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A GENERAL

Purpcse

The purpose of this handbook is to provide information on water
management and minimizing erosion and sediment on land under-
going development in urbanizing areas. The handbook pertains
to soil, water and plant conservation and their relationships
in upgrading the quality of the environment. The handbook has
been prepared by the Soil Conservation Service (SCS) in work-
ing with Soil and Water Conservation Districts (hereafter re-
ferred to as Districts). This material may be used by property
swners, lahd developers, local government agencies, consulting

firms and others who share this interest.

The standards and specifications listed in this handbook are to
provide criteria for the design, installation, and maintenance
of water management and sediment control practices. Those re-
sponsible for design of these practices should evaluate the
conditions existing on a particular site and determine if the
minimum criteria contained in these standards are adequate or if
more stiringent criteria should be used.

Scope and Authority

The recommendations in the handbook apply to urbanizing lands
where housing, industrial, institutional, recreational and
highway developments are occurring Or are being planned for
those uses.

Recommendations are somewhat generalized due to wide variations
in climate, topography, geology, secils and plant requirements.
Feasible ways to handle water management and to minimize erosion
and sediment in_-the State are varied and complex.

The SCS working through Distric¢ts, has broad authority to help
people solve problems on soil, water and related resources.
There may be times, however, when these problems or related
conditions may need to be referred to outside groups for con-
sultive or corrective measures. Any technical assistance given
by SCS personmel must conform with established policies and
procedures.

Kinds of assistance usually given to Districts in urban areas by
SCS fall into three broad phases:
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1. Assisting local groups or communities in the development of
comprehensive or specific resource plans.

2. Installing soil, water, and plant conservation measures be-
fore or during construction.

3.' Preparing maintenance programs for treatment measures.

Working relationships in urban areas of a District may be aug-
mented by updating the memorandum of understanding between the
District Supervisors and the SCS. The District may also enter
into a memorandum of understanding with local planning commiss-
ions or other authorized agencies covering technical assistance
in erosion and sediment control.

WATER MANAGEMENT AND SEDIMENT PROBLEMS ASSOCIATED WITH URBAN
DEVELOPMENTS o

The urbanizing process is such th=* many people may be adversely
affected from small areas of lanc ndergoing development. Un-
planned watef disposal and uncont.vlled erosion and sediment
from these areas may cause considerable economic damage to indi-
viduals and society in general. Stream pollution and damages to
public facilities and private homes are among many examples.

Problems associated with urban developments include:
1. A large increase of areas exposed to soil ercsion and runoff. ,

2. Increased volumes of rlnoff, soil movement, sediment, and
reak {lows caused by:

‘a. Removal of natural plant cover.

b. An increase of impervious surface areas due to construc-
tion of streets, buildings, sidewalks, and parking areas.

“ﬁ

c. Changes in drainage areas caused by grading operatioms,
diversions and streets. '

d. Changes in volume and duration of water concentrations
caused by altering steepness, distance, and surface
roughness. ‘
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¢. Reduction of water intake of soils from compaction by
construction equipment. Compacted soils often reduce
moisture infiltration rates from 1/1¢ to 1/20 of the
original rate. :

f. Prolonged exposure of unprotected sites and service
arcas to adverse weather conditions.

¢

(V2 ]
.

Altering groundwater regime that may adverselvy affect drain-
age systems, slope stability, survival of existing vege-
tation and establishment of new plants.

4. Creation of new south and west land exposure that may
hinder plant growth.

5. Ixposing subsurface materials that are too rocky, too acid,
or otherwise unfavorable for establishing plants.

6. Fncroachment on the {loodplains by the construction of new
buildings, land fills and other obstructions in the flood-
wayv.

. Toor scheduling of construction and development activities.,

The criteria found in this handbook is minimum and in some
instances mav not meet local requirements. Those responsible
for design of these pructices should evaluate the conditions
existing on a particular site and determine if the minimum
criteria contained in these standards are adequate and meet
local requirements or if mcre stringent criteria should be used.
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RESOURCE PLANNING IN URBANIZING AREAS

Broad Resource Planning

YA
Effective solutions to urban water management and sediment pro-
blems begin with planning. Broad resource plans can guide and
control urban growth preventing wasteful and haphazard develop-
ments. ' :

Districts a the SCS can give technical resource data and in--

i hat will serve as a basis for decision making by
local authorities to fulfill the objectives established by broad
plans. These objectives may include reserving best agricultural
areas for cropland; maintaining an economic agricultural base;
protecting historical, scenic and natural beauty areas; providing
for open spaces and parks; developing attractive residential,
institutional and industrial areas; and using floodplains and

[

other problem areas for recreation and conservagion uses.

Development of Plans

As more specific plans, such as subdivisibn plans, are developed
for smaller increments of the broad region, SCS can furnish

more detailed information and interpretations. This information
will help determine the suitability of the site for the kind of
development to be made. It will also help in planning and
treating these lands to greatly reduce erosion and sediment
problems during construction,

Certain basic data need to be assembled before adequate technical
information and interpretations can be provided for a subdivision
or other type of specific plan. These data consist primarily of:

Geography of the Area

Conditions of proposed proiect areas need to be examined
early in the planning stages. These conditions include
location, accessibility, present land use, size of proposed
tract, topography, drainage pattern, geology, hydrology,
soils, vegetation and climate. Such information is obtained
from on-site examinatidns and existing technical reports,
maps, records and other documented material usually avail-
able from 16cal sources.

Study of Soils in the Area

Soils information, interpretations and data are basic to

any urban development. These studies provide an understand-

ing of the capabilities and general limitations of the site.
o Gl

~
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They point .out the f{easibility of planned 1and?uses,
economic considerations and comservation requirements
of the site. :

'rinciples for Effective Water Management and Sediment Control

Based upon data and inforhation described above, planning
assistance during the development of the plan may include the
following phases: - : |

l'ater management and sediment control provisions should be in-

“~~¢qrporated in the planning stage for most effective application

in the construction stage of development.

~
~

Practical .combinations of the following soil and water conser-
vation practices will provide effective water management and
sediment control when skillfully planned and applied.

1. The development Elan should be fitted to the topography
and scils so as to create the least erosion potential,
and preserve natural beauty by planning water disposal,
road layout, and open spaces before development.

Areas with severe unalterable limitations such as
flood plains, steep areas, and unstable soils should
be delineated for appropriate open space uses.

[ )
3

3. Develop a construction sequence that will keep disturbed
areas small and bare for the shortest time possible,

4. Temporary vegetatidn and/or mulching should be used to
protect critical areas exposed during development.

5. ‘Temporary and permanent measures, such as debris basins,
diversions, terraces, waterways, and subsurface drain-
age should be planned, installed, and maintained as
appropriate to control runoff, provide drainage and
reduce sedimentation to downstream areas during and
after development.

6. Design to keep storm water runoff velocities low.
7. Protect disturbed areas from storm water runoff.

8. Use temporary bridges and culverts where there will
be a constant fording of streams. .

9. Design the final grade of cut and fill slopes flat

enough so that they can be vegetated and easily
maintained.

ot e e
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10. When feasible allow high quality trees to remain, and
protect from damage during construction.

11. Sprinkle or apply dust suppressors. Keep dust down’
" to tolorable limits on construction sites and haul
roads.

12. Protect streams from chemicals, fuel, lubricants, and
other pollutants., ’ :

13. Avoid disposal of fill in flood plains or drainage-
wavs unless adequate means are developed to safely
discharge normal flood flows.:

14. Locate storage and shop yards where erosion and
~ sediment hazards are slight. Where this is not
" ..possible, apply necessary paving and erosion control
practices. :

15. The permanent vegetation, including use of sod, and

structures should be installed and maintained as
soon as practical in the development.

Special Considerations for Surface and Subsurface Water Disposal

Generally urban development disturbs normal drainage pat-
terns and increases the volume of runoff. These changes in the
natural water disposal repgime may or may not create dreas of
inadequate drainage or unstable and eroding water courses,
however, the water disposal system for each developing a ea
needs to be caretfully evaluated. It must be emphasized that
even though the area within the development has an adequate
water disposal system, severe problems can be created down- °
stream when the natural watercourses are overloaded thereby
creating flooding, and/or become unstable and erosive due to the
change in volume and velocity .of flow.

It is extremely difficult to collect surface runoff from a
development, carry it in a container, such as a storm sewer or
concrete lines channel, and discharge the flow back into a
natural watercourse without causing severe erosion problems.

‘Natural watercourses that were non-erosive in "pre-development"
p

conditions, become highly erosive when exposed to high energy
from storm sewer discharges, Once a natural watercourse be -
comes unstable, structural corrective measures are generally
required in order to re-establish channel stability. These
corrective measures are extremely expensive and often beyond
the financial capabilities of the responsible owners or muni -
cipalities. '

|
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Subsurface drainage may be a useful tool in developing
areas for the removal of free water beneath the surface of the
ground and lowering the water table of the soil. This type of
drainage is applicable to saturated soil conditions where it
is physically and economically feasible to use underdrains to
remove free water from the root zone of the desired type of
vegetation. The characteristics of the soil and the topographic
characteristics of a site considered for draining, need to be
carefully evaluated in order to design a successful system.
The capacity, location, spacing, and depths of the system may
be determined using procedures contained in the Ohio Drainage
Guide and the SCS Engineering Field Manual for Conservatior
Practices.

Subsurface drainage systems are very susceptible to being
clogged with roots of trees and shrubs, and for this reason,
subsurface drainage should only be used in open areas. Systems
involving several parcels of land should only be installed
where the drains are accessible for inspection and maintenance,
and where the use of the land over the drains can be controlled.

Subsurface drains should never be used for collecting and
removing polluted water from home sewage systems or from base-
ment drains. Curtain drains should be designed using criteria
and guidelines established-by the County Sanitarian.

Predicting Soil Losses

Planners can estimate soil losses from construction sites
by using the Universal Soil Loss Equation.

Predictions of soil losses in areas to be developed is
directly related to resource planning. The predictions will.
influence the degree of planning and treatment required for
proper control of erosion and sediment. Predicted soil losses
may also create an awareness among developers, local govern-
ment agencies and others of the urgent need to install conser-
vation measures concurrent with construction.

{Refer io Pages 77 thru 89 for instructions and examples on how
the Universal Soil Loss Equation is used for this purpose).
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Frosion and Sediment Control Ordinances

. ' - .

Local ordinances dealing with erosion and sediment control
enhance and implement resource planning and development in
areas that are to be urbanized. The SCS does not, in any way,
participate in the enactment or enforcement of ordinances.

This is strictly the responsibility of local goverrment agencies
and officials. At the request of the local districts, the SCS
may furnish any available technical information or data that

mav be useful to authorized local government agencies.

Ordinaaces for control of erosion and sediment in urban
developments usually contain several of the following pro-
visions:

1. Developers must furnish local auythorities with preli-
minary subdivision plans and extension of previous
plans for approval. These plans must include erosion
and sediment control measures.

h

7. Permits are required for any degree of grading and re-
moval of- earth on any property to be developed.

Grading needs to he in harmony with the general purpose
and intent of zoning rerulations and conservation
programs of the area. -

i
.

Disturbed areas must be covered with vegetation or
mulch as soon as initial grading is completed. Con-
trolled storm drainage svstems must supplement
vegetative cover. These control measures need to be
applied within a prescribed time limit.

4, Design standards governing layou! and construction of
subdivisions, storm drainage plans, utilities, sewage
disposal systems and slope limits must be approved.
Treatment measures and design criteria for contrclling
runoff, erosion and sediment are also required.

5. bPosting of a performance bond by contractors to help

insure the installation of soil erosion control
measures and protection of other resources.

P
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STANDARD AND SPECIFICATIONS
FOR
CRITICAL ARLA PLANTING .
(Temporary Seedings)

STANDARD

Definition

Stabilizing silt producing areas by establishing short-
term vegetative cover.

Purpose

To stabilize the area and reduce damages from sediment
and runoff to downstream areas.

Criteria

Seeding should be applied the same day that operations are
completed that produce the disturbted areas. On areas such as
rough grading where additional work is not scheduled for a
period of three (3) weeks or longer, the area should be
sceded immediately. In areas where unanticipated delays are
encountered, the areas should be seeded as soon as the delay
is recognized.

All constructed slopes and cuts should be seeded as each
vertical interval of no more than ten (10) feet *s completed.

The plant species should be selected on the basis of quick
germination and growth.

W
Fertilizer, lime, seedbed preparation, seed coverage,

mulch, and irrigation should be used as necessary to promote
quick plant growth.

11
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SPECIFICATIONS

Site Preparation

A. Grade as needed and feasible to permit use of conventional
equipment for seedbed preparation, seeding, mulch
application and anchoring.

B. Install needed erosion control practices such as diver-
sions, temporary waterways for diversion outlets, and
desilting basins. . (See Standard and Specifications for
above practices in this Handbook). ‘

Seedbed Preparation

A. Lime {In lieu of a soil test) on acid soil and subsoil -
100 pounds per 1000 square feet or 2 tons per acre of
-agricultural ground limestone or equivalent. For best

results make a soil test.

B. Fertilizer (In lieu of a soil test). Apply 12-15 pounds
per 1000 square feet or 500-600 pounds per acre of 10-10-10
or 12-12-12 analysis. For best results male a soil test.

C. Work lime and fertilizer into the soil with a disk
harrow, springtooth harrow, or other suitable field
equipment to 3 depth of 2 inches. On sloping land the
final operation should be on the contour.

Seeding

A. Select a species or mixture from Table 1,

B. Apply seed uniformly with a cyclone seeder, drill, culti-
packer seeder, or hydroseeder (slurry may include seed
and fertilizer) preferably on a firm, moist seedbed.
Cover to a depth of 1/4 to 1/2 inch.

C. Where feasible, except when a cultipacker type seeder is
used, the seedbed should be firmed following seeding
operations with a cultipacker, roller, or light drag. On
sloping land seeding operations should be on the contour
wherever possible. .

Mulching

A. Mulch should be applied to protect soil and provile a
better environment for plant growth.

12
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1. Mulch materials should be unweathered small grain
straw (preferably wheat) and should be applied immed-
iately after seeding at the rate of 2. tons per acre
or 100 pounds (2-3 bales) per 1000 square feet.

2. Spread mulch uniformly by hand or mechanically so tiat
tEe coll surtface 1s covered.

3. Mulch anchoring methods.

a. Mulch anchoring tool - Use a mulch. anchoring wool
with a series of flat, notched discs that punch
and anchor the mulch material into the soil.

b. Asphalt Mulch Tie-Down

(1) Liquid asphalt - rapid curing (R.C. 70, 250,
or 800) or medium curing (M.C. 250 or 800;.
Apply 0.04 gallons per square yard or 200
gallons per acre. Liquid asphalt, since it 1is
cut back with a kerosene-like product, can be
applied during freezing weather.

(2) Emulsified asphalt - rapid setting (R.S. 1 or
7Y medium setting (M.S. 2) or slow setting
(5.5 1). Apply 0.03 gallons per square yard
or 160 gallons per acre. Emulsified asphalt
contains approximately 50% water, therefore,
it cannot be applied during freezing weather.

c. Mulch Nettings - staple light-weight paper, jute,
cotton or plastic nettings to the soil surface
according to manufacturer's recommendations. Use
in areas of water concentration to hold mulch in
place. '

V. Irrigation

If soil moisture is deficient, supply new seedings with
adequate water for plant growth until they are firmiy es-
tablished. This is especially true when seedings are made
late in planting season, in abnormally dry or hot seasons,
or on adverse sites.

13
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' . " TABLE 1

Temporary Seedings and Seeding Dates

17 2/
_r—~”/1Kind of Seed™ : Seeding Dates™ Per 1000 Sq.Ft. Per Acre
Qats March 1 - June 15 3 pounds 4 bushel
Qats and 2 pounds 2 bushel
Sudangrass June 16 - Aug. 15 2 pounds 2 bushel

Rye or Wheat Aug. 16 - Nov. 1 3 pounds 2 bushel

After November 1 use Mulch only.

1/ Other seed species may be substituted for the above, check
with the local SCS office for recommendations. ;

L

2/ These seeding dates are ideal. With the use of mulch and
irrigation, seedings could be made any time from March to
September. s

14
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STANDARD AND SPECIFICATIONS
FOR
CRITICAL AREA PLANTING
fPermanent Seeding, Grasses & Legumes)

STANDARD

Definition

Stabilizing silt-producing areas by establishing long-term
stands of vegetations.

Purgoée

To stabilize the area and reduce damages from sediment and
runoff to downstream areas.

Conditions Where Practice Applies

Graded an- cieared areas subject to erosion where a perman-
ent, long-lived vegetative cover is needed, on areas where
final grading on steep slopes has been completed, and on diver-
sions, grassed waterways, and desilting basins. (See Standard
and Specifications for above practices in this Handbook).

SPECIFICATIONS

Vegetation cannot be expected to provide an erosion control
cover and prevent soil slippage on a soil that is not stable
due to its structure, water movement or excessive sTope.

Minimum soil conditions needed for the establishment and main-
tenance of a long-lived vegetative cover: -

A. Enough fine-grained materials (over 25% silt and clay)
to provide the capacity to hold at least a moderate
amount of available moisture. ‘

Excessively porous sands which have moisture supplies
consistently too low for growth of plants cannot be
maintained in good cover regardless of other soil
factors. : :

15
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B. Sufficient pore space to permit adequate root penetra-
tion.

C. No concentrations of toxic elements.

Site Preparation

A. Stockpile topsoil to apply to sites that are otherwise .
unsuited for establishing vegetation.

B. Grade as needed and feasible to permit the use of con-
ventional equipment for seedbed preparation, seeding,
mulch application and anchoring, and maintenance. After

~grading operation spread topsoil where needed.

C. Install needed erosion control practices such as diver-
sions, grassed waterways for.diversion outlets, and de--
silting basins. (See Standards and Specifications for
above practices in this Handbook).

Seedbed Preparation

@

—

A. Lime (In lieu of a soil test) on acid soil and subsoil -
100 pounds per 1000 square feet or Z tons per acre of
agricultural ground limestone or equivalent. For best
results make a soil test.

B. Fertilizer (In lieu of a soil test) Apply 25 pounds per
1000 square feet or 1000 pounds per acre of 10-10-10 or
12-12-12 analysis. For best results make a soil test.

C. Work lime and fertilizer into the soil with a disk harrow,
springtooth harrow, or other suitable field equipment to

a depth of 3 inches. On sloping land the finsl operation
should be on the contour.

Seeding

" A. Select a species or mixture from Table 1, £

B. Apply seed uniformly with a cyclone seeder, drill, culti-
packer seeder, or hydro-seeder (slurry may include seed
and fertilizer) on a firm, moist seedbed. Cover to a
depth of 1/4 to 1/2 inch.

20
16
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C. Where feasible, except when a cultipacker type seeder is
used, the seedbed should be firmed following seeding
- operations with a cultipacker, roller, or light drag. On
sloping land, seeding operations should be on the contour
where feasible.

IV. Mulching

A. Mulch materials should be unweathered small grain straw
[Preferably wheat) and should be applied immediately
after seeding at the rate of 2 tons per acre or 100 pounds
(2-3 bales) per 1000 square feet.

B. Mulch Anchoring Methods

1. Mulch anchoring tool - Use a mulch anchoring tool with
a series of flat, notched disc that punch and anchor
the mulch material into the soil.

- 2. Asphalt Mulch Tie-down

a. Liquid asphalt.- rapid curing (R.C. 70, 250, or 800)

 or medium curing (M.C. 250, 800). Apply 0.04 gallons
per square yard or 200 gallons per acre. Liquid
asphalt, since it is cut back with a kerosene-like
product, can be applied during freezing weather.

b. Emv'sified asphalt - rapid setting (R.S. 1 or 2)
med..m settinyg (M.S. 2] or slow setting (§.5. 1).
Apply 0.03 gallons per square yard or 160 gallons
per acre. Emulsified asphalt contains approximately
50% water, therefore it cannot be applied during
freezing weather.

3. Mulch Nettings - Starle lightweight paper, jute,
~ Cotton or plastic nectings to the soil suxface accord-
ing to manufacturer's recommendations. Use in areas
of water concentration to hold mulch in place. S

V. Maintenance /

Maintenance is a vital factor in maintaining an adequate
vegetative erosion control cover. See Table 2.

.

A. Irrigation - If .soil moisture is deficient, supply new
seedings with adequate water for plant growth until they
are firmly established. This is especially true when

seedings are made late.in the planting season, in ab-
normally dry and hot seasons, or on adverse sites.

a ke
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B. Repairs - Inspect all seeded areas for failures and make
necessary repairs, replacements, reseedings, and re-
mulching within the planting season, if possible.

1. If stand is inadequate, overseed, fertilize, using
half of rates originally applied, and mulch.

2. If stand is over 60% damaged, reestablish following

original lime, fertilizer, seedbed preparation, seed-
ing recommendations, and mulching recommendations.

.18 -
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TABLE 1 4
T : T
Kind of| Seed Seeding Dates Per 1000 Sg. Ft. Per Acre

&¥

1. PemanenL ‘Seeding .

A. Creeping Red Fescue' °

Py

- and o 1/2 Pound - 20 Pounds
. mzéxestic Ryegrass Mar-May, Aug-Sep - 1/4 Pound 10 Pounds
and :
Kentucky Bluegrass 1/4 Pound 10 Pounds
. B. Tall Fescue Mar-May, Aug-Sep - - 1 Pound 40 Pounds
C. Creeping Red Fescue 1/2 Pound 20 Pounds
and Mar-May, Aug-Sep - ‘ " .
Tall Fescue 1/2 Pound 20 Pounds
II. Special Area Seedings
A. Steep Banks or Cuts )
¢ 1. Tall Fescue Mar-May, Aug-Sep - - 1 Pound 40 Pounds
2. Crownvetch March-May 1/4 Pound 10 Pounds
and
Tall Fescue *1/2 PRound 20 Pounds
/
B. Waterways and Road Ditches ‘

1. Tall Fescue May-May, Aug-Sep 1 Pound 40 Pounds

X

1/ Other seed species may be substituted for these mixtures. Check with
~ Jocal SCS office for recommendations.’

2/ These seeding dates are ideal. With the use of muich and irrigation,
seedings could be made any time throughout the growing season.
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-

TABLE II

Maintenance Fertilization and Mowing for Permanent Seeding

Fertilizer Rate-

_ Mixture ’ Formula- Lbs7Ac Lbs/I000 Time  Mowing
) Sq. Ft. -
I. A. o ' |
Creeping Red Fescue 10-10-10 500 12 Fgll. Not
Domestic Ryegrass - ] Yearly closer
N Kentucky Bluegrass - or as than 3"
. needed
I. B. = - .
Tall Fescue 10-10-10 500 12 Fall. Not

\ Yearly closer
; ’ or as than 4"
needed

I. C. -

Creeping Red Fescue 10-10-10 500 12 Fall. Not
Yearly closer
or as than 4"
needed

I1. A, 2

Crownvetch 0-20-20 400 10 Spring. Do not
: Yearly mow.

following
establish-
ment and

. every 4-7
years there-
after

II. A, 1, II. B. 1,

Tall Fescue 10-10-10 500 12 Fall. Not

‘ . Yearly closer
: . : oF- as .than 4"

: ‘ : : ’ needed -
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USDA, Soil Conservation Service June 1978 s
Columbus, Ohlo - il
. |
““\N\ STANDARD AND SPECIFICATIONS
el FOR
"“«\\ CRITICAL AREA PLANTING
’ (Using Ground Covers, Vines, Shrubs, and Trees)
‘ STANDARD u

Definition ' ' E

Planting pefmanent’vegetation such as ground covers, vines,
shrubs, and trees on critical areas.
s

.
.
@ /
o~
e * p
- <

Purgose

To stabilize the -area; reduce damages from sediment and
runoff to downstream areas; to enhance natural beauty.

-

Conditions Where Practice Applies

Graded or cleared areas subject to erosion, where a perman-
ent long-lived vegetative cover other:than turf is desired.

SPECIFICATIONS

Listed are some plants kndwn to be suitable for soil erosion
control and possessing aesthetic vglue. This 1ist is neither
inclusive or exclusive. The list includes plants which establish
easily on difficult sites, as well as plants that will require
some site improvement before they grow satisfactorily. '

These plants cannot be expected to providé an erosion .
control cover and prevent soil slippage -on a soil- that is not
stable due to its structure, water movement, or excessive slope.

[t

. .:yound covers are not necessarily low-maintenance plants,
although some of them are. In general, they are more difficult
. - to establish than turf. Plants included in this list respond
favorably to careful treatment during the period of establish-
ment. '

1. Planting Time:

‘e

A. - Early spring. This allows for the maximum root and top, .
developmernit to check soil erosion and allow the plant to become _
- established before winter. ’ . )

! Q ‘ v 21 [}
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e

Columbus, Onhio

II. Soil Preparation: : -

A. For short slopes, small areas, and mass pl&ntings of
close spacing appdy a commercial granular ferttlizer, such as ~
§-10-10, and .orgdnic supplement, such as composted cow manure,
peat, or well-rotted sawdust, and work into the soil prior to
planting. Fertilizer rate - 30-50 pounds per 1000 square feet.
The organic material needed will depend upon the soil and plant
being used. Plants such as pachysandra require a high rate of
organic materiai, about a 2-inch layer worked into the root
zone. Depending on the type and steepness of slope, the depth
of soil preparation will vary from 4 to 6 inches.

B. For steep slopes and large area plantings, working up the

.entire planting area would be impactical and would probably induce

erosion. Center hole planting, a hole dug for each plant, would
be more desirable. If the soil on the slope is poorly suited to
the species being planted, incorporate organic material into the
planting hole. Whether organic material is needed or not, ferti-
lize each plant at the rate of one ounce per plant of a complete
fertilizer such as 10-10-10. Mix fertilizer with soil below the
roots of the plants, or place slow release pellet or packet in
bottom of planting fole.

C. Another alternative is to add to the planting hole a
sandy loam soil mixed with peat, composted cow manure, or well-
rotted sawdust at a rate of 1:1 or 2:1.

o]

D. The entire planted slope should be covered with a pro-
tective mulch, such as straw, wood chips, or wood puly fiber, to
conserve moisture and control soil erosion. Weeds shc 1d be con-
trolled.

E. Where erosion hazard is very high, jute matting or fiber
glass matting stapled to the slope will provide excellent soil
erosion control.

I1I. Establishment:

A. Some Watering, weeding, remulching, and fertilizing may
be required of a new planting during the period of establishment.
Cultivation is not recommended. This will encourage soil erosion
and cause root injury. Competing weeds should be controlled.

B. If a controlled release fertilizer was used at the time of
planting, additional fertilizing will not be necessary for several
years. Otherwise, fertilize plantings the spring of the second
growing season and thereafter as needed, using 2 to 3 pounds per
100 square feet of a granulated commercial fertilizer such as
5-10-10.

22 236
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PAGES 23-24 "CRITICAL AREA STABILTFZA‘I‘ION (WITH TRAILING
PLANTS, VINES, SHRUBS AND TREES)'" REMOVED DUE TO
OVERSIZE.
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USDA, Soil Conservation Service
Columbus, Ohio June 1978

STANDARDS AND SPECIFICATIONS
FOR -
DIVERSION
(Temporary and Permanent)

Definition

An earth channel with supporting ridge on the lower side con-
structed across the slope. .-

- Scope 3

This standard covers the installation of diversions on construc-
tion sites and urban developments. .

It includes temporary diversions, interceptors and diversion
dikes as well as permanent diversions and level spreaders.
Temporary diversions usually have a life expectancy of one
year or less and the failure hazard is low.

Purpose

The purpose of this practice is to divert water from areas where
it is in excess to sites where 'it can be used or disposed of ‘
safely. -

Conditions Where.Practice Applies

This practice applies to sites where runoff from higher lying
areas is damaging (1) low lying areas, (2) cut or fill slopes

or steeply sloping land, (3§ critical sediment source areas in
construction sites, (&) buildings and residences, and (5) active
gullies or other erodible areas. '

Diversions must have stable outlets. The site, slopes and soils
must be such that the diversion can be maintained throughout its
planned life. “

Diversions are not applicable below high sediment producing
areas unless land treatment practices or structural measures,
designed to prevent damaging accumulations of sediment’ in the
channels, are installed with or before the diversions.

-
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Design €riteria

Location

Diversion locations shall be determined by considefing outlet’
conditions, topography, land use, development layout, soil
type and length of slope.

-
Avoid locations in or immediately below unstable or highly
erosive soils unless special treatment or stabilization measures
are previously applied.

Capacity

Runoff will be computed by the method outlined in Chapter 2,
SCS Engineering Field Manual for Conservation Practices or by
other acceptable methods. Runoff computations will be based
upon the most severe soil and cover conditions that will exist
in the area above the diversion during the planned life of the
structure.

The minimum design 24-hour storm frequencies and freeboard will
comply with Table 1. In all cases, the design storm frequency
should be chosen to provide protection which is compatible with
hazard or damage that would occur if the diversion should
overtop.

Table 1 - Design Frequencies and Freeboard

i TYPICAL AREA " DESIGN | FREEBOARD
DIVERSION TYPE OF PROTECTION FREQUENCY | REQUIRED
Temporary Construction Areas 2 years 0.0
(roads, pipelines,
ete.)
Building Sites 5 years 0.0
Permanent Land Areas, Play 25 years 0.3 ft.

Fields, Recreation
Areas, etc.

Homes, Schools, 50 years 0.5 ft.
Industrial Buildings,
etc.

26
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Design Velocity

Diversions should be designed so that the design velocities *
are as high as will be sa%érfor the planned type of protective
vegétation and the expected maintenance. Maximum permissible
velocities are dependent upon (1) the erosion resistance of
the soil in which the diversion is constructed and (2) the
quality of the vegetation established and maintained in the
diversion channel. , ’

.,  The maximum allowable velocities for diversions are listed

in Table 2.
Table 2 - Permissible Velocities
Allowable Velocity (V) in Ft./Sec.
Soil Texture Bare Condition of Vegetation
] Channel | Poor Fair Good
Sand, silt, sandy loam, ‘
silt loam 1.5 1.5 2.0 3.0
Silty clay loam, sandy
clay loam 2.0 3.0 4.0 5.0
Clay 2.5 3.0 5.0 6.0

Cross Section

The channel may be parabolic, V-shaped, or trapezoidal. The
diversion shall be designed to have stable side slopes. - The
ridge height shall include a minimum settlement factor of 10
percent. The ridge shall have a minimum top width of 4 feet

at the design water elevation. The minimum cross section shall
meet the specified dimensions. The top of the constructed
ridge shall not be lower at any point than the design water
elevation plus the specified overfill for settlement.

Grade

Channel grade for diversions may be uniform or variable. The
permissible velocity for the soil type and vegetative cover
will determine the maximum grade. Level diversions with
blgcked ends may be used when adequate pipe outlets are pro-
vided. .

27
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Channiel Dimensions

Channel dimensions will be determined using the appropriate
retardance factor, or by Manning's formula using a suitable
"n'" value. Retardance factors will be determined using

Table 3.

Table 3 - Vegetal Retardance Féctors

Average length| Degree Average length| Degree
Stand of 0 Stand of of
vegetation |[retardance vegetation retardance
Longer than 24 A Longer than 24" B
11 to 24" B 11 to 24" C
Good 6 to 10" C Fair 6 to 10" D
2 to 6" D 2 to 6" D
Less than 2" E Less than 2" E

Parabolic channel sizes may be selected usin% charts in APPENDIX
B-1, and trapezoidal channel sizes may be selected using APPENDIX
B—Zn

Qutlets

Diversions are to have adequate outlets which will convey run-
off without causing erosion. The following types of outlets
are acceptable.

1. Natural or comstructed vegetated outlets capable of safel
carrying the design discharge. The outlet should be establish-~
ed and well vegetated prior to construction of the diversion.

2. Properly designed and constructed grade stabilization
structures or storm sewers.

Level Spreader

A level lip spreader shall be used at diversion outlets dis-
charging onto areas already stabilized by vegetation. Spreaders
shall be excavated at least 6 inches deep into undisturbed soil.
The bottom of the excavation and the downstream lip or edge
shall be level. Minimum spreader lengths shall be based on the
peak rate of flow from a 10-year frequency storm as indicated
on the attached design standard for level spreaders.

28
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Diversion Dikes and Interceptors

Diversion dikes for the temporarK rotection of cut or fill
slopes or graded rights-of-way s agl be installed in accordance
with the -attached design standards. Diverted .runoff must be-
discharged onto a stabilized area or through a temporary slope
protection structure. (See attached design standard.)

Protection Against Sediment

1. Temporary diversions - none required.

2. Permanent diversions - as a minimum, a filter strip of close
growing grass shall be maintained above the channel. The width
of the filter, measured from the center of the channel, shall be
one-half the channel width plus 15 feet.

The diversion ridge and channel are to be seeded to grass to
prevent erosion.

Small eroded areas and sediment producing channels draining into

the diversion are to be shaped and seeded prior to or during the
construction of the diversiom.

29
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ﬁéDA, Soil Consefvation Service "
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CONSTRUCTION SPECIFICATION
DIVERSION

All dead furrows, ditches or other depressions to be crossed
shall be filled before construction begins or as part of con-
struction, and the earthfill used to f£ill the depressions will
be compacted using the treads of the construction equipment,
All old terraces, fence rows, or other obstructions that will
interfere with the successful operation of the diversion will
be removed.

The base for the diversion ridge is to be prepared so that a
%ood bond is obtained between the original gzound and the placed

ill., Vegetation is to be removed and the base thoroughly disked
prior to placement of fill.

The earth materials used in constructing the earthfill portions
of the diversions shall be obtained from the diversion channel
or other approved sources. '

The earthfill materials used to construct diversions sﬁall be

‘compacted by routing the construction equipment over the fill in

Full Tt Provided by ERIC.

such a manner that the entire surface of the £fill will be travers-
ed by not less than one tread track of the equipment.

When an excess of earth material results from cutting the channel
cross-section and grade, it shall be deposited adjacent to the
supporting ridge unless otherwise directed.

The completed diversion shall conform to the cross-secticn and
grade shown on the design,

Fertilizing, seeding, and mulching shall conform to the recom-
mendations in the applicable vegetative standard and specification,

If there is no sediment protection provided on temporary diversions,
it should be anticipated that periodic cleanout may be required.

Construction operations shall be carried out in such a manner

that erosion and air and water pollution will be minimized. State
and local laws concerning pollution abatement shall be complied
with. ‘

30
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DIVERSION DIKE ABOVE STEEP SLOPES

REQUIRE A DIVERSION DESIGN.

Steep cut or
fill slope

2:1 slope or
flatter

CROSS SECTION

positive grade 2' min
Side Slopes “Jupslope toe, --——
2:1 or A . A A A .
flatter Y X y Vj[\(
~ N cut or fill slope(ste;})
PLAN VIEW

DESIGN CRITERIA

Top width - 2 ft. min.

Height (compacted fill) - 18 in, unless otherwise noted on the
plans. (height measured from the upslope toe to top of
the dike) :

Side slopes ~ 2:1 or flatter, :

Grade - dependent upon topography, but must have positive drain~ /
age to the outlet; may require vegetative or mechanical
stabilization where grades are excessive.

GENERAL NOTES:

1. All diversions must have positive grade draining to a
' stabilized outlet.

2. Diverted runoff will outlet onto a stabilized undisturbed
area, a prepared level spreader, or into a slope protection
structure. . .

3.’ Periodic inspection and required maintenance must be provided.

. ' 31 3
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TEMPORARY INTERCEPTOR DIVERSION N
'~ FOR GRADED RIGHT-0OF-WAY ‘
REQUIRE A DIVERSION DESIGN. : )
- o
min l

Graded Right of Way

2:4 or flatter slope: .
CROSS SECTION

WIL\ 21 2

- - — g

R.O.V.
. “ - : ¢

Slide slopes
2:) or flatter

wt—0— {ipslope Toe
Qutiet onto stabilized area

~
-

PLAN VIEW

DESIGN CRITERIA

Top width - 2 ft, min, :

Height - 18 in. unless otherwise noted on the plans (measured <
from the slope toe of the ridge).

Side sloges - 23 l or flatter (flat enough to allow construction
traffic to cross if desired). _

Grade - 0.5% to 1.0%

Spacing - 200 to 300 ft. between diversions. (The steeper the
slope the closer the spacing should be.)

GENERAL NOTES:

1, gﬂpingth may be wider and side slopes may be flatter, if
esire
-2, Field location should be adjusted as needed to provide a
stabilized safe outlet.

3. Diverted runoff shall outlet onto an undisturbed stabilized
area, a prepared level spreader, or into a slope protection
structure.

4. Periodic inspection and required maintenance must be provided.

—
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LEVEL SPREADER -~

PR

Undisturbed Slope | Undisturbed soil stabilized

2:1 or flatter

0.5 ®min. I
6" min.

Channel Grade 0.0%

. to 1.0
Grade 0.5 * Level lip above
A A A

, 4
—V undisturbed , stabilize

A area
compacted earthfill \Hf

berm.

PLAN VIEW
DESIGN CRITERIA
Spreader leg%th will be determined by estimating Q10 (10 year storm

frequency) flow and selecting the appropriate length from Table.
Designed Q T Minimum Length
(cfs) 10 + ("L" in Feet)
up to 10 15
11 to 20 20
21 to 30 ‘ 26
31 to 40 36
41 to 50 44

GENERAL NOTES:

1. Construct level lip on zero ‘percent grade to_ insure uniform
spreading of storm runoff (converting chdnnel flow to sheet flow).
2, %igi% spreaders must be constructed on undisturbed soil (not on
-~ 3, Entrance to spreader must be graded in a manner to insure that
runoff enters directly onto the zero percent graded channel.
4, Storm runoff converted to sheet flow must out%et~onto areas
already stabilized by existing vegetation, :
5. Periodic inspection and maintenance must be provided to insure
. intended purpose is accomplished.

ar




*

Full Tt Provided by ERIC.

ERJS? g , BN ",ﬁ;_; 

PN SN oD b ;i et g0 At I i e b B b SR YL Ve mate Cw FV O FTOE Ly WU R
e too e S A B et TR A YR ~;fafn\~tl\\‘r R R R SRR Y aW”;’«.YvJ‘-’l&M,\ifw

| | ‘ i S . i~
USDA, Soil Conservation Service ' S
Columbus, Ohio | - o -+ June 1978 0 &

STANDARDS ANngPECIWTCATIONS ]
R - o
DRAINAGE~-INTERCEPTOR

Definition - 0 - -
A conduit, such as tile, pipe, or tubing or channel installed
across the slope which collects and conveys seepage water. -

-
p

Interceptor ditches or drains located across the-flow of ground
water or seepage are installed primarily_fer”fhtercegting sub-
surface flow moving down a slope. While this type of drainage
intercepts and diverts both surface and subsurface flows, the -
removal of surface water is gemerally referred to as diversion
drainage and the removal of subsurface water is referred to as

interceptor drainage.

Conditions Where Practice Applies

Interceptor drains are used to intercept ground water or seepage
from adjoining highlands. Most ground water for which drainage
is required derives from recent rainfall that accumilates on or
within the upger ground surface and, after replenishing the soil
to water holding capacity, moves downward through the soil to

the water table or a barriet above the water table. Here it ac-
cumulates and moves laterally toward an outlet. This water ac-
cumulation in the subsurface often causes slips and slides in

the area where it reaches the surfaces.

Ditches may be used where drains are not feasible. They are : ;
used in shallow hardpan soils where the depth of the soil does -
not permit installation of tile or tubing. Ditches must be deep
enough to tap and provide an outlet for-ground water found in
shallow, permeable strata or water bearing sand.

‘An outlet for the drainage system shall be available. The out-
let shall be adequate for the quantity of water to be disposed
of without causing erosion damage::-

Desigg_Criténia

The ‘design and installation shall be baséd on adequate surveys
and investigatioms. ’

©
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Required Capgcitg_of Drains

The réqui ed capacity shall be determined from the following .
table when actual on-site values are not known. | -

INTERCEPTOR DRAIN INFLOW RATES

LN o - L - N - A Ser N Ee e e b R T T e R A . A N S A Rl T N
“ . e N S v . -t ' B Tt A N - ‘ . s ", :
e n . . It e - e N . .

Inflow Rate Per 1000 Feet of Line in CFSL/

Soil Texture

- Land S10pe %
0=2 - =y 'gg%ZA "OVEer 12

Coarse éand and gravel | 1.00 1.10 1.20 1.30
~ Sand 0.50 0.55 0.60 0.65
r.méandy loam 0.25 '0.28 0.30 0.33
Silt loam 0.10 0.11 0.12 0.13
Clay and clay loam 0.20 0.22 0.24 0.26

Full Tt Provided by ERIC.

ERIC

1/ Discharge of flowing springs or direct entry of surface flow
through a surface inlet or filter must be added to the values
in the chart. Such flow should be measured or estimated.

- Size of Drain

)

The size of the drain may be determined by using the appropriate
table in APPENDIX B«6 or the size may be comguted by applying
Manning's formula based on one of the following assumptions:

1. H{draulic grade line parallel to the bottom %rade of
the drain with the drain flowing full at design flow.

2. The drain flowing part full where a steep grade or {
other condition requires excess capacity.

3. Drain flowing under pressure with hydraulic grade
line set by site conditions on a grade which differs
from that of the drain. This procedure shall be used
only where surface water inlets or nearness of the
drain to outlets with fixed water elevations permit
satisfactory estimates of hydraulic pressure and flow
under design conditionms. R

The minimum size shall be 4 inches.

-
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. Depth and Location

"The depth and location of the drain shall be based on site
conditions including soils, soil borings, topography,
groundwater conditions, and outlets.

The minimum depth of cover shall be 24 inches.

Envelopes and Filters

All interceptor drains shall be provided with a 3-inch-sand .
and gravel envelope to provide bedding for the drain and to~
improve the permeability in the zone arcund-the drain. En-
velope material shall consist of sand gravel material, all

of which will pass a 1% inch sieve, 90 to 100 percent shall
pass the 3/4 inch sieve and not more than 10 percent shall

pass the No. 60 sieve.

When site conditions reguire a filter to prevent sediment
accumulation in the conduit it shall comnsist of fiberglass
filter material that completely encases the drain. It shall
be manufactured from borosilicate type glass and the manu-
facturers shall certify that it is suitable for underground
use. THe fibers shall be of variable size, with some larger
fibers intertwined in the mat in a random manner,

s et
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USDA, Soil Conservation Service . ) -
Cotumbus, Ohlo ' June 1978

) : CONSTRUCTION SPECIFICATION
DRAINAGE~INTERCEPTOR

Inspection and Handling of Materials

Materials for drains shall be inspected before installationm.
Clay and concrete shall be protected from freezing and thawing
prior to installation. Bituminized fiber and plastic pipe and
tubing shall be protected from hazards causing deformation or
warping. All materials shall be satisfactory for intended

use and shall meet applicable specifications and standards.

Placement , «

All drains, both flexible as Ylastic tubing and non-flexible
as clay and concrete tile shall be' laid to line and grade and
completely surrounded with a minimum of 3 inches of envelope
material. A filter where required shall cover all open joints
and perforations.

The gap between the drain joints shall mot exceed: .

Muck 1/8" to 3/8"
o Clay soils 1/8" to 1/4"
: Loamy soils 1/8"
Sandy soils 1/16" (use filter)

The upper end of the drain shall be capped with concrete or
other durable material.

Farth backfill material shall be placed in the trench in such
a manner that displacement of the drain will not occur. -

37
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STANDARDS AND SPECIFIéATIONS
FGR

GRADE STABILIZATION STRUCTURE

(Temporary Chute or Flume)

Definitibn'“
A temporary channel of bituminous concrete, Portland cement

concrete, or comparable material to conduct surface runoff
from the top of a slope to the wottom of the slope.

Purpose

The purpose of this practice is to convey storm runoff safely

. down cut and fill slopes ts minimize erosion.

Conditions Where Practice Applies

Chutes or flumes are to be used where concentrated water will

cause excessive erosion on cut and fill slopes. The structures
can be left in place until adequate vegetation and the permanent
drainage system has been installed. :

Design Criteria

The temporary chutes or flumes are divided into two size groups
as follows: ’

Size Group A

1. The height of the dike at the entrance (H) equals 1.5 feet.
2. The depth of flow down the chute (d) equals 8 inches.

3. The length of the inlet and outlet sections (L) equals 5 feet.

Size Group B

1. The height of the dike at the entrance (H) equals 2 feet.
2. The depth of flow down the chute (d) equals 10 inches.

3. The length of the inlet and outlet sections (L) equals 6 feet.

Each size group has various bottom widths and allowable drainage
areas as shown in the following tabulation: i

38
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Bottom Maximum Bottom . Maximum
1 Width, b, | Drainage Area width, b, |Drainage Area

sizel/ ft. acres sizel/| ft.. acres
A-2 . 2 5 B-4 4 14
A-4 4 . 8 B-6 b 20
A-6 ) 11 B-8 8 25
A-8 8 14 B-10 | 10 . 31
A-10 10 18 B-12 12 36

1/ The size is designated with a letter and a number,‘such as
A-6 which means a chute or flume in Size Group A with a 6
foot bottom.

If a minimum of 75% of the drainage area will have a good grass
. or woodland cover throughout the life of the structure, the
drainage areas listed above may be increased by 50%. If a mini-
mun of 75% of the drainage area will have a good mulch cover
throughout the life of the structure, the drainage area listed
above may be increased by 25%.

For dimensions, grades, and construction details, see attached

design standard. Detail designs are required for drainage
areas larger than those indicated above.
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‘ L Top of earth dike 3 o Dimen- Size Group
2. 0' 21} ' top of lining sion A 8
I A K i.S’ 2.01
Siope varies, not d 8" 10"
steeper than 1.5°1 T o Py

Energy dissipafor is
concrete building blocks
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SECTION B-B
Notes: e
1. Lining shall be Portlund Cement concrete, bituminous concrete or comparable

material.
2. Some type of energy dissipator, such as the one shown above, must be used to

prevent erosion at the outlet.
The size is designated with a letter and a number, such as A-6, which means

Size Group A with a 6 ft. bottem width {b,. For structure dimensions, see
table in upper right hand corner.

3.

U.S.DEPARTMENT OF AGRICULTURE GRADE STABILIZATION

SOIL CONSERVATION SERVICE STRUCTURE
(Temporary)
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CONSTRUCTION SPECIFICATION

GRADE STABILIZATION STRUCTURE
(Temporary Chute or Flume)

1. The structure shall be placed on undisturbed soil‘cr well
compacted fill,

2. The cut or fill slope shall not be steeper than 1 vertical
to 1.5 horizontal (1.5:1) and should not be flatter than
20:1. : -

3. The top of the earth dikes shall not be lower. at any point
than the top of the lining at the entrance of the structure.

4. The lining should be placed beginning at the lower end and
groceding up the slope to the upper end. The lining shall
e well compacted and free of voids. The lining surface
shall be reasonably smooth.

5. The entrance floor at the upper end of the structure shall
have a slope toward the outlet of 1/4 to 1/2 inch per foot.

6. Concrete shall have a minimum cement content of 6 bags per
cubic yard and a maximum water content of 6 gallons per
bag of cement.

7. Adequate vegetative protection and drainage works shall be
installed within the expected life of the structure which
is considered to be about 18 months. The structure shall

be removed after serving its useful life and the site is
properly graded and seeded.
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USDA, Soil Conservation Service
Columbus, Ohio

STANDARDS AND SPECIFICATIONS

FOR ,
GRADE STABILIZATION STRUCTURE
(Temporary Pipe Drop)

T - T 7 pefinition
*

LY

June 1978

A temporary pipe installed dewn a bank slope to safely conduct
runoff water from the top to the bottom of the bank slope.- (See

attachéd design standard.)

.

Puggose

i
A

The purpose of this practice is to convey storm runoff safely

down cut or fill slopes to minimize erosion.

Condition Where Practice Applies

1

f—

Pipe drops are to be used to stabilize cut or £ill banks where
water concentrations would cause erosion. Site conditions are
such that vegetative measures can be installed and the temporary
structure removed within 18 months after installation.

Design Criteria

Capacity

The design capacity for temporary pipes shall be as required to
pass the peak runoff expected from a 24-hour, 2-year frequency
storm. Runoff will be computed by the method outlined in Chapter
2, SCS Engineering Field Manual for Conservation Practices, or
by other acceptable methods. Runoff computation will be based’
upon the most severe soil and cover conditions that will exist -
in the area draining into the pipe drop during the planned life

of the structure. .

Pige capacities may be determined from the chapter in APPENDIX
B— .

Inlet

A hood inlet type entrance shall be used (APPENDIX B-7). The
pipe drop inlet shall be protected by riprap or concrete.

Outlet -

Outlet protection shall be provided by riprap or other means.

42
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USDA, Soil Conservation Service .
Columbus, Ohio , June 1978

Pipe Size

The pipe diameter shall be determined from design charts in
APPENDIX B-7. The pipe shall have sufficient flow area based
on head discharge relationships to carry the dgsign capacity.

Pipe drops should be used in conjunction with and as gn authf

for diversion dikes. The dike height above the pipe inlet in-

vert shall be adequate to contain a water elevation sufficient

to cause full pipe flow plus an allowance of at least 1.0 feet

for freeboard. A water depth of 1.8 times the pipe diameter

%?ove the pipe inlet invert is required to assure full pigg
ow.
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USDA, Soil Conservation Service June 1978
Columbus, Ohio

GRADE STABILIZATION STRUCTURE

(TEMPORARY )
: max.water ' Yy mins .
:_“M__&#ffﬂeeu~ Baffle e XS T am B ‘YTT‘“i;;;éT;U“TYFEﬁﬁIT#‘““_“‘“"”m‘__
: " i ‘ i

1.8dgnifn. N
, AN 4 I'min cover
. 3'nin- N
min.slope20: : —
) _1 4 6"min.

max slope 2:1
\ lz']a' l

_Riprap 6% layer

min
Undisturbed soil
or compacted fill

PROFILE of 4" min., rock or
rubble with 3" sand “ ).
bedding. - ;
No Scale
Notes:

1. If an emergeﬁcy spillway is used, its crest shall be at least
1.8d above the intert of the hooded inlet and at least 0.5' free-
board shall be provided above its maximum flow depth.

2. Bend A is optional to ease installation.

3, The baffle shall be similar to that illustrated in APPENDIX
R-7.

4, See APPENDIX B-7 for capacity data on both CMP and smooth
metal pipe.

5. A reinforced concrete slab may be substituted for the riprap
at the pipe inlet. The slab shall be at least 6" thick with a

minimum of one grid of #3 re-bars at € spacing. The slab shall
be bedded with at least 3" of clean <« .J, /
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1.

2,

CONSTRUCTION SPECIFICATION

GRADE S?ABILIZATION-STRUCTURE
(Temporary Pipe Drop)

The structure shall be placed ‘in undisturbed soil or well

‘compacted fill.

The cut or £ill slope shall not be steeper than 1 vertical
28 i.S horizontal (1.5:1) and should not be flatter than

The pipe shall be embedded in the embankment to a depth that
will insure stability.

Protective measures of concrete or riprap shall be installed
at the inlet and outlet as needed to protect against erosiom.

The pipe shall be of smooth or corrugated metal of the re-
quired strength and durability.

Backfill shall be placed in layers and tamped to inéufé
adequate compaction. .

Adequate vegetative protection and drainage works shall be
installed within the exgected life of a temporary structure
which is considered to be about 18 months. The structure

shall be removed after serving its useful life and the site
is properly graded and seeded. '

~
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'USDA, éqii.COnservation Service

Columbus, Ohio June 1978

‘STANDARDS.AND SPECIFICATIONS
FOR .
' GRASSED WATERWAY OR OUTLET

Definition

«

«

A matural or constructed waterway or outlet shaped or graded
and established in suitable' vegetation as needed for safe
disposal of' runoff water. ]

4 Purpose ‘

To provide for the disgosal of excess surface water from con-
struction sites and urban areas without causing erosion..

Condition Where Practice Applies

This practice applies to sites where added capacity or vegeta-
tive protection or both are required to control erosion result-
ing from concentrated runoff.

Supplemental measures may be required with this practice. These
may include such things as (1) grade control structures, (2) . .
subsurface drainage to permit growing suitable vegetation an

to eliminate wet spots that may be a nuisance, (3) a paved
channel bottom or buried storm drain to handle frequently uvccur-
ring storm runoff, base flow, or smowmelt.

4pesign Criteria

Capacity ' ~

The minimum capacity shall be that required to convey the peak
runoff expected from a 24-hour, 10-year frequency storm. Runoff
will be computed by the method outlined in Chapter 2, SCS
Engineering Field Manual for Conservation Practices, or by other
acceptable methods. Runoff computation will be based upon the
most severe soil and cover conditions that will exist in the
area draining into the waterway during the planmed life of the
stracture.

Velocity

The design velocity is to be based upon soil, duration of flow,
and type and quality of vegetation. Design velocities will be
determined using charts in APPENDIX B-3, except that velocities
exceeding 5 feet per second shall be used only where good cover
and proper maintenance can be attained.
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USDA, Soil Conservation Service June 1978 .~ *

Columbus, Ohio .

" Channel Dimensions -~ . ..

“

Channel -dimensions will be determined using the appropriate
retardance factor, or by Manning's formula using a suitable 'n"
value. Parabolic channel-sizes may be selected using charts in )
APPENDIX B-3. On steep areas where stone centered waterways are
required, the channel sizes may be selected using APPENDIX B-4.

Cross Section

The cross section may be parabolic; vee-shaped, or trapezoidal.

Width

The bottom width of trapezoidal waterways oOT outlets are not to
exceed 50 feet unless multiple or divided waterways are used,
or other means provided to control meander of low flow.

Depth

The minimum depth of waterway receiving water from diversions or
tributary channels is to be that required to keep the design
water surface in the waterway or outlet at or below the design
water surface elevation in the diversion or other tributary channel
at their junction. To provide for loss in channel capacity due

to vegetal matter accumulation, sedimentation, and normal seed-
bed preparation, the channel depth and width should be increased
proportionally to maintain the hydraulic properties of the water-
way. In parabolic channels this may be accomplished by adding

0.3 foot to the depth and 2 feet to the top width of the channel.
This is not required on waterways located in natural watercourses.

Where a paved bottom is used in cqmbination with vegetated side
slopes, the paved section is to be designed to handle the base
flow, smowmelt or rurnoff from a one-year frequency storm which-
ever is greater. The flow depth of the paved section shall be
a minimum of 0.5 foot.

Draihage

In areas with high water table or seepage problems, subsurface
drainage or stone centers will be provided. A minimum drainage
coefficient of 3/8 inch in twenty-four/(24) hours is to be used
for subsurface drainage design. An open joint storm drain may
be used to serve the\same purpose an also handle storm runoff,
base flow or smowmelt. The storm drgin should be designed to
handle base flow, smowmelt, or the 'runoff from at least a one-
year frequency storm, whichever is griater.

gt
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'USDA, Soil Gonservation Service |  June 1978

Columbus, Ohio

CONSTRUCTION SPECIFICATION -
GRASSED WATERWAY OR OUTLET

All trees, brush, stumps and other objectionable materlal
shall be removed and disposed of in a manner so that they will
not interfere with construction or the proper functioning of
the waterway or outlet.

The waterway or outlet shall be constructed to the dimen-
sions specified on the design, and the cross section shall be
free from bank projections or other irregularities.

All ditches or other depressions below the designed grade
will be backfilled with fill material that is free from brush,
roots, sod or other perishable material, and rocks in excess
of 6 inches in diameter. Backfill will be placed in approxi-
mately uniform horizontal layers of not more than 9 inches in
thickness and each layer will be compacted using the treads
or tracks of the construction equipment.

All excavated material not needed in the consttuctxon of
the waterway or outlet shall be spread or disposed of so it
will not interfere with the flow of water into the waterway.

When specified on the design, topsoil from the constru-
ction area will be preserved by stockpiling. After the
waterway has been constructed to proper grades and cross
section with proper allowance for topsoil, the topsoil will be
unxﬁormly spread over the area to a minimum depth of four (4)
inches |

Waterways or outlets shall be protected against erosion by
vegetative means as soon after construction as practical and
before diversions or other chanmels are outletted into them.
Consideration should be given to sodding channels to provide
erosion protection immediately after constfuction.

Seeding, fertxllzlng, mulching, and soddlng shall be per-
formed according to Critical Area Planting Specifications,
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USDA, Soil Conservation Service * =~ . -
Cdlumbus, Ohio C e .

. STANDARD AND SPECIFICATIONS .’
o ‘ . FOR .
HEAVY USE AREA PROTECTION

~

" pefinitions

Protecting heavily used areas by establishing vegetative
cover, by surfacing with suitable materials, or by installing
needed structures. (Does not include Critical Area Planting
or Recreation Area Improvement.) : '

Purgose

This practice is used to stabilize urban, recreation,
or essential facility areas subjected to sustained heavy use
by people, animals or vehicles. .

Conditions Where Practice Applies

On urban and recreation or other areas subjected to sus-
tained heavy use that require special treatment to protect the
area from erosion or other environmental deterijoration.

Design Criteria

Drainage and'Ero>f9n Control
Provision sha.i be made for surface and subsurface drain-
age as needed, and for disposal of runoff without erosion.

"Base Course » ‘
ATT areas to be paved shall have a 6-imch base course of
gravel, crushed stone, or ther suitable material.

Areas subject to automotive traffic shall be designed for
a wheel load of at least 4,000-pounds.

‘Surface Treatment .

T=3halt - The thickness of the asphalt course, the kind .
and Size of aggregate, type of proportioning ‘'of bituminous
materials and the mixing and placing of these materials shall
be in accord with good highway practice 'for the expected load-
ing.
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USDA, Soil €onservation Service

Columbus, Ohie . ) June 1978

Concrete - The quality and thickness of concrete and the
spacing and size of reinforcing.steel shall be appropriate
fur the expectdd loading and in accord with sound engineering
practice. _ < '

~_Gravel - Minimum thickness for gravel surface shall be 2
inches.

Other - Where other surfacing materials are.used, such as
cinders, tanbark, sawdust, etc., the minimum thickness shalil
be 2 inches. : :

Structures® :
AIT structures shall be designed in accordance with appro-
priate Soil Conservation Service standards and specifications.

Sprays and Artificial Mulches :

Sprays of asphalt, oil, plastic, manufactured mulches and
similar materials will be installed in accordance with the
manufacturers recommendations, -

Vegetative Measures o
Liming, fertilizing, seeding and sodding will be in accord
with the Vegetative Standards appropriate to the area.

Safety .
Necessary safety features, considering the intended use and
site topography, will be included in the plan.

Plans and Specifications

Plans and Specifications for Heavy Use Area Protection

shall be in keeping with this standard and.shall describe the

requirements for application of the practice to achieve itg
intended purpose.

Special attention will be given tq saving and maintaining
key trees and other vegetation that has scenic value, provides
shade, reduces erosion and runoff, provides den and food for
wildlife or that adds to the aesthetics of the area. Measures
and construction methods that enhance fish and wildlife values
shall be incorporated as nceded and practical.

Special features to control erosion during construction
will be incorporated as required.

50
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USDA, Soil Conservation Service .. June 1978
Columbus, Ohio

All required smoothing, grading, or leveling shall be
completed prior to the start of surfacing operations. The
subgrade shall be compacted as necessary to attain a firm
foundation for the su.facing material.

_Bituminous surfacing shall be in accordance with Section
400 of the ODH Construction and Material Specifications,

Construction Operations shall be carried out in such a man-

ner that erosion and air and water pollution will be Kkept to
a minimum..
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USDA, Soil Conservation Service ‘
Columbus, Ohio ) June 1978

STANDARDS AND SPECIFICATIONS
FOR
LAND GRADING

Definition

Reshaping the ground surface by grading to planned grades whlch
are determined by ragineering survey and layout.

Purpose

The practice is for one or more of the following: Provide more
suitable sites for buildings, facilities and other land uses;
improve surface drainage; and control erosion.

Conditions Where Practice Applies

The practice is applicable where grading to planned elevations
is practical.

Planning Criteria

The grading plan and installation shall be based ugon adequate
surveys and investigations, The plan is to show the location,
slope, cut, fill, and finish elevation of the surfaces to be
graded and the auxlllary practices for safe disposal of runoff
water, slope stabilization, erosion control and drainage such
as waterways, lined ditches, diversions, grade stabilization
structures, retaining walls, and surface and subsurface drains.

The development and establishment of the plan shall include the
following:

1. The cut face of the earth excavation which is to be
vegetated shall not be steeper than 2 horizontal to
1 vertical. Cut slopes of areas not to be vegetated
shall be at the safe angle of respose for the materials
encountered.

2. The permanent exposed faces of fills shall be no steeper
than 2 horizontal to 1 vertical.

3. Provisions are to be made to safely conduct surface water
to storm drains or suitable natural water courses and to
prevent surface runoff from damaging cut faces and fill
slopes.



USDA, Soil Conservation Service
Columbus, Ohio ( . June 1978

4., Subsurface drainage is to be'grovided (1) in éreas
having high water table, or (2) to intercept seepage
that would affect slope stability, building foundations

or creace undesirable wetness.

5. Excavations shall 1t be made so close to property
line® ~3 tn endanger adjoiuing oroperty without sup-
porting and protecting such property from erosion,
sliding, sectling or cracking. -

6. No fill is to be placed where it will slide, or wash
upon the premises of another, or so placed adjacent
to the bank of a channel as to create bank failure or
reduce the natural capacity of the stream.

7. Fills are to consist of material from cut areas,
borrow pits, or other approved sources.

53
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'USDA, Soil Conservation Service
Columbus, Ohio June 1978

CONSTRUCTION SPECIFICATION
LAND GRADING

Timber, logs, brush, rubbish, and vegetable matter which will
interfere with the gradlng operation or affect the plamned

- stability of fill areas shall be removed and disposed of accord-
ing to tge plan.. ,

Topsoil is to be strlppéd and stockpiled in amounts necessary
to completely finish grading of all exposed areas requirxng
topsoil for the establishment of wvegetation.

Fill material is to be free of brush, rubbish, rocks, logs, and
stumps in amounts that will be detrimental to constructing
stable fills.

Cut slopes which are to be topsoiled will be scarified to a
minimum depth of 3 inches prior to placement of topsoil.

Unless otherwise regulated by stricter controls of local build-
ing codes, all fills intended to support buildin%s, structures,
sewers and conduits are to be compacted to a minimum of 90 per-
cent of standard proctor with proper moisture control. Com-
paction of other fills will be as required to reduce slipping,
ercsion or excess saturation.

Frozen materials or soft, mucky or easily compressibl. materials
are not to be incorporated in fills intended to support buildings,
parking lots, roads, structures, sewers or conduits.

Maximum thickness of layers of fills to be compacted are not to
- exceed 8 inches.

All areas are to be rough graded to within 0.2 foot of the planned
elevation after allowance has been made for thickness of topsoil,
paving or other installations.

All disturbed areas shall be left with a neat and finished ap-
pearance.

Seeding, fertilizing, mulching, and sodding shall be in ac-
cordance with applicable standards.
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STANDARD AND SPECIFICATIONS
FOR ,
MULCHING

STANDARD

- Definition

Stabilizing silt-producing areas by applying plant residues
or other suitable materials, not produced on the site, to the
surface of the soil. ‘

Purgose

To reduce runoff and erosion

Conditions Where Practice Applies

Graded or cleared areas which are subject to erosion for
six months or less; where seedings may not have a suitable
growing season to produce an erosion retardant cover, but
which can be stabilized with mulch cover.

SPECIFICATIONS

I. Site Preparation

A. Grade as needed and feasible to permit use of conven-
tional equipment for applying and anchoring mulch.
-A"\
B. Install needed erosion control practices such as di-
versions, temporary waterways for diversion outlets,
and desilting basins.

11. Mulching

A. Mulching materials should be unweathered small grain
straw (Preferably wheat) and should be applied at the
rate of 2 tons per acre or 100 pounds (2-3 bales) per
1000 square feet.
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B. Spread mulch uniformly by hand or mechanically so the

soil 1Is surface covered.

C. Mulch

Anchoring should be accomplished immediately after

‘placement to minimize loss by wind and water,

D. Mulch

Anchoring Methods.

1. Mulch anchorlAgttool - Use a mulch anchoring tool with

a series of £l

notched discs tkat punch and anchor

the mulch mater1a; into the soil.

2. Asphalt gglch tie-down

&

a.

Liquid asphalt - Rapid curing {R.C. 70, 25C, or 800)
or medium curing (M.C. 250 or 800). Apply 0.04
gallons per square yard or 200 gallons per acre.
Liquid asphalt, since it is cut back with a kerosene
like product, can be applied durlng freezing
weather.

. Emulsified asphalt - Rapid setting (R.S. 1 or 2),

medium setting (M.S. 2) or.slow setting (S.S. 1).
Apply 0.03 gallons per square yard or 160 gallons
per acre. Emulsified asphalt contains approxi-
mately 50% water, therefore it cannot be applied
during freezing weather.

3. Mulch Nettings - Staple lightweight paper, jute,

cotton, or plastic nettings to the soil surface
according to manufacturers recommendations. Use in
areas of water concentration to hold mulch in place.
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USDA, Soil Conservation Service _ June 1078
Columbus, Chio B :

STANDARD AND SPECIFICATION
" FOR '
- TEMPCRARY SEDIMENT BASIN

Definition

A temporary barrier or dam constructed across a watercourse
- or at other suitable locations to retain sediment and
‘other waterborne debris. ‘ .

Scope

This standard establishes minimum acceptable quality for
the design and construction of temporary sediment basins
formed by an embankment, excavation, or a combination of
embankment and excavation. This standard is limited to .
sites where:

(1) Failure of the structure would not result in
loss of life; damage to homes; commercial, or
industrial buildings; damage to highways or
railroads, or interruption of use or service
of private utilities. :

(2) The height of dam is 25 feet or less, as

measured from the natural stream bed at centerline

of dam to the top of dam, :
(3} The total volume of storage is- 150 acre-feet or less.
(4) The drainage area is 100 acres or less.

(5) The basin will be removed within a three-year
. period after construction.

Purpose

Temporary sediment basins are used as a means of trapping
and storing sediment from eroding areas in order to
protect downstream areas from damage resulting from
sedimentation and waterborne debris.
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. - ' ‘ June 1978
Conditions Where Practice Applies '

Temporary sediment basins apply where physical site
conditions or other restrictions preclude the installa-
tion of erosion control measures to adequately control
erosion and sedimentation. It may be used downslooe from
construction operations which expose areas to erosion.
Temporary sediment basins will be removed after the exposed
areas are adequately protected against erosion by vegeta-
tive or mechanical means.

Compliance with Laws and Regulations

Unless otherwise excepted under Section 1521.06 of The Ohio
Revised Code, all dams with a height of ten (10) feet or
greater require a construction permit prior to the start of
construction. Construction permits are obtained from The
Division of Water, Ohio Department of Natural Resources.
(The height of dam is measured from the natural streambed
at the centerline of dam to the spillway level. If two
spillways are used, measure from lowest spillway).

Design and constructidn shall comply with all local laws,
ordinances, rules and reégulations.

Ty

’ Nt
Design Criteria for Temporary Sediment Basins

Sediment Volume

The minimum capacity of the sediment basin to the elevation
of the crest of the pipe spillway shall be 200 cubic yards
(0.125 acre-feet) for each acre within the drainage area that
will be disturbed by construction during the designed life of
the sediment basin. If other areas within the drainage area
are actively eroding, additional sediment capacity must be
added (Volume will be determined based on site conditions).

Sediment basins will be cleaned out to their designed capa-
city when sediment retained in the basins has reduced its
capacity to 60 percent of the designed volume.

Basin dimensions necessary to determine the designed sediment
volume shall be clearly shown on the plans to facilitate
plan review, construction, operation and maintenance.

Shape of Basin

)
The basin configuration shall be such that the effective flow
length through the basin is at least two times the average
width of the basin. Baffles will be used when recessary to
prevent short circuiting.
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Classes of Sediment Basins ;. 3

TABLE T

Maximum
Maximum  Height *
Drainage of Pipe " Design-
‘ Area Emtankment Spillway Emergency Storm
Class (Acres) (ft.) Required Spillway Frequency

1 20 5 Yes ’ No 10 Yrs..
2 20 25 Yes Yes | 10 Yrs.
3 . 100 25 ¥es Yes 25 Yrs.

*leight 1s measured from the low point of original ground
at the centerline of dam to the top of the dam.

Pipe Spillway Design

Runoff shall be computed by the method outlined in Chapter
2, Engineering Field Manual for Conservation Practices, SCS,
or by other acceptable methods. Runoff computations shall
be based upon soil cover conditions of the contributing
drainage area .during the design iife of the structure.

For Class 1 Dams, the capacity of the pipe spillway will

be sufficient to pass the runoff of a 10-year frequengy

24-hour duration storm, For.Class 2 and Class 3 Dams the
capacity of the pipe spillway will be sufficient to pass

the runoff of a 2-year frequency 24-hour duration storm.

In all cases the minimum diameter of the conduit shall be

eight inches. Pipes may be designed by using: (1) Peak
runoff of the design storm or (2) Floed-routing design

storm using the procedure in Appendix B-5.4, or other acceptable
able mehtods.

a. (Crest Elevation - The crest elevation cf the
riser or hood inlet shall be at the elevation
of the designed sediment volume.

b. Riser - Non perforated risers shall be completely
watertight except for the inlet opening at the
top. Manufactured stubs or knockout plugs for
dewatering the basin may be used. The riser
shall have a cross-sectional area of at least
1.3 times that of the pipe barrel. Risers may
Ye located in the sediment pool or in the upstream
slope of the embankment.
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Perforated risers are not.recommended because
-of their adverse effect on the trap efficiency
of the basin. However, if it is necessary to
use a perforated riser, the pipe will be per-
forated with 1 1/2 inch diameter holes spaced
¢ight inches vertically and 10 to 12 inches
horizontally.

Antivortex Device - an antivortex device shall
be installed at and firmly attached to the top
of the riser. The antivortex device should be
a vertical steel plate and installed parallel
with the pipe barrel; minimum length = .riser
diameter + 12"; minimum height = pipe barrel
ciameter or 12", whichever is greater.

For hooded inlets an antivortex device shall

be installed in accordance with details in
Appendix B-5.12. X :

Trash Rack - Trash racks are recommended for
all principal spillways, however, they are
required when the basin is located in a wooded
drainage area or subject to floating debris,

or where the riser will create a safety problenm.

Riser Base - The riser shall have a watertight
base and shall have sufficient weight to prevent
flotation of the riser.

The minimum factor of safety against flotation
shall be 1.1. Where concrete is used for the
riser base, the following “formula may be used
in calculating the required volume of concrete:

HW
R

V = 0.62HD? - 87.6

Where: H = Height Riser (ft)
D = Diameter Riser (ft)
Wp = Weight Riser (1b/ft)
V'= Volume of Concrete (ft3)

Anti-Seep Collars - Anti-seep collars will be
installed around the pipe barrel for all instal-
lations where the height of earth fill over the
top of pipe is five fegt or greater. The combina-
tion of the number of cdilars and the collar
projections must increasg the length of the line
of seepage by at least percent.
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Select the desired number of collars

and solve for the minimum projection:
"V = 0,075 L/N
-or-

Select the collar projection and solve
for ‘the minimum number of collars. .

N = 0,075 L/V

Where: V = Collar projection in feet
N = Number of collars
L = Length of pipe within embankment

Where more than one collar is used, they shall
be spaced approximately 25 feet apart.

g. Outlet Projection - The pipe barrel shall out--
Tet at dpproximately the lowest elevation of
the valley cross section at the downstream toe
of the dam. Protection using rock riprap,
paving or other acceptable materials will be
used to convey pipe discharge to a stable water-
course in an erosion free manner.

Emergency Spillway

. For. Class 1 sediment basins, the embankment will be used
as an emergency spillway and the downstream slope shall
be 5:1 or flatter. Also, the downstream slope must be
immediately protected with vegetation, rock riprap or
other acceptable materials,

Emergency spillways shall be constructed for all Class 2
and 3 sediment basins. The spillway cross section shall
be trapezoidal with a minimum bottom width of 8 feet and
steepest sideslopes of 2:1.

(1) Crest Elevation - the crest of the emergency
Spillway will be set at the elevation required
to pass the 2-year frequency 24-hour duration
storm through the pipe spillway. In no case shall
the difference in elevation between the crests of
the pipe spillway and the emergency spillway be
less than 1.0 foot.

(2) Capacity - The minimum capacity of the emergency
spillway shall be that required to pass the peak
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:;¢ s rate of runoff from the &egign storm (See\
| Table 1), minus the capacity of the pipe . &
spillway. Emergency spillway dimensions TR

. can be determined using charts in Appendix - =5
B-5.8 through 11. | : o ™

(3) Velocities - The maximum allowable velocity C

of flow in the exit section of vegetated ~ @
emergency spillways shall be six feet per S

_second. For spillways with erosior protection - -~ =

other than vegetation, velocities shall be in: b

the safe range for the type of protection used.

¢ Y

Freeboard ) - N

_ For Class 2 and 3 basins the freeboard is the difference in
elevation between the flow elevation (Hp) of the emergency
spillway and the top of the settled embankment. For Class 1 :
basins the freeboard is the difference in elevation between a
the stage required to pass the design storm through the pipe 8 \

spillway and the top of the settled embankment. In all cases
the minimum freeboard shall be 1.0 .foot. -

Embankment (Earthfill)

For Class 1 basins, the minimum top width shall be 10 feet; . . _.._
the upstream slope shall be no steeper than 2:1 and the
downstream slope shall be no steeper than 5:1.

For Class 2 and 3 basins, the minimum top width shall be
10 feet, and the side slopes shall be no steeper than 2 1/2:1.

An allowance for settlement of at least 10 percent'will be
added to the design height of the embankment.

Vegetative Protection

Vegetation will be established upon ccmpietion of construc-
tion of the embankment, emergency spillway and other areas !
distursbed by construction. r

Safety

Where sediment basins are accessible to the public, they shall
be fenced and posted. All additional health and safety
measures required by local ordiances will be installed.
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. CONSTRUCTION SPECIFICATION o R

_TEMPORARY SEDIMENT BASIN =~ | -

Embankment Bgsins

The foundation area shall be cleared of all trees, stumps, roots, brush -
B boulders, sod, and debris. All channel banks and sharp breaks shall be
A sloped to no steeper than 1:1. All topsoil containing excessive amounts
of organic matter shall be removed. The surface of the foundation™ area
will be thoroughly scarified before placement of the embankment material. =

The cutoff trerich shall be excavated to the lines and grades shown on the
plans or as changed during construction because of site conditions, and : ~
shall be backfilled with suitable material 'in the same mannexr as specified : '
for earth embankment. The trench shall be kept free of standing water

during backfill cperations. '

Existing stream channels crossing the foundation area shall be sloped no
steeper than 1:1 and deepened and widened as necessary to remove all stones,
gravel, sand, rocots, and other objectionable material and to accommodate
compacting equipment. Such channels shall then be backfilled with suitable
Tﬁﬁzrial as specified for earth embankment. -

The pipe conduit barrel shall be placed on & firm foundation to the lines
_and grades shown on the plans.  Selected backfill material shall be placed
around the conduit in layers and each layer shall be compacted to at least
the same density as the adjatent embankment. All compaction within two (2)
feet of the pipe spillway will be accomplished with hand operated tamping -
equipment. \

The completed spillway excavation shall conform to the lines, grades,
bottom width, and side slones shown on the plans as nearly as skillful
opeartion of the excavation equipment will permit.

All borrow areas outside the pool area shall be graded and left in such a
manner that water will nct be ponded.

The material placed in the fill shall be free of all sod, roots, frozen soil,

stones over six inches in diameter, and other objectionable materidl. The

placing and spreading of the £ill material shall be started at the lowest

point of the foundation and the fill shall be brought up in approximately

€-inch horizontal layers or of such thickness that the required compaction

, can be obtained with the egquipment used. Construction equipment shall be .
operated over the area of each layer in a way that will result in the required A
compaction. Special equipment shall be used when the required compaction ’
; 'be obtained without it.

TV %
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The diatrihution and gradation nt materials throughout the £ill shall

be such that there will be no lenaes, pockets, stredks, or layers cf
material differing substantially in texture or gradation from the sur-
rounding material. Where it is necessary to use materials of varying
texture and gradation, the more impervious material shall be glaced

in the upstream and center. portions of the fill.

N

. The moisture content of f£ill material shall be such that the required
:degree of compaction can be obtained with the equipment used.

Fill shall not be placed on frozen, slick or saturated soil.

The topsoil material saved in the site preparation shall be placed as

& top dressing on the surface of the emergency spillways, embankments,
and borrow areas. It shall be evenly spread to a thickness as specified
on the plans. ‘

A protective cover of vegetation shall be established on all exposed
surfaces of the embankment, spillway, and borrow areas to the extent
practical under prevailing soil ‘and climatic conditions.

Seedbed preparation, seeding, fertilizing, and mulching shall comply
with the local SCS Technical Guide.

Excavated Basins

The completed excavation shall conform to the lines, grades and elevation
shown on the plans as nearly as can be achieved hy skillful’ operation
of the excavating equlpment.

The material excavated from the basin shall be placed in one of the
following ways so that its weight will not endanger the stability of
the side slopes and where it will not be wvashed back into the basin by
rainfall:

1. Uniformly spread to a height not exceeding three feet with the
top graded to a continuous slope away from the bains.

2. Uniformly placed or shaped reasonably well with side’ slopes
assuming the natural angle of repose for the excavated material
behind a berm width equal to the depth of the basin, but not
lass than 12 feet.
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3. When excavated materials are used to construct a low embankment,
the embankment shall have a minimum top width of 10 feet, and the
steepest side siopes shall be 2 to 1 upstream and 5 to 1 downstream.
All sod and other unstable or deleterious material will be removed
from under the embankment, prior to placement of excavated
material. : .

Final Disposal

€

In the case of temporary strustures when the intended purpose has been
accomplished and the drainage area properly stabilized, the embankment and
resulting silt deposits are.to be leveled or otherwise disposed of in
accordance with the plan, ' T

D
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STANDARD AND SPECIFICATIONS
FOR

SODDING

STANDARD

Definition

Stabilizing silt-producing areas with grass sod.

Purgose

To stabilize the area, to reduce damages from sediment and
runoff to downstream areas.

Conditions Where Practice Applies

Graded areas subject to erosion and water concentration
where an immediate vegetative cover is desired and feasible.

SPECIFICATIONS

I. Site Preparation

A. Stockpile topsoil to apply to sites that are otherwise
unsuited for establishing vegetation.

B. Grade as needed and feasible to permit the use of con-
ventional equipment for sodbed preparation. After grading
operation spread topsoil where needed.

-

I1. Sodbed Preparation

A Lime (In lieu of a soil test) cn acid soil and subsoil
apply 100 pounds per 1000 square feet or 2 tons per acre
of agricultural ground limestone or equivalent. For
best results make a soil test.

B. Fertilizer (In lieu of a soil test). Apply 25 pounds per
1000 square feet or 1000 pounds per acre of 10-10-10 or
12-12-12 analysis. For best results make a soil test.

—_
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Work lime and fertilizer into the soil with a disk
harrow, 'springtooth harrow, or other suitable field
equipment to a depth of 3 inches.

Prior to sodding, the soil surface should be cleared of
all trash, debris, and stones larger than 1 1/2 inches

in diameter, and of all roots, brush, wire, and other
cbjects that would interfere with the placing of the sod.

After the lime and fertilizer has been applied and just

prior to the laying of the sod, the soil in the area to be
sodded should be loosed to a depth of one inch. The soil
should be thoroughly dampened immediately after the sod -
is laid if it is not already in a moist condition.

I11. Cutting and Handling of Sod

AL

The sod should consist of strips cf live, vigorously
prowing grass such as bluegrass or tall fescue. The sod
should be free of noxious and secondary noxious weeds
and should be obtained from good, solid, thick growing
stands. The sod should be cut and transferred to the
job in as large continuous pieces as will hold together
and are practical to handle.

The sod should be cut with smooth clean edges and square
ends to facilitate laying and fitting. The sod should be
cut to a uniform thickness of not less tlan two inches
measured from the crown of the plants to the bottom of

the sod strips for all gre¢ 's except bluegrass. Blue-
grass sod should be cut to a uniform thickness of not less
than one and one-half inch. ?

The sod should be mowed to a height of not less than two
inches nor more than four inches prior to cutting.

The sod should be kept moist and covered during hauling
and preparation for placement on the sodbed.

V. Placing the Sod

AL

No sod should be placed when the temperature is below
32°F. No frozen sod should be placed nor should any

sod be placed on frozen soil. When sod is placed between
the periods of June 1 and October 1, and bhetween the
periods December 1 and March 1, it should be covered
immediately with a uniform layer of straw mulch ap roxi-
mately one-haif inch thick or so the green sod 1is Earely
visible through the mulch.
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Sod should be\carefully placed and pressed together so

it will be continuous without any voids between the pieces.
Joints between the ends of strips should be staggered.

The edge of the sod at the outer edges of all gutters

shall be sufficiently deep so that the surface water will

flow over and onto the top of the sod.

On gutter and channel sodding the sod should be carefully
placed in rows or strips at right angles to the centerline
of the channel (i.e. at right angles to the direction of
flow). On steep graded channels each strip of sod should
be staked with at least two stakes not more than eighteen
inches apart. The stakes should be wood and should be
approximately 1/2 X 3/4" X 12". They should be driven
flush with the top of the sod and with the flat side
against the slope.

On slopes three to one, or steeper, and where drainage
into a sod gutter or channel is one half acre or larger,
two inch poultry netting should be staked in place on
the surface of the sod. The netting and sod should be
staked with at least two stakes not more than eighteen
inches apart. ”

The stakes should be wood and should be approximately
1/2" X 3/4" X 24". They should be driven with the flat
side against the slope and on an angle toward the slope.
The netting should be stapled on the side of each stake
within two inches of the top of the stake. The stake
should then be driven flush with the top of the sod.

The sod should be tamped or rolled after placing and
then watered. Watering should consist of a thorough
socaking of the sod and of the sodbed to a depth of at
le:..st four inches. The sod should be maintained in a
moist condition by watering for a period of thirty days.

Any areas disturbed so as to destroy present seedlings
along the edge of the sodbed should be reseeded and
mulched as specified in the permanent Seeding Standards
and Specifications. '
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STANDARD AND SPECTFICA?IONS
‘FOR
TOP SOILING

STANDARD

Definif on

Obtaining topsoil from oth:r places and spreading it over
the area to be stablized.

Purgose

To provide a suitable soil medium for vegetation growth on
areas where other measures will not produce or maintain a
stand of desirable vegetation.

Conditions Where Practice Applies

This practice applies to sites where:

1. The texture of the exposed subsoil or present material
is clay, silty clay, sand or loamy sand which is not
suitable to produce adequate vegetative growth.

2. The soil material is so shallow that the rooting zone
is not deep enough to support plants and furnish con-
tinuing supplies of moisture and plant food.

3. The soil to be vegetated contains material toxic to

plant growth. (Coal blossom, aluminum, iron, extreme
acidity, etc.)

SPECIFICATIONS

SECTION I - SUBSOIL PREPARATION (Where topsoil is to be added)

Note: This specification applies only if additional topsoil
will be deposited over existing soil.

A. General: The areas to which these specifications apply

and on which topsoil is to be spread shall be indicated
on the drawings or as otherwise specificed.

Q 69 723
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Grading: Grades on the areas to be topsoiled which have

een previously established in conformance with the draw- '

ings shall be maintained.

Liming: Where the subsoil is highly acid, Agricultural
Ground Limestone, or its equivalent, shall be spread at
the rate of 100 pounds per 1000 square feet. Liming
material shall contain calcium and/or magnesium equal to
not less than 90% calcium carbonate equivalent, and the
material shall be sufficiently fine so that 95% will pass
through a U. S. Standard No. 8 sieve and at least 40%
shall pass through a U. S. Standard No. 100 sieve. Lime
shall be distributed uniformly over the designated areas
and worked into the soil with the use of a disk harrow,
springtooth harrow, or other suitable field equipment.

Tilling: After the areas to be topscdiled have been
brought to grade, and immediately prior to dumping and
spreading the topsoil, the subgrade shall be loosened by
disking or by scarifying to a depth of at least 2 inches
to permit bonding of the topsoil to the subsoil.

SECTION II - TOPSOIL MATERIAL AND APPLICATION

Note:

Topsoil on the existing site may often be used but it
should meet the same standards as set forth in these
specifications.

. Materials - Topsoil shall be a sandy loam, clay loam,

Toam, siilt loam, sandy clay loam, or other soil approved
by the contracting representative. It shall not be a
mixture of subsoil and contain no slag, cinders, stones,
lumps of soil, sticks, roots, trash or other extraneous
material larger thaua 1 1/2 inches in diameter. Topsoil
must also be free of plants or plant parts of quackgrass,
Johnsongrass, nutsedge, poison ivy, Canada thistle, or
others as specified. All topsoil shall be tested by a
recognized laboratory for pH and soluble salts. A pH
of 4.5 to 7.5 is required. Soluble salts shall not be
higher than 500 parts per million.

y L
No sod shall be placed on soil which has been treated
with soil sterilants until sufficient time has elapsed
1o permit dissipation of tcxic materials.,
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Grading: The topsoil shall be uniformly distributed on

the designated areas and it shall be a minimum depth of

3 inches after firming. Spreading. shall be performed in
such a manner that sodding can proceed with a minimum of
additional soil preparation and tillage. Any irregu-
larities in the surface .resulting from topsoiling or other

operations shall be corrected in order to prevent the
formation of depressions or water pockets. Topsoil shall
net be placed while in a frozen or muddy condition, or
when the subgrade is excessively wet, or in a condition
that may otherwise be deterimental to proper grading or
proposed sodding.

Clean Up: After the topsoil has been spread and the final
grades approved, it shall be cleaned of all grade stakes,
surface trash, and other objects that would hinder main-
tenance of sodded and seeded areas. Paved areas over:
which hauling operations are conducted shall be kept

clean, and any soil which may be brought upon the surfacing
shall be promptly removed. The wheels of all vehicles
shall be kept clean to avoid tracking soil on the sur-
facing of roads, walks, or other paved areas.
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STANDARDS AND SPECIFICATIONS
FOR
WINDBREAKS

STANDARD

Definition-

A narrow belt of trees or shrubs established ﬁdjacent to
homes, buildings, streets, or in recreation areas.

Purgose

To protect soil resources, control snow deposition, reduce

wind velocity near buildings, screens, and provides wildlife

food and cover.

Conditions Where Practice Applies

To the windward of and a serviceable distance from:

a.
b.

C.

Homes and commercial buildings.
Streets.

Recreation Areas. ¢

SPECIFICATIONS

A, Design the Windbreak

1.

Number of tree rows needed: 3 is minimum without 3
shrub row; with 1 shrub row, 2 tree rows is required.

Directional orientation.

a.

bn

Minimum: One-leg, straight-line, perpendicular
to prevailing wind.

Preferable: Two-leg, L-shaped (as viewed from
above).

] .
Note: West and southwest winds are prevalent over most of Ohio;
west and northwest winter winds are considered most severe for
northwest area of Chio.

72 75.
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3. Distance between windbreak and near edge of protective
zone:

a. Not closer than: 75 feet.-

b. Optimum: 100-150 feet. .
4. Spacing betﬁccn TOWS:

a. Not closer than: 10 feet

b. Optimum: 16 feet.
5. Spacing in-the-row:

u;F‘Trecs, narrow crowned: 5-6 feet apart.

b. Trees, normal crowns: 10-12 feet apart.

¢. Shrubs: 2-6 feet apart.
6. Arrangement in-the-rows:

a. Stagger seedlings with relation to seedlings in
adjacent row.

7. Length of windbreak:
a. Minimum: 150 feet, each leg.

b. Optimum: Extend each leg 50-100 feet beyond last
point needing protection.

8. Tree Species:

Tolerance to Drainage and Acidity

Poorly to Moderately 1/
Somewhat Well to pH
Poorly Well Drained Range
Drained Sites Sites
a. Arborvitae Medium acid to
(Thuja occidentalis) Yes Yes mildly alkaline
b. Eastern redcedar Medium acid to
(Juniperus virginiana) Limited Yes mildly alkaline
c. Austrian pine Slightly acid to
(Pinus nigra) Yes Yes mildly alkaline
73
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Tolerance to Drainage and Acidity

Poorly to Moderately 1/
Somewhat Well to pH
Poorly  Well Drained Range
Drained Sites Sites
d. Scotch pine Strongly acid
(Pinus sylvestris) No Yes to neutral
e. White pine * Medium acid to
(Pinus strobus) Yes Yes mildly alkaline
f. Norway spruce . Strongly acid
(Picea abies) Yes Yes to neutral

*Best suited for leeward side

1/ Extremely acid Below 4.5 Slightly acid 6.1 - 6.5
Very strongly acid 4.5 - 5.0 Neutral 6.6 - 7.3
Strongly acid 5.1 - 5.5 Mildly alkaline 7.4 - 7.8
Medium acid 5.6 - 6.0

9. Shrub Species:

1/ 2/ .2
Soil Effective Seasons
Drainage  Fruiting Most
Tolerance Season Attractive
a. Autumn Olive '
(Elaeagnus unbellata) MY to WD F Sp, F
b. Amur privet
(Ligustrum amurense) WD F Sp
 ¢. Tatarian honeysuckle
{Lonicera tatarica) MW to WD S Sp, F
d. Rugosa rose .
(Rosa rugosa) WD S S
e. Medium purple willow
(Salix purpurea) VPD-MW - S
f. Common lilac
(Syringia vulgaris) MD-WD - » Sp
74
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1/ 2/ 2/
Soil Effective Seasons
Drainage Fruiting Most
Tolerance Season Attractive
\‘ ) .
g- Wayfaring tree ]
(Viburnum lantana) WD F-W F
' h. Nannyberry ;
! (Viburnum lentago) MW-WD F-W F
i, Flowering quince
(Chaenomeles japonica) MW-WD W Sp -
j. Silky dogwood
(Cornus amonum) VPD-MW S Sp
k. American cranberrybush X
(Viburnum trilobum) VPD-MW W F
1. Winged spindletree
(Euonymus alatus) WD F F
m. Forsythia
(Forsythia sp.) MW-WD - Sp

*# Use in northcentral and northwestern Ohio only.

1/ VPD - Very poorly drained

= $PD - Somewhat poorly drained
WD - Well drained
MW - Moderately well drained

2/ Sp - Spring

S - Summer
F - Fall
W - Winter

B. Order Planting Stock

1. Allow time for site preparation.
2. Order early to insure Jdelivery.

C. Prepare the Site

Eliminate weed, grass, and sod growth prior to planting
season.

p)
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D. Plant the Windbreak Stock
1. Keep stock cool and roots moist. _
2. Open plapting hole or slit deep enough and wide
enough to accommodate roots.
3. Set main root vertical, slightly deeper than it was
1? nursery; spread branch roots loosely.
4. Close planting hole Qr slit, bottom to top, and press
soil firmly against roots.
E. Protect and Maintain Windbreak

EY

1. Cultivate or chemical-spray against weeds, grass, and
other encroaching plants for at least two growing
seasons.,

b3

2. Irrigate seedlings, as needed, during first summer.

3.  Replace individual "drop-out'" stock as needed during
early years of windbreak life.

4. In subsequent years, before 1nd1v1dual trees become
crowded in the row, thin lightly as needed.
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WATER "EROSION ,
_ EROSION FACTORS AND THEIR CONTROL FOR LAND UNDER DEVELOPMENT IN OHIO

(4]

The topography of land being developed in Ohio varies widely
from steep to nearly level lands. Although erosion will occur
at a faster rate on the steeper slopes significant cff-site
damage from sediment can’ be observed on nearly level land that’
is poorly managed during development. The soil erosion process
begins with detachment of soil particles due to the impact of -
raindrops falling on bare, unprotected soil. Water flowing
across the soil surface tramsports these detached particles
downslope. When the velocity of the water slows, the sediment
is deposited.

Water erosion is affected by several factors: rainfall
intensity and duration, soil erodibility, length and steepness
of slope, vegetative cover, soil management practices, and
erosion control practices. These factors have been combined by
scientists (Wischmeier and Smith, 1965) into a universal soil
loss equation, for predicting soil losses from a given soil.
The equation is based on years of research and field experience .
with soil erosion and runoff throughout the eastern U. S., and
is being refined and improved in accuracy as more data and
experience with its use becomes available. This equation can
be used to predict sheet and rill erosion, but is not accurate
to predict gully erosion. Because of the extensive local data
available for use in the equation, it has general applicability
on most upland soils in this region. Briefly, the equation- is
as follows: e

A=RxKxLSxCx?P

Where: A is the computed soil loss in tons per acre per year,
; . the rainfall factor, K - the soil erodibility factor, LS -
the slope length ratio factor and the slope gradient ratio
factor, C - the cover-management (cropping-management) factor,
and P - the erosion control practice factor.

Numerical values for each of the six factors in the equation
were determined from research data and vary from one locality to -
another. Reference tables of these values have been developed .
to predict soil losses under a given set of conditions, and to
select that combination of practices to meet a given soil loss
limit. : ' :
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FIGURE 1: Average Annual Values of the Rairfall Factar, R. USDA Agr. Handbook No. 282, 1865

Research in Ohio has helped develop values for the various
factors in the soil loss equation for Ohio conditions. This
allows use of ‘the equation to help plan proper scil erosion
control programs. Some of the information on the soil loss

factors in Ohio are as follows:

RAINFALL ) :
The rélative erosion potential of rainfall over Ohio varies
less than 20 percent as shown in. Figure 1. The values shown .
The

are a measure of the average annual energy of all rainfall.
R factors range from 175 at Cincinnati to 125 at Toledo. Erosion

of bare soil by months is shown in Table 1.
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TABLE 1: Percent of Annual Erosion by Months* ] -
Isn  Fed Mar Apr May lump Jaly Awg Sept Oct Nov Dec

22 4 6 10 20 20 14 10 6 4 2

'Applicsble for bare medium textured Chio Soil éﬁ_slopes gfiiférlléhaﬁz'ééf

SOIL ERODIBILITY (K):

From direct soil loss measurements on selected soils, the

relative erod.bhility has been determined for most soil types

in tons per acre per unit of rainfall erosion poteutial.. The
soil erodilility or K-value for Ohio soils range from .17 to
.49, Obtain K value by determining texture of soil and select-
ing the prvoper value from Table 2, and 2A. Table Z is to be
used for undisturbed top soil, Table 2A is to be used for sub-
soils.and Table 2B is to be used for fill slogpes.

1/
Table 2

K Values for Topsoil

Texture of Surface layer | Estimated K Value
Clay, clay loam, loam, silty clay | .32
Fine sandy loam, loamy very fine sand,

sandy loam .24
Leemv fine sand, loamy sand 17
Sand 15

Silt loam, silty clay loam, very fine
sandy loam . .37

1/ X values fcr individual soil types are available in the county
Soil Conservation Service offices.
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‘rable 2A

K Values for Subsoil

Generalized Soil Category Estimated X Value of Exposed |
({Texture of Materials) Subsoil Material:
A. Outwash Scoils ) 2
Sand ° 17 ‘
Loamy Sand .24
Sandy Loam .43
Gravel, fine to mod. fine subsoil .24
Gravel, med. to mod. coarse subsoil .49
B. Lacustrine Soils
Silt loam and v. f. sandy loam .37 .
Silty clay loam .28
Clay and silty ciay .28 X
C. Glacial till
Loam, fine to mod. fine subsoil .32
Loam, med. subsoil .37
Clay loam .32
Clay and silty clay .28
D. Loess .37
E. Residual
Sandstone .49
Siltstone, nonchannery .43
Siltstone, channery .32
Acid clay shale .28 I
Calcareous clay shale or limestone :
residuum .24
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1700 e 13 L2122 .23 X0 o617 8T la2 2.2 2.8 %0 5.5% T 9 12 16 17 24 33 82 13 [ 1]
2000 o+ .20 .22 .23 .26 .32 .49 oT1 l.é 2.6 3.0 4.5 8.6 8 10 13 15 08 Z6 3 ST 80 104

LONTOUR LIMITS - 2 PERCENT 00 FEET, 8 PERCENT 200 FEET, 10 PERCENT 100 FEET, 14 « 26 PERCENTY 6D FEET.
TmE tFFECTIVENESS CF CONTGJRING BEYOND THESE LINITS IS SPECULATIVE,.

wMEN THE LENGTN OF 51 OPS YXCEEDS «C0 FEET AND (OR) FERCENT OF SLOPE EXCEEDS 26 PERCENT, SQlt L0SS ESTIMATES
ARE SPECULATIVE AS TRESE YALUES ARE BEYOND TuE RANGE OF RESEARCK OATA.

*Mhere the LS factors do not appear in Section 1II-A-T7, "Soil loss from Water Erasion (Sheet and
Ri11)," interpolate between the LS factors in the these tables to determine the soil loss a&nd

‘C" factor.

SLOPE LENGIH AND STEEPNESS (LS):

Slope (steepness or gradient) and slope length are two impor-
tant factors that affect erosion. A relative value of 1.0 has
been arbitrarily assigned to a 9% slope with a length of 73 feet,
The effects of siope steepness and length have been ~umbined into
LS values for uniform slopes shown in Table 3. These LS values
vary as shown in the table. For example, a 5% slope 100 feet in
length has an LS value of .54, while a 14% slope 300 feet in
length has an LS value of 4.0.
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A

When a slope steepens or flattens significantly toward the
lower end or is composed of a series of convex and concave
segments, its overall average gradient and length do not cor-
rectly indicate the topographic effect on soil loss. Neither
can successive slope segments be evaluated as independent slopes
when runoff flows from one segment to the next. For irregular
slopes, therefore, values read from Table 3 must be adjusted to
account for effects of the gradient changes. ‘

Convex slopes of the same percent and length as concave
slopes will have a significantly higher erosion hazard.

If two simplifying assumptions can be accepted, the adjust-
ment can easily be made. The assumptions are that (a) the
change in gradient is not -sufficient to cause upslope deposition
and (b) the irregular slope can be dividel into a small number
of equal-length segments in such a manner that, for practical
purposes, the gradient within each segment can be considered
uniform. For most slopes, three segments should be sufficient.

- ~-2%
a TTh<l10%
Sy LS
5% ~S19%
b R . 396
\Ls\/i N
e ~~_ PasJo% 32
TN~ _10% 3
> o= *\
d \\\!5% \\\\ 2-80
\‘\ \’f
\+~‘~§ZQ
e \\\\15% L \'9\% 2.58
e S
Tl 10%
! .‘1“"~—§3344 2.2

Length = 400

Figure 2. Demonstration of effect of siope
shape on LS vaiue.

i
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Table 4. Factors to adjust LS chart values for-
successive segments of a slope where the slope-
length exponent equals 0.5

Number Equal-length Segments
Segment, No. into which the Slope is
(Top to Bottom) _ pivided for Evaluation of IS

2 3 4 l
1 0.71  0.58  0.50  0.45
2 1.29  1.06 .91 .82
3 1.37 1.18  1.06
4 1.40  1.25
5 1.42

Procedure

Divide the convex, concave, ar complex slope into three
equal segments (Figure 2) and ascertain the percent slope for
each segment. Enter Table 3 with the total slope length, and
read the LS value corresponding to the steepness of each of
the three slope segments. Multiply the chart value for the
upper segment by 0.58, the middle-segment value by 1.06 an4
the lower-segment value by 1.37 (factors obtained from Table
4). The average of the three products is then-a good estimate

of the effective LS value for that slope.
If two segments are sufficient, or if more than three are

required, substitute the appropriate adjustment factors from
Table 4,
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Examgle

Assume a convex slope 400 feet long for which the upper
third averages 5 percent slope; the middle third, 10 percent;
and the lower third, 15 percent (Figure 2). Enter Table 3 with
the 400 foot total slope length and copy the values shown in
that line for slopes of 5, 10 and 15 percent: 1.0, 2.8, and
5.0. Multiply the three values by the previously mentioned

adjustment factors (Table 4), 0.58, 1.06, and 1.37, respectively,

and average the products. In tabular form the computations are
as follows:

Segment Slope Table 3 Table 4 Segment

No. $ Value - Factor _1s
1 5 1.0 0.58 .58
2 10 2.8 1.06 2.96
3 - 15 5.0 1.37 6.85

Average LS 3.46

For a 400 foot concave slope, assume the percentage reversed
(Figure 2).. '

Segment Slope Table 3 Table 4 Segment

No. % Value Factor LS
115 5.0 .58 2.9
2 10 2.8 1.06 3.0
3 5 1.0 1.37 1.37

——r—

Average LS 2.42

The LS values on Figure’2 show the LS 'value for slopes with
different configurations. Less erosion will take place on a
concave slope than on a convex slope. In the above exampiles,
use of the LS value for a 400 foot uniform slop2 would have
under-estimated soil loss by about 30 percent on the convex
slope and over-estimated it by about 10 percent on rthe concave
slope. Greater degrees of convexity or concavity would show
greater differences.
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COVER-MANAGEMENT (C) (CROPPING-MANAGEMENT):

Vegetative cover and its management have an important effect
on erosion. This factor is referred to as the "C" factor. There
are several variables in these factors that cannot be evaluated
independently because of many interactions. These variables
include type and height of raised cover, and type and percent of
graund cover.

The "C" Factors for grassland are shown in Table 5.

TABLE 5: 0" for Vegetative Cover
: Conditionsl
"7 Vegeta) Camopy
Type and Height  Canopy
of Raised Canopy? Cover Type*  Percent Ground Cover
0 20 40 &0 80 85100

 Cover That Contacts the Surtace

Column No.: 2 3 4 5 6 1 8 8
No appreciable G .45 .20 .10 .042 .013 .003
canopy W .45 .24 .15 .090 .043 011
Canopy of tall 25 G 3 .17 .09 .038 .012 .003
weeds of short W .36 .20 .13 .082 .041 011
brush (0.5 m 50 G 26 .13 .07 .035.012 .003
fall ht.) W .26 .16 11 .075 .039 .011
75 G .17 .10 .06 .031 .011 .003
W .17 .12 09 .057 .038 011
Appreciable brush 25 G 40 .18 .09 .040 .013 .003
ar bushes W 40 .22 .14 .085 .042 .01
(2 m fall ht) 50 ¢ .34 16 .085.038 .012 .003
W .34 .19 .13 .081 .041 .011
75 ¢ .28 .14 .08 .036 .012 .003
W .28 .17 .12 .077 .041 011
Trees but no 25 G .42 .19 10 .041 .013 .003
appreciable fow w42 .23 .14 .087 .042 .011
brush § m 50 ¢ .39 .18 .09 .040 .01" .003
fail bt) W 3% .21 .14 .085 .042 01!
75 ¢ .36 .17 .09 .039 .012 .003
W

36 20 .13 083 241911

' Ali values shown assume: (1) random distribution of muich or yegetatioﬂ, and
(2) mulch of appreciable depth where it exists.

2 pverage fall height of waterdropc from canopy to soil surface: m = meters.

1 Portion of total-area surface that would be hidden from view by canopy in a
verticai projection, (a bird's-eye view).

4G, Cover at surface is grass, grasslike plants, decaying compacted duft, or
litter at least 2 inches deep. .

W Cover at surface ss mostly broadieat herbaceous plants (as weeds) with
little fatersi-root network near the surface, and/or undecayed residue.

A grass with no appreciable canopy and a 95-100 percent ground
cover would have a "C" factor of .003. An area with appreciable
brush and weeds, 2 meters high and 50 percent canopy and 60 percent
ground cover would have a "C" factor of ,081.
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Table 6

"c" Factors for Annual Cover and Various Quantities of Mulch

Cover or Mulch “C" Factor
Bare Areas - 1.0

% Ton Straw Mulch .52 -
4 Ton Straw Mulch .35
3/4 Ton Straw Mulch .24
1l Ton Straw Mulch .18
14 Ton Straw Mulch voL10
2 Ton Straw Mulch .06
3 Ton Straw Mulch .03
4 Ton Straw Mulch .02
Annual Cover .15

WOODLAND "'C'* FACTOR

Woodland, well stocked, tree canopy 90% of area, forest

litter 90% of area, undergrowth managed, the '"C" factor is .001.

Table 7

"c" ractors for Woodland

Tree Forest 3/
Stand Condition Canopy Licter Undergrowth Factor
% of 1/ $ of 2/
Area Area A ' 'TEf
Well Stocked 100-75 100-90. Managed 4/ .001
) gnmanaged .003 ~ .011
Medium Stocked  70-40 85-75 Managed 002 -~ .004
Unmanaged 01 - .04
Poorly Stocked 35-20 70~-40 Managed .003 - 009
UnmanagedS/ .02 - .09

1/ When tree canopy is less than 20%, the area will be considered as
grassland, or cropland for estimating soil loss. .
2/ Forest litter is assumed to be at leaSt two inches deep over the
percent ground surface area covered. )
3/ Undergrowth is defined as shrubs, .weeds, grasses, vines, etc., on
the surface area not pro.ected by forest litter. Usually found
under canopy openings.
4/ Managed = - grazing and fires are controlled.
Unmanaged ~ stands that are overgrazed or subjected to repeated
burning.
5/ For unmanaged woodland with litter cover of less than 75%, C values
_should be derived by taking 0.7 of the appropriate values in Table 5. .
" The factor of 0.7 adjusts for the much higher soil organic matter
on permanent woodland. .
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FErosion Control Factors "P".

Normally the "P" factor on urban areas will be a constant of
1.0 except for larger areas where contour planting and/or chisel-
ing are used. This is due to working with bare areas without
erosion control practices. All planting and seedbed preparation
<hould be done on the contour. For areas of 5 acres or more the
"pr yvalues shown in Table 8 can be used if contour planting or
contour chiseling in conjunction with contour planting are ‘used.

Chiseling provides a temporary trap for surface water. To
be effective, chiseling must be conducted on the contour imme-
diately after planting. The area should be chiseled to a
minimum depth of 12 inches and at an interval of approximately
10 feet. Compaction of the chiseled area must be avoided. Since
chiseling is effective for a very short period of time it should
be used only wken planting is done during the growing season
(April 15 - September 15). The "P" values for contour tillage
and planting are found in Table 8.

When temporary seeding is to be used rough grading should be
cons idered. Rough grading will provide a temporary trap {or
water and silt, however, it will not have enough effect to alter
the "P" value.

§

Table 8: "P" Factors fox .1 Control Practices

- - i

‘ Contour Chiseling \ .
% Slope ' Contouring Used in Conjunction |

i w/Contour Planting
!
]
' 2-7 0.5 0.4
&
7-12 0.6 0.5
12-18 0.8 0.7
18-24" 0.9 0.8
Y
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EXAMPLES OF THE USE OF SOIL LOSS EQUATION .

” .

In order to use the soil loss prediction equation, one must
determine soil texture, percent slope, length of SIQpe cover-

management and erosion control practices:

l.

Example:

\2
<
N

Rainfall (R), the R values can be read from Figure 1
by locating the county and taking the neagest - value
or by interpolation.. _

Soil Erodibility (K), Table 2 and 2A provides the

K values. In order to determine the K value, de-
termine the texture of the soi]l and select the pro-
per value from Table 2 and 2A.

Slope Length, Table 3 gives LS values. The slope
length is the distance from the ridge to either (A)
the point where the slope decreases to the extent
that depositionh begins or (b) the point where runoff
enters a well-defined <hannel which may be part of

a drainage network or a2 constructed channel such as.
a terrace or diversion.

Slope Steepness (S), Table 3 gives LS values. The
slope steepness is measured from the ridge to the
point where either (a) the slope‘decreases to the
extent that deposition begins or (b) the point where
runoff enters a well-defined channel which may be
part of a drainage network or a constructed channel
such as terrace or diversion. To calculate slope
steepness, measure the vertical drop per 100 feet
of horizontal distance. Slope is expressed as a
percentage and is equal to the vertical drop times
100 divided by the horizontal distance.

Assume slope is uniform

300 ft. at 6%. The soil is a clay loam located in

Licking County

A =R X KxLSxCx?P

Situation I

Area faliow

150 x .32 x 1.2 x1x1=757.6 Tons
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. Situation 11
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lp it 1

Area seeded - August 1 - No Mulch

Assume 60% Cover by October 1 |
Refer to Table i~ . | - /
143 of Annual Soil loss in August

10% of Annual Soil Loss 1n September

1 o8 afYe S"’v FRAT Y

24%  Annual Soil loss in September and October , ‘5
248 x 57.6 = 13.8 Tons Soil Loss During. September & October | ' f
Refer to Table 5 | . -

Obtain "C" Value for 60% Ground Cover w/no apprec1ab1e canopy = 042
150 x .32 x 1.2 x .042x1 = 2.4 Tons

76% x 2.4 = 1.8 Tons of Soil Loss for the Period.0ct. 1 to July 31
Total Annual Soil Loss = 13.8 + 1.8 = 15.6 Tons | N

Situation ITI

~

Area seeded and mulched at the rate of 2 T/A of Straw Mulch on Aug. 1
803 Cover can be assumed by October 1 )

(3 Cover can be expected to increaée due to Mulch) 2
Refer to Table 1 |

249 of Annual Soil Loss occurs in August and September

Refer to Table 6

ne' Value for 2 tons of Straw Mulch is .06

150 x .32 x1.2x .06x1 = 3.45

245 x 3.45 = .82 |

Refer to Table 5

ser Value for 80% Cover w/no appreciable canopy = .013

150 x .32 x1.2x 013 x1 = .75’

- 76% x .75 = .57

Total Annual Soil Loss = .82 + .57 = 1.39 Tons
The Application of Mulch reduces the Annual Soil loss 14.2 Tonms.
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GUIDELINES FOR SELECTING AND PROTECTING -TREES DURING DEVELOPMENT

Saving trees during and after construction has many advan-
tages.. These include aesthetic Wvalues, beautification, soil
- erosion control, shade, wildlife enhancement, screening, and break-
ing the forces of wind.
Builders, contractors, developers, and others planning con-
struction on a wooded area are faced with the problem of what
" trees to keep and which to remove.

The following are some items that should be considered when
selecting trees to remain in an urban area.

Longevity - Long-lived trees are much more valuable than short-

lived trees. A short-lived tree must soon be removed, perhaps at
considerable cost, and then replaced at more cost. The willows
z2nd cottonwoods are rated low partially because of being short-
1:ved. : '

Cleanliness - Some trees are notoriously dirty; dropping
- twigs, bark, fruit or plant exudates. A clean tree is easier to
‘mzintain and more attractive than a dirty one.

Freedom from Disease and Insects - Disease and inserct con-
trol costs money and 1s an inconvenience. A tree that attracts
insects may be quite undesirable. An example would be a box-

elder with its boxelder bugs.

Hardiness - To be most desirable; a tree must be able to
thrive in the climate where usled.

Brittleness - Trees with brash wood are often spoiled in
appearance as big limbs or tops break out during winds. In
addition to being unsightly the breakage may represent a threat
to human 1life and property. It makes the tree more vulnerable
to disease and insect attacks., Silver maple is an example of a
tree highly subject to breakage.

' }

~ Weedy Habit - Trees which Seed prolifically or sucker pro-
fusely from the roots are not desirable in urban areas. Examples
of these are Siberian elm and White poplar. -
§

Thorniness - Thorny trees are not generally desirable in
urban areas because children mEy be accidentally injured by the
thorns. The thornless varieties are most preferred, when avail-
able, such as honeylocust. !

t
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¥ R 1

Beauty - Handsome bark, good leaf conformation and éalsr,

fine autumnal colorafion, pleasing form and attractive fiowers

and fruit are characteristics which make fér higher ratings.

Rooting Habits - Some trees have very weak reets‘and they
are easily blown over during high winds. An example®is’

- %

moungain ash, . ,
Mformation eoncerning the characteristics of different trees
may be cbtained by contacting the ODNR; Division of Forestry;, '

.the ‘Cooperative Extension Service; or the Soil Conservation

Service. o N

t
‘
‘4

Trees need to be protected from const uction equipment, grade

. changes - either higher or lower - and exd¢avaticas for utility

lines. To protect a trec against mechanidal injury, comstruct’
a single fence or other barrier around it." Enclose an area at

_least 10 feet square with the tree in the center. All exposed -

roots should be inside the barrier to prevent-damage from
vehicles and construction equipment. '
i ] .

Tree roots need aiy, water, and minerals to survive. Any
changes in grade will\gffect these important ingredients, and
a tree has difficulty in obtaining norma. amounts of each. In
raising grades, minor fills - 6 inches or less in depth - may not
do any harm if soil is fertile and has good tilth. Major grade.
increaseés usually require gravel layers and tile drain systems
(See Page 168). Tiles are laid on original grade in the form
of spakes of a wheel, The "spokes'" open into a dry well built
around the tree trunk. The dry well acts as the hub of the /
tile system and holds. fill away from the tree trunk. It may be
wecessary to place a series of bell tiles vertically over the
roots and connected to the rim of the wagon-wheel system to

allow fgr additional air and water circulation. The air system’

will have to be designed for each tree individually, and it
will have to-fit the contour of the land so water drains away
from the tree trunk. ’ -

£

Protecting a tree froM a lowered grade is usually less.compli-

__cated than vrotecting it from a._raised grade. Generally, pro-

.tection is achieved by terracing the grade. If space is avail-
able, the tree may be unharfmed by letting it remain on a gently
sloping mound. Another way to protect it from a losered grade
is' to build a retaining wall between it and the lower grade
(See -Page 168). K . - ‘
j ! :

Treées can be protected from underground utility lines. If
the route cannot be diverted around the tree, tunneling under it
may be necessary (See Page 168). In tunneling, cut as few

1
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Columbus, Ohio

rcots as possible, cut them clearly, paint cut root ends with &’
wound dressing like asphalt-buse paints, and backfill trench as
soon as possible to keep roots from being exposed to air.

There may be octasions when the only way to =dve a tree 1s
to move it. It is best to move trees when thev are dormant.
Practically no kind of plant can survive if roots have dried out.
Roots must be moist at all times. Trees are moved either bv the
bare-rpot method or by the balled and_burlapped (B§B) method.-
Rare-rooted trees may he moved if they are small and dormant,
and protected. They should be protected by applying wet mate-
rial such as peat moss to their roots immediately and kept
moist. In the B&B method, balls of earth should enclose most
of the root svstem. Tables listed below give recommended
minimum ball diameters and depths of heles for different ball
sizes of shrubs uand trees. '

A more complete discussion of this subhject appears in Agri-
cultural Information Bulletin Z285, "Protecting Trees Against
Damage from Construction Work."

i Recommended Minimum Ball Diameter for
L Different Sizes of Shrubs and Trees
I Shrubs & Small Trees Larger Trees
Heiqght of Diameter Tree Diameter Diameter
Plant of Ball 1 Foot Above of Ball
(Ft.) {In.) Ground (In.) {(In.)
1 1.2 -2 11 1h - 1% 14
2 -3 12 1 -1 3/4 20
1 - 4 14 1 3/4 - 2 22
4 -5 16 2 =24 - 24
5 - & 18 2% - 3 28
o -7 20 3 - 3k 33
7 - 8 22 3k - 4 38
8 -9 24 4 - 4% 43
9 - 10 26 4% - 5 49
10 - 12 29 5 =~ 5k 53
12. - 14 32 5% - 6 ' 58
14 - 16 36 6 -7 65

Recommended Depths to Dig for
Different Ball Sizes
Depth of Ball Diameter of Ball
{Inches) (Inches)
10 - 8
20 , 15
30 20
48 30
93
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A tile system protects a tree from a raised grade. A,‘ﬂn!ﬂolsﬁdoﬂm
the original grade, leading from a dry well around the tree trunk. B8,
The tile system is covered with small stones to allow air to circulate

- over the root area. :
L .
- o
e . -7
Lo~ L -
'\.L:u ‘\\ - _,K'

Unginal grage

Yunnel bencoth reot systems. Draw-
ings at left show trenching
would probably kill the
Drawings of right show how
neling under the tree will preserve
many of the Imporiant, feeder
roeods,

A retaining wall protects a tree from

that
free.
o lowered grade. fun-

o 94 . 98', | ,

\
. : -

i - F g ' Ll e
7 A ‘



USDA, Soil Conservation Service o June 1978
Columbus, Ohio

REPAIR OF SMALL WOUNDS

small wounds may be made on trees by bulldozers and backhoes during construc-
tion. Prompt treatment of damaged areas will avoid costly tree surgery later.

When small wounds occur:

1. Carefully cut away all loose bark
back into the undamaged area.

Taper cut at top and bottom.

Apply a "tree wound" dressing. A
light coating of orange shellac |
\ before applying the "tree wound”
- dressing will give an even better '
protection.

Wound

Tapering cut

REMOVAL OF LIMBS

During construction it may be necessary to remove tree limbs that have been
damaged or limbs that are in the way. Follow the method shown below to pre-
serve valuable trees. '

Wrong Method Proper method Proper method

The numbered cuts on the two drawings at the right show how to prune the trees
without tearing the bark below the pruned 1imb. Other jtems to remember are:

.

1. Never leave the stub of a 1imb. If 1eft, these rot and cause the trunk of
the tree to decay.

2. When ¢ limb is removed, cover the cut with "tree wound" dressing. This ma-
cerial is available at most nurseries or garden supply stores.

. 3. DO NOT cover the cut with lead or copper based house paints, creosote or
' roofing tar. These materials crack, -peel and are tokic to the tender tree

tissues.

4. Major tree surgery, such as topping of lafge trees, cavity filling, etc.
should be done by tree experts with proper equipment.

-
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INSTRUCTIONS FOR INSTALLATION OF MULCH NETTINGS IN WATERWAYS

WHAT IT IS: Mulch netting is made of ‘tightly twisted natural

kraft paper yarns, woven with a warp count of one

o ' pdir of yarns per two inches and a filling count

' of two per inch. It comes in rolls of 500 lineal
yards and 45 inches wide.

WHY USED: Mulch netting is used to hold mulch in place over
" seeded areas in waterways until the sod is .
cstablished. It also helps protect the soil from
erosion during the critical period of vegetative
establishment.

HOW USED: Use in place of sod. .

PREPARING A WATERWAY CHANNEL

To prevent meandering, grade center to a parabolic shaped channel
to confine low flows to the channel where nettings will be laid.

FERTILIZATION

ILime and fertilize to standard recommendations. Work lime and
fertilizer into soil by disking.

SEEDING AND MULCHING

Immediately after lime and fertilizer have been applied prepare
seedbed, seed, and mulch according to standard recommendations.

L

LAYING THE NETTING

Starting at the lower end of the channel, the mulch net shall be
laid parallel to the flow of the water and as shown on the draw-
ings.

The mulch net shall be secured in place by use of 0.120" diameter
(78 guaugce) wire staples,, 6 inch léng minimum. Along butt joints
and outside edges space staples at 4 foot intervals. In center
Coaesting space staples at 6-foot intervals.



USDA, Soil Conservation Service © June 1978
Columbus, Ohio |

Anchor slots shall be used at both upstream and downstream
ends of mu chnetting. Bury ends in a slit trench, at a minimum
of 6 inches deep. Staple to bottom of,trench at 6 to 10 inch
spacing for added protection. Backfill trench and tamp firmly
to conform to channel cross sectjon.

Check slots shall be used whenever rills are likely to form.
Such as long siopes where velocity and volume of gpter may be
high, where grade change occurs, or at points of .éntry of con-
centrated flow, such as culverts or terraces. At points of entry
into the waterway channel of these flows check slots shall be
installed on outside edges of the mulch netting.

Check slots shall be installed similar to anchor slots and
shouTd extend beyond channel lines to prevent T1lls that might
form outside the channel lining. Spacing of check slots will

vary from 25 feet to 100 feet, depending upon erodibility of the
soil. ‘

(Do not walk or travel on mulch netting with men or equipment
after placement.) \
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DETAIL POR STABILIZING WATERWAYS WITH MULCH NETTING

«

A, Anchor Slots - Bury both ends of
the mulch netting in a trench 6
inches or more in depth. Staple

to bottoin of trench at 6 to 10
inch spacing. ' '

B. Tamp the trench full
of soil.

C. Overlasp==Bury upper end of lower
" gtrip as in 'A' and 'B', Overlap
end of top strip &4

:. >~ net strips

I AP
R Vars Twhere two
g?{_*!:; ﬂmmaseégp
) widthg are \
?Tgf-éf raquired,
5 '{@ Sfaples.m
D. Check Slot -+Fold 6f'netting o5 5% to 4
centeras.

buried in slit trench and , -/
tamped, row of staples in

bottom of trench. 2lace staples &

feet apart at edge
and 6 feet apart in

centerxe.

TYPICAL STAPLES
¥3 Gougs Wire
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LAND GRADING —URBAN AREAS

Protective Slopes -

Side Swale or Chnnnc!v

Rear Drainage Swoles

T
tﬂ“ i
i

il |

IR

UK.

LOT GRADING-TYPE A LOT GRADING-TYPE A

4

LOT GRADING-TYPE A
(all drainoge to street)

EXAMPLE: ' BLOCK GRADING TYPE |

Ridge Along Rear Lot Lines
REFERENCE

“Minimum P ty Stondards for US DEPARTMENT OF AGRICULTURE

One ond Two Living Units’ SOIL. .CONSERVATION SERVICE
FHA No. 3

99
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LAND GRADING - URBAN AREAS

Rear Droinage Swale
Protective Stopes )

Orainage Divide
Side Swale or Channel

-

Lower Stree?

-
Q
[
-
-
73]
B
4 i
(=)
Q
2D

B

EXAMPLE BLOCK GRADING TYPE 2

_ Gentle Cross Siope

REFERENCE
“rainimum Property
One ond Two meq Units"
HUD-FHA

'Jus DEPARTMENT OF AGRICULTURE
SOIL. CONSERVATION SERVICE

Standards for

100f Og




" LAND GRADING — URBAN AREAS - Jume 1978

_ Side sm or Channel A
~ Reor Drainage Swale;
Protcctivg Siopes

Front Draindge Swale
Oruihage Olvidi _

Possible locations of rear drainags
eosements fo proper outfall

By

B
~ R

-~

| LOT GRADING-TYPE C  ~laifiufiie
(all drainage to rear lot line)
‘Q e

EXAMPLE: BLOCK GRADING TYPE 3 -

Steep Cross-Slope

REFERENCE

Untinimum P ty Stendards for US DEPARTMENT OF .3RICULTURE

One ond Two Living Units’ SOIL CONSERVATION SERVICE
HUD-FHA OH10
November 1966 FHA No. 300

-
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[ 7 LAND GRADING-URBAN AREAS o 7 l

-
&

brm‘nuqe Divides

‘dim‘em%veﬂopes

: \Rear Drainage Easement
1 - : : to proper outfall - .

.cRear Siopes to
.y Drainage Easement

;l

1

“'-i.

¢

-
i

_——

I‘.——.—-—l

'
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s |; i
il ‘\‘;2\‘1‘; %-Q

EXAMPLE: BLOCK GRADING TYPE 4
Volley Along Rear Lot Lines

US DEPARTMENT OF AGRICULTURE
SOIL. CONSERVATION SERVICE

OHIv

REFERENCE .
“Minimum Property Standards for
One &nd Two Living Units

HUD-FMHA
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Vi Based on Permissible Velocity of the Soil With Reta:dgnce vpr

Grade = 0.25%

61 = 5.0

Top Width, Depth & V, Based on Retardance "B"

Vl = 6-0

" T

v1 - 5-5

VI - 2.0

Vi - 4.5

T D ¥ T D Vp T D Vy T D Vp T D V, T D Vz T D Vp

T D V,

cfs
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vy Based on Permigsible Velocity of the Soil With Retarcance " D'

Grade = 0.5%

Top Width, Depth & V, Based ou Retardance "B"

vy = 5.5

Vv, = 6.0

Vl = 3.0 V1 = 3.5 VI = 4.0 Vy = 4.5 Vy = 5.0

vl = 205

T D Vy

T DV, T DV T D V,

T D Vg

T D Vp

TDVz

T D Vy

= Top width, Retardance "B"
= Depth, Retardance "B"

T
D

Retardance ''B"
Retardance "D

Vo = Veloeity,
Vi = Velocity,

June 1978
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Vy Based on Permissible Velocity of the Soil With Retardance "D

Grade = 0.75%

Top Width, Depth & V; Based on Retardance "B"

Vi = 4.5

Vi = 5.5 Vi = 6.0

vl = 5.0

Vy=2.5 V;=3.0 V;=35 Vy=4.0

Vl 2.0

Q
cfs

TDVz

T DV, TDVya TODVy TODV,

T D Vo

T D V,

T

TDVZ

o

June 1978
Appendix B-1.3

S I AN AR T

FTE LTI IETTTY
3322221111

--------

4&4“‘444:&.&.

YOI DD
viptrd pd st NN NI NN N N

88900111222233

333“444444444&.
Qoogggsassssss

-------

44433333333333

667890123680”
rdrd ol ot N ORI NN Y o

: 33333333333333333
87766666555555555

33333333333333333

u558902346792 ~ Q|
e NN NNNNNAAN ST

of ridge.)

= Top width, Retardance "B"
= Depth, Retardance "B"
V3 = Velocity, Retardance "B
Vy = Velocity, Retardance "y
(Settlement to be added to top

899011222223333333333

----------------

T
D

u FNDDVO M I~ Ol o™ 03
1111122222233 1o N [Ty

------------------------

332222211111111111111111

33333333333333333333333
vl plpd vl i NN NN N TV O .ﬁ. NN O D

9112222333333333333333334445

0136579023581“70359258184052
drdvd ot el vl NN NN NN T TSI FTNINAD DN DO

-----------------
--------------------------

NEEERNSRRANATIINASIZNESLE

vipd el NI NN N

ou&.qloasal M~ Oh gy O rid N O
rlrd NN NGT a2 - 4 Ua 27~ B~ ol )

GO et O el Ol D v \D e

m223344556“7789

o InNo N v O I Nneno o000 o000 O o000
vdod vl pd et pd vd vl Pd e Y N I N N N

105

Parabolic diversion design chart (Sheet 3 of 13)
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Grade = 1.0%

Vv, Based on Permissible Velocity of the Soil With Retardanre "D'

Top Width, Depth & V, Based on Retardance b -

Vy = 4.5 vy = 5.5

VI - 3-5

Vl = 3.0 Vl = 4.0 Vl = 5.0 v1 = 6.0

vl = 2!5

Vy = 2.0

T DV T DV, T DV, T DV, T DV, T DV, T D V,

D Vv,

cts

June 1978
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AL Based on Permissible Velocity of the Soil With Retardance "D

Top Width, Depth & Vo Based on Retardance b

Grade = 1.5%

Vl = 3.0

Vl m 2,0 fvl = 2.5

T-D Vg

T D Vy

TDVz

T D Vy

T D Vp T

V2

D

cfs

T DV2

T.D Vz

DVz

June 1978 A
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vy Based on Permissible Velocity of the Soil With Retardance "D

Crade = 2.0%

Top Width, Depth & V, Based on Retardance “'B"

Vl = 5.0 Vl = 5.5 Vi = 6.0

Vl - “05

Vl = 3.0 Vl = 3.5

VI = 2-5

V=20 V

Q

Tnvz

T DV T D Vy

T D V,

T D ¥V,

T D Vy

T D Vj

D V,

D

cfs

June 1978
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Grade = 0.25%

V, Based on Permissible Velocity of the-Soil With Retardance " D"
Top Width, Depth & V, Based on Retardance "("
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V1 Based on Permissible Vel

-

ocity‘of the Soil With Retardasice "D

'r'op width, Depth & V) Based on Retardance "C'
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Based on Permissible Velocity of the Soil With Retardance "D’

Ry

~... Grade = 0.75%

-

Z,Baied on Retardance " ("

Top Width, Depth & V.
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Vl =5.0 v1.= 5.5 vi_f 6.0

vy = 4.5

‘Vy = 3.0

V1 =2.0

T D Vp

T D Vy

T D Yﬁ

= Top Width, Retardance "C"
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Top Width, Depth & V; Based on Retardance "'{'

V, Based on Permissible Velocity of the Soil With Retardance "D

vy = 3.0

Vy = 2.0

T D Vp

T D V2 T D V2 T D V2

T D V2

\/2

cfs
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T D Va

T D V2

= Top Width, Retardance "C"
= Depth, Retardance "C'
Vs = Velocity, Retardance "C'
Vy = Velocity, Retardance "D'
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v, Based on Permissible Velocity of the Soil With Reterdaace "If

Grade = 1.5%

Top Width, Depth & V, Based on Retardance "C"
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V, Based on Permissible Velocity of the Soil With Retardance "If'

Grade = 2.0%

Top Width, Depth & V, Based on Retardance "C"

¥y = 6.0 __

T

Vi =50 V=55

Vy = 4.5

Vg o= 3.0 ¥y =35 _Vy=54 0

Vi= 2.0

Q

Vi =2.5. .

T DV, D

T D V,
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PARABOLIC DIVERSION DESIGN, WITHOUT FREEBOARB_]““‘““""”

GRADE ,% - 0.25 to 2.0

Velocity, Depth and Top Width Based on Retardance "D

Crade 0.25% Grade 0.50% Crade 0.75% Crade 1.0% Crade 1.25% Crade 1.50% Crade 2,08
v 1.0 1.5 2.0 1.0 1.5 2.0 1.0 1.5 2.0 11l.0 1.5 2.0 1.0 1. 2.0 1.0 1.5 2.0 1.0 1.5 2.0
P 1.2 1.7 2.1 0.9 1,1 1.4 0.7 0.9 1.1 0.2 0.8 0.9 0.6 0.7 0.8 0.% 0,7 0.8 0.5 0.6 0.7
Q " Top Widths
— 5 8 10 5 1 1] 13 7 14 7 5 18 9 L]
10 1 17 9 20 10 7 23 12 8 25 14 8 27 18 10 31 17 1
: 15 18 9 25 13 8 30 16 10 4 19 12 38 21 13 4 23 1§ 4 26 16
— 20 24 12 34 18 10 40 22 14. 4 25 16 50 28 18 54 3. 20 681 34 22
25 30 15 42 23 13 50 27 17 57T 31 20 63 35 22 68 38 . 24 43 27
30 3 18 10 51 27 16 60 33 20 69 37 24 . 42 27 4. 29 52 33
35 43 21 12 S9 32 18 71 38 24 4 28 49 A 53 XM 60 238
40 49 24 14 68 3 21 81 44 27 50 32 56 35 61 39 69 44
45 55 27 15§ 76 41 24 91 49 31, 56 36 63 40 68 44 49
50 6l XN 17 BS 45 26 101 54 M4 62 40 70 44 49 55
5% 67 33 19 83 S50 29 111 &0 ¥ 68 43 49 54 60
60 73 36 20 101 54 32 65 41 78 47 53 §9 66
65 79 39 22 110 59 34 1 44 51 58 64 711
70 85 42 24 63 I 7% 48 55 62 68
75 91 45 26 68 39 82 8- 59 67 73
80 97 48 27 72 42 87 54 63 71
~ 90 55 31 81 47 98 61 71
100 61 34 Q 53 100 68
110 67 38 g9 58 5 Top widths (T) and depths (D) shown are for
120 73, 4 108 63 82 : the hydraulic section. Fresboard and allowance
- 130 79 4 68 89 ‘ for settlement are to be added as nefessary. -
140 85 48 74 95 . g e
150 91 s} 79 o S
160 97 S5 84 ge
170 58 89 e- ;
180 62 95 .
150 65 >
200 68 ?
-
et
w
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USDA, Soil Conservation Service | " June 1978
Columbus, Ohio - S ‘ Appendix B-3.1

, WATERWAY DESIGN AIDS

The following example démonstrates how to use the exhibit to
~ design a parabolic channel. :

_ Problem: Determine the safe velocity and dimensions for

stability and capacity for a waterway with para-
bolic cross section. ‘ .

Given: Runoff Q=55c.fes. |
Grade . =.5 percent
Vegetative Cover Kentucky Bluegrass
Soil Easily eroded
Condition of Vegetation - '
Good stand--Mowed (3" - 4") = "D" curve retardance

_ (from Page B-3.2)
Good stand--Headed (6" = 12") = "C" curve retardance
, : (from Page B-3.2)
Permissible Velocity Vj = 4.0 f.p.s.

‘ (from Page B-3.3)

Horizontally opposite 55 c.f.s. in B-3.31 (5 percent slope) in
the columns headed V1 = 4.0 f.p.s., find T = 32.6 feet, D = 0.75
foot and Vo = 3.33 f.p.s. Therefore a'waterway with parabolic
cross section, a top width of 32,6 feet, and a depth of 0.75 foot
will carry 55 c.f.s. at a maximum velocity of 4 feet per second
when the vegetative lining is short (3" to 4" in heiggi) and 3,33
'feet per second when vegetative lining is tall (6" to 12"). This
complies with the requirements for sate velocity when vegetation
is short ("D" retardance) and capacity when vegetation is tall
(""Cc" retardance). ‘ '
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- USDA, . Soil Conservation Service _; ' ) June 1978
Columbus, Ohio o . . Appendix B-3.2

-

]

WATERWAY DESIGN

-

- : —
__- [Retardance}  Cover - Stand Condition and Height
. Reed cenarygraes Excellent | Tall Awerage 36“;
, A Tall fescue Excellent | Tall (Average 36"
Smooth bromegrass Excellent | Tall (Average 36")
. Tall fescue | Good * | Average 220“ tall
Smooth bromegrass' | Good Average (20" tall
| Red fescue Good Uncut (Average 16"
B tall) -
Kentucky bluegrass | Good UncuilgAverage 16"
- ta )
Redtop r "1 Good . | Average (22" tall)
Kentucky bluegrass | Good Headed 26 to 12";
C Red fescue Good Headed (6 to 12"

D Red fescue " | Good Cut to 2.5"

Classification, of vegetal cover in waterways and channels as
to degree of retardance.
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June 1978 - o
Appendix B-3. 3 -k

. USDA, Soil COnservation Service
Cblumbus, Ohio

WATERWAY DESIGN
1§

- ¢ -
. .
-

lope ~]__Permissible Velocltyl/ = ]
Cover e2/s Tosion re- . EEE%IY
| istant soils | eroded soils
(pereent) (ft. per sec. | (ft. per sec.)
Kentucky bluegrass 0-5 7 5
Tall fescue 5-10 6 4 ,
. over 10 5 3
Grass mixtures . g/’ 0-5 5 4
| 5~-10 4 ] 3
¢ Redtop
. Red fescue 3/ 0-5 2.5 2.5
. p———

1/ Use velocities exceeding 5 feet per second only where good
cover and proper maintenance can be obtained,

' 2/ Do not use on slopes steeper than 10 percent except for
vegetated side slopes in combination with a stone, concrete,
or highly resistant vegetative center section.

3/ Do not use on slopes steeper than 5 percent except for
vegetated side slopes in combination with a stone, concrete,
or highly resistant vegetative center section,

j
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. _ ) : ‘J"une 1978
Appendix B-3.4

€

- —

T = design top width
from Elflibits 74

::: hsdep!h_ .trun ‘ '

D = design - L J R S 1 o - —

Exhibits 7—4 and 7-5 + ! O5ST—— ——:AR e
. Both volues include auomce 0.75T |

for the vegetative lining. ) ' . 9

PARABOLIC CROSS SECTION

B = design bottom width
d = design depth N
D = design depth plus 1liowance N

for vegetative lining -
t = design top width l'* 8 "l
T = design top width plus allowance

! '
g “s,;’f',':,,' ning TRAPEZOIDAL CROSS SECTION

d = design depth
D = design depth plus allowance
for vegetative lining

t = des'gn top width TS o3 (29)
T = design top width plus e”mnce :
for vegetative lining TRIANGULAR CROSS SECTION

z = side siope ratio

N\

TYPICAL WATERWAY CROSS SECTIONS
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PARABOLIC WATE RWAY DESIGN, WITHOUT 'FREEBOARD |feaor o .25 o 2.0

w

. A .

. —— '
Grade, 0.75%2 Grade, 1.0% Grade, 1.25%  GCrade, 1.50%  Grade, 2.0%
65 10 1.5 035 10 15 0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5
0.8 1.4 1.6 0.7 1.2 1.4 0.7 1.1 1.3' 0.6 1.0 1.2 0.5 0.8 1.1

— __Top Width

[~
= paef D

Grade, 0.25% €gade, 0.50%
v . . 1. 0.5 . 1.5
-p 1.5 2.1 2.5 1.0 1.6 1.8
.\i‘ -
s 22 27 11
10 43 15 55 23 ' 12

15 65 24 12 82 34 18
20 87 32 16 110 46 24

25 - 108 41 p21 57 30
30 . 49 ‘(is 69 36
35 57 29 80 41
40 .65 33 . 92 47
45 713 3 103 53
50 8l 42 1 59
55 90 46 _ .65
60 98 50 N 71
65 106 58 77
30 63 83
75 67 89
80 T 95
90 83 * 107

100 92

100

e e mmys o
A
v

22 1% 7 3 15 8 3 17 9 39 19 10 43 20 12

63 27 14 68 31 17 13 3% 19 17 36 20 85 .40 23

95 41 .22 102 46 25 109 50 28 115 S& 31 128 60 35
54

29 61 33 67 37 71 41 79 47
68 36 17 41 47 89 51 99 58
82 43 92 50 - 1§Z - 56 107 61 70
95 S0 107 58 66 .72 82
109 57 66 . 75 ¢ 82 93

64 5 . 84 92 _ 105

72 83 9% . 102 '

79 91 103 .

86 100

93 . . .

100 | )

A

Vv, permissible velocity of soil with vegetative retardance "L
Depth and top width are for cross section with retardance "B

=
| 35
J 5 ®
Q, in cfs a,
. V, in fps :3
S~ D, depth in ft. %=
\ . Top Width, in ft '
L ;',
JUS. DEPARTMENT OF AGRICULTURE ‘ [
SOIL CONSERVATION SERVICE
‘ umt
\




WATERWAY DESIGN, WITHOUT FREEBOARD.

RETARDANCE -0 8 C
GRADE, % -0.25 to0 2.0

n

40 13
20 10
:Y 27 14

W 17
41 21
48 25
55 28
62 32
69 35
75 39
82 43
89 46
96 50
103 53
57

64

71

78

. 85

93

100

Grade, 0.50%

0.5
1.0

26
53
79
106

1.0 1.5
1.1 1.3
9 .
19 10
29 15
319 20
48 25
58 30
68 35
77 40
87 45
- 97 SO
106 55
. 60

‘® 65
71

76

81

91

101

Grade, 0.75%
05 1.0 1.5

0.8 1.0 1.1

30

61
91
121

12
23
35
47
58
70
82
93
105

6 .

12
18
24
30
36
42
49
55
61
67

]
o

79
85
91
97

109

V, permissible velocity of soil with vegetative retardance "p'
Depth and top width are for cross section with' retardance "c

Grade, 1.0%
. 0.5 1.0 1.5

0.7 0.9
Top Width
33 13
65. 27 .
" 98" 40
53
66
80
93
106

%

1.0

-~

7
14
21
28
35

42,

49
56
63
70
77
84
91
98
105

148

i en—
U S DEPARTMENTY OF AGRICULTY

Grade, 1.25%
0. . 1.5
0.6 0.8 0.9
35 15 8
70 30 16
105 &4 24
59 32

74 39

89 47

103 55

63

71

79

87

95

102

Grade, 1.502 &
65 105 13 035 1.0 1.3

0.6 0.8 0.8 0.5 0.7 0.8

37 16
7% 32
111 . 48
63
79

111

i

17 82 36 20
26 123 5S4 29
34 72 39
43 . 90 . 49
52 108 59
60 69
69 79
7 . 88.
86 98
95 108
103
> Sy
o c
, T8
o0
]
Qo
e O
Q, in cfs 3
'V, in fps s
D, depth in fr. o,

rade, 2.0%

41 18 10

Top Width, in ft.

SOIL CONSERVATION SERVICE

+



CGrade 0.23 Percemt |
v = 2.0 v, - 1.5 v = %0 v, ~ 3.9 Vi = 4.0 " o~ &S " ~ 50 v, ~ 8.8 v = 6.0
13
10
23 11.3 3.17 100
30 13.1 3.9 109
15 15,2 301 LD
&0 17.3 2.9 1.15]12.1 %61 1.3
A4S 19.3 2.5 1.18] 1%.4 34 lLA2
50 21.4 2.9 L18] 147 341 l.4A8
33 23,5 2.2 1.19] 161 338 LN
@ 23,3 2,80 1.121}17.5 3.3 LW
a8 7.4 2.89 1.21]168.8 3.30 .36
— e 8.7 2.9 1.21]1206.2 3.28 1.57] 144 3.9 L.01 -
f) 15 *t.7 2,87 1.23} 21.6 3,27 1.,58)15.3 191 1.
a &0 33.8 2.67 1.23{ 23,0 3.3¢ 1,50} 16.3 3.9 1.8
90 38,0 2.87 1.,23]25.8 3,23 1.60]18.1 380 1,
00 fa21 2.8 1,28]28.6 5.23 L.61] 26.0 3.7 1.
110 6.3 2.8% 1.24]31.4 3.22 LG2]21.9 370 1.
120 $0.4 2.86 1,29 34,1 3.30 1.64; 25.8% 3.7 1. 17.0 4.47 2.5
130 4.6 2.8 1,24 36.9 3,19 1.64} 25.8 3.70 1. 18,3 4.2 2.39 .
140 S8.7 2.8 1,25] 39,7 3,19 L.65] 27.7 3.68 2. 19,6 4,37 2.43
130 62.9 2.85 1.25)42.9 3.19 1.63] 29.6 2,67 1. 20.9 4.3% 2.47
160 67.0 2.8 1.,25] 43,3 3.18 1.63] 31.6¢ 168 1, 2.2 &30 1.8
110 71.1 2.8 1.26] 48.1 318 1,85] 33,5 3.66 1.07] 22,5 4.27 2.33}18.5 4.93 2.76
180 75.3 2.84 1.15] 50.9 3.18 1.66] 35.4 3.65- 2. M8 4,24 2,35(19.8 4.9 2.8
190 9.6 2,84 1.26] 53.7 3,18 1.66) 37.4 3,868 12, 26.1 4.22 1.57]| 20.5 4.87 1.84
200 8.5 2.8 1.28] 36.5 3.18 L1.86f 39.) 3.6 1. 27.8 4.29 2,561 21.5 A.80 2.W7
ne 91.8 2.0 1.26] 82,1 3.18 1,66] &5.2 3.8 2, 30.1 4.19 1.60] 2%.5 A.77 292
260 {100.0 2.8) 1.26]| 67.6 117 1.67]47.0 3.8 12, R.7 415 2.64]25.5 4.2 LW)
260 f108.3 2.8% 1.26] 73.2 3.17 1.67] 50.9 3.3 2, 35,6 4,13 2.64]27.5 4.68 3,01§21.4 5.30 329
280 {116.6 2.8¢ 1.26] 78.8 3.17 1.67] %4.8 3.63 2.108 38.1 &.14 2.64 s . 3.051 22,9 S5.06 3.3
300 126.8 2.84 1.26 “.6 3.1' 1.687 “.6 3.2 2,1 ﬁﬂa‘ 6.“ 3.55 3.08 “u, ’c“ ,0:7
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vy for RETARMNCE TI7. Top Width (T), Dapth (P) and Vy for RETARDANCE "F".
. Grade 0.50 Farcent o

e Vy = 2.0 v - 1S v = 30 v = 33 w = &0 v = &9 " = 30 w =355 | % = s0
ofe : '
i rnv,rnv:r,av,ravzrnv,tav:rnva:ncl:nv’
15 {10.2 2,28 0.99 he
20 |15 2,18 102 : .
25 |1s.5 2.15 1.08]10.5 2.60 1,38
so |19 2012 1.08]12.4 2.51 1.42] 9.5 291 1.
ss | 2208 2.09 1.09] 4.8 2.45 1.48]10.9 2.8 1. .
w0 |60 2,08 1.09] 16,3 2,64 L.a9] 123 2.76 2.k
- ¢ |92 2,08 1.10]18.2 2,61 152} 1.7 2.50 1.8
s0 | 32,4 2008 1.10]20.2 2,40 1.9} 15.1 2.64 1.8 111 3.22 2.0
s |as.e 2008 nan)221 238 1.55] 16,6 2.64 188 120 3.11 2.18
L, . so.8 2.08 1.11]26.1 2.38 1.53] 1.0 2.1 1.9G 13.0 .07 2.23
~ g9 |e2.0 2.08 1a1{26.0 2.3 L37)19.5 2.6 189 WO 3.0 2.37
< 30 |es.2 2.0 1.1)28.0 2.36 L.57]20.9 2.59 1.8 15.0 3.0 2,51
;s lase 2008 ni]2e09 2.3 159 22,6 2.5 153 16.0 2.98 2.34]12.7 3.48 2.3 2
o |5ios 208 111319 236 1.58] 23.8 2.38 154 17.0 2.96 2.36] 1.4 3.41 2.60
so | 5709 2,07 Laa)sscs 238 Lw)as.7 2.3 L9§ 191 195 2.37115.0 3.3 2.64
160 | s 2,07 Li1| .7 2.3 Léof 1.6 2.35 L9Y L1 1.9 2.A2 6.5 3.31 2.72{ 183 377 2.9
1o | 707 .08 111]adie 2.3 1.61) 32.6 2.56 1.9¢ 23.2 1.93 2.43] 18.1 3.%9 1.73 14.5 3.70 3.09
- o | 176 2007 12| a7.s 2039 1.saf 385 2.56 197 5.2 2.89 1.43] 19.6 3.24 281 15.7 3.64 3.12
30 | ssce 208 112|513 2.3 Lei} 384 2.35 Ls§ 7.3 1.90 2.45a12 3.3 2.4 16.9 3.50 .18
2o | 59.7 2008 1.12] 5506 2.3 1.61) a3 2,35 198 9.3 2.88 247 22.8 2.1 284 181 3.56 3.23
150 | 96.0 2.08 1.12] .3 2.3 16| sez 2.5 199 314 2.88 2.47} 203 310 2.8 19.6 3.5 3.23]15.5 .09 3.52
10 lices 2,08 11z 60.2 2.3 1.61] 47.1 2.3 199 335 2.89 2.47] 239 3.19 1.88 20.6 3.5 3.27]16.4 4.02 3.60
10 lioes 2.08 112] 6701 2,36 1.62] 50.0 2,34 1.9 35,5 2.87 2.38] 27.5 3.19 2.89 21.9 3.5 3.27]1r.4 401 3.6
190 |1149 2,08 1.12] 70,9 2033 1.6} 32.9 2.5 1.9 37.6 2,88 1.48] 29.1 .19 2.89 3.1 3.51 3.30]18.3 3.98 3.69
190 lia1'z 208 1i12] 7408 2.33 1.s2| 3.8 2.3 2.08 39.6 2.87 1.49] 30.6 .16 2.9 2.3 3.49 3.34]19.3 3.98 3.70
2o 11376 2,08 113) 707 2033 L.sa) 3807 2.34 200 AL7 1.87 2.49] 32.2 316 2931 23.8 5.50 3.33|20.2 3.91 3.77]|16.8 4.48 3.9
20 {1400 2.08 1.13] 88.5 2.33 1.2} 6.3 3.5 2.0 45,8 2.87 2,50} 33.4 3.16 1.93 0.1 3.49 3.33[22.1 3.87 -3.83] 103 4.39 408
200 |152.6 2.08.01,13] 56.3 2.33 163} 70.3 2.34 2.00 40,9 1.86 2.31) 38.9 316 2.93] 30.5 3.48 3.36] 3.1 3.87 3.54] 19.9 4,38 6.12 > 6y
e |ias2 208 Vf3lice.1 2.2 63| 76.1 2.54 2,00 4.0 2.86 2.8 AL7 313 .93} 3.1 267 339 c.0 3.8 3881215 4.3 &.18 ‘ o e
- 20 11777 2.08 Li3|109.8 2,33 L.63| 1.9 2.54 2.0 S8.2 2.87 2.501 &.9 3.13 12.93 35,6 3.46 3.39}28.0 3.8¢ 3.88|23.0 4.2 4.26] 19.0 4.88 4.50 =
300 |190.3 2.08 1.13(117.6 2.33 1,63| 7.7 2.3 2,04 €2.3 2.88 .51 48.0 3.1 1.9 381 3.45 2.40119.9 3.82 3.92] 26,8 .27 4.26| 20.2 480 461 g ®
O 1
fF——— =t LD
, Farabolis waterwey deeign »
(Reterdance "I and “3") - o
1
N
- L]
1o 3 oo,
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v, for RETARDANCE "D". Top ¥ideh (T), Depth (D) and ¥, for

u‘w .

Gxade 0.73 Fercent

4- 07

June 1978
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(Retardance 0" and "B") -

~ *
- M '
+
v, for RETADANCE “F, Top Vidth (T), Dupth () end V, for RETADSNCE 8",
) Grale 1.0 Percent ‘
Q v, = 2.0 v, = 2.8 1 - 3.0 Vi = 3.5 Vi = &0 v = 43 vy = 5.0 v = 5.9 v, = 6.0
s | 1 it 9wl o vl o vl o v jr 0o v o= o A B N T A
u uo’ ncgt 'Q’ l.ﬂ lo o
0 | 30.9 1.% 0.92] 13.0 1.7% 1.} 8.8, 2.0 1.
25 26,0 1.33 0.93] 18,2 1.7 1.32] 10.9 1.9 1.7¢ &9 .11 1.&7
n :to‘ ‘on o-“ 1'.: ‘em 10” uo. 1-“ 9% | ‘ol’ :.“ L“ o - -
” ”c’ ‘on o.“ no’ 1.10 ‘-“ l.,.ﬁ ‘o” « 88 uol lcm !Q“ 8.2 8.” 2-37
&0 | 41,3 1. 0.93] 25,7 1.70 1.38] 17,1 142 1, 18,7 2.06 2.A2]| 10.4 2.32 2.4% .
45 | &6.6 1,33 0.95] 20.8 1.69 1.37] 19.2 1.91 1.88 154 2.06 2.12] 11.7 2.2 2.86
50 51,3 1.52 O0.95] 52.0 1.720 1.%7] 21.2 1.9 1.8§ 17.0 2.02 2.16] 12.9 2.28 1.32] 9.9 1.81 2.8
58 6.5 1.51 0.93] 35.1 1.69 1.38] 23.3 1.89 L.8§ 18.7 i.02 2.16] 14.1 2.23 3.57] 10.8 2.57 2.9}
60 | 61.6 1.52 0.95] 38.3 1.09 1.37] 23.4 1.89 1.0§ 20,3 2.00 2.%9] 15.3 2.23 2.61} 11.7 2.5% ).00
93 “.6 to 0.” “o‘ ‘o“ 1.:‘ 270, ‘on ‘o iy &0 ‘op‘ 2.“ “l° 2-“ Z.w u.r Z.H 2.“ ’- “
0 71.6 1.M 0.96] 4.6 1.70 1.38] 29.5 1.88 1.8 23.6 1.99 2.21] I1R& .22 2.63] 186 2.52 )00 3.26
75 | 76.6 1.51 0,96] 47.7 1.6% 1.38] 31.6 1.§8 1.5 23.3 2.00 2.31} 19.0 2.21 1.66] 14,3 2,50 308} 3.35
80 81.6 1.52 0,98] S0.8 1.69 1.38) 3.7 1.88 1.88 126.9 1.99 2.22] 20.3 2.22 2.66] 15.4 2,48 3.1l 3.83
30 9L.7 & 0.96] 57.1 1.69 1.39] 7.8 1.88 1.80 30.2 1.98 1.24| 22,8 2.21 2.658] 17.3 2.47 3.1} 3,401 11.8 2.99 ML7B
100 j1o01.7 1 0,96] 63.6 1.69 1.39] 42.0 1.80 1.09 33.5 1,98 2.24] 25.2 2.19 12.69] 19.2 2.47 3. 14 3.55] 3.0 2.%% 388 -
110 jiil.7 1 0.97] 69.6 1.69 1.39] 46.1 L.87 1.90 36.8 1.98 2.38 27.7 2.19 2.79} i1.90 2.4 3.20 3,93 14,3 2.9 3.88% 12,4 3.2} &.07
110 (123,71 0.97] 75.8 1.69 1.39] 50.2 1.87 1.900 &0.1 1.98 1,36] 30.1 2.19 2.70] 22.9 2.44 3.20 3.57} 1%.3 2.1 3.96] 13.4 3.17 &:19
130 {131.6 1 0.97] 82.1 1.69 1.39] 34.& 1.687 1.9 43.6 1.97 2.36] 32.7 2.19 2.70f 4.8 2.46 3N L6L] 16.7 2.88 4.03] 4.4 112 4.3
180 141,95 1 0.97! 88.3 1.69 1.39] 58.5 1.87 1.90¢ A&7 1.97 1.26] 35.1 1.19 2.70{ 26.6 1.42 3.2% 3.66) 17.9 2,85 4.08]15.5 3.12 &1
150 |151.4 l.!ﬁ 0.97] MW.5 1.69 1.40] 62.6 1.87 1.9 50.¢ 1.98 2.26] 37.8% 12.18 2.72] 2823 2.42 13.2) 3.60] 19.2 2.86 4.07(16.% 3.08 4.)9
160 j161,3 1.52% 0.97]100.7 1.69 1 40] 6.7 1.87 1.9 533 1.98 2.26] 40.1 2,18 2.72} 30.4 1.4} 3.23 3.68) 20.4 2.86 4,114 17.6 3.08 4.39
170 $171.1 1.52 0O,97]106.8 1.69 1.40] 70.8 1.87 1.98 56.3 1.97 2.28] &2.6 2.19 2.72} 32.2 1.41 13.16 3L.70} 21.7 2.85 4.10] 16.6 .05 &.68
180 [180.9 ,1.32 0.98]113.0 1.69 1.40] 74.9 1,87 1.9Y 59.8 1.97 2.27] 45.0 2.18 2.73] W%.1 2.42 3.23 . 3.68] 22,9 2.83 4.16) 19.6 3.2 4 02
190 [190.6 1.52 0.98[119.1 1.69 1.40f 79.0 1.87 1.91 63,1 1.98 2.27] 47.5 2.18 2,73] 35.9 2.41 )27 3.69) 24.1 2.8% 4.17] 20.7 3.00 &.51
200 |200.4 1.2 0,98[125.3 1.69 1.40f 83.0 1.87 1,98 66.3 1.97 2.28] 49.9 2.18 2.74] 1.8 2.41 s.27 3.70] 25.4 2.82 4.15] 21.7 3.00 &.57
220 |220.1 1.52 0.98{137.6 1.69 1.51] 91.2 1.87 1.9y 72.9 1.97 2.28] 54.9 2.18 2.74}41.5 2.41 3.28 3,731 27.9 2.02 4.17123.8 2.99 4.61
260 }239.8 1.32 0.98]150.0 1.69 1.41] 99.4 1.87 1,93 79.5 1.98 2.28] 59.8 2.18 2.7%) 45.3 2.41 3.28 3,721 30.4 2.81 4.18] 23.9 2.97 &4.64
260 }259.4 1.52 0.98]162.3 1.69 1.41)107.6 1.87 1.9% 66,0 L.97 2.28 64,8 2.18 2.76)] 49.0 2.41 3.29 3.75] 32.9 2.81 4,20} 2B.0 2.98 4.87
280 |279.0 1.52 0.98|174.6 1.70 1.41}115.8 1.87 1.9§ 92.5 1.97 2.29{ 69.7 2.18 2.75] 52.7 2.40 3.3 3,764 35.3 2.79 4.26} 30.2 2.97 &.6%
300 {298.5 1.52 0.98{186.9 1.70 .1.41}123.9 1.87 1.9% 99,1 1.98 2.29] 74.6 2.18 2.7} 6.6 2,40 3.30 3751 37.8 2.79 4.24] 32.3 2.97 4.67
— - ﬁ N ]
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Grads 1.25 Farcent

vy for RETAADANCE "IF. Top Vidth (7), Deyth (P) nd Vyfor ASTANDARCE "B".

"0t -

Q Vi = 2.0 vp = 2.% 1 - 30 L ,',‘ 1 -~ 4.0 Vg = &3 V1 = A0 Vi = 3.3 ¥, = &0
cfs - l .
T b V: k o Vz T ] v, T D vz T D '2 T 1+ 72 T D Vz T -} 72 : v‘ )
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f o L
. for BETARDANCE "D", Top Width: (1), Depth (D) snd V, for RETARDAMCE 75",
g Crade 1.0 Parcent
. q vy = 2.0 W = 2.5 W = 3.0 v = 2.8 V1 = 4.0 5 - 6.5 v; = 5.0 Vi = 5.8 vy = 6.0
b [T, AR R A N YA Y LT
' %— p— Fe———— + _
12 | 201 o0.98 0.80] 19.2 1.03 1,13] 13.4 1.1 L.44 10.3 1.2¢ 1.74] 7.6 1.37 2.12] 5.8 1.5 2.4
e 10 | 37.4 o.58 0,80] 25.6 1.05 1.10} 17.8 1.16 13.7 1.23 1.76} 10.0 1.33 2.22} 7.6 1.50 1.59| 6.8 1.38 2.7
25 | 46,7 0,99 0,80} 31.91.05 1.11] 22.2 1.14 17.0 1.21 1.80} 12.5 1.33 2.23] 9.6 1.46 2.69] 8.4 1.5 2.85] 6.9 1.68 3.18
30 | 35,9 0.9%% 0.81} 38,2 1.05 1.11] 26.6 1.1 20,3 1.20 1.82] 14.9 1.31 237 11,2 1.6 2.73] 9.9 1.48 3.02] 8.2 1.66 3.28f 6.7 1.88 13.50
3s | 65.0 0.99 0.81] 66.4 1.0 1.:2] 31.0 1L.16 23.7 L21 1.81) 17.3 1.3 2.30] 13.0 1.4 2.80]11.5 1.47 3.07] 9.5 1.62 3.36| 7.7 1.82 3.68
50 | 7.1 099 o0.81] 0.8 1.06 1.12] 35.3 1.14 27.0 1.20 1.83] 19.7 (.29 2.33] 16.8 1.42 2.83]13.1 1.46 3.10] 10.8 1.60 3.42] 8.7 1.78 3.8
43 | 83.2 0.99 0.81f 6.8 1.08 1.13] 39.7 1,16 30.3 1.20 1.86) 22.1 1.29 2.34] 16.6 1.41 2.89] 14.7 1.48 3.12§ 12.1 1.59 3.46] 9.7 1.75 3@
so0 | 92,2 o.99 0.81} 63.0 1.08 1,13] &.0 1.14 3.6 1.20 1.86| 26.6 1.30 2.32| 18.6 1.60 2.87]16.3 1.45 3.14} 13.6 1.58 3.50] 10.7 1.72 4.01
ss |101.1 0,99 0.82) 69.1 1.06 1.13] 48.3 1.14 36.9 1.20 1.84} 27.0 1.30 2.3%] 20.2 1.40 2.88]17.9 1.45 3.13] 16.7 1.57 3.33] 11.7 1.70 &4.09
60 [110.1 o.99 o.82] 75.3 1.05 1.13] 52.6 1.1% 40.2 1.20 .85) 29.6 1.29 2.%) 22,0 1.40 2.89]19.5 1.45 3.16] 16.0 1.57 3.55} 12.7 1.69 &.15
63 |118.9 0.9 0.82] 81.4 1.05 1.13] 56.9 1.14 63,6 1.20 1.88] 31.8 1.29 2.33] 23.8 1.40 2.90]21.1 1.45 3.16] 17.3 1.57 3.36] 13.8 1.70 &.11
70 |127.8 0.99 0.82; 87.4 1.06 1.14] 61.1 1.4 4.7 1,20 1.86] 34.2 1.29 2,35] 25.6 1.40 2.90| 22.7 1.45 3.17{ 18,5 1.35 3.63] 16.8 1.69 4.16
75 [136.4 0.99 0.82] 93.! 1.08 IL.14) 65.4 1.1 69.9 1.20 1.87) 36.6 1.29 2.38} 27.6 1.40 2.91] 24.2 1.44 3.21] 19.8 1.35 3.66| 15.8 1.68 &4.20
g0 |1645.3 0.99 0.83] 99.5 1.05 1.14] 69.6 1l.14 $3.1 1.20 1.87 38.9 1.29 2.37] 29.2 1.50 2.91]25.8 1.64 3.21] 21.1 1.35 J.66f 16.9 1.69 4.16
W 90 f163.1 0,99 0.83[111.7 1.05 1.14) 78.2 1,16 $9.7 1,20 1.87} 43.7 1.29 1.38] 32.7 1.39 2.96] 9.0 1.66 321} 23.7 1.%4 166} 18.9 1.67 4.2)
100 |1s0.8 0.99 o0.88[123.8 1,05 1.15 86.7 1.14 66.2 1.20 1,88} 8.5 1.29 2.38f 36.3 1.39 2.93] 32.2 1.66 3,21 26.3 1.54 3.67} 21.0 1.67 4.23
110 [198.3 0.99 0.83{335.9 1.08 1.15f 95.2 1.14 72.7 1.20 1.88 53.3 1.29 2.38) 30,9 1.39 2.93] 35,4 1.44 3.21] 28.9 1.56 3.67f 23.1 1.68 4.22
120 {215.8 0.99 0.83{148.0 1.05 1.15/103.7 1.16 79.2 1.20 1.88{ 58.1 1.29 2.38] 43.5 1.39 2,95} 38.5 1.4 3.23] 315 1.5 3.68] 25.1 1.67 &.27
130 |233.3 0.99 0.83{160.0 1.05 1.1%112.1 1.16 85.7 1.20 1.88] 62.8 1.29 2,39} 47.0 1.39 2.96] ¢1.7 1.4 3.23} 3.1 1.54 3.68) 27.2 1.67 4.2¢
140 |250.6 0.99 0,86)171.9 1.09 :1.13/120.5 1.14 92.1 1.20 1.89) 67.6 1.29 2.38] 30.6 1.39 2.96] s4.8 1.43 3.24| 36.7 1.54 3.68] 29.3 1.67 6.2
150 |267.8 0.99 0.b./183.8 1.03 1.16[128.9 1.1& 98.5 1.20 1.89] 72.3 1.29 2.39] s&.1 1.39 2.97] 48.0 1.64 3.26| 39.3 1.55 3.68f 31.3 1.67 &.28
160 |285.0 0.99 0,84{193.7 1,05 1.16{137.2 1.16 106.9 1.20 1.89] 77.0 1.29 2.39] $7.7 1.39 2.96] s1.1 1.8 3.235] 41.8 1.5 3.70| 33.4 1.67 4.27
170 [302.0 0.99 0.86]207.5 1.05 1.16/145.5 1.16 11.3 1.20 1.8%] 81.7 1.29 2.60] 61.2 1.39 2.97| sa.3 1.66 3.2¢] a4.4 1.5 3.70] 35.4 1.67 4.29
180 [319.0 0.99 0.86]219.2 1.05 1.16{153.8 1.16 117.7 1.20 1.89| 86.4 1.29 2..0] 64.7 1.39 2.98| 57.6 1.4 3.25] 47.0 1.55 1.69) 37.5 1.67 &.28
190 |33s.9 0.9 o0.88]231.0 1.05 1.16{162.1 1.14 126.0 1.20 1.80] 91.1 1.30 2.40| 68.2 1.39 2,98] 60.5 1.4 3.25] 9.5 L.5¢ 3.71] 39.5 1.67 4.3
200 |352.7 ©.99 0.85{262.6 1.05 1.16[170.3 1.14 130.3 1.20 1,90 95.7 1.29 2,60} 71.7 1.39 2.99} 63.6 1.4 3.26] 52.1 1.58 3.70} 41.6 d.67 4.28
220 |387.1 0.99 0,85{266.3 1.08 1.17{187.0 1l.14 143.1 1.20 1.90{105.1 1.29 2.s1] 78.8 1.39 2.99|69.9 1.44 3.26] 57.2 1.5 3.71] a5.7 1.67 4&.29
. 260 |421.2 0,99 0.85]289.9 1.05 1.17[203.6 1.14 155.9 1,20 1,90{114.5 1.29 2.41] 85.9 1.39 2.99{76.2 1.8 3.26] 62.3 1.5 3,721 49.8 1.67 &4.30
260 }a55.2 0.99 0.85]313.4 1.0 1.17}220.2 1.14 168.6 1.20 1.91]123.9 1.30 2.41] 92.9 1.39 2.99] 82.4 1.46 3.27) 67.5 1.5 3.72§ 53.9 1.67 &.31
280 }489.7 0.99 r.85{336.5 1.03 1.17}236.7 1.1& 181.3 1.20 1.91)133.3 1.30 2.5t 99,9 1.39 3.00] 88.6 1.4 3.27] 72.6 1.35 3.72| 38.0 1.67 &.31
300 |522.6 0.99 0.86]360.2 1.05 1.17{233.2 1.15 19,9 1.20 1.91}162.6 1.30 2.82]162.9 1,39 3,00] 9.9 1.46 3.27] 77.7 1.3 3.73| 62.0 1.87 &.3)
e Y &_ - ]
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vy for AETARDANCE “B". Top Width (T), Depth (D) and ¥y for AETARDANCE "I
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farsbolic waterway dasign

(Retardance "D" and "'B)

169

Grade 4,0 Percent

q Vi ¥ - ¥ = A3 V1 = 4.0 1} i ¥ - 6.0
9 {]

T vy k9 ] T T B 'l
13 3.1 0.771 23.6 0.9) 1.01 1.00 12.1 1.08 1.,69] 9.7 1.13% Teb S.7
i bl O 0.771 1.4 0.9) L. 0% 1,00 16.1 1,08 1.¥0f 12.3 1.1 9.7 1.6 35 312
23 5h.9 0.771 391 0.93 1,02 1.00 0.1 1.08 1.71)] 133 1,18 12,1 9.2 3 J.20] 6.3 1.3 3.82
b 1] 0.7 0.78] 46.8 0.9 1.02 0.99 26.0 1.07 1.73] 18.3 1L.14 14,6 11.0 b+ 3.66) 7.7 1.92 13.78
» To.4 0.78] S4.% 0.9) 1,02 0.99 27.9 1.07 1.7 21,3 1,14 16.8 12.7 1.9 3,621 8.9 1.49 3.9
&t 8.1 0.78] 02.1 V.93 (.03 0.99 31.9 1.07 1.76] 26.3 1.1 19.2 14.9 » A7§10.,2 1.% 3.8
) 9.7 0.78} o9,/ 0.9} 1.03 U,99 35.8 1.07 1,76} 27.2 1.1} 1.3 16.3 30 3.51] 11.6 1.48 13.98
S 11083 0.78] #7.3 0,93 1.0} 0.9% 39.7 1.07 1.75} 30.2 1.13 2.9 1.0 18,1 30 3.54] 12.6 1.46 &.01
55 1118.8 0.78) 84,/ 0.93 1.04 0.99 §3.6 1,07 1.75f 3.2 113 26.2 1.20 19.8 9 3.56} 13.8 1.4 4.08
o0 J12v.2 0.791 92,7 0.93 1.04 0.99 £7.6 1.07 1.76] 36.1 1.1 28.% 1.19 21.6 3 3,571 15,1 1,48 4.02
o5 134,06 0,87 0.79) ¥9,0 0,93 (.06 0.99 1.6% 51.3 1.07 1.7e} 39.0 1.13 2,19} 3.9 1.20 2.61] 23,4 1.29 3.58] 16.3 1.46 A.06
0 flev.y p.ns 0.79{107.0 0.¥3 L. 0.9% 1.6 55.1 1.07 1.77] 42.0 1.13 2.19] 33.2 1. %0 2.62] 25.1 1.28 3.59} 17.5 1.4% &.09
7% fiev.Z 0.88 U.79)114.3 0.9 1,08 0.99 1.4 8.9 1.07 1.77] &e.9 1.13 2,197 35.% 1.20 2.62] 26.9 1.29 3.60| 18.7 1.4% 4&.12
80 Jiro.e 0,88 v.7v]12l.e 0.93 L.4% 0.99 1.4 o2.7 1.07 1.77] 47.8 1.13 2.20] 37.8 1.20 2.63] 28,0 1.28 3.80] 20.0 1.46 4.08
9 JI91.1 0,88 0.80|130.5 0.93 L.05 0.99 1.43 70.& 1,07 1.78) 53.7 1.13 L 2.20) &2.4 1.19 2.65! 32.1 1.18 3.62) 22.6 1.45- 4.13
100 211,88 088 O0.80)151.2 ov.¥3 1.09 0.99 1.4 78.1 1.07 1,78} 99.6 1.1} 2,20} &7.1 1.20 2.64] 33.7 1.9 3,83 2.9 1.4% &.12
110 [232.3 0,88 0.80|1leS.+ 043 1,00 0.99 1.4% 85.8 1,07 .78} 65.4 1.1) 2.21] 51.7 1.1y 2.63} 39.2 1.29 3.63] 27.3 1.44 4.16
120 252,77 O.88 O.80[I&.5 0, v3 Ll.08 0.99 1.4 93.& 1.07 “1.78] 71.2 1.13 2.22} %6.3 1.19 2.66] 42,7 1.3¢ 3.661 29.8 1.45% & 14
130 {273.0 0.83 0.80}1vs.1 0.9 1,06 0.99 1.4%101.0 1.07 1.79] 77.0 1.13 2.22] 00.9 1.19 2.60) 48.2 1.9 3.66) 32.2 l.5& 4,16
160 [29d.2 o0.88 0.80)209.% u,98 108 0.99 1. 108.% 1.07 1.79] 82.8 1.13 65.% 1.20 2.66] 49.6 1,28 3.66] 3.6 1.6 4,18
150 Y3153 o.88 U.81f225.v 0.9 LY 0.99 .64 116.0 1.07 1.80} E8.0 1.1} 0.1 1.0 $3.1 1.28 1.66] 37.1 1.6% &.17
160 f433.0 .88 0.81238.2 0.v3 1.7 1.00 L. 123.5 1.07 1.B0] 9.} 1.1) 7.6 1.20 2.07 2:.6 1.28 3,67) 39.9 1.4 &.18
L70 F3%S.L 0,88 0.81]752.. uv.vd L7 1.00 1. £31.0 1,07 1.801100.0 1.13 9.2 1,20 2. 0 1.28 3.67) 41.9 1.4 A.19
180 J372.8 0.88 0.81]200.% U093 L7 1.00 1.6% 138.6 1.07 1.50§108.7 1.13 83,7 1.20 2.88) 03.5 1.28 .88 o8.3 1.4 4.0
190 [ 3W2,« O.88 0. 8112800 V.93 1.08 1.00 1.5 165.8 1.07 1.811111.6 1,13 88.2 1.20 2,.688) 66.9 .28 3.69] 46,7 1.6k 4,21
200 lall. 9 (.88 Q,.82]!6e.c L9} 08 1.00 1.6%133,2 1.07 L.81§117.1 1l.16 92.7 1,20 2.648) 70.} 1.28 3,681 49.1 1.8 &2
220 45l u.d8 o Blsrsl v o8 1.00 .66 188.2 1.07 1.81]128.6 1.1& 101.9 1,20 2.68) 77.2 1.28 3.69] 8.0 1.4 L2
260 {~9l.0 0.88 0.¥2{350.0 V.93 L0V 1.00 1.%4 183.2 1.07 1.81]1460.0 L.14 110.9 1.20 2.89} 8,1 1.18 3.70] 8.8 l.& 4.21
200 [531.0 U.88 O 8 3Iry,d 0,93 o9 1,00 1.46 198.0 1.07 1.82]151.% Ll.16 120.0 .20 2.69}) 91.0 1.28 3.70] 63.7 L.& L2
280 | 870.8 088 U 82080 O.VS o 1.00 1.3 212.9 1.08 1.821162.8 .14 129.0 1.20 2,70} 97.9 1.28 3,71] 68.9 1.4 A.22
D feuv.d u.B8 U 83 edo.d VLS oy 1.00 1.6% 227.6 1.08 1.83[173.2 1.1 13.1 1.20 2I.69[104.8 1,29 3.71] 73.3 1. o)
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v, for RETARDANCE "D". Top U1dth (T), Depth (D) and V, for RETARRARCE “B".

Crade 5.0 Percant

171

Q v, = 2.0 V1 = 2.3 171 .0 ¥ = 35 Vi = 4.0 vy 4.5 V{ = 50 vV = 45§ ; = 6.0
cfs : '
T D V| T P VT vzrnvzrnvzrnvzrnvztnvzrnvz

15 | 3.8 0.80 0.79] 25.2 0.86 1.02} 17.7 16.3 0.96 1.61) 10.6 1.06 2.,00] 8.4 1.12 2.%] 6.7 1.73 2.07] 5.4 1.3 3.00

20 | 40.) 0.80 0.79] 93.5 0.86 1.02}] 23.% 19.0 0.9¢ 1.62] 1s.1 1.06 2.,02f11.1 1.10 2.41} 8.8 1.19 2.81] 7.0 1.28 3.29] 6.1 L.40 3.4
25 | 5/.7 0.80 0.80] 41.7 0.86 1.03] 29.3 23.7 0.96 1.63] 17.9 1.03 2.06}13.8 1.09 2.46] 10.9 1.17 2.90] 6.7 1.26 3.37] 7.5 1.35 L&
30 | 69.0 0.80 0.80] 49.9 0.88 1.06] 3.0 28.3 0.95 1.65] 21.0 1.03 2.08]16.0 1.10 2.44] 13.0 1,15 2.96} 10.4 1,25 3,41} 8.9 1.32 L.78
35 | 80.3 0.80 0.80] 58.1 0.86 1.04] 40.8 H 33.0 0.93 1.{: 2.6 1.02 2.08}19.3 1.09 2.60]15.2 1.1§ 2.9 ]12.1 1,26 3.45] 10,3 1.30 3.87
4 | 91.5 0.81 0.80] &6.2 0.86 1.06} 46.9 37.6 0.9 1. 27.8 1.02 2.09 n.g\ 1.09 2.67]17.8 1.15 297108 1.26 3.47]11.8 1.30 3.8%
45 |102.6 o0.81 o0.81] 76.2 o0.86 1.05} $2.2 62,2 0.99 1.66] 31.3 1.03 2.08] 2%.% 1.09 2,68]19.4 1.15 2.99]15.4 1,22 §,55]13.2 1.29 3.91
0 [113.7 0.81 0.81) 82,3 O0.86 1.0%] 57.9 | 46.8 0.99 1.66f M.7 1.08 2.08]|27.3:.1.08 2.58§21.% 1.1% 3.01}17.% 1.22 3.55] 1.7 1.50 3.88
53 [126.7 0.81 0.81] 90.2 0.86 1.0%] 63.5 $1.4 0.96 1.56] 38.0 1.02 2.11}3%0.0 .08 2.51] 23.7 1.15 2.968)18.8 1.22 3,53} 16.1 1.9 1AM
60 {135.7 o0.81 0.81] 98.2 0.8¢6 1.0%} 09.1 $6.0 0.96 1.66] 41,4 1.02 2.11]32.7 hos 2.51]25.8 1.1% 3.00f 20.5 1.22 3.53] 17.3 1.28 1.9/
65 J146.5 0.81 0.81}108.1 0.86 1.05{ 74,7 0.5 0.96 1.87] 4.8 1,02 2,10} 35.3 1.% 2.531 27.9 1.15 s.00f22.1 1,22 3.59] 18.9 1.28 4.00
70 {157.3 o0.81 0.82{113.9 0.86 1.06] 80.2 H 65.0. 0.98 1.67] 48,1 1.02 2.11] .0 1. 2.53] 30,0 1.1% 3.01] 23.8 1.%2 3.58] 20.4 1.29 3.96
75 [188.1 0.81 0.82[121.7 O0.86 1.06} 85.8 } 09.5 0.96 1.67] si.4 1.02 2.12]40.6 1.08 2.5} 32.0 1.1 3.060) 25,4 1.21 3.62] 21.8 1.268 3.98
8 {(178.8 0.81 0.82[129.56- 0.8 1.08] 91.3 76.0 0.96 1.87] 56.8 1.02 2.12] 43.3 1,09 2.53] W.1 1.15 3,06} 27.1 1.22 S.61) 23.2 L.38 4.00
S0 {200.% o0.81 0.82{15%.2 O.8¢ 1.07}102.4 N 83.0 0.96 1.68) &1.5 1.02 2.12] 48.6 1.08 2.5] 33.3 1.13 8.03} 30.6 1.21 3.63} 26,1 1.28 4.00
100 }222.2 @.81 0.82|160.9 0.86 1.07{113.%  92.1 0.96 1.68] 68.2 1.02 2.13] 53.9 1.08 2.%)42.% 1.19 3.05]3%.8 1,22 3.61f 28.9 1.28 4.08
110 }243.7 0.8 0.82{176.% 0.86 1.07[124.6 101.0 0.96 f£.69! 74.8 1,02 2,14 59.2 1.090 2.53] 4&6.7 1.15 3.05] 37.1 1.22 3.6¢3] 91.8 '1.28 4.02
120 }z265.0 0.81 0.83[192.0 0.86 1.07]135.6 g 110.0 0.96 1.09] 81.64 1,02 2.15] 04.4 1.08 2.56] 50.8 1.1% 3.07)40.4 1.21 3.6k| 3.6 1.28 4.04
130 {286.3 0.81 0.83{207.5 0.86 1.08]146.8 4118.9 0.96 1.69] 68.%1 1,02 2.146] &9.7 1.09 2.56% 35.0 1.15 3.06f43.7 1.21 3.85) 37.5 1.28 4.08
140 |307.4 0.8F 0,83[222.8 0.85 1.08{157.5 127.8 0.96 1.89] %.6 1.02 2.15] 74.9 1.08 2.57] 39.3 1.15 307} 47,0 1.21 3.65) 40.3 1.28 &.04
150 |3z28.4 o0.8% 0.83]238.1 0.57 1.08|168.3 136.F¢ 0.96 1.70§101.2 t.02 2.15) s0.1 1.08 2.57} 63.2 1.15 3.08] 50.2 1.21 2.47] 431 1.28 4.08
160 [349.3 0.81 0.83)253.2 0.86 1.08]179.1 i 145.4 0.96 1.70]107.7 1.02 2.1} 85,3 1.09 2.57] &7.3 1.1% :,g -33.% 1.21 3.07) 48,9 1.28 4,08
170 }370.0 0.81 o0.84]208.3 0.87 1.09]189.9 q155.1 0.90 1.70]114.2 1.02 2.16] 90.4 1.08 2.%8] 7046 1.1% 3. 56.8 1.21 3.07] 48,7 1.28 4.0
180 |390.7 0.82 0.84[283.3 0.87 1.09]200.8 162.9 0.96 1.70§120.7 1,02 2. zLﬁ.s 1.09 2,58] 75.3 1.15 3.09|™.0 1.21 3.09} 8.5 1.28 4.07
190 [&411.2 0.82 0.84[298.2 0.87 1.09{211.2 171.5 0.9 1.71}137.1 1.02 z2.27j100.7 1.08 2.59] 79.6 1.1% 3.09] 63.3 1.21 X.68) %.3 1.28 &.O7
200 J431.6 0.82 0.84|313.0 0.8/ 1.09221.8 4180.2 0.96 1.71]131.5 1.02 2.18/108.8 1.09 2.50] 83,6 1.15 3.10] 66.5 1.21 3.09] 57.1 1.28 4&.08
220 1473.3 0.82 0.86{363.4 0.87 1.10[263.4 N 197.8 0.97 1.71f146.6 1.02 2.18(116.2 1.09 2Z.60] 91.9 1.15 3.10] 73,1 1.22 3.69§ 62.7 1.28 4.09
240 |S514.8 0.82 0.86[373.6 0.87 1.10)264.9 R 215.3 0.97 1.72{1%9.6 1,02 2z,18{126.5 1.09 2.80100.1 1.1 3.10] 79.6 1.21 3.70{ 68.3 1.28 4.09
260 }556.1 0.82 0.85]403.6 0.87 1.10]286.3 §292.7 0.97 1.72{172.6 1.03 2.19|1%.8 1.09 2.61]108.2 1.1 3.%1% 86.%1 1.21 3.71) 3.9 1.28 410
280 |%97.1 0.82 0.85{433.5 0.87 1.10]307.6 2%0.1 0.97 1.72{185.% 1.03 2.19l147.1 1.09 2.61J116.64 1.15 3.11)92.8 1.21 3.71] 79.5 1.28 4.10
00 |638.0 0.82 0.8%]a63.1 0.87 1.11]328.7 267.4 0.97 1.73]198.4 1.03 2.19{187.3 1.09 2.61J124.5 1.15 3.12) 99.1 1.22 3.71) 85.1 1.28 4.10
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. i v, for EETAKDARCE "D". Top Width (T), Depth (D) and Vy for REJAKDANCE "B°.
! . Crade 6.0 Parcent
5 Q VW -~ 1.0 Vi = 2.3 Vi = L0 Vi = 3.5 Vi « 4.0 v o= 43 Vg = 5.0 Vi = 5.3 V; = 6.0
cla
rnv,rnv,tnvlr-nvzrnvzrnv,rnvzrnvzrav,
15 | s0.5 0.72 0.76] 26.9 .81 1.02] 19.6 oO.85 1.34 14.8 0.90 1.66] 11.7 0.96 1.97| 9.4 1l.02 2.31] 7.6 1.09 2.€7] 6.1 1.18 3.05] 5.0 1.32 3%
20 | 59.9 0.7z o.76f 5.7 o0.81 1.03} 26.1 0.8% 1.3 19.6 o.89 1.69} 15.6 0.96 1,97]12.5 1.01 2.33}10.1 1.08 2.71] 8.0 l.}4 S8.23) 6.5 LK I8
25 | 67.1 0.72 0.78) 44.% o0.81 1.0} 32.5 0.88 1.3§ 26.5 0.90 1.69] 19.6 0.95 2,000 13.5 1.00 2.39{ 12.5 1.06 2.80] 10.0 L.14 S.241 8.1 1.23 369
30 | 80.3 0.72 0.76]| 53.2 0.50 1.06] sa.9 o.85 1.38 29.3 0.5 1.70] 23.3 0.96 1.99] 18.6 1.00 2.99] 15.0 1.06 2.80]11.9 1.12 3,33] 9.6 L2 .8
35 | 93.6 0.72 0.76] 61.9 0.81 1.06] 45.3 0.85 1.3% .1 0.8 1.70] 22.1 0.96 2,00} 21.6 0.99 2.43] 17.4 1.0 2.86]13.9 1.13 3.31)] 11.2 1.20 .86
0 |:0u.64 0.73 0.77] 70.6 0.81 1.06[ 51.6 0.8% 1.3¢ 38.9 0.89 1.71] 30.9 0.95 2.01{ 26.7 1.00 2.61] 19.9 1.05 2.89]15.86 1.12 3.86] 12,7 1l.19 3.9
4s 1119.3 0.73 0.77] 79.2 o0.81 1.04] 57.9 0.8% 1.3¢] 43.7 0.90 1.71] 3.6 0.95 2.03] 27.7 1.00 2.42} 22.3 1.0% 12.86}17.7 1.11 3.40] 1.3 L1.19 3.92
0 l132.1 0.73 0.77} 7.7 0.81 1.05] &4.1 0.86 1.3 48.8 0.89 1.71] 38.4 0.95 2.03] 30.7 0.99 2.43] M.7 1,09 2.87]19.7 1.12 3.381 15.8 118 3.98
55 |144.9 0.73 0.77] 98.2 0.81 1.08] 70.4 0.85 1.37 53.1 '0.89 1.72] 42.2 0.95 2.03] 33.7 0.99 2.46) 27.1 1.06 2.89] 21.6 1.11 3.40] 17.4 1.18,3.96
60 1157.5 0.73 0.77|106.0 o©.81 1.05] 76.5 0.8% 1.38 s7.8 0.89 1.72} 65.9 0.95 2.08] 36.7 1.00 2.44] 29.6 1.05 2.87] 2.5 1.11 3.42] 18.9 1.18 4.01
65 {170.1 0.73 0.78]113.0 o0.81 1.06] 82.7 0.8% 1.38 62.5 0.90 1.72} 49.6 0.95 2,04] 39.7 1.00 2.44] 32.0 1.05 2.88] 25.4 1.1l 3.43} 20.5 1.18 J.98
70 |182.6 0.7% 0.78{121.3 0.81 1.06] 88.8 0.85 1.38 67.2 0.90 1.72] 53.3 0.95 2.05{ 62.7 1.00 2.54| 3.4 1.0 2.88] 27.4 1.11 3.41] 22.0 1.18 4.02
7s l19s.1 0.73 o0.78l179.6 o0.81 1.06] 9.9 0.85 1.3 71.8 0.90 1.73 57.0 0.95 2,05] &45.6 1.00 2.48] 36.7 1.06 2.91] 29.3 1.11 3.42] 23.§ 1.18 399
= 50 |207.6 0.7% 0.78{137.8 o0.81 1.06}100.9 0.85 1.3% 76.4 0.%0 1.73} 60.6 0.95 2.06] 48.6 1.00 2.45) 39.1 1.05 2.91) 31.2 1.1t 3,42} 25.1 1.18 4.02
. w90 l232.6 0.7 0.78/154.5 1.81 1.07]113.2 0.85 1.44 85.8 0.90 1.73] 66.1 0.95 2.06] %4.6 1.00 2.45) 4.9 1.05 2,92} 35.0 L.11 3.44f 28.2 1.18 4.02
3 100 [257.7 0.73 o0.78]171.2 0.81 1.07}125.5 o0.85 1.4 95.1 0.90 1.76] 7.5 0.95 2.06] 60.3 1.00 2.46] 48,7 1.0 2.92] 36.8 L.I1 13.46] .3 L.I8 &.08
110 |z82.6 0.7% 0.78)187.8 o0.81 1.07}137.7 o.85 1.4d106.6 0.90 1.74] 82.8 0.95 2.07] 66.6 1.00 2.47) 33.5 1.05 2.92) 42.6 1.11 3.47] S6.4 1.18 4.03
120 [307.3 0.76 0.79{206.2 0.81 1.08{169.8 0.85 1.40 113.6 0.90 1.74] 90.2 0.95 2.07} 72.3 1.00 2.47] 58.3 1,05 2.92) 46.6 1.11 3.47] 37.4 1.18 &.06
130 [331.9 0.76 o0.79]220.6 o.81 1.08{161.9 0.85 1.4%122.8 0.90 1.75] 97.5 0.95 z.08] 78.2 1.00 2.48] &3.0 1,05 2.93] 50.2 L.11 3.48] 40.53 1.18 4.05
140 |3%6.3 0.74 0.79{236.8 0.81 1.08/173.9 0.85 1.4§131.9 0.30 1.75{104.7 0.95 2.09] 84.0 1.00 2.48] 67.7 1.05 2.96| 54.0 1.11 J.48] &3.53 L.18 4.07
150 [s80.5 0.76 0.791283.0 0.81 1.091185.8 0.8% 1.4H 141.0 0.90 1.73{112.0 0.96 2.09] 89.9 1.00 2.48] 72.5 1.05 2.93] 57.8 1.i1 J.48] 46.6 1.1 4.06
_ 160 laoe.6 0.76 0.791269.0 0.81 1.091197.7 0.85 1.44 I1S0.1 0.40 1.76]119.2 0.96 2,09| 95.7 1.00 2.49] 77.2 1.09 2.94] 61.5 1.11 3.49] 49.¢ 1.18 4.08
170 le28.6 0.76 0.79]28s.0 0.8% 1.09]209.5 0.85 1.43 159.1 0.90 1.76]126.4 0.96 2.09{101.5 1.00 2.49] 81.8 1.05 2.95] 65.3 l.11 3.49] 32.7 1.18 &.07
1860 |452.4 0.7 0.791380.8 o0.51 1.09]221.3 0.85 1.4 168.1 0.90 1.76]133.5 0.96 2.10[107.2 1.00 2.30] 86.5 1.05 2.95] 69.0 1.11 J.49} 55.7 1.18 4.08
190 la76.1 0.7¢ 0.8|316.6 0.81 1.10]283.0 o0.85 1.43 177.0 0.90 1.77{140.6 0.96 2.10{113.0 1.00 2.50} 91.1 1.05 2.96] 72.7 1.11 3.50] 38.7 L.18 4.08
- 200 |499.6 0.76 0.80]332.3 0.81 1.10]244.6 0.85 1.4% 185.9 0.90 1.77|147.7 o0.96 2.11|118.7 1.00 2,50] 95.8 1.08 2.96{ 76.4 1,11 3.3} 1.7 1.18 4.09
220 |s47.7 0.76 0.80{364.5 0.81 1.101268.4 0.85 1.4 204.1 0.91 1.77}162.1 0.96 2.11j130.3 1.00 2.51{10%.2 1.05 2.96] 83.9 L.11 )51} 67.8 1.18 &.09
250 ]%95.6 0.74 0.80{3%.5 .81 1.11]292,1 0.85 222.1 0.91 1.78]176.5 0.96 2.11}161.9 1.00 2.51]114.5 1.05 2.97] 91.4 1.11 3.52] 73.8 L.18 4.11
260 [s843.2 0.74 0.80{428.3 0.81 1.11}315.7 0.8% 260.1 0.91 1.78/190.7 0.96 2.12{153,6 1.00 2,32]123.9 1.08 2.97] 98.9 1.l1 J3.531 79.9 1.18 &.10
280 |690.5 0.75 0.81]459.9 0.81 1.11]339.1 0.85 1.44 256.0 0.91 1.78!/205.0 0.96 2.12]166.9 1.00 2.352{133.2 1.05 2.97{106.3 1.11 3.33} 85.9 1,18 &.11
100 |737.5 0.75 o.silevl.e o0.81 1.11]362.4 0.85 1.44 275.8 0.91 1.78]219.1 0.96 2.13{176.3 1.00 2.52[142.¢ 1.05 2.98[113.7 1.11 3.53] 91.9 1.18 4.12
pr—prpe—y———epeeli - Lo M
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%, for EETAKMAICE D", Tep VEdth (T), Dupth (D)._sad ¥V, for EEQANDANCE "M,

: Grada 8,0 Percent
; Qe LW =20 vy = 2.5 Vi = 3.0 v, = 3.5 v = &0 ¥ = 48 v, ~ 50 v = 5.5 v, = 6.0
-
£ | v o vl o wjT o0 r o v, | o vy, T o v |r > HlT >y |1 0V
e . S
15 43.1 0.64 3.6 0,71 O, 12.2‘ g.78 8.0 0,79 1,36 1%.7 0.8 1,92} 11.0 0.89 2.268] 9.2 0.9% 2.54| 7.4 0.9 353‘ 6,2 1.09 328
20 $7.3 0.64 62.3 .71 0. 9.5 0.76 24,0 0,79 1.%6] 18,2 0.8¢ 1.9] 4.7 0.89 2.25] 12,2 0.9 1.%9] 9.8 0,98 3. 8.1 1.6 3.49
23 71.6 0.6% 2.5 0.71 0O, 36,7 0.76 29,9 0.79 1,57 22,7 0.84 1.93] 18,3 0,89 2.28] 15.2 0,93 2.68 12.2 0.97 3.12] 10.1 1,06 393
30 83%.4 0.65 621.6 0.71 O, 43.9 0,78 3.8 0.79 1.97] 27.2 o0.84 1,95 21.9 0.8 2,39] 10.1 0,92 2.67] 14.6 0.97 313 12.1 1.0 3.3%5
3 99.3 0.65 7.8 @72 O, 1.1 0.76 41.6' 0.79 1,581 31,7 0.84 1,931 159 0,689 2,30 21.1 0,92 2.67] 17.0 0,96 3.16 14.0 1.02 1J.64
40 | 1131 0,63 8.9 072 1. 58,2 0.7¢ &47.4 . 0,79 1,59 38,1 0.8 1,96 29.0 0,89 2.53] 4.1 0,92 2,67| 19.4 0,98 3.17} 16.0 1.02 3.6)
4% 1126.8 0,63 93,0 0.72 1. 6%.3 0. 7% 53.2. 0,79 1.59] 40.3 0.8 1,97 32.6 0.88 2.52] 27.0 o.9% 2.68] 21.8 0.97 3.17] 18,0 1.02 13.62
50 ] 140.6 0,63 0.72 1,01 72,8 0.76 59,0 0.79 1.5 44.9 0.88 1.97] 3.1 0.88 2.33} 30.0 0,92 12.68] 24.2 0.97 3.17] 18,9 1.02 187
55 l’l.ﬂ o.‘, - 0.72 l.o ”., 0.78 oh.? 0.79 ‘. ORA ‘9.: 0.“ 1097 ”.6 uo“ 2.“ ’2.9 ﬂ.” z. 7° zscs o.“ ,om 21.9 !.02 3.6,
60 | 167.3 0.6% O.811122,7 0.7 1.04 86.2 0,76 70.4 ?‘0.79 1.606{ 53.7 0.8% 1.97] 43.1 o.88 2,3%] 35.8 D.92 2.70 8.9 0.97 S.IFP 23,8 1,02 1.689
63 j180.6 0.72 1.0if 93,1 0.76 76.0 0.79 1.61} 58,0 0,86 1.98) 46.6 0.88 2,35} 38,7 0.9 2.71] 3.3 Q.97 318} 25,7 1.0f 371
70 ] 193,9 0,72 1.014100,0 0,76 81,7 0,79 1.61] 62,3 O0.84 1.98) 50.1 0.88 12,35} 41.6 0.92 2.71] 33.6 0,97 320} 27,7 1.02 3.69
- 7% j200.0 0.72 1.02{108.8 0.76 87.21 0.79 1.62] 66,6 0.84 1.99] 53.5 0.88 2,36 &4.5 0.92 2.72) 35,9 0,98 3,271 29.6 1.02 371
N 80 §220.1 0.72 1,02{113.& 0.76 92.8 0,79 1,631 70.9 0.84 1,99] 56.9 0.88 2.37] 47.8 o0.92 1.73] 38,2 0.98 3.1 31.% 1.01' 3,72
@® S0 § 246.8 0.72 1,021127.4 0.7% 106,1 0.79 1,62} 79.% 0.84 2,00] 63.9 0.68 2,371 58,1 0,92 2.74] 42.9 0.98 323 3s.6 1,02 3.72
100 12733 0,72 1.031141,1 0,78 115.64 0.79 1.62] ss8.1 o.8% 2.,00{ 70.8 0,68 2.38] 38,9 0.92 2.74] 47.6 0.97 3.24] 39.2 1.01 3.73
110 § 99,6 0,72 1.034154.8 0.76 t2s.5 0.79 1.63 96,7 0.84 2.01f 77,7 O0.88 2.38] 4.7 0.92 2,74 52.3 0.97 3.28] 431 1.02 L.Té
120 2.7 0.72 I.OSF 168,4 0.76 187.7 0.79 1.63{105.3 0O.86 2,01} 83.6 0.88 ‘2.39) 0.6 0,52 2.75] 58.9 0,97 3.28] &6.9 1,01 7S
31,7 6,72 1.06j181.9 0,76 168.7 0.Y9 1.80)113.8 0.84 2,01} 91.6 O0.88 1.40{ 76.1 0.92 2.75) 61.6 0.97 3.3%] 30.7 1.01 3.7¢
0.72 1,04]195.3 0,78 189.7 0.79 1.60/122.2 o0.8% 2,02} 98.2 0.88 2.40] 81.8 0.92 276 6.2 0.97 3.23] %6.5 1,00 V77
0.72 1.08]208.6 0,76 170.7 0.80 1.64}130.6 0.8% 2.,02{105,0 0.88 2.40] 87.4 0.92 2,77] 70.8 0.97 3.25] 58,3 1.01 3,78
0.72 1.04}221,9 0.76 181.% 0.79 1.63{139.0 0.85 2,02j111.7 O.88 2.61] 93.4 0,92 2.77] 75.} 0.97 3,27 62,1 1,01 .78
0.72 1,05{233,1 0.76 192.6 0.80 1.63{147.3 0.83 2,03|118.4 0.88 2.42) 98.7 0.92 2.77] 19.9 0.97 3.37] 63,9 1,02 3.78
0.72 1.05268.2 0,76 1.6 203.1 0.80 1.83155.8 0.8 2.08}125.1 0.88 2.62{104.3 0,93 2.78] 84.6 0,97 3.18] 69,8 1.02 3,79
0.72 1.08 201.2 0.77 1t.6f 2138 0.80 1,06{163.9 0,85 2.03{131.4 0.89 2.42}100.8 0.92 1./9] 89.0 0.97 3.27] 734 1.02 379
0.7% 1.08{276.1 0,./7 1.69 226,46 0,80 1.86172,1 0.8% 2.06|138.4 ©0.89 2.43]115.3 0,92 2.79] 93.5 0,97 3.28 77.1 1,02 3,80
0.7: lo m.' an ‘a mlz O.N l. K] ‘u.. o-‘, 2.“ l!l.ﬂ 0.“ 2.“ m.ﬂ 03“ 2.“ m.ﬁ 0.97 5.39 “-7 lou :o“
0,73 1.08{327.0 0,77 1.6 3e7.9 O.80 1.67]203.5 0,85 2.0% 108.2 0.89 2.44]137.8 0,93 2.80[111.8 0.97 3.29] 92,2 1,02 3.8
N 0.73 1.08 353.3 0.77 .44 289.4 O.80 1.67]222.1 o0.85 2.0% 178.6 O.89 2.43]149.0 0.93 2.80{120.8 0.9? 3.%} #,7 1.02 .m
0.73 1.07M379.3 0,77 1.,4% 310.8 0,80 1.6N238.6 0.8 2.05]191.9 0.5 2.45]180.1 0,93 1.81|129.9 0.97 3.30]{107.2 1.02 3.82
0.73 1.0140%,2 0,77 1.64332.1 0,50 1.684235.0 0.88 2.06{208.1 O0.89 2.48]171.2 0.8 2.81{1X.9% O.W7 2.31{16,7 l.02 02
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r - .‘.
' : . v, for RETARDANCE "D", Top Width (T), Depth (B) end ¥, for REDNKONSGE "}".
i . . Grade 10.0 Ferceat : ' Is
‘q v - 2.0 Vi = 2.5 1 = %0 Vi = 35 Vi = &0 Vi = 43 v = %0 v - 5.9
PN cte *
- T b .
: Cwmlr oo wlroo v rtoo owulroe oy ooy fr.0 viT 0 v
15 | s1.4 o.58 o.77] 3e.3 o.63 a.vJ.zm 0.69 1.18 19.6 0.73 1.%]15.7 0.76 1.88) 12,6 o.;1 2.18] 10.6 o.85 2.85] 8.7 0.90 2.0
¢ 20 } e8.2 0.55 0.78) 50.9 0.63 0.92! 3.2 0.69 1,18 20,1 0.7 1.56] 20.9 0,74 1.87] 16,8 C.81 2.18 u:o 0.86 2.5} 11,3 0.8 2,01
28 .| 5.0 0.38 0:78] a3.6& 0.69 0.92] 45.1 0.69 1.14 32.3 0.7 1,57} 26,1 O.7¢ 1.03] 20.9-0.80 2.20] 17.5. O. 84 2,52] 14.3 0.87 2.96
30 |101.6 0.%6 o0.78} 7.8 0.8% 0.92} $9.9 0.69 1.2q 38.8 0.72 1.58] s1,2 0,76 1.68} 25.0 0.80 2.32] 20,9 O.63 2.35] 17.1 O0.87 2.9%
;. 3. lusa 9.5 o.78] 83,1 0.63 0.93) 62,7 0,69 1.20 45.2 0.73 1.58 36.3 0.76 1.881'29.1 0.80 2.22] 4.3 0,83 2.57) 19.9 0.87 3,00
‘o N m-* n“ 0.79 mo, On“ 0-93 11-! o-“ 1.2 ’l-s 0173 ‘n” “-’ 0-76_1ln “uz olm 2-23 ”01 onn 2-“ ul’ oon ’nm
. , o8 l150,7 0.5¢ o0.19{112.3 0.6% 0,93] 80.0 0,69 1.2 57.7 0.72 1.60] 66.4 0,76 1.,90] 37,2 0.80 2.24}] 31.1 0,8 2,58} 25.5 0.87 3.01
30 [186.8° 0.5 ©0.79126.5 0.66 0.93) 88.5 0.69 1,20 03.9 0.72 1.60] 51.3 0.76 1.91] 41.3 0.80 2.,23] M.5 O.83 2.3 18,3 0.87 301
i sy 1182.8 0.56 0.79]1%.4 0.66 -0.93] 97.1 0.69 1.2 70.1 0.73 1.60| $6.3 0.76 1,52} 45,3 0.80 2.24} 37.8 0,83 2.60| 31.1 0.8+ 3.00
60, }198.6 0.56 0.791148.2 0.6 0,941105.5 0.69 1.23 76.2 0.72 1.61] ol.2 0.76 1.92] 49.3 0.80 2,25] 41.1 0.83 2.61} ¥3.3 0.87 3
65 |214.3 0.57 0.75{160.0 0.66 O, 115.9 0.69 1.24 32.3 0.73 1.62] 6.2 0.76 1.92] 53.2 0,80 2.20] 4.4 O.8Y 2.62] 36,5 0.87 3.
w " 70 |229.9 o.s1 o.m9|1716" 0.6 0.96]122.2 o0.69 1.29 88.4 0.73 1.62] 71.0 0.76 1.93} 57.2 0.A0 2.26] 47.7 0,88 2.63] 39.3 0.87 3. 1.%
w79 baus.s o.57 o.80l189.2 0.664 0.961130.5 0.69 1,23 94,4 0.73 1.62] 79.9 0,76 1.94f 61.1 0,80 2.27} 51.0 0.88 2.63] 45.0 0.87 300 1.%
O 80 |260.7 0.57 0,80;19%.8 0,64 0.95/138,6 0.69 1,24 100.3 0.73 1,831 80.7 0.7% 1.94} 65,0 0,80 2.27] %.3 0.8 2,63} 44,7 0.87 I.04 3.52
. _ 90 |292.1 0.57 0.80}218.1 0.66 '0,95{155.4 0.69 1.2 112.5 0.73 1.6} 9.5 0.76 1.95] 73.0 0.81 2.27} &0.9 0.8 2.64|C30.1 0.7 3 L5
100 §323,3 0,57 0.80241,5 0.64 0.95172.1 0.69 1,24 124.6 0.73 1.04 100,83 0,76 1.93] 80.9 0.81 2.28] 67,5 0.83 2.65]| 55.6 0.87 3 1.5
. 110 |33 o.s7 o.s0}2s4.6 0.6 0.96]188.6 0.69 1,29 136.7 0.73 1.64/110.0 0.76 1L.96| 88,7 0.51 2.29} 3.1 0.83 2.65f 61.0 0.87 3 L%
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}t STONE CENTER WATERWAY

Watexrway with stons ceater drain
V section shaped by motor patrol

Waterway with stone center drain
Rounded section skaped by bulldozer

Hcteniy with stone center

U.5, DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE t1-68 &-L-37RO8
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RETARDANCE - C

PARABOLIC STONE CENTER WATERWAY GRADE , %- 6, 8, 10, 12, 15

*8.61 8unp

Velocity, Top Width ard Depth Based on Retardance "C*
Grade 6 Percent Grade 8 Percent Grade 10 Percent Grade 12 Percent Crade 15 Percent
Y 8.0 10 8.0 10.0 8,0 10.0 8.0 10.0 8.0 10.0
D 1.3 1.6 1.1 1.3 1.0 1.2 v.9 1.1 0.8 0.9
Q Top Widths
20 S 5
25 5 6 b 4
30 S 6 7 7 5
35 6 7 8 S 8 6
40 ) 7 8 5 9 6 10 7
45 7 8 9 6 10 6 11 7
50 7 9 © 10 7 1 7 12 8
55 8 9 6 11 7 12 8 13 9
LTV 9 10 7 12 8 13 8 14 9
65 9 1 7 12 9 14 9 16 11
70 10 7 12 8 13 9 15 10 17 11
— 75 11 7 13 9 14 10 16 10 18 12
$ 80 12 8 14 9 15 10 18 11 19 - 13
. 90 13 9 15 10 17 12 20 13 21 15
100 14 10 17 11 19 13 22 14 24 16
110 {3 11 19 13 2 14 24 15 26 18
120 17 11 2] 14 23 16 26 17 29 20
130 19 12 22 15 25 17 29 18 3 21
140 20 13 24 16 27 18 3l 19 3 23
150 22 14 26 17 29 20 33 2 36 24
160 23 15 27 18 31 21 35 22 38 26
170 25 16 29 19 33 22 37 24 40 28 .
180 26 7 31 20 34 23 39 25 43 29 -
190 27 18 32 22 k) 25 42 26 45 31 o
200 29 19 34 23 38 26 44 28 47 33 3
220 32 21 38 25 42 29 48 k) 52 48 o.
240 a5 23 41 27 46 31 53 33 57 39 ;
260 38 25 44 30 50 M 57 k) 62 42
280 40 27 45 32 54 36 61 39 " 67 45 @
300 43 29 51 34 57 39 66 42 71 49 o
[y" ]

"U S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
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Moz Size - D%, " Slope "S§"
Design Depth “d" T9% of the Rock of Drain
in Feot in _Inches in %
3.0 = 100.0 — — 20.0
— -
25 3 8.0 — 15.0
2.0 ; 40.0 — :
= 30.0 — {100
3 ] . L
g 5 20.0-5
= 15.0 = B
3 3 ~
:4 .o.o_: 8-50%__ 5.0
E d s ' O": - —_ — —— — — w— —— -——‘ a——" B -
1o-4— - - — : 075 = 7.9in —— 40
0.9 ~ 6.0 — -
08 — 4.0—: — 3.0
35— -
0.7 — - o
——— ; -
0.6 — 2.0 7 - 2.0
_ — 0.
0.5 — |.0— - S
0.4 — . — 1.0
© 0.5 — B
04— C
v \ ’ -
0.3 — 0.3 — "
0.2 — — 0.5
. | _ — 0.4
0.2 — ] -
0.1 —
- 0.3

EXAMPLE: "d" = 10 Feet  "S" = 5%

Place siraight edge of "d" volue in Design Depth column and
ot "S" value in Slope column. Reod rock size in middie column
7.9 inches. Say 8 inches. . :

FOR DESIGN: ‘ . :
25 % of the rock by volume should be./in sizes of: 8 inches or
slightly larger. The remoining 75% or less should be of waell
graded materiol, smalier than 8 inches, including sufficient sonds
onhd gravels to fill the voids between the lorger rock.

Determination of ‘rock size for stone center waterway

156,

f

209
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- USDA, Soil Conservation Service . June 1978

Columbus, Ohio ‘ _ Appendix B-5.1
- ) TEMPORARY SEDIMENT BASIN DESIGN DATA SHEET
Computed by Date
Checked by y " Date
\

Project
Basin ﬁumber : Location *
Total Drainage Area Acres; Disturbed Area Acres

SEDIMENT STORAGE DESIGN .
1. Disturbed Area (Ac)x200(cy/Ac)= Sed. vol. allocated for Dist. Area (cy)
2. Allocated Sediment Volume for other actively Eroding Areas in Dr. Area (cy)
3. Allocated Sed. Vol. for Disturbed Area__ (cy)+Other (cy)=Design Sed.vol.__ (cy)
4. Flevation in Sediment Pool when clean out is required ; Distance below
riser crest ft.

PIPE SPILLWAY DESIGN

5. Design Frq. . (yr). Design Duration_24 (hr); Inflow (Qi) cfs( peak)

6. Vol. Runoff (Vr) Ac.ft.=Vol. Runoff __inches X Dr. Area Acres = 12

7. vol. Storage (Vs) Ac.ft.=Surface Area Ac. X Storage Height (Hs) ft.
8. Vs/Vr = / =

9. Qo/Qi = (From Appendix B~5.4)

10. o Cfs = Qo/Qi X Qi Cfs

11. Head-on Pipe ft.=Hs ft.+(Crest El. Riser - El. Pipe Outlet.é )
12. Pipe Barrel: Diam. inches (From Appendix B-5.5&6); Type Material
13. Riser Size: Diam. inches (Min. Area of Riser = 1.3 X Area Barrel)

EMERGENCY SPILLWAY DESIGN

14. Design Freq. Yr; Design Duration 24 hr.; Runoff Vol. inches, Peak Inflow
cfs
15. Desiqn Discharge cfs = Peak Inflow cfs - Pipe Discharge cfs
16. Bottom Width ft; Hp . ft; Length Level Sect. _20 ft.
Min. Length Exit Section (X) ft; Velocity (V) FPS (Appendix B-38
thru 5.11)

5 ' DESIGN ELEVATIONS

17. Riser Crest : Centerline Pipe Spillway Outlet
Em. Spl Crest ; Design High Water -
Settled Top of Dam : Constructed Top of Dam

CUTOFF 'COLLAR DATA

18. No. Collars _ ;_Projection ft.; Spacing ft.
R R ANTI VORTEX DEVICE DATA - - " ..
*° 19. feight £t.; Length ft. .
157
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USDA, Soil Conservation Service Appendix B-5.2
Columbus, Ohio : '

6.
7.

10.

11.

12,

13.

14,

15.

16.
17.

' 18:

19,

INSTRUCTIONS FOR USE OF TEMPORARY SEDIMENT BASIN
DESIGN DATA SHEET

The minimum required sediment volume from the disturbed area is 200 cubic yvards
per acre or 1.125 acre feet per acre.

Any actively eroding areas outside the disturbed area but within the drainage area
wust be evaluated with regard to sediment yield. This will be accomplished by
estimates or special stu.ies. In most stable watersheds this volume will be zero.

The design sediment volume is obtained by adding the sediment volumes calculated
in steps 1 and 2.

The basin must be cleaned out when sediment reduces the design volume to 60%
capacity. This elevation and other vertical distance below the crest of the
riser will depend on the geometry of the site.

The design frequency is 10 year for Class 1 Basins and 2 year for Class 2 & 3
Basins. It is recommended that the runoff volume and peak inflow be determined
using the SCS, Engineering Field Manual for Conservation Practices.

Convert runoff volume from watershed inches to acre feet.

Select a vertical interval b.tween the riser crest and-emergency spPillway crests;
then calculate the volume of flood storage Vs by multiplying this value by the
surface area of the sediment pool (Riser Crest).

Calculate the percentage of the total runoff that will be temporarily stored
below the crest of the emergency spillway. This will be used in Step 9.

From Appendix B-5.4 find the required pipe outflow to peak inflow ratio. ]
This procedure is approximate, but it is satisfactory for structure proportion-
ing when the pipe spillway primes at or below the crest of the emergency spillway.
Using values obtained in Steps 5 & 9, calculate the minimum required pipe
discharge.

Determine the head on the pipe which is the vertical interval between the center-
line of the pipe outlet and the crest of the emergency spillway. (Free outlet
condition assumed).

Using Appendix B-5.5 or 5.6 determine the minimum size of the pipe barrel. If
this size pipe is not satisfactory, change Hg and repeat steps 7 thru 12.

Determine riser size. In order to assure that the pipe will prime the cross-

sectional area of the riser must be at least 1.3 that of the pipe barrel. The
riser must also be adequate to prime the pipe at or below the crest elevation
of the emergency spillway (Refer to Appendix B~5.7). This step is deleted
when a hooded inlet is used. - '

Use only for Class 2 & 3 basins. For drainage areas 20 acres or less use 10-
yr. frequency, and for drainage areas qgreater than 20 acrés and less than 100
acres use 25-yecar frequency. Use same references for determining runoff ard
peak inflow as were used in Step 5. s

Determine emergency spillway design capacity by subtracting pipe spillway flow
from the peak inflow rate.

Proportion emergency spillway using Appendix BR-5.8 thru S 11.

Record design elevations. The design high water elevation is equal to the

.elevation of the emergency spillway crest elevation plus Hy. The settled top

of dam shall be at least 1 foot (freeboard) above the design high water eleva-.
tiopn. Add a 10% minimuwe allowance for settlement to determine the constructed
top of the dam. '

Determine number, spacing and projcéction of cutoff collars using procedure ‘or.
page IIT x-5.

The minimum length of the antivortex plate shall be the dxameter of the riser,
plus 1 foot, and the minimum height pipe barrel diameter. Wwhen hooded inlet
is used refer to Appendix B-5.12.
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SEDIMENT _BASIN COMPONENTS )

'"P‘B— _ ; o/ Top of Dam
: Hp . {
) -0 .

Ves

—-—ES Crest

~—Normal Water

1
P 1
N |
Profile  _Thru Dam
Flow-—— »
Se

je———FEntrance Slope e 20 ' —otee Exit Slope ——

Profile Thru Emergency Spillway

' : Legend
Vv sed. = Design vdlume of sediment (ac.ft.) ) .
vs ° = Volume of flood storage below crest of emergency spillway (ac.ft.)
- ~  Ves = Volume of flood storage‘above crest of emergency spillway (ac.ft.)
' Hp _ = Difference in elevation between the crest of emergency spillway
1 - and the design water surface in the reservoir (ft.)
. = pifference .in elevation between the pipe spillway inlet and the
) .crest of the emergency spillway. .
FB = Freeboard (ft.) ., , .
. P = Pipe ‘conduit diameter (in.) . 0 )
% R ~ = Riser diameter (in.) . . )
BW = Bottom width emergency spillway (ft.) R,
Se = Exit slope of emergericy spillway (percent)
P ) '
- - v
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PIPE SPILLWAY DISCHARGE ALLOWING
FOR TEMPORARY STORAGE

Qo
| Qi _
© o Ke/ve ﬁ 0.00[ .o0] .02] .03] .04] .05] .06| .07] .08] .09
4—=ﬁ_ T e————
0.0l 1.00|0.99 |0.98 |0.96 | 0.95] 0.964] 0.92| 0.91| 0.90 | 0.88
0.1 0.87/0.850.84 |0.82 |0.81| 0.79{ 0.78} 0.76 | 0.74 | 0.73
0.2 || 0.72}0.70 [0.68 |0.67 }0.65] 0.64] 0.62] 0.61] 0.60 | 0.58
0.3 || 0.57|0.550.56 |0.52 |0.51) 0.50] 0.49] 0.47] 0.46 | 0.45
0.4l 0.44]0.430.42 |0.41]0.40} 0.39| 0.38] 0.37| 0.36 | 0.35
0.5 || 0.34{0.33 }0.32 |0.31 |0.30] 0.29 0.28 | 0.27| 0.27 | 0.26
0.6 || 0.25]0.24 |0.23 |0.23 ]0.22] 0.21{0.20} 0.20] 0.19 | 0.18
0.7 1| 0.18]0.17 |0.16 |0.15 | 0.15} 0.14 | 0.14 } 0.13| 0.12 | 0.12
0.8 |l 0.1110.11 |0.10 |0.09 | 06.09} 0.08 | 0.08 ] 0.07] 0.07 | 0.06
(LEL“_0.0S 0.05 |0.04 | 0.04 |0.03] 0.03] 0.02 }.0.02| 0.01 | 0.01

Basic equation: -3—:' = 1= 2(%%)!— 1{%)6 o'e(ﬁ)a

Where: Vs = Volume of temporary storage, Ac-Ft.
Vr = Volume of runoff, Ac-Ft.
Qo = Required principal spillway discharge, cfs
Qi = Peak flow from design storm, cfs

EXAMPLE:
Given: Vs = 8.0 Ac.Ft.

vVr = 12.0 Ac.Ft.
Qi = 75 c.f.s.

Find: Qo
Vs 8.0 P
. 28 o 22 . .,
Solution: Ve 2.0 .67
82 . 0.20 (from table)
Qi
Qo = 0.20 x Qi

S 0.20 x 75 = 15,0 c.f.8. ~ .- U

NOTE: This procedure is a;pp:oximate but gi;res reliablg values
where pipe spillway primes at or below the crest of the
emergency spillway. R , . -

.
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USDA, Soil Conservation Service .
Columbus, Ohio

-

PIPE FLOW CHART (Full flow assumed)

-

For Corrugated Metal Pipe XInlet X, + K = 1.0 and 70 feet of Corrugated Meta)l Pipe Conduit®
n = 0.025. Bote corrsction factors for other pipe lengths.

R e 15° 18 21 24" ao* 6" a2
2 2.84 4.92 7.73 11.30 15.60 26.60 40.77 58.12
3 3.48 6.03 | . 9.47 13.84 19.10 32.58 -49.93 71,19
4 4.02 6.96 10.94 15.98 22.06 37.62 57.66 82,20
5 4.49 778 12.23 17.87 | -24.66 42.06 64.456 91,90
6 4.92 8.52 13.40 19.57 27.01 46.07 70.60 100,65
7 5.32 9.21 14.47 21.14 29.19 49.77 76.28 108.7S
8 5.68 9.84 15.47 22.60 31.19 51.19 81.53 116.23
9 6.03 10.44 16.41 23,97 33.09 56.43 86.49 123.30

10 6.36 11.00 17.30 25.26 34.88 59.48 91.16 129.96
11 6.67 11.54 18.14 26.50 | . 36.59 62.39 95.63 136.33
12 6.96 12.05 18.95 27.68 18.21 | 65.16 99.87 142.37
13, 7.25 12.55 19.72 28.81 39.77 67.83 103.96 148.21
14 7.52 13,02 20.47 29.90 41.27 70.39 107.68 153.80
15 7.78 13.48 21.197 | 130.95 42.72 72.85 111.66 159.18
16 8.04 13.92 21.88 31.96 44.12 75.24 115.32 164.40
17 8.29 14.35 22,55 32.9¢ 45.48 77.55 110,87 169.46
T18 8.53 14.77 23.21 33.90 46.80 79.81 122.33 174.39
19 8.76 15.17 23.84 .83 | 48.08 81,99 125.67 179.15
20 8.99 15.56 24.46 35.73 49.33 84.12 128.93 183.80
21 .21 15.95 25.07 36.62 50.55 86.21 132.13 188,36
22 9.43 16.32 25.65 37.47 51.73 88,22 135.21 192.76
23 9.64 16.69 26.23 38.32 | 52.90 | 90.21 138.27 197.12
24 9.85 17.08 26.80 19.14 54.04 91.18 161.24 201.38
25 10.08 17.40 27.35 19,95 55.15 94.05 144.15 205.50
L Corr.rction Factors For Other Pipe Lengths
&0 1.23 1.2% 1.20 1.19 1.6 | 1.14 1.13 1.11
s0 1.16 1.13 1.12 1.11 1.10 1.09 1.08 1.07
60 1.07 1,06 1.06 1.05 | 1.05 1.06 1.04 1.03
70 1.00° 1.00 1,00 1.00 1.00 1.00 1.00 1.00
80 0.55. | 00 | -0.95 | 0.9 0.96 | 0.9 0.97 0.97
90 0.90 0.91" 0.91 0.92 0.92 0.93 0.94 0.94
100 0.86 0.87 “o.88 0.89 0.89 0.90 |. 0.91 0.92
‘ , Pipe flow chart for corrugated . .
~ © 7 _metal pipe drop inlet spillway s ’ .o

L3 ¢
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June 1978
Appéndix B-5.6

PIPE FLOW CHART (Full Pipe flow assumed)

Por R/C Drop Inlet, K, + Kp = 0.65 with 70 feet of R/C conduit, n ~ .013., Note correction

v factors for -other pipe lengths.
ta. ”
. 12" 15" 18" 21" 24" 30~ 16" az"
2 4,54 8.01 11.74 16.60 22.44 36.74 54.65 76.02
2 5.56 9.81 |, 14.39 20,23 27.49 45.00 66.94 93.11
4 6.42 11.33 16.61 23.48 31.74 51.96 77.30 107.%2
s 7.18 12.66 18.57 26.25 35.49 58.09 88.42 120.2)
6 7.87 "13.88 20.34 28.75 38.87 63.63 94.65 131.66
7 8.50 14.98 21.98 31.06 41.99 68.74 102,27 142,28
a 9.08 16.01 23.49 33.20 44.88 71.47 109.30 152,03
9 9.64 17.00 24 .92 35.22 47.61 77.94 115.9% 161.28
10 10.16 17.91 26.26 37.12 50.18 82.15 122.21 169.99
1 10.65 18.78 27.55 38.94 52,64 86.18 128.20 178.32
12 11.13 19.62 28.77 40.67 54.97 89.99 133.88 186,22
13 11.58 20.42 29.95 42.33 57.23 93.68 139.37 193.86
14 12.01 21.18 31.07 43.93 59,37 97.19 144.59 201.12
15 12.44 21.93 32.17 45.47 61.46 100.62 149.69 208.21
16 12.85 22.65 33.22 46,96 63.48 103.92 '154.60 215.04
17 13.24 23.35 34.24 48.40 65.43 107.12 159.35 221.€5
18 1363 24.0) 35.24 49,81 67.34 110.23 163.99 228.10
19 14.00 24.68 36.21 S1,17 69.18 113.25 168.48 234,34
20 14.36 25.32 37.14 52.50 70.97 116.18 172.84 240.41
21 14.72 25.95 38.07 53.80 72.73 119.07 177.13 240,38
22 (15.06 26.56 38.96 55.06 74.43 121.85 181.27 252,1)
23 15.40 27.16 19.84 56,31 76.11 124.60 185.36° 257.83
24 15,73 27.74 40.69 57.51 71.75 127.28 189.35 263.37
25 16.06 28.32 41.53 58.70 79.35 129.90 193.25 268.80
L Correction Factors For Other Pipe Lengths )
40 1.15 1.13 111 1.09 1.08 1.06 1.06 1.05
50 1.00 1.08 1.07 1.06 1,08 1.04 1.04 1.03
60 1.04 1.04 1.04 1.03 1.03 1.02 1.02 1.02
. 70 | 1.0 1.00 1.00 1,00 1.00 1.00 1.00 1.00
80 0.96 0.96 0.97 | 0.97 0.98 0.98 0.98 0.99
K |90 1. 0.93 0.94 0.94 0.95 0.95 0.96 0.97 0.97
| oo 0.90 0.91 0.92 0.93 " 0,93 0.95 0.95 0.96 .
Pipe flcw chart for concrete
pipe drop inlet spillway -
) .
s*‘ -
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HEAD REQUIRED AT CREST OF RISER IN FEET (h)
' Pipe Drop Inlet Spillway Design:
For a given Q and H, refer to B-5,2 or B-5.3
_ for conduit size, Then determine the riser diam-
. eter (d) from the Inlet Proportions table.
® Next, refer to the above curves, using the
conduit capacity and riser Glameter and find the
head (h) required above the crest of the riser.
The height of the riser should not be less than
5D - h, except as noted in the above sketch,
Example - Given: CMP; Q = 20 cfs; H= 14 ft.; L =
g 70 ft, From Figurg’'6-25 find conduit  size (D) =
18 inches. Fr nlet Proportions table, riser
size = 24 inches, Mead (h) required for Q = 20
and d = 30 is ]1,Q foot. ’
e Chart for determining inlet proportions
TN and required head over imlet
Q ..
ERIC -
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"DESIGN DATA FOR' .EARTH SPILLWAYS'

NOTE DATA TO RIGHT OF HEAVY VERTICAL LINES ON DRAWINGS SHOULD}BE
USED WITH CAUTION, AS THE RESULTING SECTIONS WILL BE EITHER POORLY .
PROPORTIONED OR HAVE VELOCITIES IN EXCESS OF OFTL / SEC.

*u

. |
REFERENCE U. 8. DEPARTMENT OF AGRICULTURE
ENOINZERING  NANDBOG'  3C8 SOIL CONSERVATION SERVICE ©
SECTION 8, NYDWAULICE
HAROBOOR OF HYDRAULIGE BY KIND . .
: . FOURTH EDITION 164 sneey__t__or _4
i A - R —

. . - . - - - /;
s srnce. 2
. ONTROL SECTIQN
oy MeTER suRrace . A L
_OUTLET - | -
CHANBEL
LEVEL
- 4
PLAN OF EARTH SPILLWAY ‘. .
d '
) y - .
CROSS SECTION OF EAFTH .
* LEGEND . SPILLWAY AT CONTROL SECTION .
n Manning's Coefficient of Roughness : .
Hp Difference n EIevoNon between Crast of Earth Sponucy at the Control Secﬂ&n
ond Woter Surface in Reservoir, in Feet. ' )
b Boftom Width ¢f Earth Spillway af the Contro' SQcttpn in Feet -~ @ .
Q Total Dischorge, in cfs. .
v Velocity,in Feet ‘Per Second,that will exis? in Chonnel below C()Mrol Sectioh, ot Design Q,.
\ f Constructed to Stope (S) fhot 13 shown . .
S Fiattest Slope (S), in %, oliowabte for Channel beiow Control Section
X Miimum Length of Channe! below Control Section,in Feet -
£ Side Siope Ratio .
. ' <, . B
) INDEX LT
SIDE SLOPE RATIO] - COEFFICIENT
('2) COVER OF ROUGHNESS . SHEET :
41 VEOETATED ns0.04Q 2 '
31 ‘ VEGETATED ns0 040 3, .
2.1 ‘ VEGETATED n:0.040 | & ] \
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Appendix B-5.12 -

HOOD INLET-CORRUGATED METAL PIPE 8° TO 12" DIAMETER
DETAILS FOR INLET AND_BAFFLE

| TABLE OF QUANTITIES & MATERIAL L | R ANT) -VORJEX PLATE|
E;:e e‘.t‘- Sive 'llz.l“lz'! 'I“q : l”z'x 'llz.l lf“” g.3/sﬂx'llzn

e |8 S| Angle s S'lMachi 1 .
Inches E% Inches (one‘g?;:t.;:?s” Left) S Feet a:g fnc:::"t 4 uiig':Qtsgng

a o ac & sher

SN S 5 S 1 S B S s e | = I

10 18 S5xis - - - = - Q -3 i} K S

12 118 8xi8 8 | 3w 17 5h 12 1 -8 i 12 -

Metal Baffle Support-and Angle braces shall be of the same material and have the same
coating as the pipe to which it is attached. Metal Baffle may be made of corrugated or
smooth sheet metal and shaped circular, square or as shown. gharp corners shall be

removed.
]

LIRRERERRR

‘4

angle 1172 a1tz (14
1/4" Square butt joint
welded on one side

ANGLE BRACE DETAIL

b
B P S %4m“ -..L.sad
0.75 D _; 0.75 D r‘__:zs p |, 075 Q:J
Angle fastened uqu A?gls(s)’ _ i
N e [2%% 17 (2% Ju Bolts | Metal
" — x—x ¥ (See Front Elevation) Baffle

. Bolts _- " o "
An:IesBrace \ ’Vz"llzx‘/u i Angle Brace
) 5l9'~«-1(<1EJELne
Note: ~ . Bolts Bol ts
Fabricate inlet
end of Pipe
along this linej- 0.7 ‘C.M.Pipe
0.75 D

SIDE ELEVATION FRONT ELEVATION

Notes: ( :

Bolts shall be 3/8':!’/2' with nut and split washers.

Holes for bolts shall be drilled 7/16" diameter. -~
Nuts,bolts and washers shall be galvanized or
stainless steel.

All cuts shall be saw or shear cuts.

Noles in the angle brace shall be spaced and
located to match corrugations in pipe and baffle. — e e e
All galvanizing damaged by cutting, drilling or (Owner)

welding snha'l be repaired by painting with two
(2) coats of zinc dust- zinc oxide primer.

(Location)

Sheet of

188 Sa .
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Appendix B-5.13

WELDED STEEL PIPE-HOODED INLET
DETAILS FOR INLET BAFFLE AND ANTI-SEEP COLLAR

A
l

_ .
. -
. {w
-~

Baffle may be
Square or Round

Weld or bolt Ba.fﬂa
tg Pipe t:cmhiit~x

Note: All welds shall be watertight.
A}l pipe and steel plates shall

have mimimum thickness of .

(0.75 D) :
A (0.75 B,
{Owner)
INLET SECTION
(Location)
- Sheet of

16322
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DRAIN CHART - CLAY, CONCRETE TILE AND BITUMINIZED FIBER PIPE
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DRAIN CAPACITY CHART CORRUGATED ‘M AL PIPE -
= $¢¢ =S .”
5 i T 20
i '
1 3
i t T : -
1 - e
i
a6
e 3 20
e . “
: : A8 .
savas : “_g .
: , 20 §
§
o & _
N
: 7 3
Hit 3 3 Q.
3
: 135
=iy ¢
I35 33 3
22 3 327
! r S 02
Y I ! . -
E . ‘ Y /
N 's :
TIERdEY 0§ §3sd T |
HYORRULIC ﬂlﬂ/ﬁ'ﬂr Mm‘ Mf) >

_REFERENCE

'DISCMARGE BASED ON :
veoe adfigi/e

PIPE FLOBING. FULL, BANINGS ¥00.088

Exhibit 14-11.3

U. 8. DEPARTMENT OF AGRICULTURE
SOIL CONSERWATION SERVICE

247

172



EE OV SRS ST S R P X . .
o T ¢ o . Bore p I R R e e ey, A
. . v P N BN WA . . S TP I
SR ' ' - - f\a.} R A S T TR B T a8 o oL SRR L e R
. . RN T e (‘*’.“'*‘ ‘W‘-“'m_s\v!ﬁ*ﬁ I'L,v:‘.nl--"l‘;'L"'[{:{_‘;{:x A T ey A e et A
KA o K} R T R T R S ey
o A '

& ..-,_- | '! (3 . - . - ) P e oM
. . . { e ' -
ARTESIAN | ” ;
- WATERTABLE RIDGE OR SURFACE : \
’ WATER DIVIDE |

FALSE OR PERCHED

WATERTABLE , GRAVITY FLOW

SPRINGS N

...;‘:3?:“ i s N6 B SEEM\ - ARTES‘AN
LY PERMEASL e i SPRING

T T e R L I e AT A
— L T e — T FREE OR GROUND
= = . \ L WATERTABLE

" QUTLET

.....

o

|
i
t

b ‘ Ground water movement

p 9-g xipuaddy
g.,61 aung




. . o - June 1978 W %
o - Appéndix B-6.5 g

. Excavoted Channel A
Braok «n Stope Section .

Embonkmaent

‘‘‘‘‘‘ e IR UND »-‘»"W v

= _ ..mwwmnnnmmmnuszﬂ,ﬁﬁwmmuwuumu

=————————=—ESS PERVIOUS OR INPERVIDUS SOIL

A.- CROSS SECTION SHOWING DITCH AS SURFACE nféa DIVERSION
AND SUB-SURFACE INTERCEPTOR ON SLOPE

Excavated Cnonnel
Sregk in Slepe Section )
Uphill  Stope Bockfilt Orgin Trench

8.~ CROSS SECT!ON SHOWING DITCH AS SURFACE ‘ATER DIVERSION
WITH DRAIN AS SUB-SURFACE INTERCEPTOR

Icmpcrneul ¢
? . i h
uphilt Siope v m&“. T::%‘;!N

N Vf//ﬁ W/ /P

Alfll

T [l

C-CROSS SECTION SHOWING DITCM AS SURFACE WATER DIVERSION

AND SUB-SURFACE INTERCEPTOR FOR FLAT LAND
in B or D— Piace drain ot seep line or just within less pervious

uphii{ Stope Backtilled Drain Trench "‘“m”"g‘;‘“m  pery o soll, use u':;. eround
Downhill Stope
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E——nrain—»
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e —am——

INPERVIOUS SOIL

. D.+CROSS SECTION SHOWING DRAIN 'AS SUB-SURFACE INTENCEPTOR
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Uphtii Slope Backfill Orain Trench
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Max. Water’ Surface J N
- : At fecat .60 for -
. = « ven in table
2
8 ,
&
: . -
CROSS SECTION OF DAM ON % OF PIPE SPILLWAY .
n - I, AT . —
CAPACITY TABLE OF HOODED INLET IN C.F.S.
l FOR VARYING HEADS ' .
8 DIAMETER PIPE 12® DIAMETER PIPE
_Head||For Pipe Lengths of: For Pipe Lengths of: e ,
50° 70 90" 50° 7C* -90*
l.8 1.6 1.4 o 5.0 4.4 4.0
2.0 1.7 1.5 5.5 4.8 4.4
2.1 1.9 1.7 6.0 5.2 4.71
2.3 2.0 1.8 6.3 5.6 5.0
2.4 2.1 1.9 6.7 5.9 5.4
2.6 2.2 2.0 _H 7.1 6.2 5.6
2.7 2.3 2.1 7.4 6.5 5.9
. 2.8 2.4 2.2 7.8 6.8" 6.2
2.9 2.5 23 8.1 7.1 6.4
3.0 2.6 2.3 8.4 7.4 6.7
3.1 2.7 2.4 B.7 - 7.6 6.9|
3.2 2.8 2.5 9.0 7.9 7.1] A
3.3 2.9 2,6 9.2 8.1 7.3
18 || 3.4 3.0 2.7 9.5 8.4 7.6} .
3.5 3.0 2.7 9.8 8.6 7.8 R
3.6 3.1 3.0 10.0 8.8 8.0
& » -+

Capacity chart for 8- and 12-inch C.M.
pipe hood inlet spillway

The use of some type of device to prevent vortex formstion is.nmeces-
sary for developing?maximum capacity shown in the previously mentioned
figures, : ,



- - . e ' - .
. , . , - _ -
R v | . June 1978
: ) S R . Appepdix B-7.2
e . - - R . AR ., N
' < .- \_ ’ : - .
, R " PIPE FLOW CHART (Full flow sssumed) ,?'- . )
. * & For Hooded Inlet Ky = 1.08"and 70 fest of Corrugated Netal Pipe Cﬁd;ut. n=0. 025,. . ' .
RO Hote mmum- for other plﬁt isggths, e
f . - - . . _ . .
v L e as 18" 2 aee” 4 30 . Js" A2 .
— ey (. %89 | 792 ] 1.6 [C1s5.48 L 28,31 |7 so.28 | .s7.42 -
. . _3 ] 3.41 5.99 9.46 13.67 18.97 32.32 4938 | . 10.3 |
Tl = 4 3.94 -6.92. | 10.92° | 1s.78 21.90 37.33 sé.98. | e1.22
) N I “L a0 | 778 | 12.31 | 1756 " | 248 | a1.m 63.70 | <90.80
. 6 4.82 | 8.47 13.57 | 19.32 26.82 45.70 69.77 | 99.45
. “9 | suai..|, 9.6 | 14.45 | 20.88 |, 28.97 49.37 75.38 | 107.45
“ o8’ 5.57 9.78 | 15.44 |- 22.31 30.97 52.77 80.57 | 114.85 -
: s | 5.91 |  10.38. | 16.38 23.61 32.85 55.98 . 85.47 | 121.83
‘ 10 ’ 6.23 10.94 .2 24.95 34.62 59.00 90.09 |.128.41
o T oax § - 6.5 | 1148 | 1811 6.17 .| 36.32 61.90 94.50 | 134.70
' 12 6.82 11.99 18.91 27.33 | 37.93 64.64 98.69 | 140.67
13 7.0 | 12.48 | 19.69 | 28.45 19.49 | 67.20 102.73- | 146.48
" 14 7.9% | 12.95 | .20.43 [, 29.52 |. 40.97 | 69.83 | Ipe.61 | 15196 °
. 15 “f  7.63 13.40 | 21.15 | ‘30.56 42.01 72.27 110.34 | 157.28
16 17.88 13.84 21.8¢ | 31.56 43.80 74.64 113.96 | 162.44
17 e.12 | 14.27 22.51 32.53 45.15 76.9¢ 117.46 | 167.44
18 8.36 14.68 22,17 33.48 | 45.46 79.17 120.88 | 172.31
19 8.59 | 15.08 | 23.80 | 34.% 47.73" f1.34 124.19 | 177.02 ’
20 8.61 15.47 24.42 7| 35028 48.97 83.45 127.41 } 181.61 '
1 9.03 15.86 25.02 36.16 50.18 85.52 130.57 | 186.12
] 22 9.24 16.23 25.61 37.00° 51.36 87.52 133.62 | 190.46
23 9.45 16.59 26.19 | 37.84 52.52 89.49 136.64 | 194.77
. 24 9.65 16,95 26.69 38,65 53.64 | -91.42 139.57 | 198.95
. 25 9.85 17.30 | 27.30 | 39.45 | 54.75 93.30 142.45 | 203.05
..+_ L Corzrection Factors For Other Lengths
40 1.23 1.21 1.19 1.18 1.16 1.13 1.12 1.10
50 1.14 1.13 1.14 1.11 1.10 1.09 1.08 1.07
60 1.06 1.06 1.08 1,08 1.06 : 1.04 1.04 1.03°
70 1.00 1,00 1.00 1.00 1.%0 1.00 1.00 1.9{:
80 0.95 0.95 0.95 0.96 0.96 0.96 . 0.97 0.97
= 90 0.90 0.91 0.91 0.92 0.92 0.93 0.94 0.94
100 0.86 0.87 0.88 0.89 0.89 0,90 0.91 0.92

Pipe flow chart for corrugated
metal pipe hood inlet spillway
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Appendix B-7.3

PIPE FLOW CHART (Full flow assumed)

-

Fo Hooded Inlet Kg = 1.08 and 70 feet of smooth pipe conduit, n = 0.010. BHote
corrections for other lengthé.

ia. .
H 10° 12¢ 14" 15" 18" 21"
2 3.20 4.85 6.85 7.99 11.92 16.64
3 3.92 5.94 8.8 9,79 14.60 20.39
4 - 4.53 6.85 9,68 11.31 16.86 23.54
-5 5.06 7.66 10.82 12.64 18,85 26.32
6 5.54 8.39 11.86 13.84 20.64 28.83
7 . 5.99 .07 12.81 14.96 22.30 31.15
8 6.40 3.69 13.69 15.99 23.84 33,29
9 6.79 10728 14,52 16.96 25.29 35.31
10 7.16 10.84 15.31 17.87 26.65 37.22
11 7.51 11.36 16.05 18.74 27.95 39.03
12 7.83 11.87 16.77 19.58 29.20 40.77
13 8.16 12.36 17.46 20.41 30.39 42.45
14 8.47 12.82 18.11 21.15 31.54 44.05 |
15 8.77 13,27 13.7; 21.89 32.64 45.59
16 9.06 13.71 19.36 22.61 33.72 47.08
"7 9.33 14.13 19.96 23.31 34.75 48.53
18 9.61 14.54 20.54 29.99 35.76 49.94
19 9,87 14.94 21.10 24.64 36.74 51,31
20 102 | 15.33 21.65 25,28 37.69 52.64
P31 10.38 15.71 22.19 25.91 38.63 53.95
22 10.62 16.07 22.70 26.51 39.53 55.21 |
23 10,86 16.44 23.24 27.11 40.42 56.45
24 11.09 16.79 23.72 27.69 41.29 57.67
25 11.32 17.14 24.21 28.26 42.14 58.86
L ) “~._Correction Factors for Other Lengths
40 1.1 | 1.09 1.08 ’ 1.08 1.06 1.05
50 1.07 ° 1.06 1.05 - 1,08 1.04 1.03
60, 1.03 1.03 1.02 1.02 1.02 1.02
70 1,00 ~1.00 1.00 1.00 1.00 1.00
80 0.97 b.97 0.98 0.98 0.98 0.98
30 0.95 0.95 0.96 0.96 0.96 0.97
100 0.93 0.93 n.94 0.94 0.95 0.96
’ 177
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- Appendix B-7.4

Metal Baffie shali Mave the same coating o3 The pipe to

o S
which it is aiteched. Where Mate! Baffie s fobricated GAGE OF METAL BAFFLE . .
of more than cae pisce of matal, the séparafe piecas shall AND D"E',‘.SLQNS OF ANGLE BRACE
. _ e sacucaly fosisasd fo soch other. Shoep coraers-shall be - mwm ——
umucjmtscﬂhmumelm:rqmuM' fipe D {Botfie] o ‘b c” P e
sheet meto. . thaped circulor, squace of ot shown. & | 16 - -
... 1850 TN - .
10°] 16
N "] 18 8 ke 9 ) oy
d:‘"*;ﬂ_-—“-_ 15" ] 16 9 ‘& 9 o' sty
. ;.-' TN, Note: Angle Brace ts cptions!
’ . |
. "l \‘ ‘ ‘F s a P b -
G =—x ~—g b t [~ | i
] ¢ - g - - '
\ ) o S1ee! Angle 1% xi% X% " e '} d
LY [
\.§ ‘.‘ § ‘A" Square Sutt loint, Q—I—J
blcapmppnt: Jie-ibuts bty weided on onp vide - 'T L
Ll 1] ANGLE BRACE DETAIL -
{1 tef? and § right reqired far eoch baftia}
PLAN
—_ 190
L0730 . 0730
Angle fostenad with 4 doits Steei Angie (3}
o - : - g% Xl
} {Ses Front Elavation) Matoi Softte
Boltg«.. — -
¢ - -Li'g X1 :F/ é
Angle chu/ o e = FLow I;P
RN S - - > pe
.
N agm
Neote: T. - - 2*! min
Fodricate iniet end - -— 1 N
of C. M. Poe along 073
NS e e oo _...l
0750

SIDE ELEVATION

FRONT ELEVATION

Nafes
At boits shoti bedg "X 1% with nut ond sphit ~ashers
Alf holes for bolfs shali be drified TAs “diometer.
At nuts, bolts ang woshers shall be golvameed, cadmum pigted, or stainiess siee!
All cufs shotl be soe of shear cufs
Motes in the angle broce sholl be spaced and locoted fo match corrugolions in pipe and hoftie
Steel angies shaii De goivenized.
All gotvanizing domaged by cutting, drithing or welding shall be repoired by pointing with
two (2)conts of rinc dunt -Zine oside promer,

Details of a typical hood inlet and baffle for
6~ to 15-inch diameter corrugated metal pipe

Under full pipe flow conditions, high velocities exist near the pipe
entrance, which generally causes a scour hole in the embankment face unless
protected by paving or riprap. It is, therefore, desirable to provide pro-
tection to prevent the formation of a scour hole under the inlet. Paving
ii—.slbitter than riprap in that it prevents the growth of vegetation near the
niet. .
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Appendix B-7.5

[E—— W

S/ob with rermoerovire
sleel/ bors woys : .

Aﬂﬂ&/;hmﬁﬂ?

‘:ﬁﬁmhfsaméz?
- R

Aernsoreed corrcrere.
Sl 11l fermperorere
Slees Sors woys.

2 ° presouided joint
river orovrnrd puoe

Meha/ porr/e

Horer Surioce |
J&muv-Akmé'—D\_ -
- —

R

Aeia/ borrre

- Typieal layouts ‘of inlets for 12-inch
or less hood inlet spillways
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