UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE

NATIONAL ENGINEERING HANDBOOK
SECTION 16

DRAINAGE OF AGRICULTURAL LAND
CHAPTER 2. DRAINAGE INVESTIGATIONS

Contents

General
Existing data
Aerial photographs
Maps
Surveys
Miscellaneous data
Soil Conservation Service experience in particular areas
Relation of floecd hazard to drainage feasibility
Adequacy of outlet for drainage inprovement
Basic requirements
Special outlet conditions
Tidal influence
Pumping
Dikes and floodgates
Economics of drainage projects

Classification of Investigations

Reconnaissance
Field reconnaissance
Detailed reconnaissance
Objectives
Recommended procedure

Preliminary Survey
Objectives
Recommended procedure for preparation of survey outline
Preliminary design and estimate
Preparation of plans and estimates

Design Survey
General
Data required for design

Investigations for Surface Drainage
General
Vertical Control
Topography
Soils investigations

Iacl
F%
[¢]

PR RYYRRYYY
LU P PSP WWRN N

1

o
1 11

i

NI?JN



Soil classification
Soil surveys
Investigations for channel stability

Land use and cropping pattern

Precipitation, runoff, and stream stage records

Location of mains and laterals

Profiles and cross sections

Recommendations for additional information and construction
requirements

Investigations for Subsurface Drainage
General
Surveys and investigations required
Topographic surveys
Soils investigations
Subsurface explorations

Logging soils and subsurface materials
Soil samples for laboratory testing
Hydraulic conductivity
Auger-hole method
Equipment for auger-hole method
Formulas for determination of HC by auger-hole method
Other methods for determining hydraulic conductivity

Ground-water investigations

Observation wells
Size of wells and casing
Spacing
Depth
Establishing well elevations
Measuring water table levels and recording data
Period of measurement
Pjezometers
Installation by driving
Installation by jetting
Batteries of piezometers
Salinity of ground water

Irrigation practices
Investigation of existing systems of buried drainms

References
Figures

Figure 2-1 Sample form for soil log

Figure 2-2 Check list for fine-grained and partly organic soils

Figure 2-3 Check list for coarse-grained soils

Figure 2-4 Symbols for auger-hole method of measuring hydraulic
conductivity

Figure 2-5 Equipment for auger-hole method of measuring hydraulic
conductivity

Figure 2-6 Auger-hole method of measuring hydraulic conductivity

Figure

2-7 Hydraulic conductivity--auger-hole method by Ernst Formula

2-15
2-15
2-15
2-16
2-16
2-16
2-17

2-18

2-18
2-19
2-19
2-20
2-21
2-21
2-22
2-24
2-27
2-28
2-29
2-33
2-34
2-34
2-34
2-34
2-37
2-37
2-37
2-37
2-39
2-39
2-43
2-43
2-45
245
2-45
2-45

2-47

2-23
2-25
2-26

2-28

2-30
2-31
& 2-32
2-35
& 2-36



Figure 2-8 Example of field sheets for well and piezometer records 2-38

Figure 2-9 Max~min well gage . 2~40

& 2-41

Figure 2-10 Example of field sheet for piezometer log 2-44
Appendix A

Typical Outline for Preliminary Survey (Following page 2-48) 2A-1



p—



NATTIONAL ENGINEERING HANDBOOK
SECTION 16

DRAINAGE OF AGRICULTURAL LAND

CHAPTER 2. DRAINAGE INVESTIGATIONS
General

Drainage projects require survey and investigation of site conditions and study
of historical data to determine their feasibility and for design. The extent of
investigation required for each project depends on the investigator's experience
in the area and the amount of data already available. Where the project is small
and problems and their solutions are obvious, investigations and surveys may be
limited to field checking at the site. Larger or complex projects will require
more intensive investigations.

This chapter provides guidelines for determination of the extent of investigations
needed under various conditions and describes procedures for making them.

Existing data

Use of existing data, such as maps, plans, and records, and the experience of
trained personnel saves considerable time in the investigation of drainage pro-
jects. Available data relating to local drainage problems should he obtained,
evaluated, properly identified, and assembled for use. Local SCS personnel should
become familiar with these data in order to make the maximum use of it. Some
types of data helpful to drainage work, and which should be available locally,

are discussed below. The source of supply of the data is indicated.

Aerial photographs

Standard 4- and 8-inch per mile prints are usually available through the local
SCS work unit. The more up-to-date they are the more useful they will be.
Mosaics may be needed on larger projects. Photos in USDA-SCS county soil survey
reports, particularly in those recently published, are valuable aids.

Maps
Maps which show detailed and recent topographic data are the most valuable.

Quadrangle maps of the U. S. Geological Survey (USGS), Corps of Engineers (CE),
Bureau of Reclamation, Tennessee Valley Authority, or other federal or state agency
may be available. Local irrigation or drainage districts or private engineering
firms often have useful maps which may be obtained. USGS maps are available from
the U. S. Geological Survey, Denver, Colorado or Washington, D. C. CE maps are
available from the District Engineer of the District which made the map. An index
of maps is available from the USGS.

Surveys

01d drainage surveys and maps are often available and generally contain useful
information. These are usually available through the drainage district, county
clerk or county engineer.

Soil, geologic, ground water, and topographic surveys are helpful in drainage

work. Benchmark surveys made by the U. S. Coast and Geodetic Survey, USGS, Corps
of Engineers, Bureau of Reclamation or other federal or state agency are valuable,
Vertical control for large group or district enterprises should be tied to standard
benchmarks, based on mean sea level datum wherever practicable. 2-1
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Miscellaneous data

Records and reports of value may include: reports of surveys listed above; soil
conservation district programs and work plans; standard soil survey reports;
precipitation, streamflow, river stage, and tidal records; and crop yield data.

The following publications will be of particular interest:

1. "Rainfall Frequency Atlas of the United States" - U. S. Department of
Commerce, Weather Bureau - Technical Paper No. 40, May 1961, and
Technical Paper No. 43, 1962 for Hawaii.

2. Two- to Ten-Day Precipitation for Return Periods of 2 to 100 years,
U. S. Department of Commerce, Weather Bureau, Technical Paper No. 49,
1964 for the contiguous United States, Technical Paper No. 51, 1965, for
Hawaii, and special precipation records for mountain states.

3. Location of hydrologic stations, including those measuring precipitation,
and river gaging stations are shown in "Notes on Hydrologic Activities
Bulletin No. 11" compiled under the auspices of the Inter—Agency Com-
mittee on Water Resources, Subcommittee on Hydrology, April 1961. This
is available through the National Weather Service.

4. Tide Tables, compiled by the U, 8. Coast and Geodetic Survey, are avail-
able from that agency's Washington office. The volume for the Atlantic
and Gulf Coast is "Tide Tables, East Coast, North and South America
(including Greenland)" and for the Pacific Coast, "Tide Tables, West
Coast, North and South America (including Hawaiian Islands).'" These
are published annually,

5. Data on benchmarks established by federal agencies are available on :
request from their local district headquarters or the Washington office.
Requests should specify the locality for which the information is desired.

6. State Laws - requirements of state agencies for project development,
clearance, etc. should be known,

All data should be evaluated for currency, accuracy, and application to the
problem area, and it should be identified as to source and date of procurement.
Also, after evaluation, the results of the evaluation should be clearly stated,
dated, and signed by the evaluator. Limitations on use of the data should be
specified.

Soil Conservation Service experience in particular areas

To take advantage of experience gained by working in a particular area use the
SCS "Drainage Guides" which describe problems of drainage on certain soils within
particular areas, investigations required, and the general criteria for design

of remedial measures.

Before the different kinds of problems encountered in agricultural drainage are
recognized, a good knowledge of soils, hydrology, hydraulics, and agricultural
economics is needed. The effects of excess water and salinity on plant growth
must be understood. Types of problems encountered in drainage work and principles
of dealing with them are discussed in Chapter 1. Details of remedial measures are
in other chapters which cover the particular type of drainage.
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Relation of flood hazard to drainage feasibility

When investigating drainage problems it is important to determine if the area is
subject to flooding and the frequency and character of the flooding. Floods may
be so frequent and damaging that, without their prevention, drainage of the
project area would not be feasible.

The principle of drainage design is to remove excess water from the surface of
the land and/or from the root zone of the crop, before it causes damage, and to
create a more favorable enviromment for the desired crops., There are periods in
the growth of some crops when flooding should be held to as short a time as pos-
sible, but it is usually not feasible to attempt to contain all runoff from the
less frequent rainfall events within ditch banks without any overland flow.

In evaluating the effects of flooding on flatland areas the following factors
should be considered:

1. Frequency of damaging floods.--The frequency of damaging floods under
which agricultural land can be operated profitably will vary according
to the kind of crops to be grown, productivity of the land, the cost
of preventing such floods, and other economic factors. 1f damaging
floods can be expected more often than once each 3 to 5 years an economic
evaluation for determining feasibility of the project may be required.

2, Depth and duration of flooding.--Flooding to shallow depths for a short
duration may not be damaging. In many areas it has been determined that
water standing 6 inches deep for periods up to 24 hours usually is not
damaging to field crops. Truck crops and other crops sensitive to excess
water usually require a more rapid rate of water removal. Most pasture,
and riceland in rotation with pasture, can withstand longer periods of
flooding without damage.

3. Time of flooding.--During the season when crops are not being grown,
damage by flooding on flatland may be limited to scour of the flood
plain, deposition of sterile materials, and/or property damage. Under
some conditions floods may benefit land by deposition of topsoil and
nutrients.

4. Erosion and/or sedimentation.--If flooding in a particular area is likely
to cause serious erosion, the feasibility of drainage improvement is
questionable. If sedimentation is excessive, methods to control it
should be investigated. Such measures as diversions, dikes, and debris
basins may be indicated. Flood plain scour or excessive sedimentation
expected may make the project feasibility questionable.

Adequacy of outlet for drainage improvement

Drainage improvements should be continued to an adequate ocutlet. Generally,
improvements to a drainage system will increase the peak discharge for the more
frequently recurring storms. The increase will vary according to the ratio of
ditch capacities after improvement to their capacities before improvement. The
effect which this increase in peak discharge has on stages of water in the outlet
depends on the relation of the size, shape, and hydrologic factors of the project
area improved to the size, shape, and hydrologic factors of the watershed of the
outlet above the point of discharge of the project system.
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Effects of drainage improvements on water stages in outlets consisting of major
rivers, large lakes, or tidewater may be considered negligible. Effects on
outlets in flat lands, whose drainage area above the point of discharge of the
project system is at least ten times the size of the project drainage area, also
may be considered negligible.

Basic requirements
In determining adequacy of outlets the following basic requirements should be
met:

1. The capacity of the outlet should be such that the design flow from the
project will discharge at a stage elevation equal to or less than that
required for adequate drainage of the land in the project. Where the
project discharges into a natural or constructed channel, consideration
should be given to the rumoff from the entire watershed of the channel,
which should be computed on the same basis as that used for the project
area. The stage-discharge relationship of the outlet channel should be
determined from records or by calculation.

2. The capacity of the outlet also must be such that the discharge from the
project, after proposed improvements, will not result in stage increases
in the outlet that will cause significant damages downstream.

3. The elevation of the water surface at normal low flow in the outlet
should permit any needed subsurface drainage to be discharged.

The hydraulic gradeline for low water flow, from the outlet through the
system of mains and laterals to the uppermost subsurface drain in the
project, should be determined to insure that all needed drains can be
discharged above it.

4, There should not be excessive scour or deposition of sediment in the
outlet.

Special outlet conditions

Tidal influence. - Effect of the tides or littoral drift on discharge should be
determined where improved channels discharge into rivers, estuaries, bays, and

sounds subject to tidal influence. This should apply whether or not the outlet
is reached through an automatic tide gate, or directly, without the benefit of

a tide gate.

The characteristics and types of tides are discussed by H. A. Marmer in "Tidal
Datum Planes,"” (1), and in Chapter 9 of this handbook. Where the drainage of
agricultural land is affected adversely by tidal action it should be protected
by a system of dikes and tide gates. Planning, design, and construction of dikes
is covered in Chapter 6. Routing of specified flows through existing or proposed
gates, in order to determine stage relations in the project area is covered in
SCS Technical Release No. 1, "Routing Through Tide Gates," and in Chapter 9 of
this handbook.

Pumping. - Where the project is provided with pumps for discharge of runoff from
the watershed, the area usually is protected by dikes. 1In this case the dikes
should meet the National Engineering Standard for dikes, the pumping capacity
should be adequate for the design runoff, and the outlet into which the pumps
discharge should meet the basic requirements for outlets.



2-5

Dikes and floodgates. - The area to be improved may be protected from flooding
only by a system of dikes and floodgates. In such cases there is a question as

to whether a pumping plant is needed to relieve temporary flooding within the
protected area during periods when the floodgates are closed due to higher stages
on the outside. This resolves itself into a check of coincidence of stages on
both sides of the dike. A temporary reservoir is formed in the protected area,
and a check is made of the frequency and duration of pumping required to remove
water from the reservoir. The cost of the pumping plant required to relieve the
temporary flooding within the protected area should be determined, including the
cost of operation. This would be compared with the damage which could be expected
due to flooding without the pumping plant. A study of the timing of coincident
flood stages on both sides of the dike and the economic factors involved will pro-
vide the information needed to determine the feasibility of the pumping plant.

Economics of drainage projects

In all cases, recommended improvements should provide benefits in excess of costs.
For large complex projects an economic analysis is needed to make the feasibility
determination. For small jobs a comparison with similar work in the area, where
benefits are well known, is usually enough to determine feasibility.

On large group enterprises, the analysis may be complex and require the assistance
of an economist. There are various stages between these two extremes and the
principles of good economic analysis should be followed. Reference should be made
to the Soil Conservation Service's "Economics Guide for Watershed Protection and
Flood Prevention,'" March 1964.

Classification of Investigations

Investigations for drainage work may be divided into three types depending upon
the objectives and level of investigation required. These will be discussed here
as:

1. Reconnaissance
2. Preliminary survey
3. Design survey

Since most jobs are somewhat different the investigations needed for each should
be considered carefully. TFor the larger, more complex jobs a work outline usually
is required to insure that the data needed is obtained in an orderly manner.
Investigations for the smaller, frequently recurring types of jobs may be based
on a standard procedure, which has been developed for the particular type of job
and a similar set of site conditions. 1In any case, extraneous details and work
not needed to meet a specific objective should be omitted.

Reconnaissance (Preliminary Investigation)

Field reconnaissance

A field reconnaissance of the drainage problem area is necessary to obtain as
much information as possible, and to provide the basis for development of a work
outline for additional investigations needed. The recomnaissance is usually an
inspection of the area from easily accessible points. Parts of the watershed
outside the drainage problem area, should be examined to determine runoff
characteristics and land treatment needed for protection of the proposed
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improvements. This reconnaissance may be supplemented by discussions with the
owners and others who are familiar with the area.

For group enterprises where a report is necessary as a basis for determining
feasibility of the job, group interest, and determination of SCS personnel time
required to complete the job, a more comprehensive reconnaissance is needed.

Under these circumstances the type of investigation usually required is on the
order of that described as "Preliminary Investigation” in the Watershed Protection
Handbook and as a detailed reconnaissance below.

Detailed reconnaissance

This is a streamlined type of investigation to determine the problems in the
drainage area and the principal improvements needed, and to make a rough estimate
of the cost.

Conditions applicable to a detailed reconnaissance are:

1. A P.L. 566 Watershed which it is known will be considered for planning
priority by the Governor of a State or his designated state agency.

2. A group enterprise where the group is not well organized, interest level
among some landowners is high, but some opposition may exist, and there
is a need for a plan and cost estimate of the project before organiza-
tion of the group can be completed.

3. A comparatively large and complex individual farm job where the owner

needs an estimate of cost before he can commit himself to proceeding
with the project.

Objectives
The objectives of a detailed reconnaissance should be to:

1. Determine the extent of the area needing improvement.

a. Type of improvements required should be determined: flood prevention,
surface drainage, subsurface drainage.

2. Determine the adequacy of outlets for the needed improvements.
3. Develop a general plan for improvement:
a, Make an estimate of principal improvements needed.

b. If drainage ditches may be located through hardwood swamps, have
forester to identify and evaluate timber in a general way.

c. Consider wildlife aspects of ditches through swamps. Priorities in
maintenance of wildlife values and agricultural purposes should be
determined at this stage.

d. Determine adequacy of organization to obtain needed rights-of-way.
(For group enterprises only.)

4. 1Insure that the plan of improvement will meet the requirements of state
law.
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5. Make an estimate of the costs and benefits of the proposed improvements
(where necessary).

6. Make a comparison of the costs and benefits and prepare recommendations
to the members of the enterprise for the course of action to follow.

Recommended procedure
The following items are considered to be the minimum required. Modification may
be needed for the project under consideration.

1. Assemble and evaluate existing data.
2. Prepare a work map of the project showing watershed boundaries, existing
streams, old ditches and drains, physical features, and other pertinent

information.

3. Obtain or develop a generalized soil and simple land use map of the
project.

4. Determine status of any state, federal, or local program which will have
an effect on the project.

5. Make an engineering reconnaissance of the project. Observe existing
drains and ditches, bridges, topographic and farm conditions, and ground
water levels.

6. Determine the adequacy of outlets for drainage improvements.

7. Make the following determinations by evaluating the information gained
from the engineering reconnaissance, and the material listed in items 1,
2 and 3 above:

a. Develop a tentative plan of improvement.

b. Determine the approximate locations of the mains and principal
laterals - evaluate adequacy of present locatiomns.

c. Prepare cost estimate - consider clearing, excavation, spreading of
spoil, erosion control, bridges, culverts and other structures,
pipelines, etc.

(1) Mains and principal laterals.
(2) Minor lateral ditches and drains.
(3) Dikes, flood gates, pumping plant.
(4) Land, easements and rights-of-way.
8. Check the project cost estimate against costs for similar projects pre-
viously constructed. Modify unit costs to represent current costs.
Allow for physical differences between projects.

9. Use an adequate contingency allowance in arriving at total cost estimate.

10. Estimate the benefits expected to accrue to the project after installation
of proposed improvements. Compare the costs and benefits.
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11. Prepare recommendations.
All data developed in the reconnaissance should be plotted on standard data sheets,
properly identified and filed in a manner that it can be used most effectively in

further work on the project.

Preliminary Survey (Engineering Survey for Watershed
Work Plan Investigations and Analysis)

This is a rather comprehensive survey, but lacking the detail required for prepa-
ration of construction plans. However, field data collected and recorded should
be sufficiently accurate for use in design survey. Extensive field surveys and
investigations are made, problems are located and remedial measures are planned,
preliminary designs are made, and a reliable cost estimate is prepared. Ordinari-
ly an economic evaluation of project feasibility is made. This type of survey
should be made only after it is determined that interest of landowners is adequate
to justify the surveys and that it is their intent to assume their financial obli-
gations and overcome any minor obstacles and right-of-way problems.

Preliminary surveys are applicable to:

1. A group enterprise where the drainage problems are complex, the specific
measures needed to correct the problems may not be readily apparent, a
plan and cost estimate is needed to make arrangements for installation
of the needed improvements, and an economic evaluation is needed to
determine project feasibility. This includes P.L. 566 Watersheds and
RC&D projects.

2. A group enterprise where kinds of needed improvements are known, land-
owners responsibilities for obligations are known and accepted, but a

more detailed survey is necessary for bond issue or for federal assist-
ance.

Objectives
The objectives of a preliminary survey are to:

1. Specifically locate areas in need of improvement - flood prevention,
surface drainage, subsurface drainage.

2. Develop a comprehensive plan for improvement based on needs of the
watershed and desires of the owners.

a. Select design criteria.

b. Locate and make preliminary design of all the principal features of
the planned improvements.

3. Prepare estimate of quantities and costs.

Recommended procedure for preparation of survey outline

The specific surveys and investigations required to meet the objectives will vary
according to the nature of the problems in the area. The procedure outlined
below may be altered to meet the particular requirements.



2~-9

In the preliminary survey, substantial field work is required, the results of
which are then evaluated for completeness and accuracy, and data is plotted for
use in design. A schedule of operations should be developed to insure that the
various phases of the survey are completed as required. In projects where subsur-
face drainage is a problem it may be necessary to provide a time lag of several
months for assembly of field data - other than the periodic reading of observation
wells and/or piezometers after their installation and during the period when water
table conditions are expected to be most significant.

After the reconnaissance of the project area by the engineer responsible for the
survey, made with local personnel most familiar with the situation, the following
procedure is indicated:
1. Existing data, pertinent to the problem area, should be obtained. Most
of this will have been obtained during the reconnaissance. Careful

evaluation of such data will usually save a lot of field work.

2. A survey outline should be prepared. This outline should cover the
following items with respect to the specific needs of the area:

a. Objectives of the survey and investigation.

b. Inventory of available data which will be useful.
c. Additional data needed to meet the objectives.

d. Proposed plan of investigation.

(1) This may need to be expanded or revised as the survey progresses
and requirements of the project are better known.

(2) The plan of investigation should be carefully worked out to use
available routes of communication to the maximum extent possi-
ble and to obtain the essential information at the least cost.

e. Plan for evaluation of data and preliminary design.
f. Preparation of estimates and report.
g. Estimate of personnel required - unless the job is to be contracted.

(1) A deadline for completion of the survey should be established
and types of personnel and time on the job scheduled in order
to meet the deadline.

h. Equipment required - type and time on job - unless job is to be
contracted.

A sample outline for a Preliminary Survey is given in Appendix A. This outline
suggests procedures which are of the intensity normally needed for meeting the
objectives of this type of survey. As work progresses it may be found that cer-
tain changes in the proposed investigations should be made in order to accomplish
the objectives at the least cost. Changes in the outline should be made in the
same manner as the original outline was developed.

Preliminary design and estimate

The preliminary design required as an essential part of this survey is based on
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criteria contained in the chapter of this handbook which deals with the particular
type of drainage. State engineering standards and local drainage guides for the
practice should be followed. The data on which the design is based will not be

of the intensity required for construction design and the design itself need not
go into the detail required for comstruction. The need here is to obtain a design
of the project which will permit the development of a cost estimate that will be
within the required degree of accuracy. This is generally considered to be an
estimate within 20 percent of the actual cost of improvement.

The following guidelines generally should be followed in order to obtain a suffi-
ciently accurate estimate:

1. A preliminary design of all mains and laterals should be made which will
permit estimation of quantities and costs within the tolerances discussed
above.

2. Principal laterals for surface drainage are considered to be those with
a drainage area of one square mile or more, and which are needed to
remove excess water from land to be protected.

3. For subsurface drainage improvements all open ditches draining one square
mile or more, and all group main drains should be included in features
for which a preliminary design is made.

In addition to estimating quantities and costs for clearing and grubbing, excava-
tion, spreading of spoil, installation of drains and appurtenant structures, and
rights-of-way, all other items required for the drainage system should be included
in the cost estimate. Costs for some of these items should be estimated on an
individual basis because of their size and importance. These include: bridges,
culverts, irrigation flumes and grade control structures in mains and principal
laterals; dikes, pumps, and tide and floodgates. Other, less costly items, may
be estimated on a sampling basis. These include erosion control structures for
side-water inlets, watergates for cross fences, and vegetation of ditch banks and
critical erosion areas.

Preparation of plans and estimates

The plans for proposed improvements should be as complete as the data accumulated
will permit. Plans and estimates prepared as a result of this survey will fre-
quently form the basis for development of watershed work plans, issuance of bonds
by drainage districts, or other large scale drainage operations. They should
meet all Service standards for technical excellence and clarity. Data developed
for these plans can be used in preparation of final design and should be care-
fully marked in the field and on the notes.

The following items should be included in the plans developed:

1. Map of project area showing proposed improvements. The map should show
the following features:

a. Location of all mains and laterals which were surveyed. Laterals
which are proposed but not specifically located should not be shown

on the map.

b. Drainage area boundaries of mains and laterals.
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c. Existing land use, roads, railroads, towns, public utilities and
pipelines, irrigation facilities, bridges and culverts which are
proposed to be built or rebuilt, apparent property lines, and other
structures or items which are specifically located.

d. Pumps, dikes, floodgates, etc. where applicable,
e. Any other features which will affect the drainage plan.

Profiles and cross sections -~ Profiles and cross sections of all mains
and laterals surveyed should be included. Profiles should show normal
ground elevation, spot elevations in field, existing and proposed ditch
bottoms, design hydraulic gradeline, and bridge, culvert, and grade
control structure elevations and dimensions. The elevation of the water
stage in the outlet, after installation of project improvements, for the
frequency of storm used for design, should be determined and shown on
the profile of the main ditch.

Cross sections should show existing and proposed sections of channel,
berm, and related dike or spoil bank; existing and proposed culverts
and bridges, including deck, abutments, piers, and footings; and compu-
tation of earthwork quantities.

Typical layouts of on-farm drainage systems recommended and used in mak-
ing cost estimates.

Typical plans for structures required for admitting runoff water to mains
and laterals to prevent erosion, and for other structures needed.

Hydraulic computations for channel or floodway design.
Estimates of quantities and costs. These should be broken down by major
items of work to the extent that any separate group or agency concerned

with the project will be able to identify their obligations for installa-
tiomn.

Design Survey

Design surveys are those required for preparation of construction plans and
specifications.

This type of survey is indicated:

1.

After the recommaissance and/or preliminary surveys have served their
purposes and the owner or group has made the necessary financial and
rights-of-way arrangements to proceed with the project, and further
detailed surveys and investigations are needed to prepare construction
plans and specifications.

For an individual farmer or small group in an area where Service experi-
ence in similar types of work has previously been obtained and there is
no question as to project feasibility or the willingness and ability of
the owners to obtain rights-of-way and finance the work.
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Prior to construction of any drainage project, surveys and investigations should
be made which show existing topography, structures, soil, ground water and hydro-
logic data needed for detailed location and design of all features to be included
in the project. Maximum use should be made of data obtained in prior surveys.
Additional data will usually be needed to prepare the necessary plans and esti-
mates. For many small jobs the design survey may be the first and only survey

to be made.

Data required for design

Data on hand should be evaluated and a determination made as to the amount of
additional data needed for construction design. Depending on the age of existing
data it may be necessary to make a random field check to verify it. For complex
or unusual jobs it usually is necessary to prepare a survey outline as a guide

to obtaining additional information. The following list covers the data usually
required for design. Some of this usually will be available from previous inves-
tigations. This may be adapted to local conditions and a standard operating pro-
cedure (SOP) developed for obtaining it.

1. Delineate the problem area. Use soils map, supplemented by deeper bor-
ings, field observations and discussion with owners. Examine water table
records for fluctuations, if available, and where subsurface drainage is
needed determine if the problem area has been adequately defined.

2. For large projects ground water or piezometric contour maps should be
made to show seasonal changes.

3. Determine extent, frequency, and seasonal flooding of the problem area
and if the outlet is adequate.

4. Determine land use and crop requirements for drainage and any proposed
changes in cropping pattern. (At this stage of project development
all objectives to be obtained through drainage should have been defined.)

5. Obtain topography of the problem area, and select the location of all
mains and laterals, interceptor drains, relief drains, and pipelines to
accomplish project objectives.

6. Delineate drainage areas of all mains and laterals (open ditches) and
all subsurface drains, which are a part of the project.

7. Survey and plot profiles and cross sections, adequate for design and
estimation of quantities.

8. Make geologic and ground water investigations and obtaip required testing
to determine channel stability where necessary. SCS Technical Release
No. 25, "Planning and Design of Open Channels," contains guidelines for
this., Plot geologic ground water and test data on the profiles and cross
sections where applicable.

9. In addition to items in 5 above, determine all other improvements needed,
such as bridges, culverts, grade control structures, surface water inlets
to buried drains or to open ditches, dikes, floodgates, pumping facili-
ties, and all other structures and appurtenant facilities to fully meet
the project objectives. Obtain necessary information for hydrualic,
foundation and structural design of each feature.
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10. Develop construction specifications for all items of work included in
the plan. (Use standard specifications where applicable.)

11. Estimate needs and approximate costs of on-farm facilities - not included
in the project improvements - such as land grading, land smoothing,
drainage field ditches, buried drains, pumps, and other drainage struct-
ures.

12. Estimate quantities and costs for all features of the project.

Investigations for Surface Drainage

As previously discussed, the engineer responsible for design of a project must
decide the kind and intensity of surveys and investigations which are needed for
planning, design, and evaluation of the project which will meet the objectives

of the owners. Where needed, an outline should be developed which lists in detail
the factors to be considered, and the kind and intensity of surveys and investiga-
tions to be made. The kind of investigations needed for surface and subsurface
drainage are different and will vary in different parts of the country.

In some areas the main problem will be surface drainage, and in other areas -
subsurface drainage. In most situations, however, where drainage is a problem,
it is necessary to investigate both surface and subsurface conditions. Investi-
gations required for each type must be determined by the responsible engineer and
the survey planned accordingly.

General

Surveys and investigations usually required for planning and design of surface
drainage improvements are:

1. Topographic surveys.

2. So0il surveys and delineation of critical erosion areas.
3. Determination of land use and cropping pattern.

4., Precipitation and runoff investigations.

5. Stage-frequency investigation of high water in outlets, including tidal
and lake level fluctuations where these are involved.

6. Profiles and cross sections of existing streams and ditches.

7. Geologic investigations and required testing for channel stability,
where needed.

When preparing an outline for a particular sutrvey the needs for future more
intensive surveys should be kept in mind. Quite often a little extra work omn a
preliminary survey will save a lot of time later when making the design survey.
Setting temporary benchmarks for future use, and to the degree of accuracy
required for construction design, is an example of things which can be done when
making preliminary surveys that will save time and expense later.

Vertical control

The survey for surface topography requires accurate differential leveling. A
high degree of accuracy is required because gradients are usually quite low and
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small differences in elevation are important. Usually a system of temporary
benchmarks is established over the problem area as the first step in obtaining
topographic and other data based on differences in elevation. Survey outlines
and standard operating procedures should specify the accuracy to which elevations
of temporary benchmarks (TBM's) should be checked. TBM's established during the
preliminary survey should be numbered and identified so they can be used in
making the design and construction layout surveys. Where a Coast and Geodetic
Survey or Corps of Engineers benchmark is available within a reasonable distance
from the problem area, vertical control should be based on the datum of the
benchmark., 1In large watersheds it is helpful to prepare location maps of esisting
benchmarks. This may be done on an existing county highway or similar type map.
Additional benchmarks and temporary benchmarks should then be established at
convenient locations over the project area.

Topography

Information on the topography of the drainage problem area is essential. The
topographic map should show all physical features, both natural and man made,
which affect design of the drainage system. It should be in the detail necessary
to locate existing drainageways and the drainage area boundaries. The detail of
the topographic information required for planning and design of group enterprises
and that required for on-farm field drainage is quite different. Minor differ-
ences in elevation within a field are not important to planning or design of
ditches which are to serve a larger area. These minor differences are important,
however, to the design of the field drainage system, which may include land
grading, field ditches, row direction, etc. Good judgment is needed to determine
the extent of topographic data needed for a particular purpose, and contour maps
developed which will show the detail required for development of the plan. The
flatter the topography is, the smaller the contour interval should be. These
maps should be supplemented when necessary by spot elevations of isolated critical
points, when these are evident and will fall between contour intervals.

In addition to surface contours, the location of ditches, roads, railroads, pipe-
lines, other utility lines, farm boundaries, land use, section lines, boundaries
of drainage enterprises, and other features, which may affect the plan for
improvement, should be shown on the map. Quadrangle maps of the U. S. Geological
Survey, Bureau of Reclamation, or Corps of Engineers will give a great deal of
this information. It usually is necessary to supplement this data with informa-
tion from aerial photographs and field surveys.

Field surveys are made in various ways according to customs of the engineer,
equipment available, and detail required. The planetable with telescopic alidade
is excellent for obtaining detailed topography. Transit surveys for both hori-
zontal and vertical control are used in many cases. A common method of obtaining
topographic data is to use aerial photographs for horizontal control and an
engineers' level to obtain elevations.

Chapter 1, Engineering Surveys, of SCS Engineering Field Manual for Conservation
Practices is a good manual on surveying. It should be consulted for guidance on
practices and procedures. Standard notekeeping procedures, and requirements for
accuracy, clarity, and identification should be followed. Survey data should be
recorded and filed in a way which will facilitate its use in subsequent surveys -
as well as for the one being made. Notekeeping procedures specified in Engineer-
ing Memorandum SCS 39 should be followed.
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Soils investigations

The best soils map available should be used in drainage investigations. For
surface drainage the standard soil survey usually is adequate for planning pur-
poses. It will be necessary to obtain logs from some deeper borings to determine
soil stability, permeability, and barriers which would affect channel construction.
In some areas logs from deeper borings are necessary to obtain depths and types

of compressible organic soils. For large complex jobs use the investigation
procedures of NEH-8, Engineering Geology.

Soil classification

Standard soil surveys use the USDA Comprehensive Soil Classification System. Soil
texture is recorded for every horizon. Conservation planning and determination

of surface drainage needs are based on this classification,

In SCS construction operations, however, the Unified Soil Classification System
is used. This is described in ASTM Designations D 2487 and D 2488. Use of the
two systems of soil classification requires engineers and other technical person-
nel who work with both planning and construction to learn both systems and the
areas where each is applicable. For example, on a surface drainage job the
standard soil survey with USDA textural classification is used to describe soil
profiles to shallow depths. The Unified Soil Classification is used for deep
borings. Each system has characteristics which make it adaptable and useful for
its particular purpose.

Soil surveys
The standard soil survey usually is available for design surveys but for some

preliminary surveys a less detailed survey may suffice after field checking site
conditions.

Information on the so0ils map will indicate those areas which have inadequate
drainage and the degree of inadequacy and which require follow up investigations.

Investigations for channel stability

The standard soil survey usually will furnish information on soil stability ade-
quate for design of ditches four feet deep or less. For deeper ditches, and some
soil conditions, more detailed information is needed on soil strata to a depth
below planned excavation of about one-~half the proposed depth of ditch. This must
be obtained from test holes along the route of the proposed ditch. The Unified
Soil Classification System should be used for identification of material obtained
from the test holes. Test holes should be dug, drilled, or bored initially at
500-foot intervals, and if correlation of material from holes is good, the spacing
may be extended. If correlation is poor, the interval between holes should be
decreased. The survey outline should specify the initial spacing and depth for
obtaining soil logs. Knowledge of the complexity of geologic and soils distri-
bution in the area is helpful in determining the amount of subsurface investiga-
tion required.

Data is needed on soil materials to determine design requirements for channel
stability. Observations and records of side slopes and stability of existing
channels in similar soils in the same area provide guides for determining the
limits for side slopes and velocities for design purposes. The depth to a water
table encountered in test holes should be determined and areas of unstable soils
where the water table will be above the bottom of the proposed ditch should be
located, as this will cause sloughing and other construction problems. Barriers
of shale or rock which would not classify as common excavation to the required
depth of channel should be located and identified. Results should be shown on
the channel profile sheet,
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Land use and cropping pattern

Land use can ordinarily be obtained from recently made aerial photographs. It
may be necessary to check this in the field. The cropping pattern on cultivated
land is needed to select proper rates of drainage and to make the economic
evaluation. Data is needed for conditions prior to improvements and for proposed
changes after project installation. This information can be obtained from
individual landowners.

Precipitation, runoff, and stream stage records

Most of the available data on precipitation is published by the National Weather
Service, and that for stream stages and discharge by the Geological Survey.
Records pertaining to the area involved should be available for use. This
information is needed to determine flooding conditions in the project area,
capacities of existing streams, and adequacy of outlets for drainage improvements.
In areas where drainage coefficients or pumping requirements have not been estab-
lished the hydrologic factors will be needed to help establish them,

Location of mains and laterals

Prior to running levels for profiles and cross sections the main ditches and
laterals to be included in the plan should be located on aerial photographs or
topographic maps of the project. Each should be identified in such a manner
that it can be easily referred to and located. It is desirable for laterals to
be designated in a manner which will identify them with their outlets. One way
to identify main ditches by Roman numerals and laterals which empty into them
by this numeral followed by a capital letter. For instance, the first lateral
above the outlet of Main No. I would be Lateral IA; and the second lateral would
be IB. This could be extended on to the sublaterals by going into arabic numerals
and lower case letters. Stream names should be used also, where the local name
is known. Thus:

Main No. I, Cypress Bayou
Lateral No. TA, Muddy Slough
Lateral No. IAl
Lateral No. IA2
Lateral No, IA2a
Lateral No. IB, Hickory Draw
Lateral No. IB1l
Lateral No. IBla
Lateral No. IBl1b
etc.

Location of ditches may be made from information on topographic maps or aerial
photographs as supplemented with information obtained by field observation and
property ownership maps. Considerations which govern the location and proper
alignment of ditches appear in Chapter 5. Good alignment of mains and laterals
is most important. A lot of thought and effort is fully justified in order to
obtain the best alignment possible for the particular site conditions. After
tentative locations of main ditches and laterals have been drawn on the photo-
graph or map - often called "paper locations" - centerlines are located on the
ground. If actual field location is different from the tentative map location,
the map location should be changed to correspond with field location. The
centerline on the map is scaled, and stations are marked for future use. When
improving the alignment of ditches, care should be taken that the hydraulic grade
line is not increased to the extent that the resulting velocity will cause a
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stability problem in the ditch. When making design surveys in many locations it
is necessary to use a transit or compass to establish the centerline of ditches.
The centerline is staked at intervals of 100 feet or greater, depending upon the
regularity of the ground surface and the aligmment of the ditch. This may require
use of an offset line if the proposed centerline is inaccessible or vision is
obscured by trees or brush. Where the location is open and is not rigidly fixed
by easement or other legal description, the engineer can stake out the centerline
reasonably close with the use of range poles., This method often gives a suffi-
ciently accurate alignment.

See Chapter 5 for recommendations as to use of simple curves and minimum radii
in establishing alignment for mains and laterals.

Simple curves may be located with a transit and tape or with only a tape. A high
degree of accuracy is not required. A field manual containing tables of functions
of a l-degree curve and formulas for solving problems in field location of curves
will be helpful.

Refer to Chapter 1, Engineering Field Manual for Conservation Practices, for
methods of staking curves.

Profiles and cross sections

Before obtaining profiles and cross sections of existing streams and ditches in
the project, it is necessary to establish vertical control over the problem area
by the network of temporary benchmarks described under Vertical control, page 2-13.
The outline for the s