grades of 
intermediate nrws should be carefully studied 
for their influence on the drainage layout. It is 
important that all finished grades be established 
so that every area is drainable and so that the 
runoff can be collected by some drainage facility. 
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d. The primary consideration, therefore, is the 
determination of a satisfactory drainage arrange- 
ment a t  a reasonable cost, involving the locakion 
of the shnlloiv channels, inlets, oatch basins, man- 
holes, selection of grades, etc. Trial computa- 
tions of several different drainage layouts should 
be made in arriving a t  the most prmtical design. 
’when all arrnngements for location of the inlets, 
slialloiv drainage S ~ W ,  and sbrm pipes have 
been plotted upon the drainage working drawing, 
a tabulation of data and computations should be 
made. Such a table is further discussed in 
Chapter 4. 

e. Normally, the inlets should be located at 
least 75 feet from the edge of the pavement at 
airports with scheduled operations and 25 feet 
from the edge of the pavement at ai,rports used 
exclusively by general aviation. I f  inlets are 
placed elom to the pavement edges, they may be 
bypassed by the flow of water. A h ,  no ponding 
would be possible because the impounded water 
could back up to the edge of the pavement and 
cause an  undesirable condition. The grading 
should be planned so that the i n l a  can be placed 
normally near the edges of the landing strip or 
in the area midway between the runways and the 
parallel taxiways. The runways and taxiways 
should be crowned. Beyond the paved edges, 
the slopes should be in accordance with design 
recommendations. In establlahing grades outside 
of pavements, the soil characteristics should be 
considered. Less grade is used for sandy soils 
than for other soils. I t  has been found desirable 
to have a maximum slope of 5 percent for a 
10-foot width adjncent to pavement edges to 
facilitate rapid runoff. 

f. Special treatment for the location of inlets 
may be n m r y  neiu some intersections, but the 
inlets should be as far awny from the pavement 
w practicable. In  most instances, provision 
should be made for small ponding areas around 
the inlets. Those ponding a r w  must be designed 
to present a mtisfaatory contour in the event 
planes trnverse that area. This small ponding 
capacity a t  the inlets should not be recognized 
in the design even though such ponding should 
be provided for;  instead, any ponding should 
be considered as a factor of safety which offers 
some protection from the mnsional storm in ex- 
cess of that provided for in the design. 
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3. RAINFALL. 

Chapter 2. HYDROLOGY 

Buranu Technical Pamr No. 40. He should also 
a. The determination of the amounts of rain- 

fall and runoff to be used ns a basis for design 
of a drainage system is the primary step to be 
considered by the designer. The rata of storm 
runoff, including melting snow and ice which w i l l  
flow into the system, must be established in the 
preliminary design stnge. 

b. Many investigations and studias have been 
conduoted to find a lyasis for making reasonable 
estimates of the intensities, frequencies, and durn- 
tions of rainfall for different locations. A pre- 
viously used publication by D. L. Yarnell, “Rain- 
fall Intensity-Frequency Data,” is out  of print. 
Now recommended is the U.S. Weather Bureau 
Technical Paper No. 40, “Rainfall Frequency 
Atlas of the United Statq” dated May 1061. 
The latter publication is intended as a convenient 
summary of empirical relationships, working 
guides, and maps, useful in practical problems 
requiring rainfall frequency data. It is an out- 
grow-th of several previous Wwuther Bureau pub- 
lications on this subject and contains an expres- 
sion and generalization of the id- and results 
in earlier pupen. It is divided into two parts : 

Il) The first part presents the rninhll annl- 
yes. Included am measures of the quality of 
the various relationships, comparisons with pre- 
vious works of a similar nature, numerical mum- 
ples, discussions of the limituutions of the results, 
transformation from point to areal frequency, 
and eBBeonal variation. 

121 The second part presents 49 rainfall f r s  
quency m a p  bnsed on a comprehensive and inte- 
gmted collection of up-to-date statistics, several 
relnted maps, and seasons1 variation dingcnms. 
The rainfall frequency (isopluvial) maps are for 
seleotsd durations from 30 minutee to 24 hours 
and return periods from I to 100 years, 

c. Additional mlLteria1 on this subject is pre- 
sented in Chapter 4. The engineer should not rely 
solely on the data obtained from the U.S. Weather 
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get in touch with the i-1 Weather Bumu office, 
city engineer’s office, State highway office, State 
hydrographer’s office, and perhaps 1 4  drninage 
distriots or utility compnies to sscertain whether 
additional records are available for the location 
under consideration. 

d. Recent investigations shvw that results of 
studies regarding the probable intensity, he- 
quency, and duration of rainfall in particular lo- 
cations are more likely to be correct and con- 
servative if they am obtained from the records 
of many s tdons  rather than of one station. The 
center and outer limits of storms can be accurately 
determined only through use of a closely spaced 
network of win gauges covering the vicinity 
trnversed by the storm. More accurate predictions 
can ba developed from the study of data for 
many stations in a larger a m .  

e. The importanw of the rainfall-intensity f ae  
tor is well known to drainage engineers, partiou- 
larly in i t s  relationship 24 total runoff. However, 
rainfall intensity and dunution determine the 
amount of precipitation in any given storm. Gen- 
ern1 storms are usually characterized by low in- 
tensity precipitation of long duration, whereas 
local storms have high rate3 of rainfall for sholt 
duration. Either of these types can produce ap- 
proximately the eame amount cf precipitation. 
Storms of the first type, however, are the ones 
generally considered in sirport drainage design. 
When prscticable, the actual record of daily ob- 
servations kept by the Weather Bureau should be 
studied. From them records may be obtained the 
data required in plotting an intensity-dumtion 
curve from which the rate of supply of runoff for 
the design may be determined. The curve is 
plotted from the records of excessive individual 
storms for the desired period of frequency. Sim- 
ilarly, ns noted in Figure 1, a series of curves for 
different periods of frequency a n  be plotted from 
the records of excessive individual storms by the 
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use of intensity per hour ns ordinates and dura- 
tion in minutas as abscissas. 

f. When it  is impracticable to obtain actual 
Weather Bureau data or any other supplemental 
records, the desired curves can be plotted by the 
use of the charts in the U.S. Weather Bureau 
Technical Paper No. 40. This may be done by 
spotting the airport location under considerntion 
on the bnse m a p  of the charts. First, obtain 
the intensity for the location in question by inter- 
polating between the two isoliyetal linw on the 
chart for 30-, 60-, and 120-minute rainfalls, in 
inches, b be expected once in 2 years. Plot 
these inknsities on coordinate paper (using inches 
per hour ns ordinates and time in minutes ns ab- 
scissas). To obtain the intensities for less than 
30 minutes, the avenge rehtionehips between 30- 
minute rainfall on the one hand and the 5-, lo-, 
and 15-minute rainfall on the other can be ob- 
tained from Table 3, page 5, Technical Paper No. 
40. T h m  relationships were developed from the 
data of the 200 Weather Burenu first-order sta- 
tions. With a sufficient number of values plotted 
on the coordinate paper, a smooth curve may be 
drawn through the points. This curve will indi- 
cnte the intensity of rainfall to be expected for 
any time interval from 5 minutes to 2 hours for a 
storm thnt might occur once in 2 years. 

g. The same procedure is followed for occur- 
rencss of 5, 10, 25, and 50 years, plotting the re- 
sults on the same sheet of coordinate pnper. Fig- 
ure 1 is a graph exemplifying this method. The 
use of the data in design is taken up Inter under 
Chaptm 4 and is the basis for estimating runoff 
supply. 

4. RUNOFF. 

a. After rainfall rates have been studied, there 
remains a problem of determining whnt portion 
of the rainfall must be accounted for as surface 
runoff. The runoff rate depends on a number of 
conditions and is seldom constant for any given 
area during a single period of precipitation. The 
following factors have a pronounced influenee on 
the rate of runoff from an  area: 

i l l  Intensity and duration of the rainfalI. 
(21 Type and moisture content of the soil 

(31 Perviousness or imperviousnans of sur- 
affecting infiltration. 

fn€es. 
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141 Slope or irregularity of surfas.  
(51 Extenit and condition of vegetative cover. 
(61 Snow cover. 
in Tempemture of air, water, and soil. 

b. Many studies have been conducted during 
the last demde in &tempts to determine a method 
for estimating the amount of runoff when affeoted 
by the varying factors &udly met under field 
conditions. The studies have covered infiltration 
of soils; runoff from pavement, turf areas, differ- 
ent length nnd slopes; rainfall chnraderistics ns 
related to soil erosion; and numerous other condi- 
tions. Some studies have contributed valuable 
data toward a more comprehensive undembnding 
of the complex problem. Until a more precise 
method for determining the amount of Funoff 
from given arens is developed, the following is 
considered to be the pmtical  counse. 

c. The Rational Method of calculating runoff 
is most universally applied and m m m e n d e d  by 
engineers in drainage pradice. The method has 
come into favor because i t  enables the engineer 
to apply judgment direotly to specific determina- 
tious which are subject to analysis after consider- 
ation of local conditions. 

(11 The Rational Method is based on the di- 
rect relationship between rninfall and runoff. It 
is expressed by the equation Q=OIA, in which: 

Q=the runoff in cubic feet per second from 

C = a  runoff coefficient depending upon the 

I =the iiihnsity of rainfall in inches per 

A = the drainage area in a c w .  

a given area; 

character of the drainage area; 

hour; 

The value of C to be used must be based on a 
study of the soil, the slope and condition of the 
surface, the imperviousness of the surface, and 
the consideration of probable future changes in 
the surface within the area. The value of I to 
be selected depends upon the curves for the in- 
tensity of rainfall plotted for the local vicinity 
and the assumed period of recurrence, as well as 
the period of concentrn$ion required for siirface 
runoff to flow from the most distant point in the 
area under study to the nearest inlet strucbure or 
point of collection. Design should be governed by 
the greatest intensity of rainfall during this pe- 
riod of concentmtion and not by some intensity 
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g. Inlets should be plnced at all intermediate 
low points created by grnding the airport. I n  
the case of a long run of surface drninnge where 
the fnll is all in one direction, the inlets should 
be spaced so thnt the runoff will not travel ex- 
eeasive dihtnnces before renching n structure. 
Normally, inlets should be spnced so thnt the flow 
from the most remote p i n t  of the drninage nren 
is not more thnn 400 feet. 

h. Manholes, or combination manholes and in- 
lets, should be provided nhere necessary; their 
spncing should approximnte thnt for inlets. I n  
good drninage prnctice, mnnholes should be plnced 
at all changes in pipe grndes, changes in pipe 
sizea, changes in direction, junctures of pipe runs, 
nnd nt reasonable intervals for clennouk and in- 
spedion purpsm. 

1. All nnturnl wntermum, draws, and out- 
falls should be accumtely spotted upon the drain- 
nge working drn’iving, and the drninage system 
should be plnnned so thnt ns many of these 
watermnrw ns possible can be used for outfnll 
and rapid removal of the runoff from the airport 
nren. This procedure is necessary to prevent con- 
centration of nll of the n i rp r t  runoff in one or 
two outfnlls and flooding of property below the 
airport site. By use of several outfalls when &hey 
RIV available, the cost of the system ean be held 
to a minimum by reducing pipe sizes and by 
shortening the discharge pipe runs. 

i. Open periphernl ditches should be used, 
whenever proticnble, to receive outfnll flow 
from the drninnge system, to collect surface flow 
from the nirport site and adjacent wens, to 
intercept ground water flow from adjacent higher 
terrain, and in many cases to aid in lowering the 
gwund vnter tnble. Them open periphernl 
ditches should not be constructed where they 
mill CMSS the extensions of Innding strips. The 
flow &cross this section should be placed in con- 
duit for at lenst the width of the Innding strip. 
Before n system of periphernl ditches is planned 
for nn airpont site, the soil should be examined 
to determine whether the soil mill erode. Open 
ditch- hnve n tendency to erode bemuse of the 
concentrnted flow. Ditches should not be con- 
struoted where the airport is located on sand 
unless they nre nbswlutely necessnry, and even 
then, they should be shallow ditches with flat 
slope and immedintely lined with sod to prevenh 
erosion. 

Chop 1 
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k. If, the outfall drninnge cannot be emptied 
into exist.ing wateirourses or nntural drninnga 
channels, or if the qunnt,ity of \niter is grently 
increased over normnl flow, ensements or ngree- 
ments should be obtained from the affected pro- 
perty owners to avoid f,uture controvemy. 

8. FLOW IN CONDUITS. 

a. After the locnmtions of ‘the inlets, manholes, 
pipe runs, and outfalls hnve ,been determined and 
the design runoff for s l l  mbnreas has been corn- 
pnted, the next, step in the design will be the 
mmputntion (by appropriate hydrnnlic formulae) 
of the size and gradient of the pipe drains. Also, 
the “flow time” in the pipes from the various in- 
lets can be computed nocording to the hydrnulic 
chnrncteristics of the pipe. 

(1) Severnl formulas nre used by engineers 
to dete,rmine #the flow chnracteristics in pipes. 
Mnny of them give prncticnlly the snme rasults, 
but the Manning formula is the most widely used 
and is recommended for use and is ns follows : 

1.486 R’IJ S’/* 
n Q=.i 

in ~diich: &=discharge in cubic feet per seoond 
A=cros.s-se~tionnl nren of flow in square f& 

nren of section R=liydrnnlic rndius in ft.= wetted nerimeter 
S=slope of pipe invert 
11 =coefficient of roughness of pipe 
12) Chnrts hnve been compiled for the S O ~ U -  

tion of the Manning formuln. They usually nre 
used instend of the formula to determine the size 
of pipe required. Figures 3 to 8 inclusive show 
these chnrts bnsed on Mnnning’s formula for 
disxharge of circulnr pipes flowing full, with 
slopes from 0.0002 to 0.2 feet per foot, and d u e s  
of “n”=0.012, 0.013, 0.015, 0.018, 0.021, and 0.024. 
The selection of the vnlue of “n” in Table I1 is 
nlso a nlnttcr of judgment. The vnlue selected 
should represent conditions which mill prevail 
during the useful life of the line. 

b. The design engineer should keep in mind 
thnt it is importnnt to maintain sufficienk velo- 
city within the pipes to prevent depositing of 
suspended $ntter wnshed into the system through 
the inlets. ‘The velocity of flow in pipes depends 
on the hend or slope nnd the rasistance to flow 
of the wetted portion of the pipe interior. The 
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head or slope used in design always refers to 
the position of the hydraulic gradient, which 
is the line assumed by the top surfwe of the 
flowing water when free to rise vertically. The 
wetted portion of the pipe interior is used in 
determining the hydraulic radius, which is the 
area of the inside of the pipe divided by the 
wetted perimeter. The mean velocit,y of flow is 
used in determining the size of drains. 

(1 t Some engineers, when designing drainage 
systems, do not. differentiate between the slope of 
the invert of the pipe and the hydraulic gradient 
of the pipe run. The hydraulic gradient should 
be considered in the design of storm drains be- 
cause it is used in the &lut.ion of velocity and 
discharge. The hydridic  gradient at the upper 
end of the line should be established near the 
elevat.ion of the inlet grate. The ponding volume 
mny produce nt times n higher elevation of the 
hydraulic gradient a t  this point. 

12) Fwt experience shows that a mean veloc- 
it,y of 2.5 feet per second will normally prevent 
the d e p s i h g  of suspended matter in the pipes. 
Economy of design and topography will control 
the velocities. When lower velookies are used, 
special care should be taken in the construction 
of the system to m u r e  good alignment, straight 
ghdas, smooth well-constructed joints, and proper 
installation of struchunx. The pipelines and 
slopes should be designed, wherever possible and 
when topographicnl conditions permit, so that 
the velocity of flow will increase progressively or 
he maintained uniformly from inleks to outfall. 
Thus the suspended mntter will be carried 
through the system and out the OUtfQll end. 

c. The conduits in the dminsge system may be 
const,ruded of r e i n f o r d  ooncrete, concrete, vitri- 
fied clay, corrupted metal, asbestos-cement or 
bituminous fiber pipe. The pipes should be of 
conventional etandard sizes and provided with 
either bell-and-spigot or tongue-and-groove joints 
in the precast pipes, and ndeqnrute metal bands 
for the corrugated metal pipe. 

d. The chemicnl chnrmteristics of water and 
soil which might affect the durability of drninnge 
pipes should be invtstiguted. The type of pipe 
least afiected by those chemimls should then be 
recommended for installation. 
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9. STRUCTURES. 

a. The atruotures usually built in connection 
with airport drainnge are quite similar to those 
used in  municipal construction. Generally 
sp ik ing ,  the stsndnrd types are adequate, but 
occasionally a specid type of structure will be 
needed. Struotures located in the usable arm 
on airports should be so designed that they do 
not extend above the ground level. The bps of 
such structures should be one- or two-tenths of 
a foot below the ground line to allow for possible 
settlement around the structure, to permit un- 
obstructed use of the a m  by equipment, and to 
fncilitate entrance of s u r h  water. 

b. The structures most generally used are in- 
lets, manholes, combination manholes and inlets, 
catch basins, lamp holes, and head walls. Some 
of these structures will be covered with a grata 
when it is necessnry to admit the surface w&r 
into the system. The gmtw may be of cast iron, 
& steel, or wrought iron. Several suggeshd 
designs of grates and inlets m 0  shown in Figuras 
9 and 10. For suggested head wall details, 688 
Figure 11. 

c. The general designs of drainage structures 
used by the municipalities are quite alike; how- 
ever, nlmost every large city has its own specid 
standards which vary in details according to 
the desires and idens of the design engineer. 
These structures all v'wy as to the design load 
they will support and should be thoroughly 
checked for load-carrying eopncities. 

d. In traffic areas, grates support loads from 
a i r m f t  which will use the h i l i t y .  Ground con- 
tact pressunx of current and proposed civil air- 
cmft tires approach 180 pounds per square inch. 
Hold-down bolts or hooks should be provided 
for the grates end may be of any design that 
prevents the displncement of the grab by traffic. 

e. The inlet strudures may be construoted of 
reinforced concrete, brick, concrete block, or rub- 
ble niesonry. They should be strong enough to 
withstand the loads to which they will be sub- 
j-ed. 

f. Chtch &ins for airport drainage are not 
ususlly considered necessary particularly when 
drainnge lines are laid on self-cleaning grades. 
Under certain conditions, catch basins may he 
needed to prevent solids and debris fmm washing 
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into the system. They should be cleaned out 
frequently and involve an additional maintenance 
problem. 

g. Manholes are mom or laas standardized w to 
type and can be round, oval, square, or &ngu- 
lar design. They are usually made of reinforced 
concrete, brick, concrete block, corrugated metal, 
or precast pipe sections. The design will depend 
on the stresses to which they will be subjected 
(Figure 12). Adequate unobstructed space must 
be provided within the manhole to enuble work- 
men to clean out the line when necessary. In- 
side bnrrel dimensions equivalent to a diameter 
of 3% feet and a height of 4 feet are usually 
considered sufficient, but. they can be wried to 
suit pafiticulnr situations. 

h. Ordinarily, a gutter along a runway or a 
taxiway is not necassary because the landing 
strip sections should be so graded that the runoff 
will flow unobstructed transversely off the pave- 
ments and acros  the landing strip to the field 
inlets. In  apron n p e ~ s ,  the inlets should be 
placed in the valley of $he pavement at proper 
intarvals to collect the runoff. 
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1. Practical consideration should be given to 
the design of the spacing of the grate openings. 
The openings should be ample for the intended 
purpose. A slot opening of a rectangular grate 
should be approximately 21,$ inches wide and 3 
inches long. To curtail b y p i n g ,  the inlets 
should be installed to position the largest overall 
dimension normal to the d i d o n  of the flow. 
The area of the p t e  openings should be 150 
percent of the nrea necersnry to admit all of the 
runoff estimated for each inlet. The principle 
of water flow through grata openings is applied 
in the same manner &s water flow through 1'80- 
tangular orifices. The formula normally used 
for estimating flow through orifices is stated thus: 

Q = C A a  
&=discharge in cubic feet per second 
C =coefficient of discharge (approximately 

A=aren of orifice or openings in q u a r e  feet 
g=accalernt.ion due to gravity or 32.2'/sec./ 

h=head on grate in feet 

0.7) 

sec. 
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Chapter 3. GRADING CRITERIA 

10. SELECTIVE GRADING. 

a. I n  developing an airport, proper grading 
is the most important single fnctor contributing 
to the suc- of the drainage system. Grading 
and drainage plans should be most carefully 
coordinated. Cross sedions for runwnys m d  
taxiways should be developed with sloping 
shoulders so that the surface wnter is directed 
away from the pavements and into areas for 
collection and dispsal. The life of the pave- 
ments and the functions of drainage can genernl- 
ly be improved by seledive grnding. 

b. Before grading mtivities are started, the 
engineer should have complete soil test data of 
the different soils encountered on the site and 
data on materiah from any adjacent borrow 
sou-. A5 determined from the soil profile and 
the soil charncteristics, the best types of avail- 
able excavated materials should be so selected and 
placed to form the strongest and most drainable 
soil structure beneath and adjacent to the pave- 
ment. The more und&mble soils should be 
placed in the intermediate air= as far removed 
from the pavements as possible. 

1 1. SOIL CONDITIONS. 

0. When the soil survey discloses different 
types and strata of soils on the site, different 
methods and procedures in the grading and drain- 
age construction should be considered. In  gi-nd- 
ing, fills are made of the material obtained from 
cuts m d  other excavation. Therefore, a basis 
of design is an understanding of the nature of 
the soils that will be encountered. 

(1) On sitas where the soils are of a good 
pervious type and are drainable, the drainage 
problem is g m t l y  simplified. This type of soil 
is generally the contributing factor for natural 
drainage. The major consideration of such a site 
is to determine whether an impervious strata, 
which might pocket the w a k r  ns i t  pero~lai~~ 
downward, underlies the pervious surface soils. 
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If so, provisions must be made to remove the 
trapped water. Gsually, though, the only con- 
sideration necessary is proper grading of the area 
to provide for surface runoff. The slope of the 
gmded areas must be carefully controlled be- 
cause such soils may tend to erode. 

(21 Sitas with impervious soils are a different 
drainnge problem. I3y their nnture, very little 
precipitation will infiltrate into impervious mil. 
In  such cnses, there is little need for any sub- 
surface drainage. Surface drainage is required, 
homever, and will have to be designed b take 
mre of the estimated runoff. Some impervious 
soils nre also subject to erosion, and this char- 
noteristic should be considered. 

(31 .4t sites where pervious soils are super- 
imposed on impervious soils, tests should be made 
to determine the extent and the profile of the 
top of the underlying layer. Some surface drain- 
nge will be needed and mny be provided by proper 
grnding with occasional inlets in the low a m ,  
but some sys-m of subdrninage is definitely re- 
quired to remove the water from the top of the 
impervious layer. I f  the I ~ y e r  is not too fnr 
below the surface, the subdrainage pipe trenches 
should extend slightly into the impervious layer 
(n.ppFoximately 6 inches) and bnckfilled with a 
gvanulnr material. The granular backfill mate- 
rial should be placed nround nnd adjacent to the 
pipe. 

I41 There are cnses where an airport mill be 
l m t e d  on a site in which an impervious layer 
of soil is on the surface, with R pervious stratum 
below. Surface drainmge will always be needed 
for draining such a site, and the system should 
be designed to remove 1111 of the estimated runoff. 
-\gain, a thorough understanding of the typas 
and extent of the soil with their respeative profiles 
will be needed becnuse grading operations may 
open up or pocket the underlying porous stmtum. 
The underlying porous stratum often introduces 
underground water onto R site, requiring inter- 
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cepting ditches along the e d p  of the airp0l.t or 
an intercepting drniii line to cut off and divert 
t,his flow. Surfnce runoff sometimes may be di- 
rected into the porous layer, if i t  is extennsive 
enough, by tapping through the top impervious 
layer with proper structures nnd allowing the sur- 
face m t e r  to enter the porous l'ayer. 

151 Drninage engineers frequent.ly find the 
siltuntion in which there are irregulnr stmta of 
pervious and impervious materials. The most 
important thing in this situntion is to locate 
all of the pockets existing henea6h the surface and 
to provide sufficient drains to remove the n-ater 
from them. 1)rninage from t,hose pockets cnn be 
piped directly from the site or fed into the sur- 
face drninnge system by proper cotinect,ions. In  
some cnsw it may he necessary to remove the 
undesirable mnterial from the pockets, especially 
under and ndjncent to the.pnvement, and to bnck- 
fill with desirable material. 

b. In  seasonal frost nreas it  is important to 
determine tdie fmst pnetmtion, since the drain- 
nge pipelines should be placed below this depth 
whenever possible. A serious condit,ian could 
develop if the drninnge lines were laid above the 
frost penetrdon line. The system could bemine 
inopenative when water freezes upon contact with 
the drninpipes. Field determinnt,ions of frost 
penetrnt.ion show thnt the dept.h of penetrntion 
for various sails nre fnirly consistant for the snme 
louation. 

I l l  In  grnnular soils, frost enters the ground 
quicker, penetrates deeper at an enrlier stage, and 
leaves the ground more rnpidly in the spring 
thnn in a t.ighter clay soil. I n  a clay soil the 
frost gmdnally leaves in-the early spring from 
both the top niid the lwttom of the frozen 
stp0Rum. It. finnlly thnws out n t  Q point some- 
where nenr the midsection between the ground 
surface and tdie point of deepest penetrntion. 
Duri,ng this thawing-out period, the soil becomes 
snturnted and very unstable. 

121 Frost heaving rnny 'also m u r  nnd cause 
damnge to the drninage system. Frost heaving 
is the result of freezing of cnpillnry moisture that 
cnnnot ,be reiiioved by drninnge from certain soils 
of a silty or silty snnd texture. The best may to 
eliminde frost heave is to remove the unfavor- 
nble soil to n sufficient depth nnd to replnce it 
with a suitable mibterinl not subject to frost, heave. 
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12. LOADS ON CONDUITS. 

a. In the design and construction of drainage 
system conduits under pavement, the maximum 
anticipnked wheel londs should receive considern- 
tion. The pipe grades should be established to 
provide the necesmry depth of cover, thnt is, the 
distance between the t ~ p  of the pipe and the 
pavement. h snfe design requires consideration 
of the probable mnximum wheel load, the inherent 
strength of the pipe, the details of construction 
conditions, the type and bearing strength of the 
Imwment, and n factor of safety. The design of 
nirport pnvements is predicated on gross aircraft 
weights ns applied to the type of landing gear 
geometry, i.e., single, dual, and dud-tandem 
wheels. The recommended minimum depths of 
cover for a rnnge of gross londs given in 'Dable 
111 should he used. 

b. Besides the minimum depth of cover for 
live londs 5-t forth in Table 111, cerbain factors 
assminted with instnllahion of embnnkment pipe 
should receive considerntion. The control and 
method of plncing pipe under high embnnkments 
nffeot the magnitude of the resultant load. When 
the pipe is installed in a trench of specified width, 
the resultant load on the conduit is not severe 
or criticnl. When the iiistnllntion does not in- 
volve a trench or where the trench width is not 
controlled-that is, very wide in proportion to 
width of pipe-the magnitude of the lond becomes 
more criticnl. Because of the influence of the 
nbove installotion conditions, underground con- 
duits are classified into two major groups: trench 
conduits (Figure 13(a)) acd embankment con- 
duits (Figure l 3 (b ) ,  (c), and (d)) .  Embank- 
ment conduits nre fulither subdivided into posi- 
tive nnd negnhive pmjecting subgroups, depend- 
ing on whether the conduits, as installed, are 
above or below the existing ground surface. 

I l l  Trench conduits nre those which are in. 
stalled in relatively narrow trenches dug in pas- 
sive or undisturbed soil and then covered with 
earth bnckfill which extends to the original 
ground surfince or for some distance above the 
pipe. When the conduit is plnced in a trench 
not wider thnn two times its outside width and 
covered with enrth, the backfill will tend to settle 
do\vn\vard. This downward movement of the 
bnckfill i n  the twnch nbove the oonduit is re- 
turded by fridionnl forces dong the sides of 
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the trench which nct upwnrd and help support 
the backfill and thus reduce the dead load. 

I21 Computation of a d d  loads on pipe in- 
shlled &s noted in Figure 13(b)--positive pro- 
jecting conduit with the pipe placed on the 
naturnl ground elevation--sho\vs that the results 
are very similar to those for pipe installed in 
trenches (mensured at top of conduit), wider than 
several times the maximum outside conduit width. 
For both these situations, the load on the con- 
duit could be as much ns three timea greater 
than the load on a pipe installed in a narrow 
trench. 

131 Betwveen these extremes are many varia- 
tions. The closer the engineer can come to pro- 
ducing a trench type of installation, the more 
favorable are the lmding conditions. There &I‘B 

two methods of construction that would tmd 
to reduce some of the load frtotors normally found 
in projection conduits. These are the negntive 
projecting conduits and the imperfect trench, 
(sea Figure 13(c) and (d) ) .  

(a)  The negative projeoting conduits are 
those indalled in shallow trenches of such depth 
that the top of the conduit is below the naturnl 
ground surface. They are then covered with an 
embnnbmenh which extends some distance above 
the ground elevation. 

(b) The imparfeot trench is the method of 
construction in which a cushion of compressible 
material is plnced in a purposely constructed 
trench directly above the pipe in the interior of 
the embankment. 
These two installations act t~ relieve the load 
on the conduit. Many designers have adopted 
them for placing conduits under high embank- 
ment with remarkable SUOCBSS. 

c. The supporting stmngth of a conduit de- 
pends mainly on the mi&h and quality of the 
contact between the pipe and the bedding, since 
this affects the distribution of the vertical re- 
action. Four clrcssas of bedding are used for in- 
stalling conduits. They are listed in  the order 
of their relative load distribution aspnbility, (see 
Figure 13). 

I l l  Class A:  This method consists of plac- 
ing the lower part of the conduit in a cradle of 
concrete having a minimum thickness under the 
pipe of one-fourth the nominal internal diameter 
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and extending up the sides of the pipe to a height 
equal to at least one-fourth the outside dimetar. 

121 Class B : This method provides that the 
conduit be set on fine grnnular mruterial in an 
earth foundation carefully shaped to fit the lower 
part of the pipe exterior for a width of a t  I& 
60 percent of the outside diameter of the pipe. 
The remainder of the pipe is entirely sumunded 
by thoroughly compacted grnnular materials. 

This method, one m& o h  
used, requires that the eanth foundntion beshaped 
to fit the lower part of the pipe exterior with 
reasonable closeness for at least 50 percent of the 
outside diameter of the pipe. The remainder of 
the pipe should be surrounded by compncted 
gwnular or fine-grained material. 

(41 Clnss D:  This method requires little or 
no onre either in shaping the foundahion surface 
to fit the lower part of the pipe exterior or in 
filling and compcting all spaces under nnd 
around the pipe. 
Experimental data indicate that the four classes 
of bedding, in the order listed above, have load 
factors of approximately 3.0, 1.9, 1.5, and 1.1. 

d. The term “D-load” is often used to express 
the load on rigid pipe in pounds per linear foot 
per foot of internal diameter. Thus, field I d s  
expressed in pounds per linear foot may be con- 
verted to D-load by dividing by the nominal pipe 
diameter in feet. The advnntnge of hhe D-load 
designation is that all sizes of different types 
and clnsses of pipe of a given D-loud in similslr 
bedding and installation conditions generally will 
support the same load. 

13. EROSION CONTROL. 

a. An important item in airport drainage is 
to provide for adequate protection of cut-and-fill 
slopes. Unless the slopes are correctly designed 
for the type of material contained in them, ero- 
sion will start during the first storm. The usual 
engineering prahice is to establish a cert.nin per- 
centage of slope for the type of material en- 
countered as shown on the soil profile and to 
maintain that slope thmughoiih the particular 
section. 

b. When cut-and-fill slopes are constructed to 
obtain the most economical section, some PI-- 
vision for their pretection should be made. I n  
ninport construction, these slopes nre usually made 

131 Class C : 
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as flat 0s possible and vary from a 2: l  slope to 
one as flat as 1O:l. Cut slopes more than 8 to 
10 feet deep, with higher ground above them, 
should be provided with a cutoff surface ditch 
constructed several feet h c k  from the top of the 
bank and running parallel to the top-of-cut line 
to intercept the surf- water flowing down from 
the higher ground. To protect the cut slopes, it 
mmy be necebsary to riprap, sod, sprig, or seed 
with rapid-growing gms or vegehtion. It is 
good practice also to construct a ditch a t  the bnse 
of the bnnk b intercept the flow of runoff. Fig- 
ure 14 illu&rates several recommended types of 
interceptor ditches. 

c. All fill-slopes that are more than 5 feet high 
should be protmted ageinst surfnce water ero- 
sion by building berms and guttern along the 
top of the slope to intercept the surface water 
and to prevent i t  from spilling down the slope. 
The surface water, thus in$erceptad, may be dis- 
posed of by properly constructed concrete spill- 
ways, vertical drop inlets, or other suitnble means 
of conducting the water down the slope ta proper 
outhll  ditches. Several recommended types of 
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embnnkmeh protection structures are shown in 
Figure 15. When a berm is placed along the b p  
edge of the embankment, some method of pro- 
tection is necessary, for example, by shooting the 
berm with a light nsphaltic material, sodding 
the berm, or providing paved gutters. The 
method which most nearly satisfies local condi- 
tions eliould be used. 

d. One oversight in the construction of the 
spillways has been the failure .to provide a n  ade- 
quate cutoff wall beneath the apron at the en- 
trance to the spillway. This cutoff is most im- 
portant to prevent water from Seeping under and 
along the spillway, and musing fnilure from lack 
of support. It is desirnble to construct either a 
series of baffles or a stilling bnsin mt the hse of 
the spillway to reduce the velocity of the flowing 
water. The elevation at the outlet should be the 
%me 86 thnt of the ditch into which it. empties. 
Where open-trough type spillways are con- 
structed, their cross-smtionnl a m  should be 
larger than that required for the design storm, 
and provision should be made in the design for 
ample free-board. 
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Chapter 4. THE DRAINAGE SYSTEM 

14. BASIC INFORMATION REQUIRED. nl runoff remrds for drainam arms in the locality 

a. In this chnpter, each of the steps considered 
pertinent to ehe aotunl da ign  of an airport drnin- 
age system will be considered in their respective 
order. A typical layout plan and the drainage 
criteria descritbed before will be used. Before 
nny design can be undertaken, certain basic in- 
formation and dnta must be available to develop 
and detail the drainage system. These data 
should consist primarily of the following: 

Ill The contour map of the airp0l.t and ad- 
jncent areas. 

121 The “drainage working drnming” show- 
ing the layout of the runways, taxiways, aprons, 
and building areas. 

131 All rainfall data, such ns fmquency, in- 
tensity, and durntion of storms. If complete 
Wenither Burenu data is not available locally, the 
d$tn in US .  Weather Bureau Technical Paper 
No. 40, “Rainfall Frequency Atlas of the United 
States,” should be used. Intensity-duration 
curves should be plotted for storms of a 5-year 
frequency (considered adequate for airports) and 
the resultant graph used for runoff quantities in 
conjunction with the design. Frequency curvw 
for periods greater than 5 yenn can also be 
plotted for checking excess storms. 

14) Plotted centerline profiles of all of the 
runways, taxiways, nnd apron areas, with neces- 
sary cross &ions. 

15) Boring pliuns and soil profiles prepared 
on the basis of soil tests, including data on 
q n u n d  water elevation. 

161 Tempernture data, especially records on 
maximurn and minimum temperatures during 
sensons of freezing and thawing and on depth 
of frost penetration. Also, snowfall records in- 
dicating maximum and average depths of fall 
per month. 

I71 Data, when obtainable, on the infiltrn- 
tion properties of soils encountered and any nctu- 
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having similar charwteristics and soils. 

18) Necessary hydraulic data, graphs, and 
tables for the design, including standard specifi- 
cations, mnnufncturen’ list, and information on 
hydraulic capacities, types, and structural char- 
acteristics for pipes, gutters, manholw, ideta, 
gratin@, fittings and the like. 

b. In  the actual design, the initial step is a 
comprehensive study of the topogrnphic map that 
is extensive enough to include the areas sur- 
rounding the airport site, to permit identifying 
possible contributing surface or subsurface flo\v, 
b determine genernl direction of flow, and to 
locate nmtural wntermurses or outfalls. The ex- 
istence of any major local construction or im- 
provement that could affect drainage dispwal 
should be evident from the mep. An example is 
Figure 16. 

c. The outline of tbe boundary of the airport 
plus the locntion of the special airport features 
such as runways, taxiways, aprons, buildings, and 
roads hnve been superimposed on the map. Pos- 
sible outfalls that cnn be utilized for runoff me 
shown in the southern section nnd to the west 
of the NW/SE runway. The airport is rather 
flwt, without any nearby outstanding high arms; 
for this r e m n  there should not be any outside 
flow towards the airport site. There is no de- 
velopment in the immediate neighborhood to cause 
any drainage problem. As noted from the con- 
tours, the outlet pipes mn be daylighted within 
reasonable distances and ditches can be used for 
outfalls. 

d. As the map shows, this particular site is 
higher than 4,he sumunding terrain, a situation 
which simplifies the drniniye objective because 
there is no possibility of flooding. In  some other 
airport locations where the site elevation is rela- 
t i d y  low, there may be problems with the out- 
fall disposal. Thus, a careful study of the t o p  
grnphic miip will disclose the cbnrncteristirs of 
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:he area terrain and the general pattarn of drain- 
bge design involved. 

15. DRAINAGE LAYOUT. 

a. With the general configurnt,ion of the terrain 
vell in mind, actual layout of the drainage 
iystem can now be undertaken. This can beat 
)e done on the drainage working d'rawing (Fig- 
ire 16) ,  upon which have been placed the runway 
ayout and the tentdive finished grading by 
ontours drawn to a 1-foot interval. The finished 
ontours reveal that a crown section has been 
lsed which is t,he standard c m  section for the 
unways, taxiways, m d  landing strips. This 
:rowned sect,ion slopes each way from the center- 
ine of the runway on a t,ransverse grnde to the 
dge of the pavement, except where it hecomes 
iecessnry to wnrp the grade to  provide a smooth 
ransition at  t,he interseotion of pavements. As 
mtad on the t,ypiml CMSS section of Figure 17, 
he intermediate areas of the landing strip each 
ide of the runway pavement will be on a 11h- 
fercent transverse grnde away from the p v s  
lent. This grade may be vnried slightly to 
iroperly design for drninnge to inlets. 

b. Several trial drainage layouts will he n m -  
ary before the most economical system can be 
dected. The first considerntion will be the ten- 
h re  layout serving all of the depressed areas 
1 which overland flow will .accumul&e. The 
ilet structures will be located, during the initial 
tep, a t  the lowest points within t,he field arena. 
'he pipelines mill be shown next. Each of the 
ilet structures mill be connected to the field p i p s  
nes, which in turn will be connected to the 
iajor outfalls. 

c. Before proceeding further, recheck the fin- 
ihed contours to nscertnin whether the surface 
OW is away from the paved arras, that the 
ow is not directed a c m  them, that no field 
auctures fnll within the paved areas (except in 
prons), that possible ponding meas are not 
ljacent to pavement edges, and that there are 
3 excessively long d i a n c e s  for surface water 

flow into the inlets. If the,re is a long grndual 
oping swnle between a runway and its parallel 
.xiway (in which the longitudinal grnde, for 
stance, is all in one direction), additional inlets 
iould be placed at  regular intervals down t,his 
vale. Under such conditions, the dike shown 
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in Figure 18 will 'protect t.he a m  around the 
inlet, prevent by-pnssing, and facilitate the entry 
of the water into the struoture. It is also essen- 
tin1 for all ponding area edges to be kept at 
least 75 feet from the edges of the pavement. 
This prevents mturntion of the ground n d j m n t  
to the pavement during periods of ponding. 

d. After t.he field storm drain system has been 
tentatively laid out and before the actual oom- 
putrutions have been started, the 'areas contiguous 
to the graded portion of the aiqmrt which may 
contribute surface flow upon it should again be 
studied. A system of open channels, intempt- 
ing ditches, or storm dmins should be designed 
where necessary to intercept this storm flow and 
eonduct it away from the aimrport to convenient 
outfalls. Severnl types of interceptor dikhes are 
shown in Figure 14. A study of t,he soil profiles 
will assist in locating porous stinta which may be 
conduc%ing swbsurfnce water into the airport. 
If this condition exists, the subsurface water 
should be intercepted and diverted. 

e. All inlets, structures, and pipelines should 
be identified by numbem or letten for r d y  
reference and for use in the computation sheets. 
It is customary 'to start numbering at the outlet 
end of the pipeline and to progress upgrade. 
The areas contributing to each inlet should be 
outlined and &he ncrenge determined, differentia- 
t,ion being made between 'the types of surfacing 
such as pnvement, turf, earth, and so on. Pro- 
film of the existing ground and final gmdes along 
t.he proposed drainlines should be observed and 
perhaps plotted; these data will be needed in 
determining the grndes of the pipeline, see Fig- 
ure 19. 

f. linlem the pipe size changes, the flow line 
rhrough the manholes should he uniform. O m -  
sionally, drop manholes are installed to alleviate 
steep grndients on the pipeline. 

g. Ditches form an integral pa& of the drain. 
age system. They are 90 commonplaoe that their 
existence and use are taken for granted. The 
size of the ditches and their functions we quite 
variable. Their main punpose is to mrry the 
outfall away from the pipe system and drninwble 
areas into 'the nnturnl drainage chnnnels or into 
existing watercourses. Somet.imes i t  becomes 
necwsnry to construct extensive peripheral 
ditches. T,heir purpose is 'to receive outfall flow 
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from the drainage system, to coll& surfurn flow 
from the airport site or adjacent a m ,  and to 
interapt possible ground water flow fmm higher 
a d j m n t  terrain. Open ditches are liable to erode 
if their gradients are steep and if the volume of 
flow is large. When necessary, the ditches may 
be turfed, sodded, or lined to control erosion. A 
ditch when paved becomes a conduit and its 
design should receive sufficient considemhion. 

h. With the plane and data referred to in the 
preceding text, i t  is possible to  design the drain- 
age system. A step-by-step drainage p d u r e  
is as folloss: 

(1) Identify the structures and establish the 
lengths of pipe w n e n t s  between structures. 
Scaled dimensions are of sufficient acourncy. 

12) Select values for coefficients of runoff “C” 
for the several types of surfaces over which water 
will flow. Table I may be used as a guide in 
arriving at  acceptable vnlues for this fncbr. 

(3) Compute a weighted d u e  of “C,” if 
required, ns explained under “Runoff Coefficient,” 

141 Determine the distance from the inlet to 
the most ‘%me-remote” poink in the tributary 
subma. I f  in flowing fmm such point, wster 
t r a v e m  different types of s u r h ,  the lengths 
of flow over -11 type of surface should be 
determined. 

15) Using the distances determined nccord- 
ing  to step (4), bhe time of flow to the inlet 
from the most “time-remate” point can be d a b -  
lished. The time so determined is the “inlet 
time.” It may be obtained by the USB of the 
curves in Figure 2. Keep in mind that the hhl 
length of overland flow may consist of several 
sublengths, each of different surface or slope. 

161 Datermine lthe time of concentration for 
the inlet in nccordnnce with the principles out- 
lined under “Time of Concentration,’’ paragraph 
6. 

17l From the plotted rainfall curve for the 
design storm, find the rainhll  intensity “I” for 
the corresponding time of concentration. 

181 Recold the acreage of the subarea which 
is contributing to the inlet. 

19) Compute the quantity of runoff by the 
formula &=CIA. This is the amount of water 
which must be ucmnmodated by the drain pipe 
from this inlet. 

paragraph 5. 
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110) Select slope and determine the 
size which will carry the runoff. Chart6 
shown in Figures 3 through 8 may be used. 

i. As the design p r o g m  along the line, 
runoff naturally accumulates. Each succew 
pipe run carries the water from the upper rea 
of the system in nddition to the water introdi 
through its immediate inlet structure. Thie 
cumulation, however, is not n e c w r i l y  n stra 
arithmetic summation of flow from pr-1 
inlets. Flow from influent lines may havi 
be adjusted to represent the amount of w 
which they are contributing at  the time of 
cent,mtion for the point being investigated. 

16. SURFACE DRAINAGE. 

a. A portion of the actual design of the sy! 
can now be considered in accordanes with cril 
and data given previously. For example, 
area between the npron mnd h x i s a y s  of the 
port layout hns been selected for dstail ana 
in making the necawary calculations and dete 
nations, (see Figure 20). 

b. The rninfall data for the location u 
study has been obtained from graphs simila 
b h w  found in the U S .  Wwther Bumu ‘I 
nical Paper No. 40. These data have been plc 
nnd curves drawn (Figure 1) to indicate &hi 
tensity of rainfall. The curve of the inten 
duration for n 5-year f q u e n c y  will be use 
the computations. From this curve, the intat 
for the corresponding time of concentration 
ench inlet can be readily determined and use 
the system design. 

c. After the drainnge layout has been dec 
and sketched on drainage working drawings 
extent of the subarea contributing to a h  in 
structure is measured and tabulated. The IW 
ing of the sizes of rhe subnrens is shown in ‘I 
IV. Inspection of the areas will show that 
fnce wabr will flow partly over pavements 
partly over turfed areas. A runoff fador of 
has bean ss~umed for the paved areas and 
for the turfed arens. A weighted value oj 

factor “C” or runoff coefficient \vns calcula& 
explained in Chapter 2 and is shown in Tablt 
In  working up the dnta shown in Table V, a 
and-spigot type of concrete pipe nw used a 
value of n=0.015 was nssumed. 
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?or convenience in the computations and 
ing the results, n form such as thnt of 
V is suitable. Explnnnt,ion of t,he various 
is of this form is ns follows: 
I Colunin 1 identifies tlie inlet being in- 
Ited. -411 structnres should be numbered, 
ubly stnrting with tlie first 4trncture from 
tfnll and progwsing along the line to the 
nost end. 
I Colnnin 2 ident,ifias the ynrticular eeg- 
tf the dtaiimqp system being designed. 
1 Column 3 is the h g t h  of tlint segment 
line. 
) Column 4 is t.lie “inlet time,” or time 
td for wu~ter to flow overland from the 
‘emote point of t,he t,ributary subaren to 
et being considered. 
) Column 5 is the “flow time” through the 
ilnr pipe segment. This is obtained by 
lg tlie pipe length by the velocity of the 

1 Column 6 is the time of concentrntion. 
ilets 12 and 13 in  the exnmple, time of 
tmtion eqnnls the “inlet t.ime.” Mnximum 
oes not occur mt inlet 11 until all Q‘PW 

.ry to  it are coutcibut.ing to that inlet. All 
r e  contributing to inlet 11 in 23.7 minutes, 
ote in Tnble V). 
I Colunin 7 is the coefficient of runoff for 
)IUW contribut,ing to the inlet.. A method 
 mining the rnnoff factor is illustrated in 
IV. 
I Column 8 is the rainfall intensity based 
I time of conceiitrntion and the design 
frequency, (finin y i p r e  1). 
1 Caluinn 9 is the ‘acreage of the snbarea 
intely tr ibdary to the inlet being investi- 

D) Colnmn 10 is the amount of runoff from 
ibutury niw 11s determined by the Rational 
1 foimula Q=CIA. 
I1 Column 11 is tlie accuniulnted runoff 
ninst be acmtumod~ated. In  the examnle 

Sea Column 1.2 for velocity. 

(See Table IV.) 

(121 Column 12 is the velocity of flow 
through the pipe, determined by dividing the 
pipe capacity by the n w t  of the pipe, or using 
the nomogrn.ph, Fignre 21. To be selfclenning, 
drnins should be designed to have a flow velocity 
of not lesst,hnn 2.5 feet per second. 

113) Column 13 is the size of the pipe re- 
quired to accoinmodate the flo~v. 

(14) Column 14 is tlie slope of the pipe. 
Selection of the slope usually will be governed 
by such fnotors as topography, amount of cover. 
depth of excwntion, desired discharge velocity, 
and elevation of dischnrge bnsin or clmnnnel. 

(15) Colunin 15 is the cnpncity of the pipe 
in cubic feet per second on the slope indicated. 
Obviously, the capacity must exceed Che mumu-  
Inted runoff if tlie system is to opernte properly, 
(use Fipures 3 through 8). 

(16) Column 16 is the invert elevation of the 
st ruct.ure. 

(17) Column 17 is available for ‘any remarks 
peptinent to the design. 

e. It is obvious that ninny combinations of 
pipe sizes nnd slopes can be seleoted which will 
provide the rquired pipe cwlmcity. It is good 
prnctice to select the sniallest size pipe, consistent, 
wi’th such considerations 11s economy of excaw- 
h i  and flow velocity, that will mommodate the 
des i id  dischtrrge. Gsunlly 12-inch pipe is the 
minimum size used to onrry surfme rnnoff. It 
is the genenil pmctice to incrense pipe size as the 
volume of w t e r  to be accommodated increases 
Tlie velocity in the entire system should be main- 
tained or incre.lsed progressively dong n line to 
prevent, settlement of suspended solids. Cnre 
should be tnken to avoid flow i & d a n c e  or the 
creati,on of turbulence in the system as this nlso 
will cnuse settlement of siispended solids. 

f. A form similar to thnt described may be 
used in tlie design of any of t,he several sections 
of t:he system. The desirnbility of using ponding 
tireis should be studied and the system should 
be checked for its cnpbility to tnke mire of 
storms henvier than the design storm. 

17. PONDING. 
n the maximum nccumulnted runoff to be 
.ged finni inlet 11 consists of the runoff 
he subarea tributnry to inlet 12, plus the a. The rnte of outflow from n drninnge area 

of runoff from +he subnren t r ibu t rq  to is limited by tlie capacity of the drainage facility 
1. Tlie total accumulated runoff nt inlet serving the men, usually n dminpipe. Whenever 
own in the tuble. the rate of runoff nt a structure such as an inlet 1 Chop 4 
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exceeds the drain capacity, a temporary stornge 
or ponding occups. .4s soon as tlie rnte of inflow 
into a ponding basin becomes less than the drain 
capacity, the nccumulnted storage will be drawn 
off nt a inte equal to the difference between the 
capacity and die rnte of inflow. Tbe rate of 
out,flow from a ponding basin is affected some- 
what by tlie elevat.ion of the water a t  the drnin 
inlet, ,atid it will increase 'a8 the head on the inlet 
increases. Bemiuse of the flnt slopes on an air- 
port, the sarface arms of the storage lmsins sup- 
rounding the inlets are usually very large in com- 
pwison with water depth at the inlets. Akhongh 
the hydrnulic gradient a t  the inlet is raised 
slightly bemuse of ponding, nny increase in drain 
rapacity should be considered ,a small factor of 
safety nnd not taken into areount. 

b. Figures 22 and 23 nnd Table VI  have been 
prepaid to illustrnte tbe propusition of ponding. 
For example, the nren to be drnined is pavt of 
that shown in Figire 20 except tbat t.he contours 
hare been changed to create om large ponding 
area wiqb only one dmia to handle all the run- 
off. The size of the drain an be varied to oom- 
puta 'the different time periods needed to dis- 
charge the volume of ponding nccumulated. 

c. A study of the cumulntive rainfall for 5- 
yenr and 10-year frequency mill be used as the 
rate of supply. The minfall usually diminishes 
gradually in intensity nf,ter a couple of hours. 
Shown in the table is the tabulation of die hourly 
intensity in inches for various intervnls for both 
t,lie &year nnd 10-yenr frequency. Also shown 
are all the necessary data for die cumulahive run- 
off for the two frequencies, and the dischnrge for 
a 33-inch diameter pipe. These data have been 
plotted in Figure 23. Also plotted are the dis- 
charge cnpnciti- for 21-inch, 24-inch, nnd 30-inch 

d. Compu'tations indicate tbat if the inlet is 
oonstructed to nu elevation slightly below contour 
534, t,here will be a ponding stornge cnpncity be- 
tween it and contour 536 of 243,300 cubic feet. 
From Figure 23, it unn ,be seen that the 33-inch 
pipe will empty the nrea in 47 minutes after 
the start for the cumulative runoff from the 6-  
year frequency storm nnd will empty the area in 
64 minutes after t,he start for the cumulative 
runoff from the 10-yenr frequency storm. The 
21-inch pipe would provide sufficient disclmrge 
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to keep the mavinium ponding down In 102,500 
cubic feat after 60 minutes after the start of the 
runoff for the 10-yenr frequency storm ; however, 
this pipe would not empty t.he ponding area 
for an ndditiond 3 honn or more. 

e. In view of these considerations, it appears 
that the 33-inch pipe mold be reduced in size, 
since the smaller diameter pipe shown cnn dispose 
of tlie ponded volume. However, the smaller pipe 
rauld muse the retnined runoff to be ponded for 
n considerably longer inhrval of time. This is 
based on the assumption that the rate of runoff 
is uniform, w1iir.h is not entirely true because the 
payenlent, the high and low spots, the thick and 
thin turf, and the variable intensities will nffect 
the time of conreutrntioii. Generally speaking, 
the peak runoff can be assumed to follow the 
peak winfnll by R definite lag in time. 

18. SUBSURFACE DRAINAGE. 

a. Subsurfnce dribinnge to be considered on air- 
ports consists, in geiiernl, of providing intercept- 
ing drains to divert subterranenn flows, draining 
wet, masses or arms, controlling moisture in the 
base or subbase of pnvement or any combination 
of these. Draining large field a r m  by subsur- 
face drainage is not usunlly necsssnry on airports, 
since it ca.n be done more efficiently by grnding 
properly and installing surfnce drainage. Sub- 
drains should be designed to function as sub- 
surfwe drains only nnd should not opernte to 
remove surfnce drninnge. 

b. The presence of n high-vnter table on an 
nirport siste mils for n thorough soil survey and a 
determination of the cause of such underground 
water. The table may be extensive or be located 
in one or more isolated portions of the site. The 
soil horimns and types of soil will definitely 
reveal whether it is: 

11) pocketed in pervious soils over impervious 
stratum, 

(2) in low wens of nn undulated impervious 
&,raturn, 

131 confined within n porous wnterbearing 
strnt.um, or 

I41 within n high flood plme of a strenm or 
\\nbrslied. 
In many locations the writer table fluotuntes with 
the sensorial rninfnll. This should be checked 
when making the soil survey. Conditions 1 and 
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2 cnn generally be best relieved by the use of 
subsurfme drains plnced within the aatual amus 
having the high-water table. Conditions 3 and 4 
are usually remedied by correctly plwing inter- 
cepting surfnee ditches to cut across the porous 
water-bearing stmtum, or to install intercepting 
drain lines, occasionally supplementing either 
with subsurface drains within the area affected. 
Figure ‘24 illustrates types of subsurfme installa- 
tion that have proved sahisfnotory. 

c. Even though a very thorough soils survey 
of the site has been made, the presence of frea- 
flowing water should be noted during construc- 
tion. When encountered, proper action should 
be taken to collect and dispose of it. I f  free- 
flowing water is found in only a small area, the 
drain line may be carried to an approprinte out- 
fall. If that solution is not found to be practical, 
the line may be cwnnected to the sealed surface 
system by a connection similar to that shown 
in Figure 25. Care must be tnken to prevent the 
water in the sealed system, \Then flowing full, 
from backing up into the swbdrainnge line and 
saturating the area contiguous to the subdrain. 

d. Certain types of soils are selfdraining, some 
can be drained by artificial means, and others 
are not drainable. 

I11 Soils such as gravelly sand, sand, silty 
sand, and some types of clay sands are o h n  
self-draining. 

(21 Soils like s n d y  clay, clay silts, and cer- 
tain sandy silts are drainable, and subsurface 
drains will be effective. The percentage of sand 
in t h w  soils determines their ability to be 
drained. 

(3) Soils composed of silt or clay without a 
sand content such t18 silty clay, silt, and clay are 
difficult or impossibleto drain. 

e. It is importlint, during grading operations, 
to place the best drainable type of soils available 
adjacent to or beneath the pnved areas. This will 
form the strongest soil structure where it is most 
beneficial and, a t  the same time, will provide 
drainage away from the bnse and subbase. The 
poorer undrainable types of soils should be moved 
to non-t rnffic n m s .  

f. Figure 24 illustrntes several different types 
of subdrainage systems often used on airports. 
These are only examples. The pnrticular type 
to install will depend upon the actual conditions 
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at each airport site. A review of the soil survey 
data during construction is the only safe way to 
determine the proper type of subdrainage system. 

g. The design of a subsurface drainage system 
is somewhat similar t o  thnt of a surface drainage 
system. The runoff from a subsurfma system is 
considerably less than for other types, and the 
grades are usually fl&er. The grades should 
not be less than 0.10 foot in 100 feet. The type 
of surface, the soil, the infiltration, the spacing 
and depth of the drains, the amount of precipita- 
tion or seepage, and other factors all affect the 
runoff and, therefore, the size of the pipe needed. 

I 1 1  A runoff for subdrainage that is common- 
ly used is 0.25 to 0.50 of an inch in 24 houm. 
A runoff of 025 inch per acre in 24 hours is 
equal to 0.0106 cubic feet per second for each 
acre. 

(21 When the rate of runoff is known the 
proper size of pipe may be determined from Fig 
ures 3 through 8. 

h. The types of pipe used for subdrains are: 
plain or perforuted vitrified clay or concrete pipe, 
perforated corrugated metal pipe with bands, 
cradle invert vitrified clay pipe, perforated ’8s- 
bestos-cement pipe, and perforated bituminous- 
fiber pipe. 

i .  A type of subdrainage installation considered 
important in many localities far the protection 
of the base and subbnse of the runways and 
taxiways is the intercepting drain. This drain 
should be placed ncros and at the lowest portion 
of the seepage strmtum in order to cut off and 
divert the entire f l o ~ .  The drain should seldom, 
if ever, be placed under the pavement proper. 

1. The control of moisture under pavement is 
the principal reason for subsurface drainage 
along the pavement edges. Free water may col- 
lect below the pavement under ssvernl different 
conditions. The water table may rise into the 
bnse or subbase during an exceptionally w e t  sea- 
son, or it may be high enough to supply capillary 
wnter to the top of the subgrade. Frost layers 
contribute free water when they thaw out and 
this wnter should be carried away by proper 
drains. This cnn be done by connecting the 
pervious base iind subbase of the pavement with 
the backfill material in  the subdrain system. 
The subsurface drains should be installed in ac- 
cordance with “C” in Figure 25. As shown on 
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the drawing, these drains need not be large; and, 
under normal conditions, a pi,pe of 6 or 8 inches 
in diameter will suffice. 

k. The construotion specifications should re- 
quire bnckfilling the trenches with m l l  oompncted 
granular material. To prevent the W i b i l i t y  of 
large quaiit.ities of surface water entering these 
drains, the pervious bnckfill material surround- 
ing the drains should not extend to the top of 
the trench. 

1. The fil4er material requirement should be 
carefully considered bemuse t,he quantity of water 
to be handled by t.hese subdrains is relatively 
small and it is possible t.hat the surrounding 
natural soil may fil4er into interstices of the filter 
material. The following should be considered 
in fi1,ter and underdrain design: 

(1) -4 fine material mill not wnsh through a 
filter material if the 15-percent size of the filter 
material is less than 5 timss m large 89 the 85- 
percent size of the fine niateri,al. 

I21 In addition to meeting the above size 
specification, the grain size curves for filter and 
fine material should be approximately parallel in 
order to minimize washing of the fine material 
into the filter material. 

I31 Filter materials should be packed dense- 
ly, to reduce the possibility that movement of the 
finas might cause any change in the gradation. 

(41 A filter material is no more likely to fail 
when flow is upward than when flow is in some 
other direction, unless the seepage pressure be- 
comes sufficient to muse flotation or B l1quick” 
condition of the fil,ter. 

I51 A well-graded filter material is less sus- 
ceptible to running through the drain pipe open- 
ings than a uniform material of the same average’ 
size. However, even a filter material having a 
\vide range of gradn’tion cannot be used success- 
fully over II drain pipe having a large opening, 
since enough fine particles to can% serious clog- 
ging will move out of the well-graded filter into 
the pipe. 

16) Lwge openings in the drain pipe tend 
to increme the mte of infiltrntion, but also in- 
creme the tendency for filter material to wlI& 
in nnd clog4he pipe. 

I71 Where i t  is feesible to design and use 
t w  grndations of backfill consisting of separate 
layers with conme nggregnte near the openings 
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of the pipe, pipes with larger openings would 1 

sample soil that is uniformly graded, and nnother 
that. is well graded. It also shows the uniform 
filter material required for bnckfill to prevent in- 
filtration of the uniform soil into the filter mate- 
rlnl. Also shown is the well-graded filter mate- 
rial required for bnckfill that will prevent 
infiltration. This graph is an example to illus- 
trate t.lie factors discussed. 

Ill  To use the graph, follow along &he curve 
drawn for the well-gmded soil to a p i n t  where 
85-percent size p a w  the 0.25 millimeters. Then 
follow along ,the curve drawn for a well-graded 
backfill to where 15-percent size pnsw a certain 
sieve. It will be noted that it is the 1.25 milli- 
meter size. This also holds true for uniform ma- 
terial curves if the 85-percent size of the uniform 
soil is multiplied by 4 to check with the 15-per- 
cent size of the uniform backfill material. 

121 To use a gmph of this type, &he natural 
soil should be screened for a mechanical analysis 
and the gradntion curve plotted. Then estab- 
lish the 15-percent size of the backfill material 
just less than 5 times the 85-percent size of the 
nntural soil, and construct a curve for the backfill 
material pturallel to the original soil curve. This 
will be t,he curve of tlm gradation of the backfill 
material desired. 

I31 It will be noted from a study of Figure 
20 that there mill be a separate and distinot 
gradnt,ion curve for each type of soil analyzed. 
Consequently, there will be a sepnmte gradtution 
curve for the backfill material to use with each 
soil type. The limiting piping ratio for B uni- 
form soil is 4, and for a well-graded soil is 5, 
and a harkfill material with a parallel gradation 
curve not exceeding the piping ratio mill prove 
sat.isfnctory in preventing infiltration. I f  the 
specifications are written so that t,he gmdtution 
for the backfill mnterial follows the exact curve 
drawn pnrnllel to the soil gradnAion curve with 
its required piping rnitio for each type of soil, id 
will be seen that the graded bnckfill material 
will be very difficult to produce commercially. 
Figure 27 illust,wtes several soil gradakion curves 
and also indicates the ‘theoretical curve (Number 
5 )  with a piping rntio of 5 for the backfill mate- 
rial for soil type No. 4. Also plotzed on the 
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graph are the specification limits for commercial 
size concrete sand and concrete wnrse aggregate. 
The theoretical gradation curve for backfill mate- 
rial with a piping ratio of 5 falls between these 
two limits of commercial size for nggregh. 

14) A backfill material is safe to use if the 
gradation curve for that mrvterinl indicates that 
the particle sizes are less than the plooted theo- 
retioal gradation curve with a piping ratio of 5 
for any particular soil. Figure 27 indicates that 
the specifiation limits of commercial size con- 
crete sand meet this requirement for the well- 
graded soil No. 4. A preliminary investigation 
should be made in the locality of the s i b  to 
determine the type and gradation of concrete 
sand available. If the sand falls within the 
limits shown, i t  should be used for backfill 
material. 

151 Certain installations will require the 
specifying of tvo seprate sizw of backfill mate- 
rials. The example shown in Figure 27 con- 
templates the use of the commercial size con- 
crete sand fix the bnckfill material adjncenC to 
the well-graded soil No. 4 to prevent infiltration. 
Because the openings in the drain pipe would 
allow the finer backfill material to enter &he pipe 
if placed directly against it, a larger size mate- 
rial which will not enter the pipe nor allow dis- 
placement of the finer backfill material should be 
pl-d djacent  to Che pipe. 

(61 Using the same procedure as uas used to 
establish curve No. 5, the safe gradation is deter- 
mined for the coarse backflll mnkerial by using 
Figure 27 again. A theoretical gradation curve 
(No. 7) with a piping ratio of 5 is con- 
struoted for the finer bncffill material. Use the 
finer side of the gradation band for the concrete 
sand as the reference curve (No. 6) for this new 
gradation curve, since the percentage of the small- 
est size mill indicate the material most difficult to 
control. This new curve No. 7 indicahes that 
the commercial size concrete c o a m  nggregnte mill 
satisfactorily prevent infiltration of the fine back- 
fill material and mill not entar the pipe. With 
openings in pipe rarely exceeding '/4 inch and 
with the arbitrary piping nntio of 5, a factor 
of safety is provided for use in actual field 
conditions. 
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19. CONSTRUCTION. 

The usual construotion work associated with 
a drainage system includes such items as ex- 
cavuhion, trenching and shoring; preparation of 
bedding, laying, aligning and jointing of pipe; 
(Figure 29, Methods of Laying Winage Pipe) 
backfilling and compacting; installing strudurw; 
and cleaning up. A successful and efficient air- 
p f i t  drainage system should be well designed and 
should be constructed in accordanoe with the re- 
quirements of AC 150/5370-1, Standard Speci@ffi- 
tiom for Conatructh of Airports. Quality con- 
struction which is dtained by consistently using 
proper and accepted construction methods and 
practices along with adequate inspation ensures 
a drainage system thnk funations properly. Poor 
construction lends to pmgrassive deterioration and 
endless maintenance and reconsbruction problems. 

20. MAINTENANCE OF THE SYSTEM. 

a. Maintenance is m n t i a l  to preserve and 
prolong the serviee and utility of all drainage 
facilities. All structures and visible units of the 
system should be inspeated frequently, and the 
malfunctioninga should be immediately correctad. 
Several items that will need constant checking 
are: the inlet &rates for clogging by grass cut- 
tings, sticks, ice, and debris; the a h  basins and 
pipelines for stoppage by sediment, and waste; 
settlement around p i p  and structures from in- 
filtration ; s toppge  in outfall ditches; erosion 
around structures in watercourses or embank- 
ments; high shoulders on pavements or struatures; 
and any damage to the structures. A little main- 
tenance at  the right time may prevent major 
repairs later. 
b. A qualified member of the airport personnel 

should be seleoted .to be in charge of all drainage 
maintenance matters. He should be provided 
with sufficient and suitable equipment, tools, ma- 
terials, supplias, and labor for necessary main- 
tenance and repairs. Periodic inspections should 
be made, including a patrol of the system during 
or after a storm if conditions do not seem normal. 
As a minimum program, a complete inspection 
should be made in the fall in preparation for 
winter, and another in the spring to determine the 
extent of maintenance needed. Proper inspec- 
tion and maintenance require fnmiliarity with 
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design, capacity, and location of drainage 0 facilities. 
c. Mechanical devices for cleaning drnin lines 

of silt, sand, nnd other debris iirclude various 
outters, brushes, scoop, scrapers, and screws 
which  re drawn through by hand or power-oper- 
nked windlasses. These tools, some of which are 
adjustable, are available to fit all sizes of p i p .  
Sectional sewer rods with working nnd flushing 
heads can be used alone or with cutting devices. 
One flushing method often used is by blocking 
all openings in  a manhole, filling it with water, 
and then quirkly removing the block e t  the out- 

will clean the pipe. 
d. When ditches alone or in combination with 

natural watercourses comprise the surface drain- 
age system, they should be properly maintained. 
Ditch slopes should be maintained Q the original 
design slope. U'here possilble, a dense turf should 
be developed to stabilize open ditches. The dense 
turf should be mowed frequently QS tall growth 

. 
e let. The rapid flow of the released water usually 

Peg. 13 

decreases flow. Ditches should be kept free of 
weeds, brush, logs, silt, and other debris which 
niiglit divert or restrict the flow a t  any time. 

e. When mnintenanca of an airport is being 
considered, the entire area within its boundary 
should be included. Any obstruction which could 
alter the designated flow should be changed, cor- 
rected, or removed. One item that will be objec- 
tionable and require periodic correction is high 
shoulders along the pavemen& edges. Any for- 
mation of deep ruts may on occasion concentrate 
the runoff to an undesirable extent. Some Bur- 
face obstruction may cause the flow to channelize 
and start erosion. Such conditions should be 
corrected. In  pntrolling the airport, attention 
should be given to the adequncy of the drninage 
design. Proper inspection might disclm that 
some portions of the waterways and structures 
could require enlarging, replacing, or additions. 
I t  is generally good practice and more economical 
to mnke minor corrections when the faults are 
detected, anther than to have major, expensive 
maintenance repairs later. 
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Type of Surface 

For all watertight roof surfac ca... . -. . . ~ 

For asphalt runway pnvementa __._.._._ 
For concrete runway pavemen ta... -. -. . 
For gravel or macadam pavements _.__. - 
For impervious soils (heavy) 1 _________. 
For impervious soils, with turf ’. . . _ _  - _ _  
For slightly pervious soils 1- . _ _  ~. -. - 
For slightly pervious soils, with turf -. 
For moderatdy ~ C N ~ O U S  soils 1 _ _ _ _ _ _  - _ _  
For moderakly pervious soils, with turf ‘- 

TABLE I 
VALUE OF FACTOR “C” 

Factor “C” 

.75 to .95 

.80 to .95 

.70to.90 

.36 to .70 

.40 to .66 

.30 to. 65 

.16 to .40 . 10 to .30 

.06 to .20 . 00 to . I0 

PIPE 
Clay and Concrete 

Good Alignment, Smooth Joints, 
Smooth Transitions ...... .__.--_ 

Less Favorable Flow Conditions ... - 
100% of Periphery Smoothly Lined. 
Paved Invert, 50% of Periphery 

Paved _ _ _ _  - - ~ ~ - - ~ - - - - - - - - - - -. ~ - 
Paved Invert, 25% of Periphery 

Paved ......-.. _ _ _ _ _  _ _  _ _ _ _ _ _ _  _ _  
Unpaved, Bitumlnous Coated or 

Corrugaled Metal 

TABLE 11 
COEFFICIENT OF ROUGHNESS 

0.012 
0.015 

0.013 

0.018 

0.021 

Pau ed... .--. _________..__..__.____ 
Unpaved 

Bare Earth, Shallow Flow. ____. . . - 
Bare Earth, Depth of Flow Over 

1Foot ........................ 
Turf, Shallow Flow.. - -. . . -. . . -. ~. 
Turf, Depth of Flow Over 1 Foot ... 

0.015 to 0.020 

0.020 to 0.025 

0.015toO.020 
0.06 to 0.08 
0.04 to0.06 
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TABLE I11 
MINIiUUM DEPTH OF COVER FOR PIPE-IN FEET 

CLAY STANDARD 

Dia. (inch) A B 
12 3.0 -.. 

24, 30 3.5 -.. 

CLAY EXTRA STRENGTH 

Dia. (inch) A B 
12 2.0 5.0 
24 2.0 5.5 
36 2.5 7.0 

CONCRETE REINFORCED 

CLASS A B 
I .-- --. 
I1 3.5 -.. 

I l l  2.5 .-. 
IV 2.0 4.5 
V 1.5 3.5 

BITUMINIZED FIBER 

Dia. (inch) A B 
0 2.0 4.5 
8 2.0 5.0 

Fleslble Pavement 

CONCRETE NONREINFORCED 
STANDARD 

Din. (inch) A B 
12 3.0 ... 
24 3.5 __. 

ASBESTOS-CEMENT CLASS I 

Dia. (inch) A B 
0 1.5 2.5 
8 1.5 3.0 

10 1.5 4.5 
12 2.0 5.5 

14,10 2.5 _ _ _  
18,20 3.5 ..- 
24,30 4.5 .-. 

30 5.0 .-. 

CONCRETE NONREINFORCED 
EXTRA STRENGTH 

Dia. (inch) A B 
12 2.0 5.0 
24 2.5 7.0 

ASBESTOS-CEMENT CLASS I1 

Din. (inch) A B 
10,12 1.5 3.5 
14,16 1.5 3.5 

18 1.5 4.0 
20 1.5 4.5 
24 2.5 0.0 

30,36 2.5 -.. 

CORRUGATED METAL PIPE 

Gage Dia. (inch) A B 
10 12 1.5 2.5 
10 24 2.0 4.5 
10 30 2.5 _ _ _  
10 48 2.0 4.0 
10 00 2.0 5.0 
14 12 1.0 2.0 
14 24 1.5 3.0 
14 30 2.0 4.0 

Gage 
14 
12 
12. 
12 
12 
10 
10 
10 

Dia. (inch) A B 
48 1.5 3.0 
24 1.0 2.0 
30 1.5 2.5 
48 1.0 2.0 
00 1.0 2.5 
30 1.0 2.0 
60 1.0 2.0 
72 1.0 2.0 

30,000 Ib. maximum gross aircraft weightlsingle-wheel gear or 1. A= 50,000 Ib. maximum gross aircraft weight/dud-wheel genr. 
2. B=350,000 Ib. maximum groes aircraft weight/dual-tandem-whccl gear. 
3. Cover depths arc measured from top of Eerible pavement or unsurfaced arens to top of pipe. 
4. Pipe placed under rigid pavements shall have n minimum cover, measured from the bottom of the slab, to top of pipe 

5. Use A-type loading cover requirements in areas not used by nircrnft. 
0. Tabulated depths of cover do not provide for freezing conditions. 
7. Dashes (. .) in table indicate that pipe will not meet strength requirements. 

as follows: 1.0 foot cover for A-type loading; 1.5 foot cover for B-type loading. 
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TABLE IV 

DESIGN DATA FOR DRAINAGE EXAMPLE IN TABLE V 

Weighted Average For "C' For Trlbutary Area To: 

TO Inlet @ 
4.78 x 0.90. 0.29 
14.69 

9.91 - x 0.30 * 0.20 
'''69 C * 0.49 

TO Inlet (iiJ 
5.48 x 0.90 * 0.34 
14.72 

TO Inlet @ 
1.02, 0.90'0.08 
11.97 

&&% x 0.30 - 0.27 
C =  0.35 11.97 

9.24 x 0.30 . 0.19 
14"' C - 0.53 

TO Inlet @ 
1.46 x 0.90. 0.08 
16.05 

14.59 x 0.30. 0.27 
16.05 C .  0.35 

TO Inlet @ 
1.99 0.90. 0.08 
21.50 

19.51 ~ 0.30. 0.27 
C *  0.35 21.50 
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Minutes 

5 

10 
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5 yr. Frequency I0 yr. Frequency 

17.53 x 5.76 x 300 = 30292 17.53 x 6.48 x 300 - 34078 

17.53 x 4.92 x 600 * 51749 17.53 x 5.70 x 600 = 59953 

TABLE V I  

COMPUTATIONS FOR PONDING EXAMPLE IN FIGURES 22 AND 23 
0 

9 0  

I 2 0  

I80 

Hourly Intensities for Vorious Time Intervals from Figure 10 

17.53 x 1.36 x 5400 128740 17.53 x 1.73 x 5400 = 163765 

17.53 x 1.09 x 7200 = 137575 17.53 x 1.40 x 7200 = 176702 

17.53 x 0.81 x 10800 153352 17.53 x 1.02 x 10800 . 1931 I 0  

. 
Time 
5 min. 

10 min. 
15 min. 

20 min. 
30 min. 
60 min. 
9 0  min. 
I20 min. 
180 min. 

5 yr. Frequency 
5.76 
4.92 
4.24 
3.72 
2.92 
1.87 
1.36 
1.09 

0.81 

10 yr. Frequency 
6.48 
5.70 
4.76 
4.19 
3.38 
2.28 
I .7 3 
1.40 
1.02 

O = C I A  Distance most remote paint - 1600' 
A -  4.48 Acres, Povement 120' ocross pavement, 1480' ocross turf 

= 45.04 Acres. Turf Concentration Time; 4.5 + 50.5 55 minutes 

= 49.52 Acres, Total 
C = 0.90 Far Pavement 

A~~~~~~ c ~ 4.48 x 0.90 + 45.04 X 0.30 . 0,354 
49.52 49.52 

= 0.30 For Turf 
I * 2.00 In. (From Flg.10 for 55 min.) 
0 .  0 . 3 5 4 ~ 2 . 0 0 ~  49.52. 35.06c.f.s. Runoff rote when 0 1 1  areas contributing 
n =  0.015 S*O.7% 33'pipe w i l l  carry 38c.f.s. I hr.= 3600 x 38=136,600c.f 

CA - 49.52 x 0.354 * 17.53 

Cumulative Runoff in cu.ft. 
I = 5.76 (From above) 5 min. - 300 seconds 
0 s  CIA C A =  17.53 
0. 17.53 x 5.76 * 100.97c.f.s. 100.97 x 300; 30292 cu.11. 

For 5 min. for 5 yr. frequency 

Thus: 

I 15 I 17.53 x 4.24 x 900 = 66894 I 17.53 x 4.76 x 9 0 0  75098 I 
I 20 I 1 7 . 5 3 ~  3.72 x 1200 = 78254 1 17.53 x 4.19 x 1200 88141 I 
I 30 ~ I 17.53 x 2.92 x I800 = 92138 I 17.53 x 3.38 x I800 * 106653 1 
I 60 I 17.53 x 1.87 x 3600 - 118012 I 17.53 x 2.28 x 3600 = 143886 I 
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Discharge- In Cubic Feet Per S e c o n d  
Figure 6 
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Discharge - In Cubic F e e t  Per S e c o n d  
Figure  8 
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I C l O s l  A I 
CONCRETE CRADLE 

BEDDING 

I C l D I l  81 IC1.f. C I  

BEDDING BEDDING 
FIRST CLASS ORDINARY 

Trench Conduit Beddings 

. . . . . . .  . . . . . . . . . . . . .  .::.. ...... . . . . . . . . . . . . . . . .  .:. 

101 (bl I C I  . ~ .  
TRENCH CONDUIT POSITIVE PROJECTING NEGATIVE PROJECTING 

CONDUIT CONDUIT 

Trench And Projeciing Conduits 

Figure 13 
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And Protected. 

SURFACE 6 INTERCEPTOR DITCHES 

Sod Riprop 
Clay Concrete 
Lumber Asphalt Ripropped Ditch Sodded Ditch 

SURFACE DITCH LLNLNGS 

Construct Check DOm When 
Velocity Is Great EnOUQh TO 

Vegetative Are0 

SURFACE 6 INTERCEPTOR DITCHES 

I Types Of Surface And Interceptor Ditches 
! Figure 14 
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I 
Portion of airport showing droinage design 

Figure 20 
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Exaqple Of Providing For Ponding Area 

Figure 2 2 
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Perfaloled or open 
ainl subdroins in 

No. 3. 

Impervious Moleriol 

Oram Pipe Compacted 
Pervious 
Molerlol 

No. 4. 

. 
Molerid No. 6. 

No. 5, 

No. 7. 

Types of subsurface drainage. 

Figure 24 
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INTERCEPTOR WITH 
OPEN JOINT PIPE INTERXP~OR WITH 

PERFORATED PIPE 

METAL PIPE Perviw BwMill 

Bedding 1 Sealed L 
~ .. .,. .:_ ...,. -. 

"C" 
SUBSURFACE DRAINAGE CLAY PiPE 

# I _ "  v 

TO MAIN DRAIN LINE 
L E G E N D  SKETGl-iES OF SUBDRAIN CONNECTION 

Lorge Gradations I Filler Moteriol) 

Small Grodolions I Filler Moteriol) 

Impervious Materiol 

-1 

Typical section of subsurface drains 
Figure 25  
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ISOMETRIC VIEW OF 
PIPE AND TEMPLATE IN TRENCH 

ICoorm Bochlilll 

PLACE LAST 
,Imp.rrlo”r e e I f I 0 1  

Sizes in Incncs 

TRENCH 
(remplaie in Plocel 

TRENCH BACKFILL 
( Templole Removedl 

Template And Trench Width For Two Gradation Pervious Backfill 
Figure 28 
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Chalk line on nail set 
a1 gradient dislance 

Plumb bob for olignment 

inlernol lowest surface 

COmPocted and shaped 
EXAMPLE OF 

TRENCH TIMBERING 
CROSS SECTION - A  

TRENCH TI 

, 
SECTION ELEVATION 

EXAMPLE OF PIPE BEDDING IN UNSTABLE GROUND 

Nail sel even fod 
cul lo Invert - 

BANDING OF 
TONGUE AN0 GROOVE JOiNTS 

rode rod 2.8 2". slroiphl. 
morhed and qraduated 
(Hold grade rod verlical 
Sel Invert fa required Overfllllng for 

sealed pints 

Metal shoe 01 fight 
angles lo grade rod 

I ole 

LONGITUDINAL SECTION - B 

Methods Of Laying Drainage Pipe 

Figure 29 


