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WEIGHTS AND MEASURES

acre (ac)
bigha (bi)
8q mile
mauad (md)
maund (md)

seer (sr)

Pt Pt Pt Pt Pt Pt Pt et

second (cusec)

metric ton (ton)

cubic foot per

= +405 hectare (ha)

= +33 acre (ac)

- 640 acres (ac)

- 82.28 pounds (1bs)

= 37.3 Kilograms (kg)

= 26.8 maunds (md)

- 2.06 pounds (1lbs)

- 0.283 cubic meters per second

GLOSSARY OF TERMS

Aman =
Aus =
Beel =
Boro =
Char -
Drain -
Khal -
Kharif =

Kutcha =

Paddy -
Pucca -
Rabi =
Thana -

Sub-Division =

Rice sown/planted during March to July/August and
harvested ir November or December.

Rice sown/planted during March and April and harvested
in July and August.
T. aus = transplanted aus; B. aus = broadcasted aus.

Marsh or lake; also spelled bill or bil.

Winter rice, planted during November and December and
harvested during April to June.

Newly formed sa.'dy alluvial tract.

Canal to provide drainage or irrigation water.
Narrow natural channel of water.

Summer season or rainy season.

Temporary, lower grade or dirt structures.
Unhusked or rough rice (oryza sativa).
Permanent, good quality structures.

Winter season or dry season.

Political sub-division of a sub-division: police
station or revenue unit.

Political division of a district.



APPENDIX C
DESIGN MANUAL

Section 1: Introduction

This Design Manual (Appendix C) presents standards and procedures
for two distinct types of sub-projects under the Rural Irrigation
Works Study. The first is for distribution systems for irrigation
from deep tube-wells (DIW) or from low-lift pumps (LLP). The designs
do not include the source of water. These installations are furnished
and installed by BADC. The design work is simple and straightforward,
consisting of dividing the area to be served into blocks and routing
canals so each block can be reacheds The secord is for re-excavation
of khals and construction of sluiceways. Many variables, both of
field conditions and objectives to be attained, are involved, requir-

ing engineering judgement in the design of these schemes.

The manual 1is written with the understanding that the engineers
who use it for preparing sub-project designs are graduate engineers
with some years of experience in the :field of irrigation and water
resources. Basic hydraulic flows are not stressed. The solutions of
many design problems must be based on mature judgment which comes only
from experience. The manual 1is applicable to relatively small,
isolated on-farm sub-projects. The design of larger sub-projects
often involves many specialists in the fields of hydrology, river
morphology (sediment depositjon and erosion), geology, ecology,

agriculture, and economics.

All available field dats, maps, river hydrograph records, and
agricultural requirements are presumed to be available to the engi-

neers at the start of design preparation.



Most calculations in engineering design are now done on electronic
calculators. These devicea are highly efficient in performing mathe-
matical operations to several decimal places. Designers tend to
record results of calculations to several decimal places. A number
shown to decimal places indicates an accuracy of plus or minus one-
half the n th decimal. The exactness of the data and observations
that engineering designs are based 1is seldom accurate to more than
three significant figures and the results of calculations should not
be recorded to 1imply greater accuracy. For designs prepared under
this manual, dimensions of structures and canal bottom grade eleva-
tions shall be to 0.0l ft. or 1/8 in. Earthwork dimznsions shall be
to 0.1 foot and areas, volumes, etc. to the nearest unit. Canal
slopes shall be to 0.00l, which is equivalent to 0.0l feet per 100
feet. Extremely accurate surveying 1s required to maintain this

accuracy.

The design procedures include some programs for a Hewlett-Packard
97 calculator. It presumes that the calculator which has been fur-
nished to MRD by the Consultant, will be available to the designers.
All of the equations solved are shown on the program description and

may be solved by hand calculation.

Section 2: Deep Tube-well and Low-lift Pump Distribution Systems

A. Data Requirements

The location of the sub-project has been determined, as well as

the cropping pattern and other agricultural requirements.

A topographic map has been prepared to a scale of one inch = 165
feete The base maps are enlarged by pantograph for one inch = 330-
foot-scale mouza maps. Vertical datum 1is an assumed elevation of
100.00 feet at the invert of the DIW pump discharge pipe or at some
clearly defined permanent location near the site for LLP sub-projects.
Elevations are shown for each plot, which is assumed to be levelled.

Some of the larger plots may have interior terraces, whose elevations



are shown. The locations and sections of existing kucha drains;
roads, cart trails, natural drailnage courses, and drainage structures
under the road (with dimensions); man-made features (such as houses,
cemeteries, timber plots, etc.) that may influence the distribution

system; and one-foot contours are all also shown.

B. Distribution System Plan

The area of the sub-project that can be irrigated has been deter-
mined from the cropping pattern and the crop water requirements. This
command area 1s divided into three-to-five-acre blocks, whose bound-
aries follow plot boundaries. The blocks should be somewhat square
and should not have large elevation differences. The topography and
configuration of plots necessitate frequent deviations from the
optimum. The locations of the distribution canals are made at the
same time as the blocks are laid out. In so far as practicable, the

canals should be situated so as to serve blocks on each side.

After the blocks and canals are located, the delivery elevation
and number of each block 1s noted on the map. The delivery elevation
is 0.5 feet above the highest plot elevation in the block. The
elevations are recorded to a tenth of a foot. Canals are designated
by letters A, B, etc. as they tuke off from the pumping plant. Branch
canals are designated Al, A2, etc. as they take off from a main canal.
Blocks are numbered by canal, e.g., Al 1s the first block served by
canal A. The numbers increase along the canal. The numbers of blocks
served from branch canals continue the canal number. For example:
Canal Al serves two blocks; it takes off from Canal A downstream from
Block A8; the two blocks on Canal Al are nunbered A9 and AlO and the
next one downstream on canal A is numbered All. Structures such as

turnouts and road and cart crossings are shown on the canal alignment.

C. Profiles

Profiles show the vertical positions of deliveries to blocks and
structures along the length of canals. The horizontal scale of the
profile is the same as the plan, or one inch = 165 feet. The vertical

scale 1s one inch = two feet. Horizontal distances are transferred
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from the plan. A water surface profile is determined by trial, which
will deliver water to all turnouts at or above the delivery water
surface elevations. Slopes are limited to 0.002, the flattest, and to
0.001, the steepest. Where more drop occurs in elevation between
turnouts than the steep slope will accommodate, drop structures are
constructed. The rather flat slopes with drop structures will gener-
ally reduce high fill reaches along steepernprofiles. Occasionally, a
high delivery water surface, remote from the begninning of a canal,
may require its relocation or may necessitate abandoning the block in
question. The profile drawing includes a sketch at scale 1/8 inch =
one foot of the DTW or LLP in relation to the beginning of the cenal.

D. Structure List

A structure list is prepared to record governing dimensions for
structures on the canals. These dimensions and elevations are used in
association with the standard drawings for field staking of structures
for construction. The structure list form is included with the sample
sub-project drawings. Completion of the form 1s straightforward.
Station, slope, structure, DWS elevation, and D for drop structures or
culverts are taken from the profile. The bottom grade at the pump is
established as the 1initial elevation and 1s taken from the profile.
The starting point for a branch canal is that of the main canal at the
lateral turnout. The bottom grade elevation at each structure is the
initial elevation minus the distance to the structure, multiplied by
the slope, the initial station being the beginning station or change
in slope or drop structure. The value D for turnouts is BGEI-(DWS-1).
D has a minimum value based on the height of canal walls. It is 0.25
for Sec.2521, 0.50 for Sec.2518 and 0.75 for Sec.2515. The minimum
meets the requirement of a two-foot turnout pool depth while keeping
the top of the turnout walls no higher than the top of the adjacent

canal walls.

A program, MRD structure list for use on a Hewlett-Packard 97
calculator, has been prepared to facilitate completion of the struc-
ture list. The program appears at the end of this article and it is
self-explanatory. The Consultant will deliver the calculator to MRD.



E. Quantity and Cost Summary

The quantity and cost summary 1s a matrix which totals the canal
lengths and structure numbers, separates the totals into items of
contract work, totals these 1items, and computes their estimated cost.
To the subtotal of costs 1is added a contingency of 15 percent. The
contingency 1is an item of cost in standard engineering practice; it
includes minor costs not covered in major items of work, variations in
quantities due to unexpected foundation conditions, and differences in
costs of work items between estimated and actual contract amounts.
The need for and amount of contingencies i1s based on extensive records
of many completed works. The form 1s included with the sample sub-

project drawings.

F. Materials Summary

The materials summary summarizes the material required for each
structure on the sub-project. The structure totals, taken from the
quantity and cost summary, are divided into the amounts of the various
materials required. Each item of material is summed to give the sub-
project totals. The form is included with the sample sub-project

drawings.

G. Standard Designs

The layout and construction of distribution systems for sub-
projects are based on standard designs as set forth on the drawings.
Standard designs are used because the design capacity of all distribu-
tion systems 1s two cusecs and irrigation water 1is delivered to only
one block at a time. Standard designs are based on the use of rec-
tangular brick 1lined sections for the canals for the following

reasons:

l. It is labor intensive construction.

2. Materials, except cement, are readily obtainable locally.



3. The right-of-way width is less than other sections, espe-
clally where the canal is above the ground surface, as is neces-
sary in many places to meet the delivery water surface elevation
requirements.

4. The section 1s resistant to damage by rodents burrowing
through earth banks.

5. Unauthorized diversion of water is difficult.

6. Loss of water through seezage {s minimal.

7. The operation of the system is simple. The controlling of
deliveries requires only shifting of stop-checks.

Possible use of other canal sections 1is discussed below under
"Alternative Canal Sections". Iigure C-1, Distribution System Struc~
tures", shows details of the canal sections and structures used in the
distribution systems. Three canal sections, differing only in the

height of walls, are shown.

The wail height is dependent on the slope of the canal. Turnouts
deliver water to blocks. The width of the turnout is different from
the canal to preclude unauthorized use of the turnout stop-check in
the canal. The bottom of the turnout stilling pool is set one foot
below delivery water surface elevation to reduce erosion at the
outlet. All structures are placed on concrete bases to ensure stabil-
ity and permanance of the structure. The ‘nsid2s of the turnout walls
are plastered to provide smooth surfaces for the check-stop seals.
Figure C-2, "Distribution System Weir Box'", shows the weir box design
of the structure that will calm the flow gushing from the pump dis-
charge pipe to a tranquil flow as it enters the canal and measure the
rate of flow by means of the weir at all times. A full-size (3 ft.)
print Figure C-3, "Discharge Table Suppressed Weir", should appear on
the pump house wall at all times. Design of the weir gage and stop

check 13 shown on Figure C-4.



H. Alternative Canal Sections

The distribution system layout and related estimates have been
based on the use of vertical wall-brick rectangular sections. This
section 1is deemed superior to all others for the reasons enumerated
above; however, its relatively high cost indicates that a less costly
alternative section should be considered. Two practicable alterna-
tives include: (1) a round-bottom with sloping sides, brick-lined
section and (2) a single-wall thickness, rectangular brick section.
The latter section 1is considered stable only where the ground surface
is above the bottom grade and below the top of the walls. A com
parison of the alternatives is shown in Figure C-5, "Alternative Canal
Sections". For the round-bottom section (thirteen-brick), only one
height 1s required because the difference in depth for the range of
slopes used 1s less than 0.3 feet. The rectangular section struc-
tures can be used. A small plaster fillet will make the transition
between the sections. Of the two, thz round-bottom, trapezoidal
section is considered the better shape because there are no corners to
check and because settlement will have minimum effect on the lining.
The disadvantages of the section are the wide right-of-way required
and the large amount of earthwork. The average unit cost of the round
bottom brick-lined canal 1is approximately half of the vertical-wall

brick section.

A program for the hydraulic properties of the round bottom section
has been written for the Hewlett-Packard 97 calculator. The program,

which is self-explanatory, appears at the end of this article.

An eleven-brick trapezoidal section was also considered. With a
bottom width of fifteen inches, a water depth of 9.5 inches, a free-
board of four inches, side slopes of 1:1, and a longitudinal slope of
«0005, the flow is aproximately two cusecs. Although this has a lower
cost than the thirteen-brick round-bottom section because the water
flows at a higher velocity, the freeboard provided is not considered
sufficient. Due to the hazards of operation, this section was aban-

doned.
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I. Final Designs

The layouts and designs in accordance with this manual are paper
locations only. They must be verified in the field before construc~
tion 1s started. The plan must first be presented and explained to
the farmers. Their suggestions may be included in the final location
of block turnouts and canals. Alignment, profile, and cross-section
surveys of the final location will be wade, from which final structure
locations and dir:nsions will be determined and earthwork quantities

computed.

Je Sample Drawings

The drawings for Sub-Project No. 6, Rajghat DTW Pucca Drain, Savar

Thana, Dacca District, are attached as an example of the design.

Section 3: Re-excavation of Khals and Construction of Sluiceways

A. Data Requirements

Accurate topographic maps, hydrologic records, detailed surveys of
structure sites, and profiles and sections of khals are necesary for
the initiation of designs for khal re-excavation and sluiceway con-

struction.[1]

Topographic maps for most areas in Bangladesh are available from

WAPDA Topographic Maps of scale oune inch = four miles.

Hydrologic records of all river gage heights in Bangladesh are
available 1in the annually published Hydrological Yearbook of

Bangladesh "Part A, Water Level."

(1] A glossary of terms used in this section are provided at the end

of this section.
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Surveys will be performed by MRD surveyors under supervision of
the engineer. Both hcrizontal and vertical control should be tied to
the national control. Vertical control is especially critical and
river stages must be accurately correlated with ground elevations of

the structure site.

High water levels in the project area and the adjacent river and
the frequency of flooding of project lands should be obtained from
longtime residents. A staff gage should be establizhed at the site
and daily high and low stages recorded for at least a year prior to

the start of the design.

B. Drainage Schemes

Drainage during the early monsoon runoff from a single storm is to
be removed through the khal and sluiceway before inundation will
damage crops. The following empirical formula has been found satis-
factory for predicting runoff capacity in Bangladesh:

Q cfs = catchment area in square miles x drainage modulus x 27

The drainage modulus varies throughout the country as tabulated below.

Sub-projects .that are protected from river flooding require
removal of water accumulated from the monsoon rains. The amount of
water to be removed is determined from area capacity curves. Area
capacity curves are made by first planimetering the area at each one
foot contour within the protected land using WAPDA contour maps. The
area curve 1s the area in acres plotted for each foot of elevation.
The capacity curve is the accumulated volume. The volume between two
contours 1s the sum of their areas divided by two. The quantity of
water to be removed will be determined from the capacity curve at the
maximum elevation of the water surface in the protected area. Drain-
age will not commence until the level of the river has fallen below
this elevation. From this date until the river stage has fallen below
the sill of the sluiceway, the stored water will flow through the
sluiceway. The length of time for the river stage to drop 1is deter-
mined from the hydrographs. It averages 28 days. The capacity of the
sluiceway 1s the volume in the sub-project area divided by (28 x 2)



cubic feet per second (one cfs = two acre-feet per day) Q = Vol/(28 x
2). Where volume is in acre-feet. The number of vents in the sluice-

way 1s Q divided by the discharge per vent.

The procedures of the Federal Highway Aduinistration are used to
determine vent capacity. When the water surface in the river is above
the top of the vent, the following equation 1s used:

1.555 + (1 +Ce)  287.64 x nl x L ( 2)
A2 A8/3 10

H =

For the standard vent A = Cross sectional area = 5 x 6 = 30

Ce= Entrance coefficient = .5

n = Coefficient of roughness = 0.015

L = Length of vent = 20 feet
The head, H, 1s the difference in water surface elevation between the
sub-project and the river. For design, it 1is assigned a value of 0.5

feet.

By substitution and simplification the equation becomes

Q=168 WV
= 168 0.5

= 120 cfs

This is tailwater control and the flow remains constant until the
river water surface drops to a distance

de + D
2

above the 8ill of the vent. At this point control shifts to the
entrance and the discharge remains constant urtil the upstream water
surface reaches a depth of 1.5 dc above the gill. Irrespective of the

river stage, dc is the critical depth, for a rectangulzr section

de = 0.314 ( g-)2/3 and Q = 5.688 (dc)3/2

120 2/3

for Q = 120, dc = 0.314 ( I ) = 2.6

The taflwater elevation at which control shifts from tailwater to

entrance control is

de+Db _ 2.6+ 6
2 2

= 4.3 above sill, and the pool elevation 5 feet
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4.3 + 0.5 = 4.8 feet above sill

the minimum pool elevation for entrance control is
1.5 x 2.6 = 3.9 feet above sill

Below this point, the discharge is

Q = 28.4 (dc)d/2

The velocity head of the intake channel has been neglected because
it is small in comparison to the assumed head loss through the next.

Figure C-8 is a graphical representation of the flow condition.

Establishing the sluiceway sill elevation is a most important
element in the design. It requires engineering judgment in balancing
the many variables involved: elevation of lowest land to be drained,
river stage, time, and sluiceway capacity. As a guide, the river
stage should be 0.5 feet below the critical depth at the time the
major part of the drainage is complete and such that the river stage
will drop enough to complete the draining of al project lands.
Several trials and assumptions may be required before a satisfactory

solution is reached.

B. Khal Hydraulic Design

The khals that are controlled by sluiceways require hydraulic
capacity equal to the uiform flow of the sluiceway at the water
surface elevation determined by critical depth. For the standard
structures, it is 3.9 feet above the sill elevation. The slope of the
khal is governed by topography and controlling elevations. It is part
of the design study for establishing sill elevations, as discussed
above. For bank stability, the side slopes should preferably be 1-1/2
horizontal to 1 vertical and the ratio of depth to bottom width d/b
0.4 to 0.6. Again, these are guidelines only.

Tables C-1 and C-2 offer a convenient method for determining
cross-section dimensions for given Q and S. The value 0.025 should be

used for Manning’s roughness factor n.
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Ce. Tide Storage Schemes

In tidal areas where the river water remains suitable for irriga-
tion the water entering khals during rising tide can be stored to
provide a stable and continuous supply for LLP irrigation. A sluice
gate at the mouth of the khal with flap gates on the upstream side
provides the storage. The sluice gate may also be used for flood
protection. The khal to be used for storage must have volume enough
at the design tide height to supply the irrigation demand. The ebb
tide elevation and amplitude of the design tide are determined from
the river hydrograph. The 8ill of the sluiceway is set one to,
preferably two feet below ebb tide. Higher setting of the sill
impedes inflow. The number of vents required in the sluiceway is a
function of tide, khal cross-section and length, setting of sill, and
the khal bottom grade elevation. Figure C-9 is a schematic sketch of

tidal water storage.

Hewlett-Packard 97 Calculator Program "Tidal storage" provides
aproximate values of water surface elevations vs. time, and total
storuge as an ald in determining the number of vents needed. Use of

the program is self-explanatory.

D. Glossary of Terms

Khal: A small interior, natural or man-made, waterway drain-
ing adjacent 1land into a river. It may be either
perennial or ephemenal.

Sluiceway: A structure located near the mouth of a khal for
regulation of flow into and from the khal. For the
designs 1included in this manual, sluiceways are con-
structed of brick masonry and metal control gates. A
sluiceway may contain one or more vents or openings.

Vent: The standard-size (5 feet wide by 6 feet high) opening

in the sluiceway through which water flows and is

regulated.
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Flapgate:

Vertical Slide

Gates:

A steel gate placed at one end of a sluiceway to permit
flow in only one direction. A flapgate 1s hinged at
the top and opened by water pressure on the upstream
side. The flapgate may be fastened in a wide-open
position for the time of year the predominant flow of
water 1s in the opposite direction. Flap gates are
used primarily to store tide inflow to a khal and/or to

prevent river flood waters from entering the khal.

A steel gate that 1s operated manually by a hoist at
the top of the roadway across the sluic'way. Slide
gates are used to control the rate of flow of water
through the sluiceway, generally to maintain a certain'
water surface level in the khal. A slidegate can
regulate flow in one direction only. When being
operated to regulate flow, vertical slide gates must be
continually attended to prevent flooding caused by
clogging of the opening by debris or from storm runoff.

Stoplogs or Wocden

Shutters:

Rectangular timbers that are placed by hand in slots at
the ends of sluiceway vents. Stoplogs are used primar-
ily to isolate a vent of a sluiceway for maintenance or
repair. They may also be used to regulate the minimum

water surface elevation in a khal.

Section 4: Structural Design of Sluiceways

Sluiceways will be constructed of brick walls and arch culverts on

plain concrete slab foundations. Each sluiceway will have one or more

570"

x 670"

bays, as required to meet hydraulic conditions. The

design of the culvert section is in accordance with standard practice.
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For multiple bays, the intermediate walls are 2°6" thick. Applic~
able equations and dimensions are given in Figure C-10. Retaining
walls are designed as gravity sections with vertical exposed face and
sloping earth face. Standard designs for retaining walls are given on
Figure C-10. Weep holes, at six-foot centers each way, and pervious
backfill will be provided in retaining walls to eliminate unequal
water pressure on the walls during fast draw-down on the khal or

river.

Flow through the sluice 1s controlled by vertical 1lift gates
and/or flap gates. Design drawings of steel gates and gate hoists are
in Figures C-11 through C-16. These gate designs are 1in accordance
with Bangladesh standards. The sluiceways are provided with stoplog
(shuttering) grooves at each end of each vent so dewatering can be
done to facilitate maintenance and repair of gates and brick work.
Gate seats and stoplog grooves are embedded in concrete to provide

firm support and smooth operation for the gates.

The sluiceway transitions will be provided with cut-off walls at
each end to 1increase the length of percolation path under the struc-
ture and to protect against undermining the structure by scour. The
thickness of the floor will be determined from the uplift from the
upward pressure of water of water seeping under the structure. The
exit gradient of seepage under the floor 1is the difference in water
surfaces upstream and downstream, H, divided by the percolatin path,
Li. The percolation path length may be computed by Lane’s weighted
creep theory whichlis
Li = 1/3L + 2 E cd
where L is the length of structure
and E cd is the sum of the depths of all cut-offs
The slope of the exit gradient is taken as 1:7. Other procedures for
determining the exit gradient may be used; however, the assumptions
made for the difference in water surface elevtions and transmissivity
of the foundation material do not justify elegant mathematical solu-
tions. The occurrence of the highest water on one side and lowest on
the other at the same time for a protracted period of time is very
remote. The uplift pressure to be resisted in the concrete floor is

the difference between the depth of water on the slab and the gradient
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on the seepage pressure. A one-foot depth of concrete is equal to
2.25 feet of water. For structures not more than thres vents wide,
the slab, for a distance equal to the width between walls, may be
taken as 1.5 times the actual thickness for resisting uplift.

At the ends of all structures where the floor changes from a fixed
to a moveable bed, (that is, concrete to earth), hydraulic action
tends to carry the erodable material away, creating a scour hole. To
protect the structure from being undermined, a cut-off wall is pro-
vided and the channel is protected for some distance downstream by
heavy materials The depth of the cutoff wall is determined from the
following equation.

R = 0.9 ( %2 y1/3
for P = 1
R = 0.92/3q
R = depth of scour
q = discharge, cfs per foot of width at end of concrete.

F = gcour factor, 1.0 for sand, use for sluiceways.

The floor of the channel will be protected by two-foot, cube brick
blocks and the side slopes by brick pitching for a distance of twenty

feet.

Flap gates allow uncontrolled flow in one direction only. When
flow is desired in the opposite direction, the flap gate is connected
open by ropes tied to the top of the structure walls. Slide gates
also control flow in one direction only. The rate of flow may be
regulated by a slide gate. They require an operator to be on duty at
all times when the gate is not fully opened.

The sluiceways designed under this program are located near the
mouths of khals that require re-excavation or control. Wherever
possible, the sluiceways are located outside the existing khal. This
location allows construction to be done 1in the dry and does not
disrupt natural flow in the khal. After the structure is completed,
the khal 1is relocated through the structure. When it is not possible
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to locate the sluiceway outside the existing khal, the contractors
will be required to construct a dike around the structure site and

bypass the existing flow.

The s8luices will be located so they may be incorporated in a
future embankment. Each sluiceway will accommodate a twelve-foot-wide
pucca road across 1its fourteen-foot width, with a 3:1 slope on the

river side and a 2:1 slope on the country side.

Section 5: Cropping Patterns

A. Factors Influencing Cropping Patterns

Crop suitability and cropping patterns are 1influenced both by
physical and socio-economic factors. Physical factors include land,
soil, and climatic conditions and can be classified according to types
of land, floods, drainage, soil permeability, soil moisture holding

capacity, and soil properties.

le Land types are based upon the land position as related to the
depth of flooding during the rainy season. Brammer defines five
land types: highland, medium highland, medium lowland, lowland,
and bottomlaﬁd.

a) Highland 1is normally above flood level. During years of
very high flood, fields may be flooded for a short period of
time.

b) Medium Highland 1is normally shallowly flooded to a

maximum depth of less than 3 feet. If the soils are suitable,
this land type may be used for aus or transplanted aman.

c) Medium Lowland 1s normally moderately deeply flooded to

a maximum depth of 3 to 5 feet. This is too deep for growing
ordinary transplanted aman varieties. It 1is possible to grow

mixed aus and broadcast aman if the soils are suitable.
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d) Lowland is normally floodedq to a depth greater than 5
feet. Usually, this land type 1is used for growing boro during
the winter season and for broadcast aman during the summer. The
flood level is too great for ordinary aus and transplanted aman
varieties.

e) Bottomland is usually in a depression, where flooding is
greatest, and remains wet for most or all of the dry season.
Boro and transplanted deepwater aman varieties are the usual crop

grown 1in these areas.

2. Flood types assist in determining whether or not it is safe
to grow boro, aus or broadcast aman. Three types of flooding are
defined by Brammer: early flooding, normal flooding, and flash-
flooding.

a) Early flooded land may be flooded during early heavy

rainfalls prior to the onset of monsocn rains. Lands in this
category are not well suited to aus, aman, or boro because flood
damage 1is likely to occur once in every two-to-three years.

b) Normally flooded land are normally not flooded before

June or July. Damage seldom occurs more than once in three-to-
five years when the rains may begin very early, resulting in high
river levels. In most cases, boro, aus, broadcast aman, and jute
are not severely damaged by flooding.

c) Flash-flooded land generally consists of lands located

near the foothills, near rivers flowing from the hills, in
valleys within the hill acreas, or in the Madhupur and Barind
tracts and result from unusually heavy rainfalle These floods
can occur at any time and may cause damage to boro, aus, broad-

cast aman, transplanted aman, and early winter crops.

3. Drainage types are based upon the times at which floodwaters

normally drain off. This timing determines when the rabi
(winter) crops can be grown. Brammer defines three drainage

classes: early draining, normal draining, and late draining.
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a) Early draining land 1is normally free _of floodwater by
September or October, thus allowing early rabi crops to be grown
where soils are suitable. These crops could include early
vegetables, tobacco, sweet potatoes, and mustard.

b) Normally draining land normally becomes free of flood-

water sometime during the period between the end of October and
mid-December. In areas with suitable soils, middle rabi crops
can be grown; these include wheat, barley, potatoes, lentil,
gram, ollseeds, and spices.

c) Late draining land normally remains wet after mid-

December. In areas where the land drains by the end of January,
late rabi crops such as sesame, kaon, sorghum, chili, cowpea,
khira, and melon may be grown. Boro may also be grown, where
solls are suitable, both with and without irrigation, depending

upon when the soils dry out.

4. Soil permeability indicates the rate at which water passes

through the soil. It significantly influences the types of crops
suitable for certain areas. Permeability is related directly to
soil texture, which is determined by the amounts of sand, silt,
and clay and the size and number of pores in the soil. Three
types of soll permeability can be identified: permeable, moder-
ately permeable, and impermeable.

a) Permeable soils do not hold water on the surface more

than a few hours after a heavy rain or a heavy irrigation.
Normally, these soils are not suitable for boro or transplanted
aman unless the area is naturally flooded or wet throughout the
growing season.

b) Moderately permeable soils usually retain water on the

surface for two-to-three days after a heavy irrigation or rain.
This may make these areas unsuitable for crops, such as wheat,
maize, and vegetables, that cannot tolerate wet conditions during
their seedling stage. Normally, these soils are unsuitable for
boro or transplanted rice. In areas of high rainfall, it may be

possible to grow transplanted aman on medium highland sites.
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c) Impermeable soils will normally retain water on the

surface for one week or mcre following heavy rainfall or irriga-
tion. Most floodplain clay soils are naturally impermeable. The
puddling process used in preparing land for transplanted rice
changes the naturally permeable silt loam and clay loam soils to
impermeable soils suitable for rice cultivation. It should be
noted that this puddling process may make naturally permeable
soils unsuitable for dry land rabi crops unless the topsoil is

thoroughly broken up before seeding.

5. The moisture-holding capacity of a so0il determines how well

the soil holds moisture for the plant’s use. The moisture-~
holding capacity 1is directly related to soil texture and soil
porosity. Organic matter content also affects this capacity.
Brammer classifies soil moisture-holding capacities as good,
moderate, or poor.

a) Good moisture-holding capacity 1s usually characteristic

of deep, loamy or have a water table relatively close to the
surface during the dry season. These soils will normally hold
sufficient water after the rainy season to grow a dryland rabi
crop (such as wheat, pulses, or oilseeds) without irrigation or
to receive sown aus, jute, or broadcast aman in February and
March without waiting for the first rain showers to occur.

b) Moderate moisture-holding capacity 1s characteristic of

deep sandy loams, moderately deep silt loams, clays, or clay
loams. These so0ils normally hold sufficient water after the
rainy season to grow an early rabi crop (such as mustard) or a
quick-maturing middle rabi crop (such as wheat, pulses, or
ollseeds) without irrigation; however, yields may be low without
favorable winter rains or irrigation.

¢) Poor moisture-holding capacity is characteristic of

various soils: loose sands; heavy clays that quickly dry and
crack; some areas that have been puddled for transplanted aman,
resulting in a strong ploughpan or a compacted layer; red and
brown soils in the Madhupur and Barind tracts; and most hill

soils. These soils do not hold sufficient moisture for rabi
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crops unless irrigation 1s available or unless very favorable
winter rains occur. Highland and medium highland areas suffer
from drought during the rainy season if there 1s a one-to-two
week period without rainfall. Frequent irrigation is reqﬁited

for sandy and shallow, loamy soils.

6. Several soil properties significantly influence cropping

patterns and management practices. Properties listed by Brammer
include: subsoil texture; organic matter content; chemical
properties, such as salinity; soil parent material; soil moisture
properties determined by flooding, drainage, permeability and
moisture-holding capacity; and soil disturbance resulting from

man’s activities.

Several sources of information are available to determine the
soil properties of a specific site. Very important to these
determinations are field observations and questioning of farmers
regarding existing cropping patterns, crnp rotation, crop condi-
tions, flooding, and drainage characteristics. Field cbserva-
tions should consider the texture of the subsoil and substratum,
particularly where there appear to be changes in land and drain-
age type. Also important to these determinations are reviews of
the District reconnaissance soil survey reports prepared by the
Soil Survey Department of Bangladesh, which provides essential
information on soil assoclations and land use. By combining all
of these sources of information, general soil types can be
defined and their influence on cropping patterns and management

practices determined.

B. Main Existing Cropping Patterns

Brammer (1978) outlines nine traditional cropping patterns used by
farmers in Bangladesh: aus-rabil crops, aus-transplanted aman-fallow,
transplanted aman-fallow, mixed aus and broadcast aman-rabi crops,
broadcast sman-fallow, boro-fallow, boro-transplanted aman, jhum

cultivation, and perennial crops.
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l. Aus-rabi cropping constitutes the main pattern practiced on

permeable highland and medium highland soils, particularly in the
central and western districts. These areas are usually located
on higher floodplain ridges, on raised soil platforms, or on the
red soils of the Madhupur and Barind tracts. Perhaps ten-to-
thirty percent of the aus acreage may be planted to jute, par-
ticularly on loamy soils in medium highland areas. Mesta and
kharif groundnuts may replace small portions of the aus acreage
on solls having a poor moisture-holding capacity. Xabl crops are
generally determined by soil moisture-holdirs capacity. Soils
having a moderate-to-good moisture-holding capacity are suitable
for wheat, barley, mustard, lentils, gram, sweet potatoes, rabi
groundnuts, and vegetables. Soils having a poor moisture~holding

capacity are best suited for early rabi crops, such as mustard.

2. Aus-transplanted aman-fallow couvstitutes a major cropping

pattern practiced on moderately impermeable or impermeable solils
in highland and medium highland positions on the Teesta flood-
plain, on higher portions of the Brahmaputra floodplain, 1in
Bhola, 1in northeastern parts of the Barisal mainland, on some
grey solls of the Madhupur and Barind tracts, and on some foot-
hill 1land. The amount of aus acreage being transplanted rather
than broadcasted, and the use of high ylelding varieties are
increasing. Portions of the aus acreage may be replaced by jute,
especlally on the Teesta and Brahmaputra floodplains. Most ot
the transplanted aman varieties following aus or jute are local
or locally improved varieties; however, where aus and jute can be
sown early, HYV transplanted aman can be grown. In areas where
the topsoil has been puddled for the transplanted aman crop, the
planting of a rabi crop may be limited and in some cases may

result in the lands staying fallow during the winter.

3. Transplanted aman-fallow constitutes a pattern practiced

mainly on impermeable loams and clays in highland and medium
highland positions. It 1s practiced mainly in the Rajshahi
District, along coastal areas in Khulna Division, on the Noakhali

Cc-21



charland, in northern Dinajpur, and in western portions of
Jessore. This practice of single-cropping may result from low
rainfall, but it is more often due to larger land owners’ satis-
faction with one crop; however, the amount of double-cropping

does appear to be increasing in all of these areas.

4. Mixed aus and broadcast aman-rabi cropping occurs on medium

lowlands of the Brahmaputra, the Jamuna, the Ganges, and the old
Meghna floodplains in the Districts of Bogra, Pabna, Rajshahi,
Faridpur, Dacca, Tangail, Mymensingh, and Comilla. The soils are
usually moderately permeable and have a good moisture storage
capacity, and the lands normally drain by October or November.
This 1s the major triple-cropping area found in the country.
Mixed aus and aman constitute the double~cropping and are fol-
lowed by a rabi crop. Therefore, the land is used throughout the
year. Jute may be substituted for mixed rice in areas, such as
the main river channels, where there is a greater risk of early
or high floods. Many different rabi crops are found in this
pattern. Some farmers broadcast mustard, mashkalai, and lentil
in the aman crop two-to-three weeks before harvest. In some
areas, such as the western portion of Comilla District, the early
rabi crop may be followed by a late rabi crop (such as sesame,
kaon, or chili). In other cases, farmers plough the land after
aman 1is harvested and then sow wheat, barley, potatoes, mustard,

gram, lentil, onions, or spices.

5. Broadcast aman-fallow constitutes the main cropping pattern

practiced in the lowland areas of the Brahmaputra, the Jamuna,
the Ganges, and the Meghna floodplains in the Pabna, Rajshahi,
Faridpur, portions of Jessore, northern Barisal, Dacca, Tangail{
Mymensingh, Kishorganj, Cowmilla, and S&lhet Districts. Normally,
flooding is too deep in July and August to mix aus with the aman
crop, and much of the land is too wet in December and January for
‘a rabi crop. Jute is sometimes substituted for the aman where
the topsoils are loamy. In years of low flood levels, it is

possible to broadcast khesari and mustard in the standing aman
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crop prior to {ts harvest.

6. Boro-fallow constitutes the usual cropping pattern in lowland
and bottomland areas where the soil 1s wet most or all of the dry
season or where irrigation 1s available. These lands are common
in all of the major floodplains, in Noakhali north of the char
areas, in deep valleys of the Madhupur tract, and in some hill
areas. Some farmers, especially in the Dacca and Comilla Dis-
tricts, follow the boro crop with a transplanted deep-water aman

CIrop.

7. Boro-transplanted aman constitutes the main rotation prac-

ticed on impermeable highland and medium highland areas where
irrigation is available. Typical areas for this pattern are the
Brahmaputra, the Teesta, and the Ganges floodplains; parts of the
tidal clay areas in the Khulna Division; and the gray soil areas

of the Madhupur and Barind tracts.

8. Jhum cultivaiion 1s used in the Chittagong Hill Tracts. It

involves clearing and burning the natural vegetation during the

dry season and then sowing a mixture of summer crops (such as
aus-type rice, sesame, beans, gourds, and hill cotton). After
one or two years, the land 1is abandoned to remain idle for

several years.

9. Perennial crops include tree crops (such as mango) or field

crops occupying the land most or all of the year (such as sugar-
cane, ginger, and pineapple). This type of cropping 1is practiced
on the permeable highland soils: on the high floodplain ridges in
the western portion of the Ganges floodplain, in parts of Rangpur
and Dinajpur, on the deep red soils of the Madhupur and Barind
trocts, on the hill soils, and in homestead areas. At times,
farmers practice this cropping on lands normally used for aus-
rabi crop rotation. Sometimes intercropping of perennial crops

with quick maturing field crops oecurs.
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C. Recommended Cropping Patterns With Irrigation

When irrigaticn water becomes available to the farmers, such a§
through DIW’s and LLP’s, their traditional cropping patterns must be
examined and carefully modified where appropriate. Table III-]
outlines improvements that could be made to each of the nine tradi-
tional croppings patterns upon introduction of available irrigation

water (Brammer, 1978).

The following information on four of the recommended irrigated
cropping patterns should be considered when determining the most

appropriate cropping system for an irrigation sub-project:

| Aus (HYV) /Jute - T. aman (HYV) - Rabi crops (wheat/mus-

tard/potatoes): Wheat and similar rabi crops are most ideally

sulted for rotations not having transplanted rice. In cases
where transplanted rice is a part of the rotation, as it is in
this cropping pattern, certain techniques should be used to
obtain maximum crop production. Wheat and other rabi crops that
are to be grown on naturally impermeable soils or on puddled
lands should be sown on ridges or raised beds to prevent water
logging damage (Brammer, 1978). Also necessary, is the careful
control of water 1in order to prevent over-irrigation, which
results in damage to the seedlings. It is iéportant to ensure
that any plough pan created for the transplanted rice be broken
up to allow penetration of both roots and irrigation water. This
means that the fields must be re-puddled for subsequent trans-
planted rice crops. These operations increase the labor required

for land preparation for both types of crops.

2, Boro (HYV): When boro (HYV) is introduced under 1irrigated
conditions to replace the traditional mixed aus and broadcast
aman-rabi crop pattern, it 18 important to determine which
cropping pattern gives the farmer the greatest financial return
for each specific sub-project area. The mixed aus and broadcast
aman-rabi crop pattern is the major triple-crop pattern practiced
in Bangladesh and it seems likely that, in some applications, the

single boro crop has given lower financial returns than the
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triple-crop system (Hobbs, Clay, and Hogue, 1979).

3. Boro (HYV)-Transplanted deep water aman: Some farmers are

experimenting with transplanting deep water aman following the
boro crop. The yilelds of transplanted aman are -~mewhat reduced,
but the farmer still receives the boro crop, plus the "bonus"
aman production (Hobbs, Clay, and Hogue, 1979). This practice
needs further experimentation before 1ts widespread use 1is

recommended.

4. Boro (HYV) - Transplarted aus (HYV/LIV) - Transplanted aman

(LIV): This tripie-rice-crop pattern is possible using an early
maturing boro (HYV), harvested by April or May, followed by a
quickly maturing transplanted aus (HYV/LIV/LOCAL) harvested in
August, and followed by transplanted aman (LIV or Local).
However, this cropping pattern requires a high degree of manage-
ment, proper irrigation, and high levels of fertilizer and labor
(Brammer, 1978). The BRRI reports two problems with triple-
cropping of rice in some areas: First, soils kept in a contin-
uously wet condition may have increasing amounts of iromn, which
can be harmful to the rice plants. Second, continuously flooded,
heavy silt and clay soils may lose their capability to support
the weight of animals and people and must be periodically allowed
to fallow and dry. Due to high input requirements and other
problems experienced by BRRI, extensive triple-cropping of rice
is not recommended without careful consideration and experimenta-
tion to determine which parts of the country are suitable for

this intensive system.

D. Procedure for Evaluating and Recommending Improved Cropping Patterns

The following procedure 1is suggested for use in evaluating and
recommending improved cropping patterns for existing and proposed

irrigation sites. These steps should be followed for each specific
sub-project and must be accomplished through interviews with farmers,
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village,

and project 1leaders; through on-site inspections; through

crop-cut surveys; and through farm management studies.

l.
ing:

2.

3.

Determine and evaluate existing cropping patterns, 1includ-

a) cropping patterns presently used;

b) the extent of each crop and time grown;

c) the amount and kind of intercropping and mixed crop-
ping;

d) cropping intensities;

e) crop inputs and yields;

f) productivity of total system;

g) the gross and net returns from entire systems; and

h) the crop production problems encountered by farmers.

Collect and evaluate socio-economic information, including:
a) farm sizes;

b) land tenure system;

c) family sizes;

d) the labor situation;

e) the availability of credit;

f) the input supply system;

g) marketing arrangements; and

h) the farmers’ other socio-economic problems.

Collect information on soil and water resources and climate:

a) Prior to field observations, review available litera-
ture on so0il and water resources and climate and discuss
thig literature with the appropriate Government agencies.
For example, in collecting information on soil resources,
review the District reconnaissance s8o0il survey reports
prepared by the Soil Survey Department of Bangladesh:

a-1) Review general district geology, soils, and land use;
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a-2) Locate sub-project on the soil and land~use association
maps;

a-3) Review the so0il and land-use association in which the
sub-project 18 located to determine soll series and
appropriate land use;

a-4) Review the soil series description, noting soil tex-
ture, drainage, permeability, moisture holding, chem-
ical properties, relief, flooding, etc;

b) Supplement the 1literature with field observations and

survey questions regarding physical resource:.

4. Determine the land types as defined in "Factors Influencing
Cropping Patterns", from field observations and interviews.
a) These land types should then be plotted onto a detailed
map having a scale such as that used on the mouza maps.
b) Each land type should be denoted by color on the map.
For example: Highland, red; Medium Highland, brown; etc.

5 Determine the flood types, as defined in "Factors Influenc-
ing Cropping Patterns" from field observations and interviews.

Delineate the different flood types on the map.

6. Determine the drainage types, as defined in "Factors Influ-
encing Cropping Patterns”", from field observations and inter-

views. Delineate the different drainage types on the map.

7. Determine the soil permeability types, as defined in "Fac-
tors Influencing Cropping Patterns", from field observations and
interviews. Delineate the different permeability types on the

map.

8. Examine the soils in those areas having different land and
drainage types and in those areas exhibiting significant relief

changes.
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&) Especially important are the subsoil and substratum
textures and the soil structure. To determine these, holes
must be dug three-to-four feet deep and the soil examined.

b) Subsoll and substratum textures are generally deter-

mined in the field by dividing them into four broad, tex-

tural classes: sand, loam, clayey loam, or clay. The
following criteria are used for classification (Brammer,

1970):

b-1) Sand: This includes sand, loamy sand, and loose sandy
loams that, when moist, can be squeezed into a cone or
rolled into a ball but cannot be rolled into a cyl-
inder.

b-2) Loam: This includes loam, silt loam, and sandy loam
that, when moist, can easily be rolled into a cylinder
but cannot then be bent into a ring.

b-3) Clayey Loam: This includes clay loam, silty clay loam,
and sandy clay loam that, when moist, can easily be
rolled into a cylinder and then bent into a ring. It
is also characterized by the fact that a small fragment
can be squeezed out to form a '"tongue', although it
breaks easily.

b-4) Clay: This includes clay, silty clay, and sandy clay
that, when moist, can easily be made into a ring. It
is also characterized by the fact that a small piece
can be squeezed into a strong "tongue".

c) Delineate the soil texture classes on the map.

9. Determine the s8o0il moisture-holding capacities, as defined
in "Factors Influencing Cropping Patterns," from field observa-
tions and interviews.
a) The soil textural and structural characteristics of the
soil (determined in Step 8) are the main determinants of

that s0il’s moisture-holding capacity.
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10.

b) Observation of the types and condition of crops growing
in an area provides other important information.
c) Areas having different moisture-holding characteristics

should be denoted on the map.

Recommend cropping patterns for the irrigated sub-projects.
a) Evaluate the existing cropping patterns, the socio-
economic situation, physical resources, land types, flood
types, drainage types, soil permeability, soil types, and
moisture-holding capacities (determined in Steps 1 through
9).

b) Using Table 3-1 as a guide and by inserting the infor-
mation gained from Steps 1 through 9, determine the most

appropriate irrigated cropping pattern for each sub-project.
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Uniform Flow Coefficionts. Mamnina's Furmula - English Units

\ g
Valuen of wqgpsm—. i ol
. RABE TR

‘ d/b 2z = 1 z=1-1/d ! d/b :‘Zz‘] 231-1/2 d/b 71 [Z=1_1/2
«02 1.00216 |,00220 | . | 439 | .3%6] 371 1.95| 2.13 2,75
.03 {.00422 |,00433 “«40 | L341] .389 1.10]| 2.34 7,04
.04 |.00690 |.00700 41 1 357 .408 1.15] 2.56 3.34
.05 |.0100 |.0102 42 1 3731 427 1.204 2,75 3.68
.06 |,0136 - {.0138 A3 | 309 . .247 1.25] 3.01 J.03
.07 1.0176 |.0100 A4 | 405 467 1,30 3.30 1.39
06 [.c210 | ,0225 A5 | W22 L487 1.35] 3.57 AT6
-09 |0267 .0-775 -46 0'1‘;39 0509 1-‘10 3.'33 5018
.10 1.0318 | ,03029 AT 1 0457 530 1.45) .15 5.60
<11 1.0373 .0387 o AT .552 1.50] 1,48 6,04
«12 1 .431 <0450 AS | 492] 575 1.551 .78 6,50
<13 1.0493 |.0516 _+50 | .512] .599 1.60; 5.12 6.99
<14 1.055% }.0567 92 | 548] .646 1.65] 5..7 7.50
<15 | .0628 | .0642 54 | 5901 696 1.70{ 5.83 3.02
<16 1.0699 | .0740 56 | J631) ,748 1.75] 6,21 8.57
71,0775 | .0%23 .53 | .671] .802 1.80| G.60 S.13
.15 1.0%54  1.,0010 50| 717 L858 1.85] 7.01 2.75
JAG L0936 | ,100 62 | L7631 917 1.90f 7.43 10,4
.20 | .102 .110 .64 | 802 .976 1.9 7.07 11,0
ANIREE .120 .66 | .058( 1,04 2.00f{ 8.32 1.7
221,120 1130 LG8 008 1,10 2.10! 9,27 13.1
231 .130 R ER «T0 | 953 1.17 2,201 19,3 145
24,139 «152 o712 11.01 | 1.24 2.30] 11.3 16,2
251 150 . 183 71 11,07 | 1.31 2,40 12,5 17.9
261,160 175 <76 |1.12 | 1.39 2.50| 13.7 19.8
271 AT .188 76 {1,183 | 1.46 2.60] 15.0 21.7
l28 0182 0201 080 102'1- ] 1054 2.70 16.3 23.8 )
<291 .193 214 b2 [1.30 | 1.63 2,850 17.8 25.9
«30 | 205 227 84 11.36 | 1.71 2.90| 19.3 23,2
31217 | 292 .86 | 1.43 | 1.79 .00 20,9 | 30.6
a32 0230 |256 .88 1.'1-9 1.88 3'20 2"(02 35.8
«331 243 o271 «90 [1.56 | 1.98 3.401 27.9 41.5
034 -25(' 02{“7 092 1063 2-07 3060 . 3200 "}708
351 .27C «303 M 1,70 | 2,16 3.80! 36.3 54.6
036 0283 0319 096 1078 2027 4.000 41-1 61'99
371 .297 <336 90 [1.85 | 2.37 A4.50( 54, 32,9
.38| <311 . 354 1.00 | 1.93 | 2.47 5.00] 70.3 ! 108
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Uniform Flow Coefficients, Mannina's Furmula - Znglish Unitn
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User Instruetions

TIDAL S"CRAGE
2P

OUTPUT

NAUT
EY8 DATA/UNITS

INSTRUCTIONS DATA/UNITS

Tf‘"l BT ) -m ? ~i!qr‘l

~L Aoy =
Siore Ahain

Dol wettom wridth 3
Tnnl zide s1gnn chorig = 1 veot
Toral Toreth L
Sl eftterm —ede to low tide ‘o
Consl tetton vpede te zlndnn miln Mt
woal T in =lvicawny 3
T 2t Al Daur dntaweslg b
ni-hit of tide Y

Im

tire interval

hei 14 cf tila above canal 30 do+y

donth o7 water in canal

toral tormin in for0l acre £t

UIO000a0000000000000000000R0H BEE HER RO
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A A \IBI (T T V7] B4nYunangy

SISP__KEY ENTRY _ KEY CODE COMMENTS STEP KEYENTRY  KEY CODE COMMENTS
.,. -35 f}l:j 1 01
1} T 0 170 "Oj.‘u' ekl
5 “TCC = 13 7 X =3 ]
15 ) 25 14 | fenvite Ka i P 5 15
17 C7.C 3713 3 T 21
T N7 172 il - ="
1° ey 72 17 12 e TCA BN
2 S 12 7 T 77 0% ok
~1 s - f 77 "‘K\l 20 1" 1-’ Tl‘.‘.‘:.:‘.‘: d
oo e AR e "nT G ﬂ.(Tﬁ
~3 01 nm g 7 T Y
oy T~ 1 16 13 180 R -4
- =N 2719 Ta <8
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= = % 83 - =3
- ."f Y] ’),-. l.";qv ',\. \5 ,')1
. T EXBGE Apirevta tea e AR 1y 00
130 =23 17271 v PO 000
= 7 707 | 7 Y -] Pring on
5 1, E T 9309 -2 12 Lean n
RS ] - L s ek
v B ALK 100 CTh 6 Oa
-\.3 ’Iﬁ{ _"1 c ? S 4.'1;—"‘1
i - -1° =1? 1621
':T " -5 93 0D 22 14
AE > 03 04 i 01
3" 0 20 ¢ ST+0 35-55 04
140 - _35 STOA H N
1 Q7 35 07 o7 GT0a 22 16 1
. 1,314 21 16 11 | Compute S o ¥ 24
— TG 3 o Qg R/S 51
B! ‘CLA 36 11 200 =
e - -5
A0 £€07 16-=45
1 R Y AE
' ek EKiEak)
e .': -13
150 B 2= 13
1 T Y, 11 ] Tomrute A
32 kil 5
“x ~CL7 8 07
7 _35 210
<3 010 € 13
S5 e %35 1S @
=7 IICT 22 15
G 0L 3E_11
=a RO 36 15
180 + =H5
£1 3TCA 35 _11
f2 nocd 27 14 14
22 M) §) 21 15 | Iterati-n for h "
Y CLE 30 11 20
75 IS % 15
hh - -5
y o7 3UA 30 1
e . 67
. — - FLAGS SET STATUS
A data Tdata [ start |PStorege S|F iteration)? nAGS  TRG DISP
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Program Deseription

Program Title ‘ R ‘ P
Name CANAL TIDAL STORAGE R . Date %. e o
Address EEIB

City - - State Zip Code

Program Description, Equations, Varlables, etc. -

]
1]
noj =<
!
(SRS
P
[e)
o
[6/]
—
\n
o}
L
\

< CANAL T. SLUICE  RIVER_

s

| T Ve
ffessr] i |
— _Flowtide é d. _ !“Q’ - 7 o !
e Slujce sill J [n-' 3 A [t0__ At _30min Ltchr
§ Canal B.g, ¥ Ja

Vatural or evcavated channels extendins inland from tidal rivers ars uzed to store
water entering during risin- tide for irrigation. Reverse flow is nreveniad by self

overatin~ flap gates in the Sluiceway at the mouth of the channel. This Tromram

provide the canal and sluic-way dimensions Ko
S = T(n_1) (E-h)p . S=4q Q= (d n1) = Ya) kg ¥'h

ka b.c.172
5eCe 172 ¥ 39,2

30

T = top width of cannl

celerity of giandinz wave

A =t
’;b;ﬁ.:&g
A= (1

b
P

Solve for h

Operating Limits and Warninga This promram is set to °e in Bone? n".’e?!: for sluicev.'a;'.:
with multisle barrels of standovd Sft wide by 6ft hich bays. The disnhaw-s " thru the
slnicew=y is bnsed on freeflow conditions, Ctlexw cluireway dimensions may e wuced hv
chanring the coefficient 7 (s%e~ 138 - 9) Accuracy heyond a wnit volue iz nel dustia
fied, Low tide iz considered to be zbeve eluica vay £ill. The cancl waver mfane follg
below the tide so worer will cortimie to flow after higl tide. N = 14 or 15 in
sureected,

S0 NOT USE THIS SPALE




User Instructions

Ta-nia B 2621 c 25128

D

:~-ﬂo-)n S-;‘”C‘-“\TD;_': T.I’;T

h 2715

-
J

Note : Tor structupes with no DYS or D -

lateral tuwmnout, cart crossinz, or

change in glovne often for sten 4

INSTRUCTIONS og;fg:urs KEYS ofr%mrrs
Tood ide ]
[ J[_]
Torut irizinl stnticn 2lavation ond [:] I::I
9o Ltany eniin 101
Toiabioe 17 Q orit S+n (o]0 ]
e 3
In-uh gomyine ohntion Shn I:j
Yor tumout ivoud el ivarer minc a-face 773 [::_]
Ten oen sbupteieng D
Oarmety tottem rreade At %2 ravge will flach [:] DG,
L JC ]
“or tnmoeut, Tor see 2521 E:I [:j D
for sec 2518 (e 11 D
for sec 2515 1 D
If D is ne~~tive, V'S is above 'mter I————I I———'
surface 2nd ~rade must he adjusted ':] :]
C_JC ]
Comrute now BG and initial station at dron [:__] E:l
sirusture chan~e in rrade or Qoad crogsin~ [:] B.Ge
1]
Rercrt 3 et seg, [:I :
2 I
—
]
]
=)
C 1]
1
L1
L]
|
]
]
L]
L]
|

Jodotobobodoooog
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STEP  KEY ENTRY KEY CODE COMMENTS STEP KEYENTRY KEY COOE COMMENTS

»joo! LBla 91 X£Y?
2 STOS : _g& 109
3 Ré 9 PSE
/ STO2 080 CLX
9 RTN 61 GTOA
6 1L3LA 6 TN
7 REL2 7% LBLE
8 L0 64 RC15
0109 = 65 RCL3
RCIY r_ﬁfL XaY
11 X 67 -
2 noL1 68 STC1
13 - 60 R3L2
14 TS 070 STCC
15 S7°C3 T4 RCI1
16 b3y 72 PS=
17 RTY ' 77 nm™
18 1313 14 LBLO
10 1 75 ROL4
020 . 76 PSE
21 2 17 cLX
22 g 18 - 1B18
23 3704 19 RCL3
2/ 5 080 RCL6
25 . [ &1 +
€ 2 82 necLs
27 5 83 -
o8 TTOL 84 X%0?
2¢ GTC1 55 RTH
030 o s PSR
3 1310 87 /s
2 1 a8 ITN
23 T4 89 R/S
Y 7O 090
-"ri L]
3% 5
27 SR
e ~TCq
0 Ty
040 T%LD
4 :
[ [
A A 100
‘5 SCE
‘L ~ e
A n_rpc.1
e o
rd ( hd "'.T q‘
050 K Ab)
=4 ILE
g2 -
53 4
g + . 110
ne 18 '
5¢ vy
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COMNENTS

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY ZODE
001 TLA 2111 57 OLb 36 06
z L) 716222 Lt X 17 634
3 DSP5 -63 05 59 £T00 22 13| Yes D D1
4 STCA 35 11]a 060 ROLA 04 )] Mo D M
] R -3 61 L6 3£ 06 '
£ TMOR 35 1212 . 62 - =45
R Y -14 | print 2 63 sTet 35 08 ] D2
B 1/X 521 64 ~CL5 36 05
) TN 1 1€ 43 ] 81 €5 Y. =35
010 ST03 39 013 44 ST+1 39-55 01 |} add area
19 Oy =21 67 018 36 OF
12 1 01 43 Y- 3
13 R - A4 €9 Kok 3¢ 42
14 37CA 35 04 ] D1 070 % =25 | = A
15 Y /1 71 57+1 355 01 ad. area
16 ? 02 73 2011 36 01
17 X C 26 13 T -14 | »rint A
17 amnes ECRGE K 74 0L 5 12
1C 1 01 75 A 16 43
020 2CTLA 360/ 7( 31 41
24 . 45 1M 77 1/% 52
29 RIA -1 i rrirt 41 78 -2 02
23 BCLE L 05 18 X =35
24 P -12 ] ~rint ™ 080 ptody 30 0C
2% 57 111 3 7 -5
20 (1) 26 119 52 e 3556 02 | Per. fer d 41
7 Ty =114 £ TOLC 21 13
of 1 - 01 [ 'CL1 6 01
20 _ a5 a5 01,2 36 07
030 TS ) an LA -1/
21 emng 5 06] D £ + 04
0 ey G 0/ £r RN -4t ] Print r
3° X 7 A £.e T =21
3 Y2 1% is ™M M 090 1 01
e NG 20 49| - oy 1 . 10
PT: YL EE 10 €D 0 0f
27 T =D Te el conv, 3% 177 a9
O RN R «.’ T 31
R T R Rl o7 0T 4 3 N
040 2 kL i~ c’ o el
i R TV | e e sl ¢ LT ~14 | Tt
R N D e [ 9 N
’ il ENE B re \ -7
T R K 100 ‘ n*
0T 1 2 ozn
; - no ~ ¢ 06
" . RS 2 - -5
S 22 00 | P o P9 4 o =1 ] Dvint Ve
[Xs YT 97y 5 158 1f=_1_1_ :
050 Ct -1 [ N 1 .11
- T 24 7 T o
3 Q4 £ -1 o1
4; - - 110
Ty N W01 A oo A
s {3 e
REGISTERS
On cr M| seen P Pevirntgd 81 P M 5 2 ¢ o2 | o P o P
S0 S1 S2 S3 S4 S5 S6 7 S8 SO
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEYENTRY KEY CODE COMMENTS
%01 LOLA 21 11] Data storage P33 1651 |
2 ST01 35 01 5 RCLo 1 136 Q2 |
3 R =31 59 Pas 16=51 |
4 3TQ2 35 Q2 000 X =39 |
9 P3sS 16-51 61 4 =35
6 STO2 35 02 62 3 04
1 =s 16-51 63 L] 05
8 ] -31 64 6 06
a SiC3 3503 65 0 00
010 3y 31 66 < =24
11 STe4 35 04 67 PRTE - =14
12 Ty 24 68 RN 24
13 1L3LB 21 .12 €c LBLa 21 16 11 ] compute Y
14 STG4 35 Q6 070 1 01
19 Re =31 71 9 05
16 P2S 165 72 2010 36 00
17 37C6 35 06 73 X -39
18 R =31 14 €S A2
1¢ 3707 35 07 15 G 1 36 0€
020 )8 -31 ~ M <R
21 5708 35 68 17 LSTX 1663 |
22 PsS 16-51 18 Xy a4 ;
23 M 24 70 - =45
24 IBL” 2113} Start Comp 080 RCL2 36_02
2% 16 3% 06| constant stora-e 81 + =55
27 B 02 82 Py =14 | Print duty
27 SMe6 | 3524 06 f2 neL4 36 01 ] Conmute E
28 1 - 01 84 - -5
oC S0 C 3% 06 o5 R 3% 09
030 TA 35 11 ar. 3 Q3 | Dezimnls in
21 “0LR 36 02 87 ST01 38 26 ] sclution for h
22 1 01 8¢ 1 01
X! £ Q8 go A 35 1%
A 0 Q o L3Lb 21 16 12 | Compuie T
5 0 00 1 QoL 5 0/
R1g -+ -4 09 RCL1 2504
27 S2C) 7 1 03 D0L3 37 02
3 0T 36 01 X X =13
3C R 3% 02 ox, 2 02
040 TTCn ] 22 14 1 or X =12
4 IATH 21 121 “cmpute o7 + =h=
22 AT 3 oA ) storoce din of STCR 35 12
k! 11 2 01 ] anvn feet oc LA 2 04 ] Somenie A
£ ¥ -39 100 “CT1 ESAK]
2% T3 14202 1 % =35
A6 X< 53 2 187X 16263
27 w2 A 02 2 RS %3
7 X2 K Z L3 T
- -47 ] Z -3
050 K] 2 03 § + =H5
L v =15 7 BlgE:] 212 Toomrte C
2%¢) o+ JELY E - -.’).14
53 N RY o 3 03
4 RCLD 02 110 2 no
o5 K -3% 141 . =2
54 - 42 12 2 02 ﬁ
, REGISTERS , ] _
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A a VB. L2 2 17 ] u.m...a

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
170
120
180
130
. 190
140
200
150
~ 210
160
220
- n ‘ “LABELS . | m SET STATUS
' G BG 0,529 [°D 2518 *Fprop Sta | _FLAGS __TMaG
N ) ON OFF
oD 0| DEG ®W | FIX =
roo0| eraoa] sa O}
200)| R0 O | Eng.O
soal 1 a2 1




Program Deseription

Program Title . . .

Name M. R. Do Structure List R Date
Address o -

City State Zip Code

\ - o s £op nA
Program Description, Equations, Varlables, etc. For given :u:xltial station, bottom gr..’..'.e
elevation, section properties and slone rlus delivery water surface elevaticns and

chanie in botiom prade elevations arnd slope tiis presran comnvtes elevaticns and
controllins structure dimensions for consiruzticn larout. The dimensicns z2re in
in accoriince with Fir C - | Standard Structures,
The prosram solves the followins e~u-tiens
For Key A -

g — - -
3G, =BG, (Stan Stao)S

Tor keys 3.C.D corresnonsint to sections 2521, 2518 znd 2515¢
a - test for ".S. elavatirn beinz at or aheve deliveory waior su-face,

3+ d - DS O yes, rrade ok, no-ne~ative nwiher flzghes and ~rade or
slore 22t bhe adjusted.

P = D =BG+ 1 - DS, with minimum of 0.25 for sz 2521

0,50 for sec 2518 and 0.75 for sec 2515, The minimum is determinel Y- the
structural dimension of 2' from the turmout floor tec *or of wall with thre
tep of wall tho same as tre adjacent canel -0ll.

Tor key B

The vrorram moves the initial sta~ion and bei*orm rrade o the lrantien of
the chanted rrorertias,

Operating Limita and Warnings Trig 2rao~an i arplica®la Tov ennals confonive
'lex:vg botiem or-de comrut-~tions, ¥orm A can be a-~Tied in amyr canal,

Thia pocoeen ir Tor a Hewledt - Puckard EP 97 calculator it m2y also be used
or. a HP 67 calculatcr,




User Instructions

STEP INSTRUCTIONS DATAUNITS KEYS DATAITS
1. Leoad cide 1
2, Key in data
7 - 3ide slope - (7 horiz *o 1 vert) Z
B 1 - vatio ¢f ator dath 4o vading
ci ~evnd hetion q

Cat p1t - Zo2{fizimss (R = 1)

Isnnn

A S3iia 3lown 7
‘ 1,- devth to farsont -oint a1
Maltinly by X T1
T,- "idth 2t ™nzent ncints
C OMNtinle R
A - Are~ of szction A
Inltirly by 12
r - Hydraulic radius liultirly by R r
p - Perimeter D
K - Coefficient of disclinrge Zor
Metric Units km
8, .
km = gn/b /3 %
n = Mannings rouwhness factor
ke

K - Same as K_ only in Wns~lish units

HUUOO000000000000000000000000R00R00

I

0

i




KEY CODE‘

STEP KEYENTRY  KEY CODE COMMENTS STEP  KEY ENTRY COMMENTS
001 TLA 2111 57 TOLE 3% 06 -
P “AD 16227 P8 | X Y7 1634
3 DSP5 -63 05 59 GTO0 22 13 ] Yes D D1
4 STOA 3N 111a 080 ROLA 3 04 ] o D Di
] il - 31 61 nOL6 36 06
3 STOB 31212 62 - =45
7 pnTY =14 | print 2 63 STO8 3% 08 | D2
B 1/x 52| 64 7C15 36 05
9 | Tan_1 16 43 ] 61 65 X =35
010 STQO3 39 .0 €6 ST+1 35-55 01 add area
11 Jolgyy =21 % 018 36 08
12 1 01 X 53
13 R 4 69 "0 36 12
12 5704 35 04 | D1 070 X =35 | = A
15 XY =41 11 5T+1 35-55 01 | ad. area
16 2 0 _;;_a 2011 36 01
17 ¥ " 235 3 ™Y =14 nrint A
18 aTcs /505 |7 74 nCL3 36 12
1S 1 01 75 TaT-1 16 43
Jo20 014 36_04 7€ SIN 41
54 _ 45 11 17 1/X 52
22 Y =14 | rrirt 41 18 -2 02
21 RCLS 35 05 19 X =35
24 A -14 ] »rint ™M {os0 20LE 3 08
25 5PC 16-11 &1 ¥ =35
26 NCLY 26 11 2 5S40 3%.55 02 , Per. fer 4 di
7 X -1/ | a (€3 | 1710 21 1
o 1 01 84 2CL1 36 01
20 - A5 85 1CL2 36 02
030 TS5 =22 84 PRX -14
29 aneG 35 061D 7 + 24
a0 nCIA 36 04 88 oDTX -’ Print r
32 XY =41 oc 7T -2
34 v Y? 16=34 | is D1 ™ 090 1 0
i BN 20 12 ] - 7Ny 9 . -£2
3% 1. 3t 0. no (o 5 08
27 U 0] Ter M) comv, 09 1/ 30
2 e I c v 1
Bl T 27 “7 1) M s 011 36N
540 T 30 o¢ 7 =3
“ L AN Toe 2orlomermn, c7 T =14 | Pint i
i 52 1 - of 1 01
B ) e \ -i0
N7 1.0 ]8 100 A 0/
o 5 07 1 8 08
3 g n2 2 £ 06
A7 g =15 2 j: -3
T 3F 02 o P 4 20X =1:} Print Ye
< (17 i o 5 o0 16-11 |
050 s ="1 & RAZH 16211
T il I pm - g
Sl s 304 g8 ~/3 51
g - -5 110
7 (1 B 1) A o A1
54 OL WD’ _
REGISTERS -
0D or m]' area P revicatgd 81 * M 5 o2 & » [ o [® m 9
Isv ] S4 153 S6 S7 S8 s9
A a 2 c ° IE '




STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
170
120
180
130
190
140
200
150
d 210
160
220
x < . LABELS FLAGS SET STATUS
. Iniate - Serment ﬁﬁrd.pulnp - IE 0 FLAGS TRIG DiSP
or D c d * 1 ON OFF o
1=D l o0O0O| oeEG O| FAX O
0 ! F 4 1 O Q emog sct O
5 7 kﬁ 2 00| RAD ENG_.O
I a0aQ0 n—2_




Program Deseription

=

program Tie  F¥draulic property coefficienta for round bottom canal

Name - - G. J. Hoge ... . o . " Date
Address - Tt
City : T : State Zip Code

Program Description, Equations, Variables, etc.

For the section shown with R=1
when d = d11the sectior. is a segment of a circle
8 = cos "1 ( 1-d)

Perimeter = 2 6

Top width T = (1-d) tan 8)2
Area = Secment - tringle &

8- (5. (19

For d ) a1
Rorggda, &2%6) 4 (a-a1). 2. csc@ _

Avea = drea () + ™. (d-a1) + z (a-a1)®

r = A/P _
2
K =K . 1.486
8 Il

Pre~r-m will not orertie To» 7 = 0, cericivele
Operating Limits and Warnings - ' - '

Tor senicircle let z = 0,00001

DO NOT USE THIS SPACE




