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Executive Summary
+  Administratively, ihe coalfiaid lalis i the disiricts of Hazeribagh, Chatra, Lateher, Ranchi

Jrarkhand State. It ls eflipical in shape having axes of 84 Km in rastwest direction and 32
Km In nori-soulh direchion. The Narth Karanpura Coslfield forms a prominent sast wes!
trending valiey between Hazaribagh ptateay in the nodh . Ranchi plateau in | - south, The
north and south Karanpura coalislds are saparaied by an east-west elengated maiamorphic
paich in the south-easl (ASWA PAHAR)

The Gondulpara bleck represents a rugged 1opography with hills kn the eaatern parl and river
valley toward wast and nonlh, A hitl range traverses along the gastem and sculltoasiorn parts
covering substaniial area of the block, Hills ara sieep with maxamum elevalion of over S16m.
souiheasi of borehcla CMKB-144, The difference belween loot hills and the kighest peak is
about 60m. The minimum elevalion slong lha Badmahl river ts aboul 417m.The Badmahi
River, Rowing southerly through the block in the porthem and westem parts controls the main
drainage of the area,

« The Gandulpara Coal black coverlng an area of lotal 4,10 sq.lon araea it - bounded by
238020 - 23951°20°N and Longitude 856%18°20" - 85°2(Y15"E. The block Is located at + 35
km from Hozaribagh town, This area is a part of Survey - India Topo Shoet No.73 EfS (on
R.F.150000).

» The study Area’s clmate |3 classifled as wam and temperate.

The cuifet of Ihe caichmant lies on Badamehi river, lek tributary of Damodar River in India.

« Cost astimate for Biological Conservallon Plan which Include grean bafl and sowing of seeds
will cost around Rs. 83,20,000

» Cost aslimaie for Engineering Consenation: Plan which nctude Catch pis and Check dams or
toe walls will cost around Rs. 21,42 600

« The estimated cost of implementaton nf Soll Molsture Conservation plan I Rs. 1.26 Cr.
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about 120 ket away,
Land Requiramant:
Table 1: Land Requiremant

SLNo. | Land Type Existing/Pre-Mining Use Area (Ha)

1. |Forestland | Rev, and Protected Foresl 219.30

2. |Temancyland | Agricullure, Tawnship and Road 223.92

3 [Got Land Grazing, Banen, Township and Others | 7016 .
| ' Total | 513,18

20 HNeed of Soil Moisture Conservatlon
It is wel known tha! celchmenis of nvers are subject 0 sedmaniation. Sedimeniaton
enconipassas I sequoniial prosesses of sedament emosion, enlminment, transportation,
deposilkan, and compaciion. The constani erosion and sedimaniation in the feservair reduce Its
capacity, affecting water availabddy lor the dasignated use, Whan sroded sedimend {nam the
catchment ks depossiad mn sursambeds and banks, it braids the rives reach, The memoval of top
lertie sod from the catchment has 8 negative impact on the region's land productinvity, As a
resull, & weldesigned Soil Moisture Consasvation Plan & mqured 0 miligate the
aissemenlionod negative efiecls of soll erasion. Sell erosion i definod as o detachmons,
transportation. and deposition of soil paricles from one Jocetion W anothar via a8 transporiing
agent such as air, water, or animals. Rainfall intenady and runafl, shope gradianl and langlh, sod
evodibdity, and vegetation cover all have a sgrihican] snparcd on soll erosion (16nd use pattarn),
As a resuil, ressarch inte eresion and sadiment yiold Irom calehments is critical,

The Sl Molsture Consanvalion Plan emphasizes management lechnkques for controling
erosion In the catchmenl ared, An affeclive consarvation plan B essentlal for making sha projoct
environmenizly Irendly and suslamable. As a resull, a welldesignod Sall Motsiuse
Conservglion Plan Is required to mitigete Uw alovemontioned negative process of soif esoalon

Inceaging compatition for land to maal ihe requirsman of rapidly Incressing population has
rasubed -in over exploitation of natural resourcas leading o widesproad damasge lo soll
amviromment. A large mumber of projects are coming wp in slate of Jharkhand o for
development of Ihe cownlry, which consists of encroachment i catchment, constructon of
divgvsion struchwres otc: on vanious rvaes. Tha development of thesa projecis aggravates the
probiam of soil erosion.

Scd erosion can ba delined as detachmonl, ranspartalion and dapoaition of 3oil partcias from
ona plase io pther by means of Wansporiing agsal ke alr, waler or animals, Soll erpsion s
mainly affecied by rainfoll intenzlty and runoft, slope gradiant and longth. sod eredihility and
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2.4. Top Soll Managememt

Tobie 4: Top Solf Management
Top Soil Management- {Including Action pian for Top Soll menagement) (Tentative) {in mm’)
YearSiage Top Soll Used
Top Soil ,_ gt Spbading Used in .
(Life of the mine plus post closure period) | Removal Pian SE?SSA“R?“EF e | e %:::;m ey Utitzed
area '
Up to Base year 2021
¥-1 2025-26 .12 0 - - -
Y3 2027-28 0.45 0 - - -
Y-5 2028-30 0.865 0 = - -
Y-10 2034-35 1.41 9.1 0 1.30 - 141
Y-15 2038-40 1.74 0.11 0.33 1.30 = t.74 |
Y-20 2044-45 21 0.11 0.80 1.30 - 2.21
Y25 2043-50 2.70 D11 1.29 1.30 - 2.70
¥-30 2054-86 328 0.1 1.85 1.30 - 3.26
Y-32 2056-57 3.26 0.11 1.85 1.30 - 3.28
Y-30 2050-51 - - - . » - -
Y-32 2052-53 . - - . -
Post Ciosure
Y-35 ] 2056-56 | 328 | 0.11 | 1.85 - | 326

Fiot Mo B0, Sac-5, IMT 1Aamesar, Guiugram, Hanana-112052 Page 8
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3.0 Project Description
31 Study Area Datalls

The shudy area is located in the Hazarthagh Distnct of Jharkhand, with latitudes ranging from
237 4% 53.04" o 23° 58 6.7 N and longitudes ranging from 85° 16" 10.27 to 85" 24" 2T E

[Shown in Figura 1).
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S| Mt il @ CoFarvation Report

3.2 Climate and Rainfall

The shudy Area’s chmate s dassilled as warm and temperate. The summers are much ralnier
than tha winlers in Hazarlbagh districh. This locallen is classilied as Cwa by Kdppen and Geiger.
The aivaiage tlemperaiure b Hazasibagh s 22.9 *C. The leasl amount of rainfall oocurs in
Decembear. The average In this month is 8 mm. The grestast amounl of preciplialion occurs in
July, with am average of 328 mm. The temperatures are highest on average i May, al around
29.7 “C. The lowest average temperalures in the year occur in January, when il is around 14.8
*C. The varigtion In the precipitation batwean the ddest and wettest months is 320 mm. The
vanation in lemperaiures throughoul the year fs 14.9 °C.

The month with the highes! ralative humidily i3 August (86.34 %). The month with the lowesl
relatlve humidity is April {32.24 %)

The month: with the highest number of rainy days is July {26.23 days). The month with the
lowest number of ralny days Is Decamber (1.40 days)

Table 5. Meteorclogical Information of Study Area

Jon | Fab | Mar | Apl | May | Jun | suy | Aug | Sept | Oct | Mov | Dac

VETaT ey | Eea) ANy [ TEE | wem | @S | 0Tn | 07n | ew | EE | @ | 6am

I MB'C | 10B°C | 234°C | 202'C | 297°C | 281°C |254°C | Z5°C | 46'C | 28°C| wC |158C

Rod 7.; O Rt Yl AN °F . i et 1R e S
: Me | 80T | 123°C | wsC | AT | 2aC | 2a3C (202 | 2ac | 221 | erec | 3evc | weC
PIDTIRNT 3 o T W TR LN, T L N & - -4
, oo | A2 | GET] | (9GA] | (FATh | (752) | (738 | (fA00 | (I3) | (55T | B9 | (40,
‘cﬁ: iqﬂ F ip Ip EF'- | _i 20| | .__.:F._._l .‘_.:_\;._ ] ._._,..-.F [ ‘ I'F ' IF IF t irm
Mox MHrw | M| M2c |3 | e |280C [ MmEC | Mm2c | W |2ac | MEe | nrT
?W TR e mare T T IR T A RS TIET T A el st (LR o s s
erEy || WU | T | A | BEE | WS | SRR | @3 | L7 | EIN | 008 | {TEH | oy
L M b’ AL Wk ML Eler 2 ol ¥ o L -2 s ST N ol bt B
{ Rubil I £ 14 ” AT s ] o 1 2M g 12 4
mm

Mumdity {%) | 5% 5% 40% % 45% g% BN Ba'% B3 TE% ra, 8%

“""t;f"‘ 4 z 3 3 ? H » o W & 1 1
vy, Sen
Fanrn aAb 2.8 15 4 1.3 s . B.B f B.4 r a3 1] _¥:]
(o)

In Hazarbagh, the month wilh the mosl dafly hours of sunshing iz May with an average of 11.49
tetiirs of sunshina. In olal thede are 356.25 hours of sunshina throughout May. The month with
the fewast dady hours of sunshing in Hazanbagh Is January wilh an avamge of 9.02 hours of
sunshing a day. In lotal thare are Z70.71 houra of sunshine In January. Around 3284.62 hours of

X
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sunshine are counted in Hazaribagh throughout the year, On average there are 10841 hours of

sunshine per month. (Source: hitps:lan climate-data. o/ )
The metecrological data available on IMD website for Ranchi is also collected and fumished as
frdlows;
Table 6; Meteorological Informmation of Ranchi {1971-2000), IMD
Atmpzpheric Tamgsraturs Heolative
Manih Prassurs (mb) (] Hummidity (%) Reirnfafl {rsm)
B:30 47290 Wik Min. 8:30 1730
January G439 bri L] . . BB B 45 Ma
Flh'ul_'!' L Q08,4 Mk .5 i) A el
Mareh oaR7 936 35n 1.e &3 b 2a
April gIT I8 38,1 171 42 B 2T |
Moy o352 2296 413 182 bl | I BOG
Suni _g."ﬂ.ﬂ 9364 38,2 2086 T 83 iR
429.2 T A F i ar A 419
Augusi 930 977 a4 208 88 81 3413
Soptomibear 4.3 8316 g - 1 18.8 B3 T 26E.F
Octobar §38.1 36,1 313 15.1 Ll 83 BD.2
November 942z | o930z 788 10.5 62 52 144
Decombor G434 Tl 53 4 a3 L] 11.8
-—mh-ﬂdr-— D264 - 3434 EA-41.2 a8 - BB 1462.7
Totsl
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3.3  Geomorphology and Drainage of Study Aroa

The land forms | geomorphic unils and struclures such as fractures. fissures and faulls have
been Imerpreted from the recent satelite image. Al the landform | geomorphic units and
structures occurring in the sludy ama are mapped, The district consists of Plateaus, residual
hilks and intermontane valleys. The lower plateau is situated all around surrounding 1he central
plateau. The height of the lower plaleao averages to 450m. The Damodar valley region is
siluated in the southem parl and extends through the blocks of Keredar, Barkagaon, Patratu,
Ramngarh and Gola blocks, The geomorphalogy and structures of the area plays the vital robe in
identifying the ground waler polential zones. The majority of the study area covering 10 Km
radiug from the Mine boundary underfined by Pediplain and Moderately dissectad hills.

The district is drained by two major rivers, the Damodar and the Barakar nver with a few minor
tritntaries like Naikan, Behera, Kusum, Bokaro, Mohana and Kumar. The Naikar with drainage
from the south and further down the Behera joins the Damodar River.
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Geomorphology ‘
GONDULPARA OPENCAST MINE - NORTH KARANPURA COALFIELD

Phulung. Habe. Gondulpans & Gali Village, Hazeribagh District. Jarkband Sue. Indsa -"-E-'-"'
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Drﬂupaw-urmﬂﬂm water fMlow Vectors
GONDULPARA OPENCAST MINE - NORTH KARANPURA COALFIELD
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Topography * :
GONDULPARA OPENCAST MINE - NORTH KARANPURA COALFIELD |
Phusbiog, Hohe, Gondulpam & Gali Villages, Hazarbagh District, Jarkhand Stote, india Swe="]
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3.4  Ootails of wetlonds

A wetlsnd iz 3 dislincl ecosystern that Is flooded by watar, ailher parmanently or seasonally,
whare axygen-lree precesses pravail. Any wailand site which haz been listed under Ibe Ramsar
Cenvertion that aims 10 corserve it and promate sustainable use of its natural resources is
called a Ramsar Sila. The tatal numbar of Ramsar shes in india 1s 46. The nearas! Welland is
Kabarial Wetiand wiuch is about 214 K in the norih frem Ihe Mine's boundary. The Mine site
s located 500 m. away from The Ramzar site map is glven below figure.
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Figure 5: Ramsar Map of indis

3.5 Goology

Guaologlcally the district i3 underiain by Cholaragpur granita gneiss, phyllite mica-schist, Il Is
unconformably overlain by lower Gondwarna formativns consising of Sandstone, Shales and
Coal seams. Ground waler mady oocurs under waler table condltion in wealhered residuum
and semkconlined condibon In deeper fraciures. Gmnile rocks show maximum [hckness of
wealhered manlbe In favoreble topographic and drainage condillon.

[ ; M VAROAN ENVIROEET,
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Sl Monvture Coniervation Roport

A completa sequence of the Lower Gondwana sediments from the basal Talchir Formation
(Upper Carboniferous fo Early Permian) to Panchet Formation (Lower Triassic) is preserved
within this coal basin, The Upper Gondwanas are represented by Mahadeva Fonnation (Lipper
Triassic). Aboul 2 Km of Gondwana sediments 1s expected to be preserved within this coal
basin. The Talchér Formation crop out discontinuously along the northern, eastern and soulhemn
margins. The Barakar and Karharbari formations. The rocks of Bamen Measure and Ranigan|
formations crop outl successively in the axial region of the basin. Panchel formation
gradationally succeeds Ihe Ranigan| Formation, which In lum is overfain unconformably by
rocks of Mahadeva Formation, Rocks of Mahadeva Formation are conspicuous landmark
occurring as isolated hillocks in the eastern, ceniral, north western and south western parts of

the coatfield.
Table 7: Geological Succession
- R - — F i' T
| Quaternary Alluvym Alluvivan soil
Raj mahal traps | [pneous mtmsive Dolente and Mica penidotite
- | Mahadeva Sandstone with shale
- . Panchet Sandstone with Sandy
Lipper Gondywana shale,
hunconlsemms |
Lower Gondwomna Damuda Bamren Mensure Interbedded shale and
sandsione
Barakar y Imterbedded
clay and coal seams
Greywacke dark molted
Knrharban sandstone with occasionally
thale bands, fireclay and
coal seams
Talchir Tiltes
el —
Gramile gneisses,
quartzrite

Sonree: Growom water vear book of Jarkhand
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Geology and Structure * .
GONDULPARA OPENCAST MINE - NORTH KARANPURA COALFIELD 7
| Phatang, Vabe, Govdalpsis & Gali Villages, Hazaribagh District, Mharkhand State, bndia Sa==
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3.6  Hydrogeology

Geologically the area is underlain by Cholanagpur granite gnesss, phylitemica-schist |t is
unconformabdy overdain by lower Gondwana formalions consisting of Sandstona, Shales and
Coal saams, Ground walar mainly ocours under water fable condition in waathered residuum
and semi-confined condition in deeper fractures. Granite rocks show maximum thickness of
weathered mantle in favorable topographic and drainage condition,

Agquifer System: Two types of aquifers are obsarvad in bolh Granite- gnelss and Gondwana
rocks. Phraatic aguifer i= observed In weathered lormations and Semi-confined to confined
aquifers in deeper fractures. Water levels in phreatic aquifers vary batween 3-10mbgl.
Pierometric head in Granfte- gneiss vares between 2-9 mbgl.

3.6.1. Depth lo water level:

To. undersiand the ground water situation of the siudy area covering 10 km radius, ground
water level monitoring was camied oul in 24 wells located in different places of the buffer zones
(21 wedls within 10 Km radius and 3 wells outside 10 Km radius) of the study anea.

Core zone: The minimum and makimum depth of bore walls in the core zone 5 15 m (Dug
waills), Yield varies from 2.0 to 6.0 m* /day, Post-monsoon water level vares from 1.5 mio 28
im beldw ground level. In Pre-monsoon period it varies from 4.5 m to 5.9 m below ground level.
Seasonal uctuation in waler level in these bore welle in the core zone varies from 2.7 mto 3.5

m.

Buffer zane: The minimum and maximum depth of bore walls i the bulfer zoms is 15 m o 18
m respectively, Yield varies from 2 to 7.0 m? iday. Post-monsoon water level varias from 0.9 m
o 3.8 m bedow ground level, In Pre-monsoon penod it varies from 2.1 m 1o 9.8 m bakow ground
level. Seasonal fluciuation in water level in these bore wells in the core zone varies from 1.2 m
WEEm
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Hydrogeology - Ground water Prospects £
GONDULPARA OPENCAST MINE - NORTH KARANPURA COALFIELD
Phulang. HEahe, Gondulpars & Gali Villages. Hizaribagh Disteict, Sarkhani State, India™ ="
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Figure 7: Hydrogeological Map of Study Area
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GONDULPARA OPENCAST MINE - NORTH KARANPURA COALFIELD

Phudaing, Hahe, Gondulpars & Ciali Villages, Haatibagh District, Nurkhand State, India” ="

Depth to Ground Water Level (Pre - Monsoon - May - 2022) _+_
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Figure 8: Depth to Water Lovel Map (Pre-Monsoon)

MU VARDAN ENVIRGNET, i, At
\ Plot Mo, B2A, Sec-5, IMT Maresar, Gurugram, Harvana-122052 Pa$:_.z}j'.~‘
o




]

Depth to Ground Water Level (Post - Monsoon - August - 2021) ‘ '
GONDULPARA OPENCAST MINE - NORTH KARANPURA COALFIELD
Phulsne. Habe, Gondulpars & Gali Vitlyges, Hivearibugh District, Jharkhand State, wm‘ﬁ

" L Lt o

R

-. Circru] waler olma vl Key wiells

Mine Pimincliay -&w‘#m Diepith w0 Crrovrs! Water Leved inom
Beline A Roed a
iu'i..'“mw.ﬁ"" A Rallway BN

= Mine g\hmmun

Figure 9: Dopth to Water Lavel Map (Posi-Monsoon)
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40 Methodology adopted for the study
The varkous steps, coverad |n tha siudy, ane as follows:

= Defining/delineation of the study area

& Defining data requiremant

s Data acquisition and pre-processing

« Computing soil loss using GIS

e Output
The above-mentioned steps are briafly described in the following paragraphs;
4.1  Delineation of the Study Catchment
The catchment area has been delinealed using Shulthe Radar Topographic Mission (SRTM)
Drigital Elevation Model (DEM) available al 30 m spatial resolution, The cutlet of the catchment
lies on Badamahi river, lefl tributary of Damodar River in India. The location of the oullet is near
Babupara village i Barkagaon Block in Hazaribagh District.
The lopography of the catchment is highly heterogeneous and the alavation of the calchrment
vanes from 416 MSL to 678 MSL spanning over 6757.08 Ha area. The caichmant lopography
and area map ane shown in Figure 10 £ 11.

: fal s WVREDUAN ERVIRDNIT,
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Figure 10; Catchmeni Area of Badamali river at Study Location
Tairae 8: Detalis of Sub-watersheds dellneated for Badamali River
Sub-
Sub-
e Basin Nama River Namo Watershed Watershad
No. Area (sq.
Number k
! m.)
I Badarnahi C1 16.016
I~ & | Ganga Basin (Lower River : Ak
|2 — 4 Ganga Basin) G2 S 1es
| 3 | €3 27.431
| Total Aroa §7.570
WL VARDAN ENVIRONET,
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B R R —
Catchment Map showing Sub-Watersheds
t 1 Subbasin L0 1 ) 'T‘I'“‘I;‘ ™"
Figure 11: Catchment Ares Map Showing Sub-Walersheds
s}ﬁ 1
\ 'IL_ i ﬂm;&.]mnm.dmmru?ﬁi ;{;&?I}EEP
‘.-\.'l-\.u I_."l,'{l"l
o




Sodl Mowcture Camvervation Report

4,2  Defining Data Requirement

The requirements of the study have bean defined and tha expected outpuls have basn
finalized. The various data layers of lhe catchiment area 1o be used for the sludy are as
follows:

Catchmenl Areal Sub-Watershed Map

Slope Map

Soll Map

Land use Classification Map

Rainfall Intensity

4.3  Medeling

Soll loss has bean calculated through RUSLE (Revised Universal Soil Loss Equation) model
which Is computed by the following equation:

Soil Loss (A) = R°K'LS"C*P

- % B %

Wherea,
A = Soil loss (Tons/halyear)

R iz Rainfall & Runofl Erosivily Factor (MJ mmiha-1 -1 fyear-1), which depends upon the
annual average rainfall in mm, Data required for R factor is rainfall mensity.

K is Soil Erodibiity Factor (Tons/ha/hvha-1 IMJ-1 '/mm-1), which depends on the arganic matier,
texture pormeablity amnd profile struchure of the scil. Also, © is a constant value for esch soil
type. Data required for K factor is soll type.

LS is Topographic Factor (dimensionlass) which depends Gpon flow accumulalion and
steepness and length of slopa in the area. Data required for LS factor is slope length and slope

gradient.

C = Vagetation Cover and Crop Management Faclor (dimensionless), which is the ratic of bare
soll to vegelation and non- photosynthatic material. it is a constan! value for each land use
category. Data required for C factor is land usef and cover,

P is Conservation Supporiing Practice Factor (dimensionless), which lakes into account specific
arosion control prachices ke contour bunding, hnm':h tefracing atc.

4.4  Data Acquisition and Pre-Processing

4.4.1 Rainfall Erosivity (R) Factor

R factor is a function of the falling raindrop and rainfall intensity and is estmated as the produc
of the kinetic energy (E) of the raindrop and the maxdmum intensilty of rainfall (130) over the
duration. of 30 min In a storm, The erosivity of rain iz calculated for each storm. and these
values are summed up for each year, In this study, the storm-wise rainfall data were nol
avaltable for the computation of rainfall erosivity factor (R); therefore, the relationship betweean
seasonal value of R and average rainfall has been used. The rainfall eroswdty faclor has beon
dafined as R = 22.8 + 0.64*MAP (Rab Babu et al., 1978), where, R {2 the average seasonal
erosivity factor (MJ mm/a-1 -1 fyear-1), and MAP is the annual average rainfall (mm), For

.
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this purpose, the IMD gridded rainfall of years 1985 1o 2015 was used across the catchmant
and an anmual ralnfall map was prepared n the study catchment using IDW inlerpolation
technicque, The spatial pattern of the rainfall erosivity factor (R) is shown in Figure 12 below.

wla L
e ey
. 1

4
- L
ZE8an

f
AN Sl

I-EhtEl!}‘E B5IME B4 300°E BS #E

Figure 12 Spatial distribution of rainfail erosivity factor (R) in the study arca

442 Crop Management Factor (c)

The C factor is an expression of the affect of surface cover and roughness, soil biomass, and
soll-disturbing activities on rates of soll loss at a parlicular site. The value of C decreases as
surface cover and soll biomass Increase, thus protecting the soil fram rain splash and runoff,

The total project area ks 757,15 Ha mainly comprising forests {43.04 %) and agricultire (16.87
%), The calegory wise land use pattern from satellite information is shown below in Table 8,

The spatial distribution of these land use categories is shown in Figure 7.3 balow, M”
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i M VARDAN ENVIRONET, O 55
‘ Plot Mo BA, SecS, IMT Manesar, Gonagtam, Haryana- 130052 Pi%e K ':":E
: T, Ty ..:fl::;r
A
Py e O



Table 3; Lond ase‘covar composiiton in the stedy area

8. No. LU_Class I. Area (Ha) Arsa (Km®) I Arna (%)
1 | Foras! * 4303.96 43.04 | 63.69
|2 !.EE'H'I.LhEHI’hd !_st.m 081 | 1.35
13 Grasskand 382.68 | 3.83 5.66
| | .ﬁgﬂwlll.__:ru _153_539- 16.87 2456 .
15 Built-Up 22.88 _ ! 0.23 034 |
Barmen/ Sparsaly
8 Vegelated 2553 255 378
T Cpen VWaltar 14.39 | B4 021
Total | B757.AS 67.57 100.00
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Figura 13: Spatial distribution of land use/cover in the study area
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Soil Moktsng Condervation Repoi

In the present study, the land usaland cover map obtained from ESA Werld Cover data has
bean used in the allocation of C factor for differen! land use classes-and shown in Figure 14,

3

388N

23 Barry
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B4 200°€ BSINE 0% 560 #4 00E

Flgure 14: Spatial distribution of crap managoment (C) Factor in the study ared

4.4.3 Soll Erodibility (K) Factor

The K factor s an expression of the inherent erodibility of the soll or surface maleral at a
paricular sile under standard experimental conditions. Il I5 a function of the paricle-size
distribution, organic-matter content, structure, and permeability of the soll or surface material,
Prior to deciding the K vaiues, soll map for the area Is a prerequisite. In the presant work, tha
soll type Information is obtaned from global soil data provided by ISRIC world soil
information (SoliGrids.org). This datase! provides soll type information at 250-meter spatial
resolution for multiple soil propertiesa. In tha present work, sand ail, clay and organic matter
composition in lopscd layer (0-15 cn depth) was used o computa the soil erodibility factor (K).
The spatial distribution of soil erodibiity factor derived from this information is provided m

&
i

)

Figure 15 below, .
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Figure 15; Spatial distribution of solf erodibility factor (K} in the siudy aroa

As per the soil map of the catchment area, the soil can be classified In two major categorias,
Extremely shallow to vary shallow with sevare to vary sovare arosion has high K value L2, from
0.31 1o 0,33. Vanous classas of sod and the values of K are given m in Table 70 beiow;

Tabie 10: Soil Ercdibility Factor for differont Sall Types

T I
sl Na. Soll Type Erosion Intensity K Value

Extramaly Shallow to Very

1 Shallow Very Severe 0.33
Extramely Shallow to Vary

a1

2 Shall Savenn 0.3
M/t VARDWN ENVIRONET,
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Lol Moltoore Comsarvation Report

4.4.4 Topographic (LS) Factor
The slope has a greal infleence on the sodl and water loss from the area and thereby influences
the landuse capability, The degree slope determines the erosion susceptibility of the soil
depending on lts nature, This helps in classifying various lands in sultable capabilty classes
which enables us to formulate suitable conservation measures for the pravention ofsoll ercsion
30 m Digital Elevation Data (DEM) Data has been used for preparation of slope map. The data
has been downloaded in Georeferenced Tagged Image Fie Format (GeoTIFF) format and
uging ArcGIS software a slope (In percenl) map has been prepared, The percent slopes have
bean divided into different slope classes as per SLUSI, As seen from lhe table (highlighted
cells) and map, maximum of the catchment area falls under genfle sioping category. The other
dominant sloping calegories are roling slope and flat to gentle slope.

Table 11: Slapa categories in the study domain and their susceptibility

Slopa category Area Area
Class Ne. %) Characteristics Susceptibility (Ha) (Km%) Araa %)
1 0-2 Fiat to Gentis High 1285 | 1285 18.02

a 510 Rofhng Madkum 1730 17.3 256
4 10200 Modarataly sleep Weary high TE0 76 1124
8 >20 Steap Vary low 168 1.66 248
Total G757 67.57 100
U M/ VARDAN ENVIRONET,
Plot Mo, B8, Sec-S, IMT Manesar, Gurugram, Hasyare: 122052 Page 32
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Figuro 18: Slope Map for the study area
The LS factor is an expression of the effect of lopography, spedifically hill slope length and
steapness, on rates of soil loss ot a particular site. The value of LS increases as hill slopa
length and steepnass increase, under the assumption thal unolf accumulates and accelarates
in the down-slope direction. Digital Elevation Model {DEM) and Slepe of a parlicular srea is a
prereguisite for LS factor. The 30 m DEM described above has been ulilized to prépare slopa
length and steapnass (LS) lactor (shown in Figura 77).
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Figure 17: Spatial distribution of sfope length and steepness (LS factor
44.5 Conservation Support Practice (P) Factor
The P factor is an expression of the effects of supponing conservalion practices, such as
contouring, buffer sirips of vegetation, and temracing, on soil loss al a particular site. It is tha

ratio of soll lass with specific support practice to the comesponding loss with up- or down-slope
oultivation, In the presant study, tha P factor has beean considered as 1 as no prior consanalkon

support practice 15 not conskdered for calculating aclual soil loss.

4.4.6 Soll loss and sediment yield
Annual soil loss and sediment yield due to water erpsion has been evaluated for Sol
Conservation Plan.

Equation of soil loss

The Revised Universal Soll Equation (RUSLE) model 8 mosl commonly used method Tor
calculgting the soil loss,

\
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The soil loss equation s as follows-

Whera, ' S

A = Soil loss (tons/halyear)

R = The he rainfall erosivity factor

K = Tha soll erodibility factor

L § = Topographic factors reprasenting length and sope
€ = The vegetation cover and managemenl factor and

P = The support practices factor

Daspite the USLEs plot-scale spatial focus, the model has often been used {o estimate soil
erosion on much larger areas, such as walersheds or even whole continents. The relation
bebween gradient {in %) 1o Soll loss per ha is represented below n Figure

Annual soil loss and water runoff
Alter Bruce.Olane (1969)

Runoff [% of rainfall]

0 2 4 6 8 10 12 14 16
Slope gradient (%)

— Soil loss — Runoff

Figura 18: Theoretical Annual Loss and Water Runoff
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50 RUSLE Model Output

A thematic map for zodl loss of the calchment area has been prepared using the RUSLE model
mentionad in the above section, The catchmen! area was then demarcated into diferent sod
arosion intensity mapping unils or classes based upon the exten! of soll loss (see Table 12 &
Figure 18). As can be sean from the figure and table, around 71.2% of the calchment area is
prone (o less than § tons/ha/annum soll erosion, |.e., under low erosion intensity category, On
the other hand, almost 9.47 % of its catchment area is prone to very high and severe sodl

eroghon
Tabio 12: Different soll loss categories and their area n the study domain
81
: Soil loss in Erosion Intensity Area (Sq.

No. | onaaimnbun Category A (HR) Km.) achonc b

1 0-5 Low 4T84 47.84 7.2

2 5-10 Moderate 442 442 6.50

3 10-20 High 546 546 28.13

4 20 - 40 Wery High 588 5.88 8.75

5 =40 Severe 359 .50 5.34
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Figure 18; Soll Loss Map for the study area

6.0 The causes of soil erosion and the contributing factors

Soil erosion s a natyral phenomanon that affects all landforms. Soll erosion in agriculture refers
to the wearing away of the topsall by natural physical forces such as water and wind, as well as
pressures connectad with farming activities such as lillage. Eromon, whether caused by water,
wind, or lillage, consists of three separale processes: soil delachment, movemenl and
deposition. Topsod, which is rich in organic matter, fertility, and sail life, is either moved “on-site®
where || accumulales over time or transporfed “olf-site™ whare |t fills drainage channeis. Soll
erosion affects agneoulture productvity while also polluting nearby watercourses, marshes, and
lakes. Soil erosion can be a sluggish process that goes unnoticad for a long time, or it can
develop al an alarming rate, resulling m significant loss of fertile topsoll. Other major soll
degradation characterslicsa thalt can exacerbale the soll werosion process include soll
compaction, low organic matter, loss of soil strocture, poor intemal drainage, salinizabion, and
soil acidity,

\
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6.1  Water Erosion

The widespread occurrence of water erosion combined with the severity of on-site and off-site
impacts have made water erosion the focus of soil conservation efforls all over the state. The
rate and magnitude of soil erosion by water is controlled by the following factors:

6.1.1 Rainfall and Runoff

The greater the intensity and duration of a ralnstorm, the higher is the amsion potential, The
impact of raindrops on the soll surface can break down soil aggregates and disperse the
aggregate materal, Lighter aggregate matenals such as very fine sand, sif, clay and organic
matter are easily removed by the raindrop splash and runofl water, greater raindrop energy or
runoff amaounts are rsguired o move rger sand and gravel paricles.

Soll movement by rainfall (raindrop splash) is usually greatest and most noticeable during shor-
duration, high-intensity thunderstorms, Although the erosion caused by long-asting and less-
intense storms s nol usually as spectacular or noticeable as thal produced during
thundersiorms, the amount of soll loss can be significant, especally whan compounded over
tima.

Surface water rumoll occurs whenever there is excess water on a slope that cannol be
absorbed into the soll or I8 trapped on the suface Reduced infiltration s due 1o soil
compaction. Runoff from agricultural land |s greatest during monscon months when the soila
are lypically saturated.

6.1.2 Intensity of rainfall

The rainfall intensily comesponding to a duralion and desived probability of axceedance .
retumn pariod. This is rminfall-requency duration relationship for the given catchmen! area . M.D,
has prepared [sopluvial maps for the different retum pericd for given catchment area. The
maximum intensity of one hour rainfall s 30mm.

6.1.3 Runoff coefficiont

The runoff coafficient is a dimensionless coeafficient relating to amoun! of runoff to the amount of
pracipitation received. [t is larger value for area with low infittration and high runoff and lower for
permeatie well vegetated area (forest, flat land)

Runoif Co-efficient = 20 %

B.1.4 Infiltration test
Infiltration is the flow of water nto the ground through the sod surface. Since infiftrated water
may confribute to the ground water discharge in addition to soil moisture, the process can be
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schematically modeled. The infiltration charactenistics of a soil at a given location has been
estimated by using flooding infiltrometer. The infiitration test data and locabion map of infiltration
site is given in balow magp,

Table 13: infiltration Test Data

10
20 0.33 1721 15,86 8.54 7.53
%0 .50 15.00 1422 723 5.88
& | oS 12.21 1200 4,50 455
&0 1.00 10,27 012 388 3.23
80 1.50 562 8,67 350 .88
120 200 4 261 2.79 175
150 2.50 3.00 1.60 1.58 1.25
180 3.00 2.20 0.80 1.06 0.80
210 .50 0.42 0.80 0.50 0.3
Constan Infiltration rale |
. 0.72 0.80 0.59 031
T infiltration zone ~ High High Maderate Low
RechargalDischarge Rucharge Recharge Discharge Discharge
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Figure 20: Infiltration Test Location Map

6.1.5 Soil Erodibility

Soil erodibility is.an esttmate of the abiily of soils to resist erosion, basad on the physical
charactenstics of each soil. Texture iz the prncipal charactenstic affecling erodibility, bul
structure, orgaric matler and permeability also contribute. Generally, solls with faster infiltration
rabes, higher levals of organic matler and improved 30l strecture have g grealer resistance to
erosion. Sand, sandy loam and loam-textured solls tend 1o be less erodible than sill, very fine
sand and certain clay-textured soils.

Tillage and croppmg prachces that reduce soll organic matter levels. cause poor sol struclure,
or rasull in sofl compaction, contribute o increases in Soil erodibiity. As an axample,
compacted subsurface soll layers can decrease infiltration and increase runofi. The formation of
a soll crust, which lends ie "seal” the surface, also decreases infillration. On some sites, a soll
crust might decrease the amaount of soil loss from raindrog iImpact and splash: however, &
corresponding increase in the amount of runofl water can contribute 1o more serious erasion
problems.

Past erosion also has an effect on a soll's erodibility. Many exposed subaurface soils on eroded
sites tend to be more erodible than the orginal soils were bacause of their poorer structure and

I
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lerwer organic mattes, The lower nutiient levels often associated with sub solls contribute 1o
lower crop yiekds and generally . poorer Crof cover, wihich in urm provides less crog proteston
for the soil

6.1.6 GRAIN SIZE ANALYSIS

Grain Size Analysis of Soil

The grain size analysis of the soll in respect of area in and around of study area is given in
betow table

Tabie 14; Grain size Analysis fn (%)

Saod | (SAN) 40 31 32 34 33 24
[ sm | gsm) | 48 | =5 53 s | =4 | =3
Clay | (CLN) 12 14 15 10 13 1
Organic| (© | 038 0.53 050 0.58 0.4 0,49
% 100 100 100 10 | 100 100

{Source: Mine plan)

6.1.7 Slope Gradient and Length

The steeper and longer the slope of a field, the higher is the risk for erosion. Soll emsion by
waler increases as the slope length Increases due to the greater accumulation of runoff
Consolidation of small ields into larger ones often results in longer slope lengths with increased
arosion polential, due 1o increased velocity of water, which permits a greater degree of scouring
{camying capacity Tor sedimant).

6.1.8 Cropping and Vegetation

The potential for soll erosion increases if the soil has no or very fittle vegetative cover ol plants
andior crop residues. Plant and residue cover protécts the sodl from raindrop Impact and splash,
tands to slow down the movement of runoffl water and allows sxcess surface water to infilirate.
The arasion-reducing affectivenass of plant andfor crop residues depends on the Iype, exlanl
and quantity of cover. Vegetation and residue combinations that complelely cover the soll and
intercept all falling raindrops at and close to the surface are the most efficient in controlling sail
erosion (e.q., forests, permanent grasses). Partially incorporated residues and residual roots
are also important as these provide channeds that alow surface waler 1o move into the sall

) &
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Soll Moisture Conservation Report

The effectiveness of any protective cover also depends on how much proteciion is available al
varous periods during the year, rélative (o the amount of erosive rainfall that falls during these
penods. Crops that provide a full pretective cover for a major portion of the year can reduce
arosion much mora than can crops thal lnave the soil bare for a lohger penod of Bma (e.g., row
crops), particularly during periods of highly ercsive rainfall during Pre- monsoon and monsoon.
Crop management systems that favor contour farming and sirip-cropping techniques can further
reduce the amount of erosion, To reduce most of the erosion on annual row-crop land, leave a
residue cover greater than 30% after harvest and over the winter montha, or inter-seed & cover
CIOp.

6.1.9 Tillage Practicos

The potential for soll erosion by water is affected by Hltage operations, depending on the depth,
tirection and tming of plowing, the type of tillage equipment and the number of passes.
Generally, the jess the disturbance of vegelation or residue cover al or near the surface, the
more effective is the tillage practice in reducing water ercsion. Minimum ] or no-till practices
are effective in reducing soil erosion by water,

Tillage and other practices performed up and down field slopes creates pathways for surface
water runaff and can accelerate the soil ersion procass, Cross-slope cultivation and contour
farming techniques discourage the concentration of surface water runoff and limit soll
movament.

6.2 Forms of Water Erosion

521 Splash erosion

Splash ercsion is the firsi stage of the erosion process. | occurs when raindrops hit bare soil.
The explosive impact breaks up soil aggregates so (hal individual sell particles are ‘zplashed’
onto the soll surface. The splashed particles can rise as high 60cm above the ground and move
up o 1.5 mater from the point of impact. The parficles block the spaces betwean . soil
aggregates, 50 that the soil forms a crust that reduces infiltration and increases nunoff,

6.2.2 Sheel Erosion

Sheet erosion is the movemnent of soll from raindrop splash and runofl water. It typically ocours
avenly over a untform slopa and goes unnaticed until most of the productive topsoll has been
lost. Deposition of the eroded soll ocours at the battom of the siope or in low areas. Lighter-
colored sois on knolls, changes n sol horzon thickness and low crop yelds on shoulder
slopes and knolls are other indicators.

6.2.3 Rill Erosion

\

Wi VARDAN EMVIROINET,
Piot Mo, S2A, SecS, IMT Manewsr, Gurugtam, Harysna-122052

. "_Il L;'.,ll:.]llni

1]

ﬂ:ﬂ:




Rill ercsion resulls when surface water runofl concentrales, forming small yet well-defined
channals. Thesa distinct channels whena tha soil has been washed away ara called rills when
they are small enough to nol interfere with field machingry operations. In many cases, cllis are
filled in each year as part of lillage operations. The dislincl path where Lhe soll lhias bean
washed away by surface water runoff is an indicator of rill erosion,

6.2.4 Gully Erosion

Gully erosion s an advanced stage of rll erosion whare surface channels are eroded o the
potn where they become & nulsance factor in normal titage operations, There are farms thal
are ksing large quantiies of topsoll and subsoll each year due to gully erosion. Surface water
runoff, causing gully formation or the enlarging of existing gulles, is usually the resull ol
improper cutlel design for local surface and subsurface drainage systems. The soll instability of
gully banks, usually associaled with seepage of groundwater, leads to sloughing and shimping
(caving-in) of bank slopes. Such failures usually occur during monsoon when the sofl water
conditions are most conducive to the problem,

Gully formations are difficult to control i comrective measures are nol designed and prapery
construcled, Control measures must consider the cause of the Increased flow of water across
the tandscape and be capable of directing the funoff 1o a proper outlel. Gully erosion resulls in
significant amounits of land being taken oul of production and creates hazardous conditions for
the operators of farm machinery. Gully erosion may develop in locations where rill eroslon has
not bean managed.

6.2.5 Bank Erosion

Matural streams and constructed drainage channels act as outiets for surface water runoft and
subsurface drainage systems. Bank erosion is lhe progressive underculling, scouring and
slumping of these dramnage ways, Poor construction praclices, Inadequats maintanance,
uncontrolled fvestock acopss and cropping oo cloge can all lead to bank erosion problems.

Bank eroskon Involves the undercutting and scouring of natural stream and drainage channal
banks.

Poorly constructed lile outiels also contribute fo bank erosion. Some do not function propecdy

because they have no rigid outlet pipe, have an inadequate splash pad or no splash pad at afl,
or have oullet pipes that have bean damaged by erosion, machinery o bank cave-ings.

The direct damages from bank erosion include loss of productive farmiand, undermining of
structures such &s bridges, Increased need to clean oul and maintain drainage channeis and
washmg out of lanes, roads and fence rows.
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6.26 Tillage Erosion

Tillage erssion is the redistribution of soll through the action of tillage and gravily. It results in
the progressive down-siopa movemant of soll, causing sevene soll loss on upper-slope positions
and accurmlation in lower-slope posilions. This form of erosion is 8 major defiveny mechanism
for water erosion, Tillage action moves soll to convergent areas of a field whare surfaca waler
runaff concenfrates. Also, exposed subsoll is highly erodible Io the forces of water and wind,
Tilkage erosion has the grealest potential for the *on-site® movement of soll and in many cases
can cause more afosion than water or wind.

Tha overall effects of Soll erosion are
» Loss of Production Potential,
¢ Reduction i infiltration rate,
= Reduction in watar holding capacity resulting poor forest growth and dryer species,
=  Loss of nutrient,
= Increase in tllage operation costs,
s Raduction in watar storage capacity of rivers / sireams/ resenvoirs.

6.3  Soil Types and Characteristics

The composition. moisture, and compaction of soll are all major faciors in detarmining the
erosivity of rainfall, Sediments containing more clay tend (0 be more resistant 1o erosion than
thase with sand or sill, because the clay helps bind soil particles together, Soil containing high
levels of organic materials are oftan more resistant lo erosion, because the organic matedals
coaguiate soll colloids and create a stronger, more stable soil structure. The amount of water
prasant in the soil bafore the pracipilation also plays an important role, because it sats limits on
the amount of water thal can ba absorbed by the soil (and hence prevented from flowing on tha
surface as ernsive runoff), Wet, saturated soils will not be able to abaorb as much rain water,
leading to higher levels of surface runoff and thus higher erasivity for a given volume of rainfall.
Soil compaction also affects the permeabdity of the soil to water. and hence the amount of
water thal flows away as runoff. Mora compacied soils will have a larger amount of surface
runofl than kess compactad soils,

7.0  Prioritization using Silt Yield Index (SY1) Method

‘St Yield Index’ (SY1), method has been used lor priontization of sub-watersheds in the
current study catchment for treatment, The Silt Yield Indax (SY1) is defined as the Yield per
unit area and SY1 value for hydrobogle unit i obtaired by faking the welghled arthmatic

\
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mean over thi antire area of the hydrologic unit by using sultable empincal equation. The Silt
Yield Index Modal (3Y1) considers sadimentalion as product of erosivity, morphomatry and
delivery ralio of a particular sub-watershed and was conceplualized by Soll and Land Use
Survey of India (SLUSI) as early as 1968 and has been operational since then to meel the
requirements ol priodtization of smaller hydrologic units within river valley project catchment
areas. Sl yield index (SY1) was calculated using Tollowing empirical formula:

SYI = ( (A " W) * Di * 100)Aw; whera | =1tan

wheny,
Al Area of ith unit
Wi Waightage value of ith mapping unit
n Mo, of mapping units
Pow Total area of sub-catchment
o Delivery ratio

7.1 Erosion Intensity Mapping Unit

Erosion Intensity Mapping Units (EIMU) are demarcated and defined as per the soll erosion
intensity map prepared above. Various EIMU categories, such as Very Severs, Sevare,
Moderate, Low, Very Low, and Negligible & Stight (clubbed together), were than used Io
calculate sub-walershed-wise SYI, Erosion Intansity Mapping Units (EIMU) s & composite
axpression of physiography, land use, and conservation practices adopted. While computing
soil erosion intensity in a calchment all the faclors (physiography, land usa, and conservation
practices) are already taken into consideration. Therefore. EIMUs are assumed as per the
s0il erosion intensity in the sub-walershed. The sub-walershed wise area under each EIMU
class ia given in Table 15.

Tabile 15: Sub-watershed wise arca urnder sach EIMU class

e iac T Sub- Watershed niujlru (Ha) Tﬂrl-ll:im
_ c1 2 c3
T Severe 75 108 176 | 350
2 Very High 87 154 201 442
3 High o8 178 270 546
1 4 Modurate 168 67| 253 | 588 |
5 Low 1165 1791 1828 | 4784

7.2 Weightage Value

Each erosion intensity unil is assigned a weightage value. When considered collectivaly, the
weightage value represents approximately the comparative ercsion intensity. A basic factor
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of K = 10 was used in determining the weightage values. The value of 10 indicates a static
condition of equillbrium between erosion and deposition, Any addition to the factork (10+X)
is suggestive of erosion in ascanding order whereas subtraction, Le. (10-X) is indicative of
deposition possiblliies, The weightage value assigned to erosion mapping unit in a sub-

walorshed range from 11-20.

7.3 Delivery Ratio

Delivery ralios were adjusted for each of the erosion Inlensity unil. The defivary ratio
suggests the percentage of eroded material that finally finds entry into reservolr or riverf
stream, Deafvery ratios are assigned 0 all erosion mtensity units depemnding  upon Thedr
distance from the nearest stream. The criteria adopted for assigning the delivery ratic are as

Follows.
Tatle 16: Detlvery Ratio

Mearest Stream Dalivery ratio
0 - 0.9 %km 1.00
1.0- 2.0 km 0.5
21- 5.0 km 0.40
5.1~ 15.0 km 0.80
15.1 - 30.0 km 0.70

74 Silt Yield Index

The area of each of the mapping units is computed and sit yield indices of Individual sub-
walersheds are calculated using the equations mentioned above. The S5Y1 values for
classification of varlous categories of erosion mtensily rates are given in Table 17,
Table 17: §¥1 Classification of Sub-Watersheds in Catchmaent Area

.‘i‘:'“ gy | EMUArea | Weightage SRYREN | pepvary Sy =
i (EA)inha. | Factor (WF) | (ea+wp) | Ratio(DR) 15"{"]?&1‘4
1 75 19 1425
-2 ar 18 1566
G A 98 16 1568 0.9 13214
4 168 15 2620
5 1165 14 16310
Total 1583 23389
c2 1 108 19 2052 0.85 1249.5
:, ™ W5 VARDAM ENVIRDMET,
‘ r Plot Mo, B2, Sec-5, IMT hianesad, Gursgram, Haryane- 121052 Page 4
J.d-"l" =il
WICE ¥ % 1 gy
ﬁ: ! " 1 4 S u.|'.|.|.l':-'-n



mw-mﬂgﬁl

2 154 14 2772
3 178 16 2848
4 167 15 2505
5 1791 14 25074
Total 2308 35251
1 176 19 3344

2 201 18 3618 |

C3 3 270 16. 4320 0.95 1416.3

4 253 15 3795
5 1628 1 25502
Total 2728 40669

7.5  Prioritization of Sub-Watersheds

The sub-watersheds are subsequently rated inlo various calegores comesponding Lo their
respective SY| values, The criterla followed for priodty calegorization of sub-watersheds
daponding upon their SY1 values is given in Table 18 and the priodly classification of
individual sub-watarshed is given in Table 12 and Figure 21,

Table 18: Criteria for Priority

Priority categories SY1 Values
Very high #1300
High 1200-1299
Mexium 1100-1199
Lo 1000-1099
Very Low <1000

Fabio 18: Priority Number a5 per SYI Classification in Catchment Area

Sub- SY1 Value Priority Priority Numbaer
Watershed
C3 1416.3 Very High 1
c1 13214 Vary High 2
cz 12495 Vary High 3
WS VARDAN ENVIRDNET,
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Figure 21: Pricrity Map for Sub-Watershods for Treatmont
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B0  Treatment Plan

B4 Areato be taken up for Treatment

As already mentioned, the calchment area of Badamahi rver catchment it GT57.15 Ha (67.57
Kmd). However, out of this area, 4303 ha (63 %) area falls under the dense forest category
which can mainly be considerad for biological reatment measures after proper permissons.
Therafore, an ovarall arca of 863 B4 Ha (12.78 %) will be considered for irealment measures.

The land use category wise areas sefected for treatment are shown in Table 20,

Table 20- Treatmart Area

a1 ~ Area as per Actual area
No. LU_Class LULC data found treatable Romark
(Ha) (Ha)
1 Forest 4303.96 430.40 10% of the area
2 Shirubland 81.08 27.32 30% of the area
3 | Grassland 382.68 114,80 30% of the area
4 Agriculture 1666.86 253.03 15% of the area
] Buiit-Up 22.88 0.00 Mot required
Barren/
B Sparsely 255.32 38.30 15% of the area
Vegetated
7 | Open Water 14.39 0.00 Not required
Total 6757.15 B63.84 12.78%

8.2  Treatment Measures

Watershed management is the oplimal use of sod and water resources within a given
gecgraphical areéa so as lo enable sustainabla production, It implies changes in land use,
vagatative cover, and other structural and non-structural action that are taken in a watershed to

achieve specific watershed management objeciives. The overall objectives of watershed
managemeant programme are o

s increass infitration inlo Soll;

o control excessive runoff,

o manage & ulilize runoffl for useful purpose

The basks of sile salaction for different engineering treatmen! measures under CAT are given bn
Table 21.
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Table 21: Basls for sefection of caichment area freatmont measures

T
Type of m Basis for selection
measures
: Open forests, degraded surface with hagh sall
AT erogion, gantie fo modarate siopa
9 Assistad Natural
R lian Exiating moderately danse foresis
Bmpas Gine Guliles formed around the streams
B wnmnmmw In the streams of 3rd o Sth order
MEAsUras - Wheraver loose bowlders are nol stalve n
Gabicn Chack Dams partioctas ahistoh of & atradm
: Control of sodl srosion from agricultural areas
Laniour Bonding on modermte 1o steep slopes

8.3 Biological Measures
The biological measures would comprise of:

» Afforestation
» Assisted Malural Regenaration

a. Afforestation

A weli-stocked forest plays a very important role in control of soil erosion, Thus, it s proposaed to
increase the vegelal cover in the area. As most of the areas in Hazarbagh have sufficient
rainfall and light, the growth of planis fs very fasl. Afforestation programme would be taken up in
opan foresls and degraded surfaces where slope |s less than 45 degrees. It is suggested 1o
undertake plantations of shrubs as well as (rees. The area to be brought under afforestation
programme and its unit cost s given in Table 22

b. Assisted Natural Rageneration

It s impotant o enhancing ihe establishment of secondary forest from moderately danse
forests, degraded grasstand and shrub vegetation by prolecting and nurturing the mother trees
and their wildlings inherentty present in the area. Assisted natural regeneration is proposad 1o
accelerate. rather than replace, nalural successional processes by removing of reducing
barriers to natural forest regeneration such as soil degradation, competition with weedy
species, and recuring disturbances (e.g., fire, grazing, and wood harvesting). The area 1o be
brought under assisted natural regeneration programme and its unit cost is given in Tabla 22,
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. Soil & Moisture Conservation in Forest Area

Besides of afforestation and assisted natural regeneration, it is also necessary 1o have soil and
moisture conservalion measures .8, contour bunds [ staggered trenches to check runofl and
allow percolation of water to improve quality of vegetation and prevent loss of top soll (Sheel
arosion). It is proposed to provide 20MDs per hectare to carryoul soll & Moisture Conservation
activities in the forast ansa.

B4  Engineering Measures

The angineering treatmant measures require less ime 1o be put in place and can provide. quick
solutions. These woulkd comprise mainly of Brushwood check dams, Dry stone masonry chack
dams, Gabion check dams and Conlows Bunding.

a, Brushwood Check Dams

Brushwood check dams are very feasible where vegelstive materal for construction i
abundant. Brushwood chack dams can only be construcied in smafl guilies not deeper than 1m
depth. As material requirad lor construction of these types of dams is available locally these can
b&mmhﬂaﬂfna_lnrandhmmunwﬂlmmmmmmmln
early phase of Project. The numbers of check dams are estimated using number of first order
slreams In an area under severe and very savere erosion miensity, and constructed at an
intarval of 100 m. The number of brustwoaod chack dams suggested and is unit cost is given in
Table 1.76.

b. Dry Stone Masonry Check Dams

Dry stone masonry check dams! walls can be made of boulder pled up across the gulley and
along the barks if they are locally available. Such structures for damming a gufiey or a stream
to refine the flow veloclly and 1o conlrol bank erosion are called dry stone masonry/ loose
bolder check dama! walls. The numbar of dry-stone masonry check dams suggested and its
unit cost s given in Table 22.

. Contour Bunding

Contour Bunding is used for retaiving the waler by creating obstructon to control erosion. It
consists of conslructing narrow based \rapezoldal bunds on contours o improva runoff
ralmwater in such a manner that it percolates and recharges the rool profile on gither side of the
bunds. Bunds are simply embankmanis like struclures, constructed across the land slopa. Tha
area 1o be ireated under Contour Bunding scheme and its unit cost is given in Table 22.

d. Gzablon Check Dams
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Sail Molithure Conservaticn Repart

Il dry stona masonry chack dams are considerad not to be stable in a particular reach of the
stream, Gabion structure of stone masonry struclures can be instaliled. The proper judgment as
par site condiion for construction of these structures may be taken. The number of gabions
check dams suggested and is unit cost is given al Table 22.

8.0 Cosl Estimates
The estimated cost of implementation of Soil Moisture Consarvation plan is Rs. 1.26 Cr. and is
given al Table 22. Year wise phasing of physical and financial oullay has been given in Table

23,

Table 22: Cost Estimates for Soil Moisture Conservation Plan

8 ita Rate (Rs) Unit T
Mo, m Financial
Quantlty | (ra)
[ Biological Measures
1 Afforasiation
1) Creation 40,000 Ha 50 2,000,000
il) Maintenance for 5 years 20,000 Ha 50 1.000.000
2 | hssisted Natwal Regenoration
i) Creation 30,000 Ha 50 1,500,000
il) Maintenance for 5 years 10400 Ha 5i) §20,000
Solt & Moisture Conservation
3 dus 10 Fomst Diversion 300.0 20 MD | Ha 400 2,400,000
Wages for plantafion
walchman |a., unskilled
laboror round the yaar for 5
4 | years (one wabtchman for every 9,000 man-month 100 500,000
50 hix) &0 Rs. 9000 pan. per
watchman, Total area: 100 ha,
Admissible watchman: 2 nos
Sub Total | (1+2+3) 8,320,000
i Englnearing Moasures
5 | Brushwood Choeck Dams 20,000 Mo 25 500,000
Maintananca Cost & 5% of tha
i 25,000
Diry Stone Masanry Check
L 0 (Nos) 200, 000 Na 20 400,000
Mairtenancs Cost @@ 5% of tha
ot 20,000
7 | Gablon Chack Dams 28,000 Mo 15 300,000
Mamtenance Cost & 5% of the
ool 18,500
8 Contour Bunding 15.000 Ha 54 T30, 000

C WS VARDAN ENVIRDNET,
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Sai Motviure Consnnailen Report

Maintenanca Cost g 5% of tho -
east 37 500
Sub Total Il (4+5+6+7) 2,142,000
m ;.mmnm[swrmm 10,462,000
m | Adeinlstrative Maasores
Administrative Charges §25% i
9 | o Treatment Cast 523,100
Micto Chamos 2%
) [ 2240
Monioring & Evaluation
11 | Charges @3% of Traatmant 313,860
Cosl -
| Contingencies §10% of
12 Treaimant Cast 1,048,200
B Sub Total il 2,092 400
“Total Soil Molsture
Consarvation Pan Cost 12,554,400
(A +8)
OR SAY 1.26 Cr.

{'T‘I Mifs VARDAN ERVIRONET,
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Sl Ministure Comervation Repart

CONCLUSION

* The study area is located in the Hazaribagh Distnct of Jharkhand, with (atitudes ranging from
23" 49' 53.04" to 23" 56'6.72° N and longitudes ranging from 85° 16° 10.2° to 85° 24" 27" E.

s Waler level in the study area varies from 2.1 1o 9.8 mbgl,

« Catchment area has been divided in to three sub-watershed area and total sub-water shed
area of have bean calculated as 67.570sq.km.

» Major area of study i3 coming under the gentle slope having lass susceptibility of erosion.

« Infifiration tests have bean caried out at four locations namely Gondulpara Village. Rautpara
Village, Isko Village and Saheda Village.

* Az per grain analysis study majorly sand and silte are dominated about 8% in the soll

« Cost estimate for Biological Conservation Plan which include green belt and sowing of seeds
will cost around Rs. B3.20,000

« Cost estimats for Engineering Conservation Plan which include Calch pits and Check dams or
toe walls will cost around Rs. 21.42,000

# The estimated cost of implameniation of Soil Moiture Congarvallon Plan is Rs. 1.26 Cr.
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