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ABSTRACT

Watershed management with focus on reduction of runoff and
soil erosion by design of location specific engineering
structures is essential. Watershed Softguide is the software for
design of three structures: bench terrace, farm pond and
vegetated waterway, which are very important for
conservation of natural resources in environmentally sensitive
era. This software has been supported with database that
contains data of 150 locations all over Maharashtra State in
India to make the design location specific. The software is
armed with database addition and editing facility. It also gives
to-the scale diagram of the designed structure, which can be
printed. Help-pan present on the screen makes it user-friendly.
The software has been tested at developer’s level. Results
obtained using software were compared with on-paper
calculation and the results were found satisfactory. Watershed
Softguide 1.0 software has lead to the simplification of the
design of soil and water conservation structures is achieved to
an extent that field officers and farmers can design those
structures in their respective locations with easily and readily
available information.
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1. INTRODUCTION

Maharashtra state in India is characterized with high range of
rainfall in various parts of state. High intensity rainfall and
slope are causing irreparable damage in the form of very
severe soil erosion ranging from 5 to 33 tones per ha per
year[9]. Realizing the need for sufficient productive land to
meet the demands of burgeoning population with minimal or
ideally no deforestation, erosion control measures have to be
undertaken with scientific approach. Since soil erosion is
intricately related to rainfall, runoff, land cover and land
use[20], conservation measures require scientific design based
on available information about land, climate, crop and
financial resources[1,11]. With this software we are looking
forward to simplify the design of soil and water conservation
structures so that a farmer can design those structures in his
own style[3].

Watershed Softguide 1.0 software has been developed with
objective of extensive use by extension workers, government
agencies, field officers and farmers. With above-said focus
inbuilt database was created. So that minimum data may be
asked from user. It was also provided with soil database
addition and editing facility, which improved its adoptability
for wider reach, even for other states[8]. Help pan provided on
the screen made the software available for instant use as
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former acts as user manual. Wizard type interface develop for
making the operations easier.

This software has been provided with strong input validation
framework, so incorrect/invalid data is blocked. This software
also gives the help tips about current screen[15]. To the scale
graphical diagrams of the soil and water conservation
structures made the software more explanatory and acceptable
at all levels. Optional cost estimation facility has brought the
added advantage to this software.

2. MATERIALS AND METHOD
2.1 Platform

The software for design of various soil and water conservation
structures was developed using Microsoft Visual Basic 6.0
Enterprise Edition with Service Pack 6, for 32-bit Windows
Development and Microsoft Access 2000 (9.0.2720) for
backend[6,12,16].
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Figurel: Software Interface

2.1 Minimum System Requirements

Intel® Pentium™ III 700MHz or equivalent processor
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64 MB RAM.

30 MB Hard disk space.

VGA display with 10241 768 Pixels resolution.
CD ROM drive.

Microsoft® Windows™ 98 or above.

Microsoft® Visual Basic Runtime Installed.
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2.2 Design of Vegetated Waterways

A trapezoidal section with a slight Vv’ bottom can be easily
constructed where the waterway is artificially located. Though
maximum permissible grade of waterway is 10 per cent, it is
normally kept below 5 cent to avoid scouring[17]. Standard
engineering design procedure is followed with logical
assumptions and steps as briefly shown in flowchart in
Fig.2[19]. Cost of excavation was calculated by multiplying
earthwork required by cost of excavation per cubic meter.
Cost of sodding was calculated from total length to be sodded
by cost of sodding per 100 m. Total cost of waterway was
determined by adding cost of excavation and cost of
sodding[21].
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Figure 2: Flowchart for design of vegetated
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2.3 Design of Bench Terrace

Bench terracing is a method of erosion control, practiced in
the steep slopes, accomplished by constructing broad channels
across the slope. It consists converting original sloping ground
in to step-like fields along contours by half-cutting and half-
filling. In rainfed areas, bench terracing is generally practised
in 16-33% slope range. However, level bench terracing is
recommended for paddy fields even on the mild slopes of 1%
for uniform impounding of water.[10,13]

Bench terraces have three types:

1. Level bench terrace- used for paddy growing areas
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2. Inwardly sloping bench terrace- used for crops
susceptible to water logging and where quick disposal of
runoff is necessary.

3. Outwardly sloping bench terrace- this is a step toward
level or inwardly  sloping bench terrace used in regions
with low rainfall and shallow soil depth.

Standard engineering design procedure is followed with
logical assumptions and steps as briefly shown in flowchart in
Fig.3[17,19]. Total earthwork required was determined by
multiplying earthwork per ha by field area. Total batter length
to be sodded was also determined. From cost of earthwork per
cubic meter and cost of sodding per 100 m total cost of bench
terrace was calculated[21].
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Figure 3: Flowchart for design of bench terrace

2.4 Design of Farm Pond

Average annual rainfall in various parts of
Maharashtra State ranges from about 500mm to 4000 mm but
dearth of water during summer is very common. This calls for
assiduous efforts to harvest rain water and reusing it when
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natural sources of water are dried up. This can be achieved by
constructing farm ponds.

Standard engineering design procedure was used for
design of dugout farm pond[17,19].

a.  Volume of water to be stored was determined
from human population, population of cattle
and poultry birds, number of horticultural
trees, area under agronomical and vegetable
crops to be irrigated and other miscellaneous
uses with standard water
requirements[2,5,7,14,18]. Care was taken to
keep the depth within range of 3 to 5 m[4].
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Cost A= cost of excavation+ cost of lining +
other miscellaneous cost

Total cost = Cost A + 2% of Cost A
d. Cost per litre was calculated as follows

Cost B = cost of excavation+ (cost of
lining/3) + other miscellaneous cost

Cost per litre = (1.02 * Cost B) / Capacity of
pond

Flowchart for design of farm pond is given in Fig. 4
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Figure 4: Flowchart for design of farm pond

b. Rectangular pond with trapezoidal cross-
section was chosen as it is easy to construct.
The side slope was taken as 1:1.

c. Total cost of pond was calculated as follows
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3. RESULTS AND DISCUSION
Software results for Pural watershed in Sindhudurg district of
Maharashtra are given here.
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3.1 Design for Vegetated Waterway 3.1.1 Comparison of Design for Vegetated
Input form and result from of vegetated waterway are given in Waterway
fig.5 and fig.6

Table 1: Comparison of output

% Vegetated Watenway Design

Vegetated Waterways Design Wizard

Location Information
Location P R 1 E— Parameters Software Calculated
Distriet  Sindhudurg Longitude [73:342 € ] Output Output
Peak runoff rate 2.22 cumec | 2.224 cumec
Area to be drained (Ha. ,7
tarko Total depth of waterway 09m 09m
Recurrance interval years ",207 -
Bottom width of waterway 1.6m 1.57m
Length of natural waterway (m 2000
Top width of waterway 43m 43m
Slope of the area (%)"’]07 "
. Total cost of construction Rs. Rs.
Select tand e  Woodiand 203,286/- 203,286/-
* Pasture
© Cultivated
Soloct the typo of Vogtation* 3.2 Design for Bench Terrace

© Sparse cover (0.9m/s)

© Vegetation established by seeding {0.9 to 1.2 mjs)
* Dense andvigorous sod 1 21018 mk) Input form and result from of bench terrace are given in fig.7
© Well established sod of excellent quality (1.5 to 1.8 m/s) and flg 8

© Well established vegetation (1.8 to 2.1 m/s)

<< HOME Delete Inputs Next >>

1 Bench Tarase = =]

Bench Terraces Design Wizard

Figure 5: Vegetated Waterway Input Form Location Information
Locaon Pual Lafitude  [16.922N
:getated Waterway Graphical Representation Distict  Sindhudurg Longiude 13342

Graphical Representation of Vegetated Waterway Dol el dngbesope” i

Veqgetated Waterway (in mefers) is Fom
Top Length 43 il Dimension of fiekd accross the sope* 100 et
Bottom Length 16 (i meters) s e L

Height 0.9 Recurrance interval (in Years)* T in meters

Al dimensions in m
Depth of produciive soil (in centimeters)* 95

Slope of land in percent™

43 s 10 years
Select Type of Temace fo be Consfructed” & Level Temace

03 © Inward Sloping Terrace
¢ Outward Sloping Terrace
Select the crop you want to grow® Rice -] idepih of desred crop.
.............. - -
Flat Terraces are
Recommended for
—————Paddy
<< HOME Delete Input Next>>

Dia - Vegetated Waterway .
Figure7: Bench Terrace Input Form

<< Return Draw Print Graphics

Figure 6:Vegetated Waterway Result Form

For testing purpose we compared the software designs values
with the standard design procedure values the summary is as
follows.
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By Bench Zerrace Graghics
Bench Terraces Design Wizard
Graphical Representaion of Bench Temace

Bench Terraces
Horizontal Interval ~ 6.63 Vertical Interval 080
Width 583 Typeof terrace 1

Adrenisinm

EE3

JR 1

%

Dia  Level Terrace

<< Return Draw Print Graphics

Figure 8: Bench Terrace Design Result

=]

3.2.1 Comparison of Design for Bench Terrace

a. Crop=Paddy

Table 2: Comparison of output
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B3 Farm Pond Dimensions ===

Farm Pond Design Wizard
Location Information

Location  |Pural Lafitude 16922 N
Longitude |73 342 E

District  |Sindhudurg

Dimensions of Farm Pond

Pond Capacit (Liers) 4963353.00 HELP-
Here is the design summary

Type of Pond Rectanguiar Pond ffor the bench Terrace design.
Top Length of Pond fm) 100 Cick on fhe SAVE button fo
Top Width of Pond (m) 33.00 save the report in the text
file{ it format
Bottom Length of Pond (m) 62.00
Botiom Widih of Pond {m) w0 Click on the PRINT button to
qet hardcopy of the report.
Depth of Farm Pond (m} 269 Caution - Ensure the Prinfer
is power ON and ONLINE
Lining Recommended [Yes before cicking the PRINT
Length of Lining {m} 7262 button
Width of Lining {m}) w62 Ciick on the VIEW
Cost for excavation Rs.156615.70 GRAPHICS button fo view
Cost for Lining Rs. 42068 40 June 2006 [iwe | [2006 -]
Supenvisory and Sundry charges (6%) Rs. 9984 21 Sun | Mon | Toe | Wed | Thu | P | Sot
Total Cost Rs. 208668.30 a B
m

<< Retum Print Save View Graphics

Figure10: Farm Pond Design Results

3.3.1 Comparison of Design for Farm Pond
Table 3: Comparison of Output

Parameters Software Output | Calculated Output
Parameters Software Calculated
Output Output Capacity of pond 4,963,353 lits 4,963,353 lits
Vertical interval 0.68 m 0.68 m
Horizontal interval 5.68 m 5.68 m Top length 67 m 67 m
Width of Terrace 5m 5m
Total number of outlets 18 18 Top width 33m 32m
Height of shoulder bund 0.3m 0.3m
Top width of shoulder 0.15m 0.15m Bottom length 62m 62m
bund Bottom width 28 m 27 m
Bottom width of shoulder 0.75m 0.75m Depth of pond 2.69m 2.69m
bund Length of lining 72.62m 72.6m
Total cost of construction Rs. 46,618/- Rs 46,618/- Width of lining 38.62m 37.6m
Cost of excavation Rs. 156,615.70 Rs. 151204.49
Cost of lining Rs. 126,208.20 Rs. 122,839.20
33 Design for Farm Pond Total co_st Rs. 288,477.30 Rs. 279,524.56
Input form and result from of bench terrace are given in fig.9 Cost per litre Rs.0.04 Rs.0.039
pu g g
and fig.10

Farm Pond

Farm Pond Design Wizard

Location Information

Location  [Pural Latitude  [16.922 N
Longitude [73.342 E

District  [Sindhudurg

Necessory Information
Enter the depth of hardpan in meters CMNo @ Yes 4
Population for which you want to store the water |6
Number of animals available (except poultry animals) 20
Number of Poultry Birds 10

Other miscellaneous Uses {Litersy |
Type of Cultivations

¥ Horticultural Enter Number of Trees  [100
© Agronomical Area under the cultivation (Ha)  [0.6
¥ Vegotablos Area under the cultivation (Ha.)  [0.6

<< HOME ‘ Delete Inputs |

Next ==

Figure9: Farm Pond Input Form
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4. CONCLUSIONS

1. The software was developed to design bench terrace,
vegetated waterway and farm-pond, which are very
important soil and water conservation structures in
Maharashtra State, India

2. The Software is based on validated data, thus there is
hardly any chance to input incorrect/invalid information.

3. Dynamic database is provided with the software which
can be updated in order to adopt the software to any
other locality by addition of database of respective
location.

4. Software is developed by considering the low computer
awareness of potential users, supported with help pan
and tips to guide the user at every step.

5. Design of structure obtained by software was tested with
on-paper calculations at developer’s level and results
were found satisfactory.
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