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BACKGROUND INFORMATION OF AQUIFER " IIC TECHNOLOGIES
MAPPING

>

« to identify and map aquifers at the micro level,

- to quantify the available groundwater resources,
and

« to propose plans appropriate to the scale of
demand and aquifer characteristics, and
institutional arrangements for participatory
management.

- /

NEW PATHS, NEW APPROACHES

The vision on Aquifer Management is:




BACKGROUND INFORMATION OF AQUIFER " IIC TECHNOLOGIES

MAPPING PROJECT

« Aquifer mapping will help in preparing \
sustainable management plan,

« This will help achieve drinking water security,

- Improved irrigation facility and sustainability in
water resources development in large parts of
rural and many parts of urban Gujarat.

« It will also result in better management of
vulnerable areas.

- /

NEW PATHS, NEW APPROACHES




'. IIC TECHNOLOGIES
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l TASKS FOR AQUIFER MAPPING J f})nc TecHnoLoGEs

Compilation of Data/Identification of Principal \

Aquifer units & Data Gap

Compilation of Existing Ground Water Data
Preparation of Base map and Thematic
layers

Data base on Exploration wells

Compilation of information of Geology,
Geophysics, Hydrogeology, geochemical
Hydrology

Delineation of Principal Aquifers (Vertical &
Lateral)

Compilation of Aquifer wise water level data
Compilation of Aquifer wise Draft data




l TASKS FOR AQUIFER MAPPING d.)"c TECHNOLOGIES

/Generation of data \
« Generation of Geological layers in 1:50,000

-

Scale

Preparation OF Geological map

Preparation of Sub surface Geology
Geomorphological analysis

Analysis of Land use pattern

Surface & Subsurface Geolelectrical/ Gravity
data Generation

VES

Bore hole logging

2-D imaging
Advanced Geophysical methods /

NEW PATHS, NEW APPROACHES



TASKS IDENTIFIED FOR AQUIFER " 1IC TECHNOLOGIES

MAPPING

Hydrological information:
« Preparation of Drainage map
« Demarcation of water bodies
« Soil infiltration studies
« Parameters on Ground water recharge
- Rainfall data analysis
- Canal flow, recharge structures etc
« Preparation of Hydrogeological maps in
1:50,000
« Water level monitoring
« Exploratory drilling

« Pumping tests
\ « Well inventory

>
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ADMINISTRATIVE INFORMATION . (f])ne TEcHNoLoGIEs

] nl »

Administrative Map Of Study Area - Lodhika

e Kilometers = Ry —
0510 2 X 4 bz

RAJKOT DISTRICT

\
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GROUND WATER AQUIFER MAPPING

AND MODELING " IIC TECHNOLOGIES

Classification of GWQ Data based on spatial &
temporal variable (x-y, z, t)

A\ 4

Ground water Quality Mapping

Aquifer delineation
2 d Aquifer
Conceptual Model

Mathematical model
(Grid method & Conceptual approach)

v
- - . LU/LC
Aquifer delineation SOl
3 d Aquifer AGRICULTURE

A\ 4 A\ 4

Ground Water Budgeting

Future predictions on the availability

NEW PATHS, NEW APPROACHES



INDICATORS OF VARIATIONS I
IN HYDRO GEOLOGICAL PROPERTIEQ)"C TECHIULORMIES

//——

Loose Sediments Permeable Rocks
V. Ve
Layered Rocks Lava Flows
. Y.

Crystalline Rocks Carbonate Rocks
N N
Fractures, Faults, Shear Zones
N N
N N Dykes, Quart Reef, Pegmatite
Weathered zones U

Bedding, Schistocity / Foliation, Folds

Run-off zones

Recharge zones

\ Discharge zones
\

NEW PATHS, NEW APPROACHES




DATA PRODUCTS FOR 2D "
AQUIFER MAPPING 1IC TECHNOLOGIES

INPUT DATA FOR MAKING MAPS FINAL MAPS

. Structural map

. Geomorphology (polygon) layer . Geomorphology
. Irrigated area (polygon) layer

. Lithology (polygon) layer map

. Rail network (line) layer . Hydrology map

Rain fall data (point) layer
10 Road network (line) layer
11. Settlement (point) layer
12. Spring (point) layer

2D Aquifer Map



Ouc TECHNOLOGIES

DATA PRODUCTS FOR 2D AQUIFER MAPPING

Hydrology Layer of 5H1B2-Lodhika
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LODHIKA WATERSHED-RAJKOT
o o e N ' ‘ — '. lIC TECHNOLOGIES
~ ;
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LODHIKA WATERSHED-RAJKOT N
g 1IC TECHNOLOGIES
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ACTIVITIES INVOLVED IN PREPARATI OF
11IC TECHNOLOGIES
GROUND WATER QUALITY MAPS

Selection of representative sample
locations

Input data processing &

organization in to GIS

database

Legacy data classification

Selection of suitable method

Creation of element-wise
ground water quality

layers

Interpolati0n>

Classification as per BIS

NEW PATHS, NEW APPROACHES



" I1IC TECHNOLOGIES

(Source: Indian Drinking Water Standards as per BIS Guideline-IS: 10500: 1991)

SI. No Element Potable Non-Potable
Desirable Permissible
limit limit
1 pH 6.5t0 8.5 - <6.5 ;>8.5
2 Total Hardness (as CaCo;) mg/l <300 300-600 > 600
3 Iron (as Fe) mg/l <03 0.3-1.0 > 1.0
4 Chlorides (as Cl) mg/l <250 250-1000 > 1000
S Total Dissolved solids mg/1 <500 500-2000 > 2000
6 Calcium (as Ca) mg/l <75 75-200 > 200
7 Magnesium (as Mg) mg/l <30 30-100 > 100
8 Nitrate (as NO;) mg/l <45 45-100 > 100
9 Sulphate (as SO,) mg/1 <200 200-400 > 400
10 Sodium (as Na) mg/1* -- <20 > 20(WHO)
11 Potassium (as K) mg/l* -- <10 > 10
12 Alkalinity mg/1 <200 200-600 > 600
13 Electrical Conductivity <300 300-600 > 600

NEW PATHS, NEW APPROACHES




GROUND WATER QUALITY MAPS
OF LODHIKA WATERSHED " lIC TECHNOLOGIES

TDS-Pre- Monsoon Ground Water Quality
Map of Lodhika
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GROUND WATER QUALITY MAPS
OF LODHIKA WATERSHED " lIC TECHNOLOGIES

TDS-Post- Monsoon Ground Water Quality
Map of Lodhika
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AQUIFER MAPPING
" IIC TECHNOLOGIES

The Aquifer Geometry Varies
in X-Y direction-(Spatial Variation)
with depth (Vertical Variation)
& Ground water Resources availability varies With Time

Historical data to be considered for Modelling provides the Temporal variation
&

Management aspects

To decipher the

*»Spatial & Vertical disposition of Aquifers/Aquifer Geometry
**Generation of 2-d & 3-d GIS layers/Micro level Groundwater Maps
**Ground water Resources & Yield Characteristics of the Aquifers

**To Run a Ground water Model for planning & management of ground
water Resources-watershed wise, Village wise.

NEW PATHS, NEW APPROACHES




STEPS TO HYDROLOGIC MODELING " IIC TECHNOLOGIES

/1. DELINEATE WATERSHED \

2. OBTAIN HYDROLOGIC AND GEOGRAPHIC
DATA

3. SELECT MODELING APPROACH
4. CALIBRATE/VERIFY MODEL

5. USE MODEL FOR
ASSESSMENT/PREDICTION/DESIGN

6. CORRELATING WITH LU/LC, SOIL &

\ IRRIGATION FOR BUDGETING /




MODELING PROCESS

" I1IC TECHNOLOGIES

_){ Conceptual Model ]

[ Update Model ]

Unsatisfactory Resultsl [

Compare Model and
Field

]

Satisfactory Results

Mathematical Model}
Computation ]
Poor Fit

v
‘ (Decisions & |

NEW PATHS, NEW APPROACHES

>[ Calibrate Model ]

/




VILLAGE VISE GROUNDWATER BUDGET OF
LODHIKA WATERSHED

Quc TECHNOLOGIES

VILLAGE-WISE GROUND WATER RESOURCES OF

WATERSHED

- 5H1B2

DISTRICT
NAME

VILLAGE HAME

Area (Ha)

RAINFALL
(mm)

RAINFALL
(m)

INFILTERATION
FACTOR

ANNUAL
RECHARGE
(Ha-m})

SPECIFIC
YEILD

GROUKD
WATER

BUDGET
(Ha-M)

GROUND

WATER BUDGET

3
(M)

GROUND WATER
BUDGET (MCM})

[a)

0]

(=]

[a"r"e)

RAJKOT

LODHIK.A

Chandli

63.52

1200.80

534

(Syl

B 1" c” Sy

0.015

0.08

800.8358281

0000800836

RAJKOT

LODHIKA

Ratanpar

260.24

1200.80

21.88

0.015

0.33

3281.255772

0.003281256

RAJKOT

LODHIKA

Abhepar

436.74

1200.80

36.71

0.015

0.55

5506.530394

000550653

RAJKOT

LODHIKA

Pipardi

864.62

1200.50

T2.68

0.5

103

10301.42307

0010301423

RAJKOT

LODHIK.A

Chibhda

1313.86

1200.80

110.44

0.015

166

16565. 73476

0.016565735

WO GO d| e | o e | L s

RAJKOT

LODHIK.A

Chhapra

1181.94

1200.80

399.35

0.015

143

14302.33523

0.014302335

RAJKOT

LODHIKA

Devgam

1243.70

1200.80

104.54

0.015

157

15681.11368

0.01568112

RAJKOT

LODHIK.A

Devla

36627

1200.80

81.39

0.015

122

12208.31723

0.012208317

RAJKOT

LODHIKA

Khirsara [Ranmalji

2616.66

1200.50

220.11

0.5

3.30

3301715353

0.033017154

RAJKOT

LODHIK.A

Rataiya

T723.40

1200.80

6131

0.015

0.392

J136.566772

0.003136567

RAJKOT

LODHIK.A

Motavada

1304.48

1200.80

103.65

0.015

164

16447 41767

0.01644 7418

RAJKOT

PADDHARI

Nanavada

466.46

1200.50

3938

0.5

0.53

5306.571416

0.0053065T

RAJKOT

LODHIKA

Pambhar Intala

203.48

1200.80

12 82

0.015

0.64

6423. 66442

0.006423684

RAJKOT

PADDHARI

Intala Nana

23467

1200.80

44.94

0.015

0.67

6741.338368

0.006741338

RAJKOT

PADDHARI

Amreli

g7e.n

1200.80

T13.86

0.015

11

11079.09695

0.011073097

RAJKOT

PADDHARI

Suvag

357.15

1200.50

80.45

0.5

1.2

12068.14342

0.012066143

RAJKOT

PADDHARI

Hidad

436.95

1200.80

4177

0.015

0.63

6Z65. fa957

0006265756

RAJKOT

LODHIK.A

Lazxmi Intala

339.04

1200.80

28.50

0.015

0.43

4274. 704322

0.004274705

RAJKOT

PADDHARI

Dhokaliya

295.35

1200.80

24.83

0.015

0.37

3723.867733

0.003723868

RAJKOT

PADDHARI

Kerala

T61.87

1200.50

64.04

0.5

0.96

9605.337336

0003605337

RAJKOT

PADDHARI

Radad

872.66

1200.80

13.35

0.015

1.10

11002 64433

0.011002844

RAJKOT

PADDHARI

Khijadiya Mota

264.25

1200.80

22.21

0.015

0.33

3331. 770982

0.003331771

RAJKOT

PADDHARI

Sarapdad

220112

1200.80

185.02

0.015

278

2Ti52.63242

0027752632

RAJKOT

PADDHARI

Metoda

480.21

1200.50

40.36

0.5

6054. 733176

0.006054733

RAJKOT

PADDHARI

Bodi Ghodi

184.07

1200.80

15.47

0.015

2320.802821

0.002320803

RAJKOT

LODHIK.A

Lodhika

32.04

1200.80

2.63

0.015

404.0123732

0.000404012

RAJKOT

LODHIK.A

Balsar

81.06

1200.80

6.82

0.015

1022273186

0.001022273

JAMNAGAR

KALAVAD

Anandpar

324.92

1200.50

s |

0.5

4036.666316

0004036667

RAJKOT

PADDHARI

Sal Pipaliya

2320

1200.80

4.38

0.015

146.333337

0.000746333

174220

Total

261330.0576

0.261330058

NEW PATHS, NEW APPROACHES




STRATIGRAPHIC SUCCESSION

L
RN
5

g Chhepra

s |

_Pambat Hala

Wells Location with Subsurface
Stratigraphic succession

Metoda

Materials

Top Soil

Basalt weathered brouwn in colour

Basalt hard grey in caleur

Basalt red in colour with high moisture

Basalt hard black in colour

Basalt hard fractured red moisture increase
Basalt very hard grey in colour

Basalt hard fractured red in colour

Basalt hard fracture grey in colour

Basalt weathered gey in colour

Basalt weathered red in colour moisture struck
Basalt hard fractured red moisture increase
Basalt amygdaidal black in colour water increases
Basal very hard biack in colour

Basalt hard fracture grey very Iitle maisture struck
Basalt hard fractured black in colour

Quc TECHNOLOGIES

Wells Location along with Resistivity

Aquifer Parameters testing point
Locations

<
NP

A
U

0

7

-
+Chhapre

Chhapre

+Chithda o

chkbht\/v\
N Vot

andﬁ

+Pambar tala

Pambar tala

“tAmreli

P

Amreli

.

r-"‘“'fw Metodz O

0

e
.

* Resistivity Point
©  Aquifer Parameters Poin}|
Materials
Top Soil
‘ Basall weathered brauwn in colour
Basall hard grey in colour
Basall red in colour with high meisiure

Basall hard black in colour

Basall hard fractured red moisture increase
Basall very hard grey in colour

Basall hard ractured red in colour

Basall hard %ctura grey incelour
Basallweathered gey in colour
Basallweathered red in colour moistire struek
Basall hard fractured red moisture increase
Basall amygcoidal black in colour weter increzses
Basalvery hard black in colour

Basall hard fracture grey very litile moisture struck
Basall hard fractured black in colour

NEW PATHS, NEW APPROACHES




STRATIGRAPHIC SUCCESION

UIIC TECHNOLOGIES

Wells Showing Subsurface
Stratigraphic succession D

L

5,

f

Materials
Top Soil

|| Basanweatnered brouwn in cotour

Basalt hard grey in colour

Basalt red in colour with high moisture
Basalt hard black in colour

Basalt hard fractured red moisture increase
Basaltvery hard grey in colour

Basalt hard fractured red in colour

|| Basatt hard fracture grey in colour

Basaltweathered gey in colour

Basaltweathered red in colour moisture struck
|| asatt herd tractured red moisture increas e

Basalt amygdoidal black in colour water increases

_<

Basal wery hard black in colour

Wells Showing Subsurface
Stratigraphic succession Amon

ree

Pambar Hala

|| Basanweathered browwn in calour
Basalthard grey in colour
Basaltred in colour with high moisture
Basalthard black in colour
Basalthard fraciured red moislure increase
Basaltvery hard grey in colour
Basalthard fraciured red in colour

|| sasannoratraciure orey in cotour
Basaltwealhered gey in colour

red in colour
|| sasanneratracuredred moisure increase
black in i

Basal very hard black in colour

<
b
[
D
2
b
b

Top Sail
Easaltweathered browuwn imn colaour

Easalt hard grey imn colour

Eacsalt red imn colour with high moisture

Eacsalt hard black imn colaur

Easalt hard fractured red moisture iNncrease
Easasltvery hard grey imn colour

Easalt hard fractured red in colour

Easalt hard fracture grey in colour

Easalt waatharad gew imn colour
Easaltweaeathaeraed red in colour maisture struck
Easalt hard fractured red moisturs increases
Basalt amyvgdoidal black imn colour water increasass
Basal waery hard black im colour

11l

Easalt hard fracturse grey very little moisture struck
Easalt hard fractured black in colour

Top Sail

Eacsaltweatheraed brouwn im colour

Easalt hard grew in colour

EBasalt red imn calaurwith high moisture

Easalt hard black in colour

EBasalt hard fractured red moisture increase
Basaltvery hard grey in colaur

Easalt hard fractured red in colour

EBasalt hard fracture graey in colour
Easaltweathereaed gey in colaour

EBasaltweatheaerad read in colour maoisture struck
Basalt hard fractured red moisture increas=
EBEasalt amwvgdoidal black in colour watesr increasss
Emasal verny hard black in colour

EBasalt hard fracture grey werny littlhe moisture struck
Basalt hard fractured black imn colour

NEW PATHS, NEW APPROACHES




STRATIGRAPHIC MODEL Ollc TECHNOLOGIES

elevation

— -18.75
— =37V.50
-56.25

Materials

Top Soil

Basaltweathered brouwn in colour

Easalt hard grey in colour

Easalt red in colour with high moisture

Basalt hard black in colour

EBasalt hard fractured red moisture increase

Easaltvery hard grey in colour

EBasalt hard fractured red in colour

Easalt hard fracture grey in colour

Easaltweathered gey in colour

Y Basaltweathered red in colour moisture struck
Basalt hard fractured red moisture increase
Easalt amygdoidal black in colour water increases
Easal very hard black in colour

Easalt hard fracture grey very little moisture struck
It hard fr I | ke im | r

NEW PATHS, NEW APPROACHES



SOLID STRATIGRAPHIC MODEL Ollc TECHNOLOGIES

elevation

— =18.78
—— J7.50

Materials
Tap Sail

Basaltweathered browwn in colour

Basalt hard grey In colour

Basalt red in colour with high moisture

Basalt hard black in colour

Basalt hard fractured red moisture increase
Basaltvery hard grey in cclour

Basalt hard fractured red in colour

Basalt hard fracture grey in colour
Basaltweathered gey In colour

Basaltweathered red in cclour moisture struck
Basalt hard fractured red moisture increase
Basalt amygdoidal black in colour water increases
Basal very hard black in colour

Basalt hard fracture grey very little maisture struck
Basalt hard fractured black in colour

NEW PATHS, NEW APPROACHES
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d.)ll( TECHNOLOGIES

NEW PATHS, NEW APPROACHES




d.)ll( TECHNOLOGIES

NEW PATHS, NEW APPROACHES




ch TECHNOLOGIES

SWL_ m__idw_grad

0°0°0" N 64230 90522 E
_

Depth_m___idw_grad

17.18
16.14
15.1
14.06
13.02
11.98
10.94
R

0°0'0" N, 64°30' 40.522" E

Discharge_idw_grad

0616
0.528

UTM, Zone: 42 (65°E - 72°E - Norther Hemisphere), WGSB4, meters

SPECIFIC YIELD

0°0'0" N, 64°30'40.522" E

NEW PATHS, NEW APPROACHES




3D DISPLAY HYDRAULIC CONDUCTIVITY “ 1IC TECHNOLOGIES

NEW PATHS, NEW APPROACHES



STRATIGRAPHY OF THEAREAINX & Y

DIRECTION VIEW " lIC TECHNOLOGIES

s alt red in colour with high moisture

salt hard fractured red in colour
salt hard fracture grey in colour

Basalt weathered gey in colowr

Basalt weathered red in colour moisture struick
salt hard red moi: i
salt amygdoidial black in colour water increases

E;J_—

salt hard fraciure grey very Tiflle moisture struck
salt hard fractured black in colour

Chibhda

NEW PATHS, NEW APPROACHES



CONCEPTUAL MODEL WITH
ELEVATION & CONDUCTIVITY VARIATIONS U"C TECHROLOGIES

ELEVATION HYDRAULIC CONDUCTIVITY

(=) GMS 10.0.1 (64-bit) - [LODHIKA.gpr *] "B ©Ms 10.0.1 (64-bit) - [LODHIKA.gpr %]
& File Edit Display Grid MODFLOW Window Help @ File Edit Display Grid MODFLOW Window Help
EEEIETEEEEIEEIEEER DY - EFEIEIEEIREIEETEEN DL T ]
@igaEmal@E+vos @igaEEAB@R+05
- 2 oy
| He

-
B Proiect elevation = Protect
=g 30 Grd Data o :12 : L —-FA (g 30 Gid Data =4
=B @ gnid & oe @@ ora &
655 - [E] elevation e
' = MODFLOW =
-] Zone Budget IDs = 68.5 [E] Zone Budget IDs
21 [@ Global E; : £ g Global
—E Ten : ] Top
E Bottom C 5.5 i E Bottom
[E] Starting Heads T 64.5 | [E] Starting Heads
-[E] bound 3.5 +..[F] Ibound
B2.5

:..[=] RCH Rate
-0 Map Data = i = lgg Map Data
50045 LODHIKA ] 50145 LoDHIKA
i .[O<> BOUNDARY ’ i.OJ== BOUNDARY
= SOURCES & SINKS .. [J<s SOURCES & SINKS
= RECHARGE [ RECHARGE
- <= HYDRAULIC CONDUCTIVITY I 1 == HYDRAULIC CONDUCTIVITY
H O== Laver ELEVATION [« LAYER ELEVATION
{1 Gnd Frame iz : L O Gnd Frame
=-OI0@ GIS Layers : =-0OC@ GIS Layers
L% GMS_TIFF_g=01f L% GMS_TIFF_geD1if
+.[() Bore_Holes_42n.shp . . +..J[) Bore_Holes_42n shp

l—x l—x

676890.0, 2471220.0, 7 22%20°15.9053" M, 70° 43 3.42283"

677060.0, 2461810.0, 7 22915'9.93668" M, 707 43" 5.62113" E
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CONCEPTUAL MODEL SHOWING TOP, BOTTEM

ELEVATIONS & STARTIN HEADS VALUE IIC TECHNOLOGIES

TOP ELEVATION BOTTEM ELEVATION STARTING HEAD

(© GMs 100.1 (64bit) - [LODHIKAgpr () GMs 1001 (54-bi) - [LODHIKAgpr
@ Fie Edit Display Grid MODFLOW Window Help © Fie Edt Display Grid MODFLOW Window Help
IEEE I E R D EEET ] DEEAGAPIVFHRIER UIBRRE" S hehdeak®
+908 BloaEDa@R v 08 B yw 1 Muliple
#

£

& w
S ] Proect b Statting Heads
& - Eig waunss & . 1860

L)

|
-[E] Zone Budget IDs 5 [5] Zone Budget s
&) Gibel & Global
E Top
[E] Bottom
[E] Sating Heads [5] Stating Heads
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