
Surveys and Maps for 
Drainage Design

SURVEY TYPES

 BENCH LEVEL Survey
Used to determine the elevation of a point (1-D)

 PROFILE SurveyPROFILE Survey
Used to determine the elevations of a line (2-D)

 TOPOGRAPHIC Survey
Used to determine the elevations of a surface (3-D)

What is a  
Contour 
Map?

A contour line is 
a line thata line that 
passes through 
a series of points 
having the same 
elevation.
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SURVEY EQUIPMENT

 LEVELS  GPS

 TRANSITS

 REMOTE SENSING

LiDAR: Light Detection and Ranging

Aerial sensor
Scans data using 
laser pulses

Aerial GPS 
Based on GPS satellite triangulation, 
measures the location of the aircraft up to 
0.1 second.

Inertial Measurement Unit
Measures attitude (tip/tilt/roll) of 
aircraft every .002 second.y

Ground GPS
Measures the location of the 
aircraft up to 0.1 second 
relative to a known ground 
position 

LiDAR Surface
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“Hillshade” 
Rendering of  
LiDAR 
Elevation 
Model.

Proposed Dam 
Centerline

“Hillshade” 
Rendering of  
LiDAR 
Elevation 
Model with 1 
foot Contours.

Proposed Dam 
Centerline

Making a 
Contour 
Map

The numbers in thisThe numbers in this 
map represent the 
elevations of survey 
points plotted to 
scale.
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Making a 
Contour 
Map

Contours are made

1.4” 
between 
points

96.2

94.1
Contours are made 
by interpolating 
between the survey 
points.

Making a Contour Map

Run

Rise
  Slope 

96.2

Slope of line between 
the two survey points:

Run = 1.4”

94.1

5.1
1.4"

94.1' - 96.2'
    Slope  Rise = 

2.1’

Making a Contour Map

Run

Rise
  Slope 

96.2

With Slope and Rise 
known, we can solve 
for Run:

Run = ?

94.1

95.0
"6.0

1.5

94.1 - 95.0
  Run  

Slope

Rise
 Run 

Rise = 0.9’
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Making a 
Contour 
Map

Plot the point for

0.6” away 
from 

survey 
point

Plot the point for 
Elevation 95.0 a 
distance of 0.6” from 
the survey point.

Making a 
Contour 
Map

Next, interpolate the 
rest of the Elevation 
95.0 points.

Now, connect the 
points to make the 
95.0 contour line.

Making a 
Contour 
Map

Now, it is your turn.

Start Problem #4

Complete the contour map 
by adding contour lines for 
elevations 92, 94 and 96.
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Making a  
Contour 
Map

96

94

92

STATIONING A LINE

 Stationing (distance)
 Points at multiples of 100 feet measured along a 

line:      0+00, 1+00, 2+00, 3+00, 4+00, . . .

100’ 100’100’100’

0+00 2+001+00 4+003+00
54’

2+54

 Example:  A point that is 54 feet beyond Station 
2+00 is identified as Station 2+54 

Profiling a 
Line from a 
Contour Map

Station Elev.

0+00 92.0 96

96 95

94

93

0 00 92.0

0+65 93.0

1+60 94.0

3+65 95.0

5+00 96.0

95

94

93

92
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Profiling a 
Line from a 
Contour Map

Station Elev.
0+00 92.0

0+65 93.0

1+60 94.0

3+65 95.0

5+00 96.0

PROFILES:  % Grade

Rise

% Grade (slope)
Indicates the slope of line as 
a percentage of vertical rise
divided by the horizontal run
(distance).

Run

100%
Run

Rise
Grade % 

PROFILES:  % Grade

2.5 feet

An Example:

200 feet

1.25%      100%
200'

2.5'
Grade % 
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Computing
% Grade

%6.0100    
500'

90.0' - 93.0'
    Slope  x

0+00
90.0

5+00
93.0

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and 
activities on the basis of race, color, national origin, age, disability, and where applicable, sex, 
marital status, familial status, parental status, religion, sexual orientation, genetic information, 
political beliefs, reprisal, or because all or a part of an individual's income is derived from any 
public assistance program. (Not all prohibited bases apply to all programs.) Persons with 
disabilities who require alternative means for communication of program information (Braille, 
large print, audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination write to USDA, Director, Office of Civil Rights, 
1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 (voice) 
or (202) 720-6382 (TDD). USDA is an equal opportunity provider and employer." 
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Subsurface Drain Design

SUBSURFACE DRAIN 
DESIGN

Pipe Capacity

Marty Comstock, P.E.
Agricultural Engineer

Objectives

At the end of this presentation you will 
be able to:

 List the factors affecting pipe capacity

 Determine the capacity of a drain pipe using a 
“slide rule” for a given Drainage Coefficient (DC)

 Calculate the area drained with a given pipe

2

How many acres can a tile line 
drain?

That depends. . . . 

What is the diameter of the pipe?

What kind of pipe is it?

What slope is it installed on?

How much water needs to be drained?

How fast does the water need to be drained?

3
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Subsurface Drain Design

Pipe Capacity - Hydraulics

Q = V  x A
Q = Capacity or volume flow rate

cubic feet per second (cfs) 

V = Velocity
feet per second (fps)

A = Cross-sectional area 
square feet (sf)

4

Pipe Velocity - Hydraulics

V = Velocity, feet per second (fps)

Manning’s Equation:

V = 1.486 ÷ n x r0.667 x s 0.5

n = Pipe Roughness Coefficient

r  = Pipe Hydraulic Radius (feet) = A ÷ P
A = Area, P = Wetted Perimeter

s = Pipe Slope (feet per feet)
5

Roughness Coefficient

n = Roughness coefficient (unitless)

 A higher value indicates a rougher surface than a 
lower value

 Examples:

Corrugated Plastic Tubing (4”-8”) n = 0.015

Corrugated Plastic Tubing (10”-15”) n = 0.017

Smooth Wall (Plastic) n = 0.010

Clay Tile n = 0.013

Corrugated Metal Pipe n = 0.025
6
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Subsurface Drain Design

Corrugated Plastic Pipe
n = 0.017  (10” - 15”)

Smooth Wall PE Pipe
n = 0.012

7

Slope

s = Slope or hydraulic gradient (feet per feet)

s = Rise  ÷ Run

 Example: 0.8 feet rise in 400 feet run 
 Slope = 0.8 ÷ 400 = 0.002 ft/ft  or  0.20%

 Example: 2.9 ft. rise in 825 ft. run 
 Slope = 2.9 ÷ 825 = 0.00352 ft/ft  or  0.35%

8

Pipe Area - Hydraulics

A = Cross-sectional area 

Area of a Circle:

A = π x r2

π = Pi = 3.14

r = Radius

9
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Subsurface Drain Design

Pipe Capacity - Hydraulics

Manning’s Equation for a pipe:

Q = 0.000614 ÷ n x di
2.67 x s 0.5

n = Roughness coefficient

di = Inside pipe diameter (inches)

s = Slope (feet per feet)

10

Slope, s

Given 6 inch diameter corrugated plastic tile 
with 6 feet of fall in 300 feet of length, find the 
slope:

300 feet

6 feet

Slope = rise÷run = 6 ft ÷ 300 ft  =  0.02 ft/ft = 2% 

11

Capacity, Q

Given 6 inch diameter corrugated plastic tile 
with a 2% slope; calculate the capacity when 
the pipe is flowing full:

Q = 0.000614 ÷ n x di
2.67 x s 0.5

Q = 0.000614 ÷ .015 x 62.67 x 0.020.5

Q = 0.7 cubic feet per second (cfs)

12
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Subsurface Drain Design

Velocity, V

Given 6 inch diameter corrugated plastic tile 
with a 2% slope; calculate the velocity when 
the pipe is flowing full:

Q = V x A

V = Q ÷ A

A = π x r2  = 3.14 x (3/12)2 = 0.20 sf

V = 0.7 cfs  ÷ 0.20 sf =  3.5 fps
13

Maximum Velocity by Soil 
Texture

 Velocities in excess of the allowable may 
induce erosion of soil material into the tile 
line.  

14

Maximum Velocity by Soil 
Texture

Soil Texture Velocity ft/s

Sand and Sandy 
loam

3.5

Silt and silt loam 5.0

Silt clay loam 6.0

Clay and clay 
loam

7.0

Coarse sand or 
gravel

9.0

15
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Subsurface Drain Design

Min. Velocity and Grade

 If sedimentation is not a problem –
Min. velocity is 0.5 ft/sec.

 If sedimentation is a hazard – Min. 
velocity is 1.4 ft/sec.

16

How to determine capacity 

Hand Calculations

 Slide Rules

Computer spreadsheet

Computer programs

17

Industry Slide Rules

18
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Subsurface Drain Design

Computer Spreadsheet

Available on MLICA website:  

http://www.mlica.org/2013_drainage_work
shop.htm

Available from other sources – industry, 
etc.

19

NRCS Engineering Program

Hydraulic Formulas

20

Review of Factors Affecting 
Capacity

We need the following data to calculate pipe 
flow rate with our tools:

 Size of pipe, diameter

Roughness Coefficient, n, or type of pipe

 Slope, s

21
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Subsurface Drain Design

Using the Slide Rule

22

Using the Slide Rule

Given 6 inch diameter corrugated plastic 
tile with a 2% slope calculate the capacity 
when the pipe if flowing full:

2%
0.7cfs

3.5 fps

23

Examples – Pipe capacity

Using the slide rule, find Q and v
 Assume all pipes flowing full

 6” CPT, 0.3% grade, 

 15” CPT, 0.15% grade; 

 24” dual wall, 0.05% grade; 

 4” CPT, 3% grade

24
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Subsurface Drain Design

Examples – Pipe capacity
Using Slide Rule, find Q and v

 Assume all pipes flowing full

Example 1: 6” CPT, 0.3% grade

 From Slide Rule:  Q = 0.265 cfs, V = 1.35 fps

25

Examples – Pipe capacity

Using Slide Rule, find Q and v
 Assume all pipes flowing full

Example 2: 15” CPT, 0.15% grade

 From Slide Rule:  Q = 1.61 cfs V = 1.35 fps

26

Examples – Pipe capacity
Using Slide Rule, find Q and v

 Assume all pipes flowing full

Example 3: 24” Dual Wall, 0.05% grade

 From Slide Rule:  Q = 5.4 cfs V = 1.72 fps

27
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Subsurface Drain Design

Examples – Pipe capacity

Using Slide Rule, find Q and v
 Assume all pipes flowing full

Example 4: 4” CPT, 3% grade; normal installation

 From Slide Rule:  Q = 0.285 cfs V = 3.4 fps

28

How many acres can a tile line 
drain?

That depends. . . . 

What is the diameter of the pipe?

What kind of pipe is it?

What slope is it installed on?

How much water needs to be drained?

How fast does the water need to be drained?

29

Drainage Coefficient

How much water?
 Depth of water over a given area (inches)

How fast?
 24 hours

This is the Drainage Coefficient (D.C.)

30
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Subsurface Drain Design

Drainage Coefficient
Ref: Missouri NRCS Subsurface Drain Standard 606

31

Sizing Tile for an Area
Given

- the drainage coefficient (DC),
- the acres being drained, (DA) and
- the slope of the tile (s),

The size of tile needed to drain the area can 
be calculated using Side 1 of the slide rule.

32

Sizing Tile for an Area

Given a DC of ½ inch/day, a DA of 22 acres 
and a tile grade of 0.2%;
what size pipe is needed?

½” & 22 ac

0.2% - 8” tile

33
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Subsurface Drain Design

Examples

DC = 0.375 (3/8) in/day, DA = 8 ac, Slope = 1%
 Required tile size = ?

DC = 0.375 (3/8) in/day, DA = 45 ac, 
Slope = 0.5%
 Required tile size = ?

DC = 0.5 (1/2) in/day, DA = 63 ac, 
Slope = 0.3%
 Required tile size = ?

34

Example 1

D.C.=0.375 (3/8) in/day, A = 8 ac, 
Slope = 1%
 Required tile size = ?

 From Slide Rule:  Tile Size = 4”

35

Example 2

D.C.=0.375 (3/8) in., A = 45 ac, 
Slope = 0.5%
 From Slide Rule, Tile Size = 8”

36
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Subsurface Drain Design

Example 3

D.C.= 0.5 (1/2) in., A = 63 ac, 
Slope = 0.3%
 From Slide Rule, Tile Size = 12”

37

Review

 Factors affecting pipe capacity

 Use the slide rule to compute the 
capacity of various drain pipes

 Use the slide rule to calculated the area 
drained with a given pipe

38

Any Questions?

39
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Subsurface Drain Design

SUBSURFACE DRAIN 
DESIGN

QUIZ

Selecting pipe size

 Given:
 DA = 82 Acres

 0.15% grade

 DC = 3/8 in/day

 CPT 

Determine:

1. Size of CPT (single 
wall) needed.

2. Flow capacity of pipe.

3. Flow velocity of pipe.
41

1. Size of CPT (single wall) needed?

 On Side 1, set the 3/8” D.C. to 82 acres

 Read the pipe size for a grade of 0.15%

 Use 15” CPT

42
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Subsurface Drain Design

2. What capacity will the 15” CPT carry?

 On side 2, set the grade at 0.15%

 Read the flow rate for 15” CPT, 

 Q = 1.62 cfs

43

3. What is the velocity of the 15” CPT?

 On side 2, set the grade at 0.15%

 Read the flow rate for 15” CPT, 

 V = 1.35 fps

44

Selecting pipe size

 Extra Credit:

What grade is required to achieve the 
necessary flow rate (1.62 cfs) with a 
12” CPT?

45
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Subsurface Drain Design

What grade is required for a 12” CPT?

 On Side 1, set the 3/8” D.C. to 82 acres

 Read the grade for the division line 
between 12” and 15” CPT.

 0.23 % is the minimum grade for a 12” CPT

46

Class Problem 1

 Now that you are 
experienced,

 Work Problem 1

47

Class Problems 2 & 3

 Work Problems 2 & 3

48
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Subsurface Drain Design

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 

sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not all 

prohibited bases apply to all programs.) Persons with disabilities who require 
alternative means for communication of program information (Braille, large print, 

audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 

call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer." 

49
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LATERAL LINE DESIGN

Marty Comstock, P.E.
Agricultural Engineer

Objectives

At the end of this presentation you will 
be able to:

 Determine the amount of area that 
can be drained by a lateral.

 Determine the maximum lateral 
length for a given spacing and DC.

Lateral Capacity - Hydraulics

Same hydraulics 
principals used for 
designing the Main.

Slope, diameter & 
pipe roughness
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Slide Rule

Example – Lateral capacity

How much area can be drained by a single 4” diameter 
CTP lateral 1000 feet long spaced 60 feet apart?

L = 1000 feet

4” Lateral

M
ai

n

60
 fe

et

30’ 30’

Drained Area = DA = S  x  (S + L)  ÷ 43,560
DA = 60 ft  x  (60 ft  +  1000 ft) ÷ 43,560 sf/ac 
DA = 1.46 acres

60
’

60
’

Example – Lateral capacity
If the grade of the lateral is 0.2 % and the DC is ½”/day, 
what is the maximum area that a 4” CPT lateral can 
drain?

Using Side 2 of the slide rule:
• Set the division line between the 4” and 5” tile size on 

the 0.2% Grade mark.
• Read the Acres Drained for a DC of ½”/day
• 3.5 acres is the maximum area that can be drained.
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Lateral Capacity Chart

Groups of Laterals
L1 – 2000 ft

L2 – 2000 ft

L3 – 2000 ft

L4 – 1200 ft

L5 – 1200 ft

60
 f

ee
t

Main

L6 – 1800 ft

5+00

4+40

3+80

3+20

2+60

0+00

2+00

Drained Area

Groups of Laterals

MLICA 6-29



Groups of Laterals

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 

sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not all 

prohibited bases apply to all programs.) Persons with disabilities who require 
alternative means for communication of program information (Braille, large print, 

audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 

call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer." 
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