PHD. THESIS V. P. PAREKH

5 Analysis of SIP Structures

5.1 Analysis of Rainfall & Taluka-wise Affected Area
Data for rainfall of 26 years for Bhavnagar, Talaja, Mahuva, Rajula & Jafrabad is
collected and analyze in the table 5.1. Following graphs are plotted to study the

departure from normal rainfall. (Refer graph 5.1 to 5.5)
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Graph 5.1: Rainfall & ., Departure from Normal for Bhavnagar
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Station: Mahuva
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5.1.2 Una - Madhavpur Coast

Data for rainfall of 20 years for Una to Madhavpur is collected and analyze in the
table 5.2. Following graph is plotted to study the departure from normal rainfall.

Average Annual Departure Average Annual  Departure
Year . Year .

Rainfall In mm  from Normal Rainfall In mm from Normal
1980 1002.90 0.254 1990 878.80 0.099
1981 881.60 0.102 1991 627.00 -0.216
1982 729.00 -0.089 1992 880.12 0.100
1983 1497.00 0.871 1993 526.00 -0.343
1984 781.00 -0.024 1994 1022.60 0.278
1985 373.00 -0.534 1995 666.20 -0.167
1986 543.00 -0.321 1996 1010.00 0.263
1987 157.00 -0.804 1997 651.00 -0.186
1988 1232.50 0.541 1998 1152.00 0.440
1989 705.46 -0.118 1999 430.50 -0.462
Average Annual Rainfall from 1980 to 1999 (In mm) 787.33

IMD Avg. Annual Rainfall (In. mm) 800.00

Table 5.2: Details of Rainfall for Una to Madhavpur Reach for the Years 1980 - 1999.

Graph Showing Yearly Average Rainfall And Departure From Normal For Una To Madhavpur Reach

Avg. Annual Rainfall (mm)
Departure From Normal

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Year i iAlerage Annual Rainfall In mm —— Departure from

Graph 5.6: Rainfall & " Departure from Normal for Una - Madhavpur

5.1.3 Madhavpur - Malia Coast

Data for rainfall of 21 years for Madhavpur to Malia is collected and analyze in the
table 5.3. Following graph is plotted to study the departure from normal rainfall.
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5.1.4 Taluka-wise Area Affected by Seawater Ingress, Fresh water & Rainfall

Taluka-wise data collected for rainfall, freshwater area and area affected due to
seawater intrusion 1992 - 2007 (table 4.9) and graphs are plotted to show
relationship between these parameters.

0ot>

Thousands
ol

—~
5]
T - 4
= , ,g
° H
g = E
|3} { =
g ° . £
< o c
« - &
o N o
< °
W
= -
- -
(=)
| Area Affected By Seawater Ingress | Fresh Water Area Rainfall
Taluka : Una
@ [e0]
2 %
(1]
2]
‘= 8
< £ S
? (o)
=
3 )
=
<
©
9]
et
<
- - -
I I I . I I I
11993 1994 1995 1996 1997 &8 1999 2001
| Area Affected By Seawater Ingress | Fresh Water Area —n— Rainfall
=g wn
0 1
e}
c 03 ‘I wn
c - B
g 1
— o 7 wn
ga° *:
= C —
- F o P: wE,
Q 1 c
= 1 &)
g 3 . =
E k1 2.
5 i ==
[ o F 2
ol , H P=—4
—
< [ F
1 L —

y -

1>
|
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5.2 Analysis of Medha Creek TR

5.2.1 Analysis of Rainfall in Medha Creek TR Area

V. P. PAREKH

Rainfall data from 1987 to 2003 is collected (table 4.10) and a graph 5.13
showing relationship between Rainfall, Cumulative departure from normal and

Average Rainfall is plotted.

1600

Station: MEDHA CREEK

2.00

Graph 5.13: Graph Showing Rainfall, Departure from Normal Rainfall & Average Annual Rainfall

Radial canals are constructed from
reservoir formed due to construction
of structure in the coastal belt and
progresses inland from its starting.
The initial depth of such canal is
nominal (sometimes less than 45
cm) and as it progress inland its
depth increases with distance (upto
510 10 m depending upon gradient).
Farmers irrigate their fields from
these canals. Because of porous
geological formation the percolation
rate from canals and fields is very
high. Due to deep percolation in
entire area set back of saline water
takes place. The above photograph
is of radial canal constructed from
reservoir of Medha Creek TR.

Plate 5.1 View of Radial Canal Constructed in Medha Creek TR area
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5.2.2 Graphs Showing Relation between Elevation, Area and Cumulative
Volume Stored for Medha Creek TR

Medha Creek Tidal Regulator
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Graph 5.14 to 5.16: Graphs Showing Relation between Elevation, Area & Cumulative Volume

(Refer Table 4.12)
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¥

5.2.3 Analysis of Pumping Test at Village Ambarama

Pumping test for a well situated in village Ambarama was carried out and aquifer
parameters like Permeability (K), Transmissibility (T) and Specific Capacity (C)
has been calculated.

Q.

5.2.3.1 Time - Drawdown Analysis

09:00 | 10.82 0.00 14 | 09:16 | 11.46 0.64 27 109:45 | 12.38 1.56
09:01 | 10.87 0.05 15 1 09:18 | 11.53 0.71 28 [ 09:50 | 12.47 1.65
09:02 | 10.91 0.09 16 | 09:20 | 11.59 0.77 29 [09:55 | 12.53 1.71
09:03 | 10.95 0.13 17 [ 09:22 | 11.66 0.84 30 [10:00 | 12.6 1.78

10.99 0.17 18 [ 09:24 | 11.72 6.90 31 | 10:05| 12.68 1.86
09:05 - 11.03 0.21 19 [ 09:26 | 11.79 0.97 32 110:10 | 12.74 1.92
09:06 | 11.07 0.25 20 | 09:28 | 11.86 1.04 33 110:15| 12.8 1.98
09:07 | 11.11 0.29 21 | 09:30 [ 11.93 1.11 34 |10:20 | 12.86 2.04
09:08 | 11.15 0.33 22 1 09:32 | 11.99 1.17 35 | 10:25 | 12.91 2.09
10 j 09:09 | 11.19 0.37 23 | 09:34 | 12.05 1.23 36 [ 10:30 | 12.97 2.15
11 ' 09:10 | 11.23 0.41 24 | 09:36 | 12,11 1.29 37 [10:35] 13.01 2.19
12 1 09:12 | 11.31 0.49 25 | 09:38 | 12.17 1.35 38 | 10:40 | 13.05 2.23

: : 10:45 | 13.09 | 2.27
10:50 | 13.13 2.31

I NI GIES I
o
D
o
X

(Refer Graph 5.17)

|

|
5.2.3.2 Recuperation Analysis

li
|
Maximum Drawdown S; = 2.31m (Refer Graph 5.18)

. No. L 5€ min

11 09:00 10.82 -

12 10:50 0 13.13 2.310

13 10:51 1 13.13 2.310 111.00000 | 1.000000

4 10:52 2 13.13 2.305 56.000000 | 1.002169
5 10:53 3 13.13 2.305 37.666667 | 1.002169
6 10:54 4 13.12 2.300 28.500000 | 1.004348
7 10:55 5 13.12 2.300 23.000000 | 1.004348
8 10:56 6 13.12 2.295 19.333333 | 1.006536
9, 10:57 7 13.12 2.295 16.714286 | 1.006536
10 10:58 8 13.11 2.290 14.750000 | 1.008734

111 10:59 9 13.11 2.290 13.222222 | 1.008734
12 11:00 10 13.11 2.285 12.000000 | 1.010941

113 11:02 12 13.10 2.280 10.166667 | 1.013158
14 11:04 14 13.10 2.275 8.8571429 | 1.015385

115 11:06 16 13.09 2.270 7.8750000 | 1.017621

| 147
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16 11:08 18 | 13.09 2265 | 74111111

1.019868

|

17 11:10 20 13.08 2.260 6.5000000 | 1.022124
118 11:12 22 13.08 2.255 6.0000000 | 1.024390
19 11:14 24 13.07 2.250 5.5833333 | 1.026667
120 11:16 26 13.07 2.245 5.2307692 | 1.028953
21 11:18 28 13.06 2.240 4.9285714 | 1.031250
122 11:20 30 13.06 2,235 4.6666667 | 1.033557
123 11:22 32 13.05 2.230 4.4375000 | 1.035874
24 11:24 34 13.05 2.225 4.2352941 | 1.038202
25 11:26 36 13.04 2.220 4.0555556 | 1.040541
26 11:28 38 13.04 2.215 3.8947368 | 1.042889
27 11:30 40 13.03 2.210 3.7500000 | 1.045249
28 11:35 45 _13.02 2.200 3.4444444 | 1.050000
29 11:40 50 13.01 2.190 3.2000000 | 1.054795
30 11:45 55 13.00 2.180 3.0000000 | 1.059633
31 11:50 60 12.99 2.170 2.8333333 | 1.064516
132 11:55 65 . 12.98 2.160 2.6923077 | 1.069444
133 12:00 70 12.97 2.150 2.5714286 | 1.074419
34 12:05 75 12.96 2.140 2.4666667 | 1.079439
35 12:10 80 12.95 2.130 2.3750000 | 1.084507
136 12:15 85 12.94 2.120 2.2941176 | 1.089623
37 12:20 90 12.93 2.110 2.2222222 | 1.094787
38 12:25 95 12.92 2.100 2.1578947 | 1.100000
39 12:30 100 12.91 2.090 2.1000000 | 1.105263
40 12:50 120 12.87 2.050 1.9166667 | 1.126829
41 13:10 140 12.83 2.010 1.7857143 | 1.149254
42 13:30 160 12.79 1.970 1.6875000 | 1.172589
43 13:50 180 12.75 1.930 1.6111111 | 1.196891
44 14:10 200 12.71 1.890 1.5500000 | 1.222222
145 14:30 220 12.67 1.850 1.5000000 | 1.248649
146 14:50 240 12.63 1.810 1.4583333 | 1.276243
47 15:10 260 12.59 1.770 - 1.4230769 | 1.305085
148 15:30 280 12.55 1.730 1.3928571 | 1.335260
149 15:50 300 12.51 1.690 1.3666667 | 1.366864
50 16:10 320 12.47 1.650 1.3437500 | 1.400000
51 16:30 340 12.43 1.610 1.3235294 | 1.434783
52 16:50 360 12.39 1.570 1.3055556 | 1.471338

Table 5.5: Analysis for the Recuperation Test at Vill. Ambarama

3.3 Results for Pumping Test

27.32485 m%/day 27.6111 m*/day

6.537045 m/day 6.6055 m/day

Table 5.6: Results of Pumping Test at Vill. Ambarama
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Well located at vilage Ambarama

INPUT

Dimensions:

Diameter of Well (dc) = 3.95 Meter

Area of Well (A) = 12.25417 Sq. Meter

Depths to:
water level (DTW) = 10.82 Meter

Base of Aquifer = 15.00 Meter

Type of Well: Open Well

Aquifer Material —  Weathered Basalt
FLOW RATE = 316.8 m3/d

ao
A
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A—
"o
o}
[}
=
£
=
E—
o
=
i
[a)
o
ol 10
TIME, Minute

Date: 05/01/2002
Time: 09:00

Aquifer thickness = 4.18
Slope = 2.1220

K = 6.53704514
T = 27.3248487

100

V. P. PAREKH

Meter
Meter/log10

Meter/Day
Meter2/Day

1000

Graph 5.17 Cooper-Jacob’s Log-Log Graph for Pumping Test Carried out at Village Ambarama
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Well located at village Ambarama

INPUT

Dimensions:

Diameter of Well (dc) = 3.95 Meter
Area of Well (A) = 12.25417 Sqg. Meter

Depths to:
water level (DTW) = 10.82 Meter

Base of Aquifer = 15.00 Meter

Type of Well: Open Well

Aquifer Material — Weathered Basalt
FLOW RATE = 316.8 m3/d

RESIDUAL DRAWDOWN, IN METER

Date: 05/01/2002
Time: 09:00

Aquifer thickness =4.18
Slope = 2.10

K = 6.6055285
T =27.611109

V. P. PAREKH

Meter
Meter/log10

Meter/Day
MeterVDay

Graph 5.18 Cooper-Jacob’s Log-Log Graph for Recuperation Test Carried out at Village Ambarama
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Recharge Rate Graph for Year 1999

Recharge Rate (mrrvDay
(o]
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10 100 1000
Cumulative Days

Recharge Rate Graph for Year 2000
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Recharge Rate Graph for Year 2002
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Graph 5.20 to 5.22: Log-Log Graph for Recharge Rate v/s Cumulative Days for Medha Creek TR -
Year 1999, 2000 & 2002
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Recharge Rate (mm/Day,

Cumulative Days
Graph 5.23: Log-Log Graph for Recharge Rate v/s Cumulative Days for Medha Creek TR - Year 2003
General equation for recharge rateis | = a T

Recharge rate Formula for Medha Creek Tidal Regulator

Intercepton Y Slope of graph

Year axis (Rech. Rate)
a P
1999 87.39 -0.5584
2000 86.349 -0.5259
2002 57.71 -0.4964
2003 80.444 -0.577
Average 77.973 -0.5394

Table 5.11: Recharge Rate Equation for Medha Creek TR

So Recharge Rate Equation, | = 77.973 toss04

Where |
T

Recharge Rate mm/Day
Time in Days

5.2.5 Geohydrological & Geochemical Analysis for Medha Creek TR

From the Geohydrological data collected from 42 wells surrounding the Medha
Creek TR, RWL maps (Map 5.1 to 5.5) are plotted to study the pre-monsoon &
post-monsoon groundwater flow pattern. Similarly from analyzed geochemical
parameters IsoChlor Map 5.6 to 5.10 are prepared to study the variation of
chloride in the study area. To study about fresh seawater intrusion in recent
years ion ratio maps of Na+/Cl- (Map 5.11 to 5.12) and CI-/(C03-+HCO03-) Map
5.13 to 5.15 is plotted. A section passing through the wells MDK-01, 02, 03, 04,
05, 06, 07, 08, 10, 11, 17, 16, 35 and 18 is plotted in map 5.16 to locate zone of
transition between freshwater and saline water.
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5.2.6 Interpretation of Geohydrological & Geochemical Maps for Medha Creek
l TR

5.2.6.1  Water Levels (Map 5.1 to 5.5)

Tatal rainfall of year 1995 was 393 mm and 2001 was 1372 mm. On the left
bl k and lower reaches of the right bank of the creek, Miliolite Limestone which
m%x highly cavernous in nature, occurs with thin alluvium cover. From Pumping
test permeability of the Miliolite Limestone in this area is calculated as 6.537045

myday.

Inj RWL Map for the May 1996, water level surrounding the reservoir area is

|low MSL in the range of 0 to (-4) m. that means there is a flow from reservoir
to; inland. Also it is seen that RWL on north end of TR is at MSL and in far north
end it is below MSL. The wells located very ciose to reservoir shows high RWL.
D&nng monsoon visit of the site it was observed that some wells were filled upto
Gg As compared to 1995 monsoon, 2001 monsoon was very good and rainfall
w:'s also 62% above normal. The reservoir was also remaining full for 251 days
onyear. RWL map of the year May 2002 is almost of the same pattern in general.
GW flow is from reservoir to surrounding. So there might be a chance of reversal
o%rr’}ydraulic gradient during low rainfall or drought years. To get aggregate view
diTerence in RWL for the seasons May 1994 & May 2002 is prepared. This map
shows an increase in RWL of 2 to 4m surrounding the reservoir area, which
shows effect of TR on building up of freshwater cushion in the coastal area by

arresting the GW flow.

5.2.6.2 Water Quality

Chloride (Map 5.6 to 5.10)

Isochlor map of Medha Creek TR for the season May 1996 shows zone of
trénsition (i.e Chloride ranges between 250 mg/l to 2500 mg/l) from NW to NE
part. On East side the Chioride content is high; more than 3750 mg/l. The area
nearer to coast shows very high Chloride content. There are two separate high
Chloride pockets. In May 2002 season, despite of very good preceding monsoon
the well no. MDK-42 and MDK-39 turns to be saline and both the pockets of high
Chloride in May 1996 get merged. So Chloride content has been increased from
SW to nearly East side of the structure. To get aggregate view difference in
Chloride for the seasons May 1994 & May 2002 is prepared. This map shows an
increase in Chloride content in northern and SE part by 1000 mg/], While the
East side of the reservoir shows an improvement in Chloride content and the
Chloride content has been reduced by more than 7000 mg/I.
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Ion Ratios

Wihen sea water intrusion occurs, some of the sodium cations are exchanged for
chlcium or magnesium in the aquifer sediments. This process lowers the sodium-
to, chloride ratio below sea water values (<0.86 molar) while enriching calcium
and magnesium.

M;ap 5.11 & 5.12 shows the sodium-to-chloride molar ratio for the seasons May
1996 & May 2002 respectively. Map 5.11 shows that entire area except east side
is| having ratio below the sea water value. The same was the situation in Map
5.12, which indicates the stagnant situation. Sea water is the only suspected
saurce of salinity in the area that would cause the sodium-to-chloride ratio to
drop below approximately 0.86 molar.

The chloride-to-bicarbonate ratio is useful in differentiating sea water intrusion
from salinity increases due to other sources. Sea water has a much higher
concentration of chloride and a lower concentration of bicarbonate than aquifer
fr| sh water. When the two waters mix, the ratio of chloride to bicarbonate in the
transition zone increases compared to the fresh water value. Map 5.13 to 5.15
s ;ows the chloride-to-bicarbonate molar ratio across the Medha Creek TR area. A
significant increase in the ratio occurs in 2002 on the SE side of the area as
campared to 1996 situation. There is some fresh water area located on NE
portion of the area, but it '-- also shows reducing trend. Map 5.15 shows
difference in chloride-to-bicarbonate ratio for the seasons May 1994 & May 2002,
which shows improvement (decrease in the ratio upto 40) in the chloride-to-
biicarbonate ratio for the area located in the upper reaches. But nearer to coast it
© “::increasegby 603?1’3% might be due to localized pumping of well.

Zone of Transition and Interface line for the Medha Creek TR area is demarcated
in| the sectional view (Map 5.16). Well MDK-18 (CI" = 192 mg/l) is located 5.9 km
inland from coast. Well MDK-05 (CI" > 2500 mg/l) is located 1.9 km inland from
coast. From sectional view it is visualize that zone of transition ranges from 1.9
ki to 5.9 km. The area having CI" >2500 mg/! is referred ; as seawater intruded
zgne that lies from coast to 1.9km inland and contour line of 2500 mg/l in

sectional view indicates probable seawater-freshwater interface.
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5.3 Analysis of Meghal Tidal Regulator

5.3.1 Analysis of Rainfall in Meghal TR Area

Rainfall data from 1991 to 2003 is collected (table 4.19) and a graph 5.24
showing relationship between Rainfall, Cumulative departure from normal and
Average Rainfall is plotted.

Station: MEGHAL TR

Rainfall In mm
-
Cumm. Depar. From Normal

a a s 8 s

Year I Rainfall in mm - Cumul. Dept from Normal
Graph 5.24: Graph Showing Rainfall, Departure from Normal rainfall & Avg. Annual Rainfall

5.3.2 Graphs Showing Relation between Elevation, Area and Cumulative
Volume Stored for Meghal TR

Meghal Tidal Regulator
Elevation v/s Area

Elevation (m)

Area (m )

Graph 5.25: Relation between Elevation v/s Area for Meghal TR (Table 4.22)
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Meghal Tidal Regulator
Elevation v/s Volume

E
c
2
@
>
2
w
3 4 5
Cumulative Volume Stored (m3) Millions
Graph 5.26: Relation between Elevation v/s Volume for Meghal TR (Table 4.22)
g l Meghal Tidal Regulator
= Area vis Volume
=
Q
E
©
o
<

1 1 1

3 4 5
Cumulative Volume Stored (mS3)

Millions

Graph 5.27: Relation between Area vi/s Volume for Meghal TR (Table 4.22)
5.3.3 Analysis of Pumping Test at Village Visanvel

Pumping test for a well situated in village Visanvel was carried out and aquifer
parameters like Permeability (K), Transmissibility (T) and Specific Capacity (C)
has been calculated.
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PH}L. THESIS

V. P. PAREKH

5.3.3' 1

Refer Graph 5.28

Time - Drawdown Analysis

1 9:00 22,15 0.000
2 9:01 22.20 0.050
3 9:02 22.25 0.100
4 9:03 22.30 0.150
5 9:04 22.35 0.200
6 9:06 22.45 0.300
7 9:08 22.53 0.380
8 9:10 22,61 0.460
9 9:13 22.70 0.550
10 9:16 22.76 0.610
11 9:20 22.85 0.700
12 5:25 22.97 0.820
13 9:30 23.11 0.960
14 9:35 23.27 1.120
15 9:40 23.43 1.280
16 9:50 23.70 1.550
17 10:00 23.95 1.800
18 10:15 24.35 2.200
19 10:30 24.77 2.620
20 10:45 25.10 2.950
21 11:00 25.55 3.400
22 11:15 25.93 3.780
23 11:30 26.30 4.150
24 11:45 26.63 4.480
25 12:00 26.99 4.840
26 12:15 27.27 5.120
27 12:30 27.51 5.360
28 13:00 27.91 5.760

Table 5.12: Time — Drawdown Analysis for the Pumping Test at Vill. Visanvel near Meghal TR
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Well located at village Visanvel

INPUT Date:  19/04/2002
Dimensions: Time: 09:00

Diameter of Well (dc) = 4.20 Meter

Area of Well (A) = 13.85442 Sq. Meter
Depths to: Aquifer thickness = 6.10 Meter
water level (DTW) = 22.15 Meter Slope = 2.02 Meter/log10

Base of Aquifer = 28.25 Meter

Type of Well: Open Well
K =7.1138522 Meter/Day

T = 43.038806 Meter2/Day
Aquifer Material —  Qaj Limestone
FLOW RATE = 475 m3/d

Drawdown, In Meter

NJ

1C00

TIME, Minute

Graph 5.28 Cooper-Jacob’s Log-Log Graph for Pumping Test Carried out at Village Visanvel
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5.3.3.2 Recuperation Analysis
(Maximum Drawdown S; = 5.76m - Refer Graph 5.29)

5'

09:00

43.0389 m?/day

40.4365 m?/day

1 == 22.15 - - -

2 13:00 0 27.91 —

3 13:01 1 27.85 5.700 241.00 | 1.010526
4 13:02 2 27.82 5.670 121.00 ;| 1.015873
5 13:03 3 27.78 5.630 81.00 | 1.023091
6 13:04 4 27.75 5.600 61.00 | 1.028571
7 13:05 5 27.72 5.570 49.00 | 1.034111
8 13:06 6 27.70 5.550 41.00 | 1.037838
9 13:07 7 27.68 5.530 35.29 | 1.041591
10 13:08 8 27.66 5.510 31.00 | 1.045372
11 13:10 10 27.63 5.480 25.00 | 1.051095
12 13:12 12 27.60 5.450 21.00 | 1.056881
13 13:15 15 27.56 5.410 17.00 | 1.064695
14 13:20 20 27.53 5.380 13.00 | 1.070632
15 13:25 25 27.51 5.360 10.60 | 1.074627
16 13:30 30 27.49 5.340 9.00 | 1.078652
17 13:40 40 27.41 5.260 7.00 | 1.095057
18 13:50 50 27.33 5.180 5.80 | 1.111969
19 14:00 60 27.26 5.110 5.00 | 1.127202
20 14:15 75 27.11 4.960 4.20 | 1.161290
21 14:30 90 27.00 4.850 3.67 | 1.187629
22 14:45 105 26.91 4.760 3.29 | 1.210084
23 15:00 120 26.82 4.670 3.00 | 1.233405
24 15:15 135 26.70 4.550 2,78 | 1.265934
25 15:30 150 26.58 4.430 2.60 | 1.300226
26 15:45 165 26.48 4.330 2.45 | 1.330254
27 16:00 180 26.38 4.230 2.33.] 1.361702
28 16:15 195 26.28 4.130 2.23 ] 1.394673
29 16:30 210 26.17 4.020 2.14 | 1.432836
30 17:00 240 26.00 3.850 2.00 | 1.496104
31 17:30 270 25.83 3.680 1.89 | 1.565217
32 18:00 300 25.67 3.520 1.80 | 1.636364

[able 5.13: Time - Recovery Analysis for the Recuperation Test at Vill. Visanvel near Meghal TR
3.3.3 Results for Pumping Test

7.1139 m/day

6.6837 m/day

Table 5.14: Results of Pumping Test at Vill. Visanvel
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Well located at village Visanvel

PH.D. THESIS
INPUT
Dimensions:
Diameter of Well (dc) = 4.20 Meter
Area of Well (A) = 13.85442 Sqg. Meter
Depths to:

water level (DTW) = 22.15 Meter

Base of Aquifer = 28.25 Meter

Type of Well: Open Well

Aquifer Material --  Gaj Limestone
FLOW RATE =475 m3/d

WDO\HNN,CIN MTTEF; | | N ‘

AD R(A

UAL

o T

1 10

Date: 19/04/2002
Time: 09:00

Aquifer thickness = 6.10
Slope = 2.15

K = 6.683712
T = 40.43646

(t+At)/At 100

V. P. PAREKH

Meter
Meter/log 10

Meter/Day
Meter2/Day

1,000

Graph 5.29 Cooper-Jacob’s Log-Log Graph for Recuperation Test Carried out at Village Visanvel
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PH.D. THESIS
Recharge Rate Graph for Year 1998
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Graph 5.31 to 5.33: Log-Log Graph for Recharge Rate v/s Cumulative Days for Meghal TR - Year

1998, 2000 & 2001
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Recharge Rate (mm/Day)

Graph 5.34: Log-Log Graph for Recharge Rate v/s Cumulative Days for Meghal TR - Year 2003

General equation for recharge rate is | = a T
Recharge rate Formula for Meghal Tidal Regulator

Intercepton Y Slope of graph

Year axis (Rech. Rate)
a P
1998 74.317 -0.4235
2000 95.194 -0.3685
2001 70.835 -0.3304
2003 76.315 -0.3389
Average 79.165 -0.3653

Table 5.19: Recharge Rate Equation for Meghal TR
So Recharge Rate Equation, I = 79.165 T03653

Where |
T

Recharge Rate mm/Day

Time in Days
5.3.5 Geohydrological & Geochemical Analysis for Meghal TR

From the Geohydrological data collected from 23 wells surrounding the Mehal TR,
RWL maps (Map 5.17 to 5.20) are plotted to study the pre-monsoon & post-
monsoon groundwater flow pattern. Similarly from analyzed geochemical
parameters IsoChlor Map 5.21 to 5.24 and 1soTDS Map 5.25 to 5.26 are prepared
to study the variation of chloride and TDS in the study area. To study about fresh
seawater intrusion or any leaching process in recent years ion ratio maps of
Na+Cl" (Map 5.27 to 5.29); (Mg++Ca+)/CI'* (Map 5.30 to 5.33); and CI7(C03'
+HCO3') Map 5.34 to 5.35 are plotted. A section passing through the wells 06, 02,
07, 09, 10, 11, 14 and 16 is plotted in map 5.36 to locate zone of transition
between freshwater and saline water.
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5.3.6 Interpretation of Geohydrological & Geochemical Maps for Meghal TR

53.64  WaterLevels (Map 5.17 to 5.20)

Total rainfall of year 1995 was 546 mm and 2001 was 909 mm. The rock
formation below the foundation of the structure is Miliolite Limestone. The
Miliolite Limestone is cavernous and pervious in nature. The thickness of this
formation is 25m near the coast and 2m inland. From Pumping test permeability
of the Gaj Limestone in this area found to be 3.1856 m/day.

Map 5.17, RWL for the May 1996, water level is found below MSL in the range of
0 to (-12) m. that means there is a flow from sea to inland or reverse hydraulic
gradient condition exists. Major decline is observed near the village Kanek and
Visanvel which falls under the Gaj Limestone geology. These villages were
famous for their Coconut productions before the intrusion of seawater. As
compared to 1995 monsoon, 2001 monsoon was very good and rainfall was also
14% above normal. RWL map of the year May 2002 Map 5.18 is almost of the
same pattern in general. In the year 2002 situation is more deteriorating. There
is centralized pumping (too high than other wells) observed surrounding the
wells 12 and 14, RWL in the area goes 17 m below MSL near the village Visanvel.
In Post monsoon maps 5.19 & 5.20 this well shows quite good improvement. The
RWL of this well in November 2002 was found to be (-2.5 m) as compared to
pre-monsoon observation May 2002. (-23.89m) which indicates an improvement
of about 21.40 m. It shows this well recharge and discharge at very fast rate.

5.3.6.2 Water Quality
Chloride (Map 5.21 to 5.24)

Isochlor map of Meghal TR for the season May 1996 shows chloride content more
than 2500 mg/l on both the sides of TR. While the water quality in the area
surrounding the village Visanvel is better as compare to coast. Well no. 14 which
shows very low RWL in May 1996 is having reasonable good water quality. The .
- area nearer to coast shows very high chloride content. Particularly from left
region of the structure intrusion takes place i.e. from Chorvad village side. Thisis
also visualizing in May 2002 map. May 2002 season shows improvement in water
quality as far as chloride in concerned. Area near the right bank of the TR is quite
improving. Moreover water quality inland the coast neat well 15 and 16 is also
improving and goes below 250 mg/l. In November 2002 also same pattern is
observed.

Also the same pattern is observed in Iso TDS and Sodium to Chloride ratio maps.
Generally, where the SIP structure is located, seawater is not invading the
freshwater aquifer. But here for this case on the left bank region the seawater
intrusion is taking place through the cavernous Miliolite Limestone geology. This
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can be stopped by construction of subsurface barrier parallel to coast so that
seawater can not intrude the freshwater aquifer.

From Iso TDS map (5.25 & 5.26) it is observed that 2000 mg/l TDS line is
around well no 13 which located at a distance of 1300 m from the MEGHALTR. It
indicates that beyond well no. 13 some freshwater zone starts or it indicates limit
of seawater intrusion inland. This is also revealed in subsequent analysis.

lon Ratios

Map 5.34 to 5.35 shows the chloride-to-carbonate & bicarbonate molar ratio
across the Meghal TR area. A significant in the ratio occurs in 2002 on the upper
reaches of the area near the wells 15 and 16. In these maps also high chloride to
carbonate & bicarbonate ratio observed on left region near village Chorvad.

Zone of Transition: The entire Meghal TR area is falling in this zone for the
season May 2002. This zone extends upto well no 16 which is located at a
distance of 2.15 km from structure. (Map 5.36).

5.4 Analysis of Mul Dwarka TR

5.4.1 Analysis of Rainfall in Mul Dwarka TR area

Rainfall data from 1991 to 2003 is collected (table 4.28) and a graph 5.35
showing relationship between Rainfall, Cumulative departure from normal and
Average Rainfall is plotted.

Station: Mul Dwarka TR & Barda Bandhara

Rainfall In mm
Cumm. Depar. From Normal

-1.50

Year ] Rainfall in mm - Cumul. Dept, from Normal

Graph 5.35: Graph Showing Rainfall, Departure from Normal rainfall & Avg. Annual Rainfall
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5.4.2 Graphs Showing Relation between Elevation, Area and Cumulative
Volume Stored for Mul Dwarka TR

Mul Dwarka Tidal Regulator
Elevation v/s Area

E
c
2
T
>
@
w
1 15
Area (MSm) Millions

Graph 5.36: Relation between Elevation v/s Area for Mul Dwarka TR (Table 4.30)

Mul Dwarka Tidal Regulator
Elevation v/s Volume

Elevation

1 15 2.5
Cumulative Volume Stored (MCM) Millions

Graph 5.37: Relation between Elevation v/s Volume for Mul Dwarka TR (Table 4.30)

Mul Dwarka Tidal Regulator
Area v/s Volume

Millions

0.5 1 15
Cumulative Volume Stored (MCM)

Graph 5.38: Relation between Area v/s Volume for Mul Dwarka TR (Table 4.30)
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5.4.3 Analysis of Pumping Test at Village Math

|
PU ping test for a well situated in village Math was carried out and aquifer
parameters like Permeability (K), Transmissibility (T) has been calculated.

5.?.3.1 Time - Drawdown Analysis

H

Refer Graph 5.39

9:00 | 3.90 | 0000 | 33| 9:50 5.17 1.270

1

2 9:01 3.93 . 0.030 34 9:52 5.21 1.310
3 9:02 3.96 " 0.060 35 9:54 5.24 1.340
4 9:03 3.99 0.090 36 9:56 5.28 1.380
5 9:04 4.02 0.120 37 9.58 5.31 1.410
6 9:05 4,06 0.160 38 10:00 5.34 1.440
7 9:06 4.10 0.200 39 10:05 541 1.510
I8 9:07 4.14 0.240 40 10:10 5.47 1.570
9 9:08 4.18 0.280 41 10:15 5.53 1.630
{10 9:09 4.21 0.310 42 10:20 5.59 1.690
i 1 9:10 4,24 0.340 43 10:25 5.64 1.740
12 9:11 4.27 0.370 44 10:30 5.69 1.790
I3 9:12 4.30 0.400 45 10:35 5.74 1.840
14 9:13 4,34 0.440 46 10:40 5.78 1.880
15 9:14 4.37 0.470 47 10:50 5.86 1.960
16 9:15 4.41 0.510 48 11:00 5.93 2.030
ih? 9:16 4,44 0.540 49 11:10 5.99 2.090
i8 9:17 4.47 0.570 50 11:20 6.04 2.140
o 9:18 4.50 0.600 5 11:30 6.08 2.180
20 9:19 4,52 0.620 52 11:40 C 612 2.220
21 9:20 4,54 0.640 53 11:50 6.15 2.250
22 9:22 4,59 0.690 54 12:00 6.18 2.280
23 9:24 4.64 0.740 55 12:10 6.21 2.310
24 9:26 4,69 0.790 56 12:20 6.24 2.340
25 9:28 4.74 0.840 57 12:30 6.25 2.350
26 9:30 4,79 0.890 58 12:40 6.28 2.380
27 9:32 4.83 0.930 59 12:50 6.30 2.400
28 9:34 4.87 0.970 60 13:00 6.31 2.410
29 9:36 4.92 1.020 61 13:10 6.32 2.420
30 9:38 4.96 1.060 62 13:20 6.33 2.430
31 9:40 5.00 1.100 63 13:30 6.33 2.430
32 9:42 5.03 1.130 13:40 6.34 2.440
Table 5.20: Time - Drawdown Analysis for the Pumping Test at Vill. MATH near Mul Dwarka TR
5
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Well located at village Math

INPUT

Dimensions:

Diameter of Well (dc) = 3.65 Meter

Area of Well (A) = 10.46347 Sq. Meter

Depths to:
water level (DTW) = 3.90 Meter

Base of Aquifer = 7.60 Meter

Type of Well: Open Well
Aquifer Material —  Milliolite Limestone
(Cavernous)

FLOW RATE = 496 m3/d

o
ul

Drawdown, In Meter

0
I

0.1 1

10

Date: 21/04/2002
Time: 09:00

Aquifer thickness = 3.70
Slope = 1.7630

K= 13.9169995
T = 51.4928982

100

TIME, Minute

V. P. PAREKH

Meter
Meter/log10

Meter/Day
MeterVDay

1000

Graph 5.39 Cooper-Jacob’s Log-Log Graph for Pumping Test Carried out at Village Math
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5.4.3.2 Recuperation Analysis

Maximum Drawdown S; = 2.440 m (Refer Graph 5.40)

1 9:00 - 3.90 - -

2 14:00 0 6.34 --= - -

3 14:01 1 6.31 2.410 301.00 1.012448
4 14:02 2 6.29 2.390 151.00 1.020921

5 14:03 3 6,27 2.365 101.00 1.031712

6 14:04 4. 6.25 2.345 76.00 1.040512

7 14:05 5 6.22 2.315 61.00 1.053996

8 14:06 6 6.19 2,290 51.00 -1.065502

9 14:07 7 6.16 2.260 43.86 1.079646
10 14:08 8 6.14 2.240 38.50 1,089286
11 14:09 9 6.11 2.210 34.33 1,104072
12 14:10 10 6.09 2.190 31.00 1.114155
13 14:11 11 6.07 2.165 28.27 1.127021
14 14:12 12 6.04 2.140 26.00 1.140187
15 14:13 13 6.01 2.110 24.08 1.156398
16 14:14 14 5.99 2.090 22.43 1.167464
17 14:15 15 5.95 2.050 21.00 1.190244
18 14:16 16 5.93 2.030 19.75 1.201970
19 14:17 17 5.90 2.000 18.65 1.220000
20 14:18 18 5.88 1.980 17.67 1.232323
21 14:19 19 5.86 1.960 16.79 1.244898
22 14:20 20 5.84 1.940 16.00 1.257732
23 14:22 22 5.79 1.890 14.64 1.291005
24 14:24 24 5.73 1.830 . 13.50 1.333333
25 14:26 26 5.70 1.800 12.54 1.355556
26 14:28 28 5.66 1.760 11.71 1.386364
27 14:30 30 5.62 1.720 11.00 1.418605
28 14:32 32 5.58 1.680 10.38 1.452381
29 14:34 34 5.54 1.640 9.82 1.487805
30 14:36 36 5.50 1.600 9.33 1.525000
31 14:38 38 5.47 1.570 8.89 1.554140
32 14:40 40 5.43 1.530 8.50 1.594771
33 14:42 42 5.40 1,500 8.14 1.626667
34 14:44 44 5.36 1.460 7.82 1.671233
35 14:46 46 5.33 1.430 7.52 1.706294
36 14:48 48 5.29 1.390 7.25 1.755396
37 14:50 50 . 5.27 1.365 7.00 1.787546
38 14:52 52 5.24 1.335 6.77 1.827715
39 14:54 54 5.21 1.305 6.56 1.869732
40 14:56 56 5.19 1.285 6.36 1.898833
41 14:58 58 5.15 1.250 6.17 1.952000
42 15:00 60 5.13 1.230 6.00 1.983740
43 15:05 65 5.05 1.150 5.62 2.121738
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| 44 15:10 4.98 1.080 5.29 2.259259
| 45 15:15 75 4,93 1.030 5.00 2.368932

46 15:20 80 4.89 0.990 4.75 2.464646
| 47 15:25 85 4.84 0.935 4.53 2.609626
. 48 15:30 90 4.79 0.885 4.33 2.757062
149 15:35 95 4,74 0.840 4.16 2.904762
| 50 15:40 100 4.70 0.800 4.00 3.050000
| 51 15:50 110 4.62 0,720 3.73 3.388889
| 52 16:00 120 4.55 0.650 3.50 3.753846
| 53 16:10 130 4,50 0.600 3.31 4.066667
| 54 16:20 140 4.45 0.550 3.14 4.436364

55 16:30 150 4.40 0.500 3.00 4.880000
| 56 16:40 160 4.36 0.460 2.88 5.304348
' 57 16:50 170 4.32 0.420 2.76 5.809524
58 17:00 180 4.29 0.390 2.67 6.256410
. 59 17:10 190 4.26 0.360 2.58 6.777778

60 17:20 200 4.24 0.335 2.50 7.283582
| 61 17:30 210 4.21 0.310 2.43 7.870968
| 62 17:40 220 4.19 0.290 2.36 8.413793

63 17:50 230 4.18 0.280 2.30 8.714286

Table 5.21: Time — Recovery Analysis for the Recuperation Test at Vill. MATH near Mul Dwarka TR
5.4.3.3 Results for Pumping Test
From the Pumping test following results were derived.

51.4930 m*/day

45.6191 m%/day

13.9170 m/day

12.3295 m/day

_Table 5.22: Results of Pumping Test at Vill. Math
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Well located at village Math

INPUT Date: 21/04/2002
Dimensions: Time: 09:00

Diameter of Well (dc) = 3.65 Meter

Area of Well (A) = 10.46347 Sqg. Meter
Depths to: Aquifer thickness = 3.70 Meter
water level (DTW) = 3.90 Meter Slope = 1.990 Meter/logl0

Base of Aquifer = 7.60 Meter

Type of Well: Open Well
K =12.329482 Meter/Day
T =45.619085 MeterVDay
Aquifer Material --  Milliolite Limestone
(Cavernous)

FLOW RATE = 496 m3/d

cn

RESIDUAL DRAWDOWN, IN METER

10 (t+AL)/AL 100 1,000

Graph 5.40 Cooper-Jacob’s Log-Log Graph for Recuperation Test Carried out at Village Math
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Graph 5.42 to 5.44: Log-Log Graph for Recharge Rate v/s Cumulative Days for Mul Dwarka TR -

Year 1999, 2001 & 2002
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Recharge Rate Graph for Year 2003

Recharge Rate (mm/Day)
0

10 100 1000
Cumulative Days

Graph 5.45: Log-Log Graph for Recharge Rate v/s Cumulative Days for Mul Dwarka TR - Year 2003

General equation for recharge rate is 1 = aTp

Recharge rate Formula for Mul Dwarka Tidal Regulator

Intercepton Y Slope of graph

Year axis (Rech. Rate)
a P
1999 98.143 -0.4199
2001 70.582 -0.3222
2002 95.803 -0.4689
2003 85.633 -0.3778
Average 87.540 -0.3972

Table 5.27: Recharge Rate Equation for Mul Dwarka TR

So Recharge Rate Equation,

| = 84.54 T 03972

Where | = Recharge Rate mm/Day
T = Time in Days

5.4.5 Geohydrological & Geochemical Analysis of Data Collected for Mul
Dwarka TR

From the Geohydrological data collected from 33 wells surrounding the Mul
Dwarka TR, RWL maps (Map 5.37 to 5.40) are plotted to study the pre-monsoon
& post-monsoon groundwater flow pattern. Similarly from analyzed geochemical
parameters IsoChlor Map 5.41 to 5.44 and IsoTDS Map 5.45 to 5.47 are
prepared to study the variation of chloride and TDS in the study area. To study
about fresh seawater intrusion or any leaching process in recent years, ion ratio
maps of Nat+/0" (Map 5.48 to 5.50) and (Mg++Ca+)/CI" (Map 5.51 to 5.52) are
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plotted. A section passing through the wells MD-01, 02, 03, 15, 16, 04, 05, 12,
07, 08, 18, 06, 19, 22, 27 and 30 is plotted in map 5.53 to locate zone of
transition between freshwater and saline water.
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Map 5.38: RWL Map for Mul Dwarka TR - May 1999
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Map 5.39: RWL Map for Mul Dwarka TR - May 2002
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Map 5.40: RWL Map for Mul Dwarka TR - November 1997
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Map 5.41: Iso ClI Map for Mul Dwarka TR - May 1997
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Map 5.42: Iso ClI Map for Mul Dwarka TR - November 1997
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Map 5.43: Iso Cl Map for Mul Dwarka TR - May 1999
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Map 5.44: Iso Cl Map for Mul Dwarka TR - May 2002
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Map 5.45: Iso TDS Map for Mul Dwarka TR - May 1997
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Map 5.46: Iso TDS Map for Mul Dwarka TR - November 1997
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Map 5.47: Iso TDS Map for Mul Dwarka TR - May 2002
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Map 5.48: Iso Na/Cl Ratio Map for Mul Dwarka TR - May 1997
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Map 5.49: Iso Na/Cl Ratio Map for Mul Dwarka TR - November 1997
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Map 5.50: Iso Na/Cl Ratio Map for Mul Dwarka TR - May 2002
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Map 5.52: Iso (Mg+Ca)/Cl Ratio Map for Mul Dwarka TR - May 2002
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5.4.6 Interpretation of Geohydrological & Geochemical Maps for Mul Dwarka
TR

5.4.6.1 Water Levels

Total rainfall of year 1996 was 1160 mm and 2001 was 568 mm. Outcrops of
highly cavernous Miliolite Limestone occur nearﬁthe site. From Pumping test
permeability of the Miliolite Limestone in this area“found to be 13.917 m/day.

(Map 5.37 to 5.40) In RWL Map for the May 1997, almost closed contour pf MSL
(0 m) is observed. Its distance from structure varies from 3900 m to 7300 m
inland. It indicates that upto approximately 5.0 km inland there is reversal of
hydraulic gradient. However on the both side TR this distance is very less. The
distance maximizes near the town Kodinar. One of the reasons is heavy
withdrawal of groundwater in and around the Kodinar town. It should be noted
that very famous Ambuja Cement Works factory and Kodinar Sugar Factory is
situated in the vicinity of Kodinar town. Jetty of Ambuja Cement Works is located
in the village Mul Dwarka itself in the vicinity of Mul Dwarka TR on left bank.
Moreover farmers of Kodinar and surrounding talukas are growing Sugarcane,
which requires ample irrigation water to grow and groundwater is the only handy
resource for all the above activities. The situation after monsoon season is quite
improving and watertable ranges between 0 to 5m nearer to the coasts shown in
map 5.40. In May 2002 the situation went more deteriorating and the line of MSL
(0 m) move further inland and approaches a distance of approximately 9500m.
Less rainfall in preceding season and high requirement of freshwater is the main
reason for this. On both the side of river there is decling’ "~ of watertable by 8 to
10m below MSL.

5.4.6.2 Water Quality
Chloride (Map 5.41 to 5.44)

Isochlor map of Mul Dwarka TR for the season May 1997 and 2002 shows zone
of transition (i.e CI" ranges between 250 mg/l to 2500 mg/l) from well MD-22 to
MD-03. Well MD-03 is at distance of 4600m from structure but from coast it is
located at a distance of 2000m, while well MD-22 is located at a distance of
7500m from coast. It means that transition zone extends between 2000m to
7500m from coast. There is no much more difference in water quality is observed
from 1997 to 2002, which reflects the efficacy of Mul Dwarka TR as far as
seawater intrusion is concern®and this structure ~ succeeds in maintainf?he
stagnant situation despite of variable & erratic rainfall. The same pattern is also
observed in IsoTDS map for the season may 1997 and May 2000. Line of 2000
mg/t TDS is passing almost at the same distance from coast, which indicated no
variation in water quality.
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lon Ratios

Map 5.48 to 5.50 shows the sodium-to-chloride molar ratio for the seasons May
1997 to May 2002.These maps shows no change in pattern of 0.86 molar line for
sodium-to-chloride ratio. The ratio is not found to be decreasing as compare to
1997. It indicates that there in no new seawater intrusion has taken place.
However in the upper reaches the sodium content is found to be very high. In
arid and semi-arid regions, as soil solution becomes concentrated through
evaporation or transpiration, the solubility limits of calcium carbonate and
magnesium carbonate are exceeded, with a corresponding increase in the
relative proportion of sodium in the soil solution. Hence, a part of exchangeable
calcium and magnesium is replaced by sodium, increasing the sodium content.

Zone of Transition and Interface line for the Mul Dwarka TR area is developd in
the Map 5.53 Well MD-27 (Cl = 192 mg/l) is located 9 km inland from coast. Well
MD-03, MD-04 & MD-15 (Cl > 2500 mg/l) are located at an average distance of
2.0 km inland from coast. From sectional view it is visualize™ that zone of
transition ranges from 2.0 km to 9 km. The area having CI>2500 mg/l is termed
| as seawater intruded zone that lies from coast to 2km inland and contour line of
2500 mg/l in sectional view indicates probable seawater-freshwater interface.

5.5 Analysis of Barda Bandhara

5.5.1 Graphs Showing Relation between Elevation, Area and Cumulative
Volume Stored for Barda Bandhara

Barda Bandhara
Elevation v/s Area

Elevation (m)

Graph 5.46: Relation between Elevation v/s Area for Barda Bandhara (Table 4.36)
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Graph 5.47: Relation between Elevation v/s Volume for Barda Bandhara (Table 4.36)
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Graph 5.48: Relation between Area v/s Volume for Barda Bandhara (Table 4.36)
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Recharge Rate Graph for Year 2001
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Graph 5.50 to 5.52: Log-Log Graph for Recharge Rate v/s Cumulative Days for Barda Bandhara *
Year 1999, 2001 & 2002
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Recharge Rate (mm/Day)

Graph 5.53: Log-Log Graph for Recharge Rate v/s Cumulative Days for Barda Bandhara - Year 2003

General equation for recharge rate is 1| = a Ty

Recharge rate Formula for Barda Bandhara

Intercepton Y Slope of graph

Year axis (Rech. Rate)
a P
1999 84.059 -0.4314
2001 69.995 -0.3338
2002 69.391 -0.3611
2003 57.051 -0.305
Average 70.124 -0.3578

Table 5.32: Recharge Rate Equation for Barda Bandhara

So Recharge Rate Equation, | = 70.124 T'0,3578

Where | = Recharge Rate mm/Day
T = Time in Days

5.5.3 Geohydrological & Geochemical Analysis of Data Collected for Barda
Bandhara

From the Geohydrological data collected from 16 observation wells surrounding
the Barda Bandhara, RWL maps (Map 5.54 to 5.56) are plotted to study the pre-
monsoon & post-monsoon groundwater flow pattern. Similarly from analyzed
geochemical parameters IsoChlor Map 5.57 to 5.59 and IsoTDS Map 5.60 to 5.62
are prepared to study the variation of chloride and TDS in the study area. To
study about fresh seawater intrusion or any leaching process in recent years, ion
ratio maps of Nat/Cl' (Map 5.63 to 5.65) and (Mg++Ca+)/Cl' (Map 5.66 to 5.68)
are plotted.
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5.5.4 Interpretation of Geohydrological & Geochemical Maps for Barda
Bandhara

|
: 4.1 Water Levels
|
To: al rainfall of year 1996 was 1160 mm and 2001 was 568 mm. Outcrops of
highly cavernous Miliolite Limestone occur near the site. From Pumping test
pef:rmeability of the Miliolite Limestone in this area found to be 13.917 m/day.

|
Basically Bandhara structures are constructed on small local rivers, streams or
cr%éeks. Observation wells surrounding these structures covers very small area

and seawater intrusion is far beyond the area covered.

]
b e B N A

e RWL Map for the May 1997 to November 2001 the trend shows reversal of
draulic gradient. Even after the monsoon this trend is observed which indicates
avy withdrawal of groundwater from aquifers. Barda Bandhara is located just 6
1 on left hand (West) side of Mul Dwarka TR. So here also heavy withdrawal of
sundwater takes place due to industries and irrigation.

x T T

[(n]

(4

24,2 Water Quality

0
=

loride

4]

ituation with reference to Chloride content in the freshwater is deteriorating in
vember 2001 as compare to May 1997. Well B-13 and B-12 has low Chloride
ntent because of its vicinity to river Shingoda. Similar pattern is observed for
) TDS map Nearer to river Shingoda the TDS is seen in limit but as the distance
West side of river Shingoda increases TDS is also increases.

=
o

0
o

O e
3 @

n Ratios

-
o

p 5.63 to 5.68 shows ionic ratio maps for sodium-to-chloride molar ratic and
agnesium + Calcium) to Chloride molar ratio. In this map positive sign that
hough it is observed that Chloride is increasing as compare to 1997 these
raFios are also observed to be increasing in 2002 as compare to 1997 which
insiicates that process of marine sediments leaching is going on.

1

2=
c— 4&‘4
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5.6 Analysis of Shardagram Bandhara

5.6.1 Analysis of Rainfall in Shardagram Bandhara Area

Rainfall data from 1980 to 2003 is collected (table 4.40) and a graph 5.54
showing relationship between Rainfall, Cumulative departure from normal and

Average Rainfall is plotted.

Station: Sheriaj

Cumm. Depar. From Normal

JD*
AN NANAN FREEHEHESH?H/
Year ] Rainfall in mm —e— Cumul. Dept, from Normal - AAR

Graph 5.54: Graph Showing Rainfall, Departure from Normal rainfall & Avg. Annual Rainfall

5.6.2 Graphs Showing Relation between Elevation, Area and Cumulative
Volume Stored for Shardagram Bandhara

Shardagram Bandhara
3.00 Elevation v/s Area

Elevation (m)

Graph 5.55: Relation between Elevation v/s Area for Shardagram Bandhara (Table 4.42)
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Shardagram Bandhara

= Elevation v/s Volume
—_
E 3°
C
9 == O
o)
©
>
@
w
SO
35
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o

Graph 5.56: Relation between Elevation v/s Volume for Shardagram Bandhara (Table 4.42)

Shardagram Bandhara
Volume v/s Area

Millions
cOo
cn

ho
cn

cn

0
cn

Cum. Volume (MCM)

0.5 1 1.5 2
Area (MSm)

Millions

Graph 5.57: Relation between Volume v/s Area for Shardagram Bandhara (Table 4.42)
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5.63 Analysis of Pumping Test at Village Langodra
Pu:lnping test for a well situated in village Langodra was carried out and aquifer-
pezameters like Permeability (K), Transmissibility (T) has been calculated.

|
|
> 3.1 Time ~ Drawdown Analysis
|

1 10:10 10.82 0.000 17 10:32 | 11.66 0.840
2] 10:11 10.87 0.050 18 10:34 | 1172 0.900
3 10:12 10.91 - 0.090 19 10:36 | 11.79 0.970
4 10:13 10.95 0.130 20 10:38 | 11.86 1.040
5 10:14 10.99 0.170 21 10:40 | 11.93 1.110
6! 10:15 11.03 0.210 22 10:42 | 11.99 1.170
7 10:16 11.07 0.250 23 10:44 | 12,05 1.230
8 10:17 11.11 0.290 24 10:46 | 12.11 1.290
9 10:18 11.15 0.330 25 10:48 | 12.17 1.350
10 10:19 11.19 0.370 26 10:50 | 12.23 1.410
11 10:20 11.23 0.410 27 10:55 | 12.38 1.560
12 10:22 11.31 0.490 28 11:00- | 12.53 1.710
13 10:24 11.39 0.570 29 11:05 | 12.68 1.860
14 10:26 11.46 0.640 30 11:10 | 12.83 2.010
15 10:28 11.53 0.710 31 11:15 | 12.98 2.160
16 10:30 11.59 0.770 32 11:20 | 13.13 2.310

Table 5.33: Time — Drawdown Analysis for the Pumping Test at Vill. Langodra near Shardagram
! Bandhara (Refer Graph 5.58)

5.6.3.2 Results for Pumping Test

From the Pumping test following results were derived.

ssil 52.911 m?*/day
rmeabil 9.8347 m/day

Table 5.34: Results of Pumping Test at Vill. Langodra

5.6.4 Calculation of Recharge Rate, Volume of water Stored & Volume of Water
Recharged for Shardagram Bandhara

Rainfall, Water-level fluctuation and evaporation rate for every week at
Shardagram Bandhara was observed for four years and tabulated in table 4.44
Using these data in conjunction with elevation storage data, recharge rate in
mjr]n/day is worked out (Table 5.35 to 5.38). From the results obtained, graph
5.59 of Recharge rate v/s time is drawn and Cumulative days v/s recharge rate
gr?ph for each year is plotted on log-log graph (5.60 to 5.63) to get recharge
raf:e equation.
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Well at Village: Langodra, Tal: Mangrol

INPUT

Dimensions:

Diameter of Well (dc) = 3.95 Meter
Area of Well (A) = 12.25417 Sq. Meter

Depths to:
water level (DTW) = 10.82 Meter

Base of Aquifer = 16.20 Meter

Type of Well: Open Well
Aquifer Material --  Milliolite Limestone
(Cavernous)

FLOW RATE = 613.44 m3/d

NO
o1

Drawdown, In Meter

0
o1

0.1 1 10

Date: 03/01/2002
Time: 10:10

Aquifer thickness = 5.38
Slope = 2.1220

K =9.8347292
T =52.910843

100

TIME, Minute

V. P. PAREKH

Meter
Meter/log 10

Meter/Day
Meter2/Day

1000

Graph 5.58 Cooper-Jacob’s Log-Log Graph for Pumping Test Carried out at Village Langodra
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Recharge Rate Graph for Year 1998
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Graph 5.60 to 5.62: Log-Log Graph for Recharge Rate v/is Cumulative Days for Shardagram
Bandhara - Year 1998, 2000 & 2001

278



PH D. THESIS V. P. PAREKH

Recharge Rate Graph for Year 2003

Recharge Rate (mm/Day)

4

10 100 1000
Cumulative Days

Graph 5.63: Log-Log Graph for Recharge Rate v/s Cumulative Days for Shardagram Bandhara - Year
2003

General equation for recharge rate is | = a Ty

Recharge rate Formula for Shardgram Bandhara

Intercept on Y Slope of graph

Year axis (Rech. Rate)
a P
1998 106.34 -0.2427
2000 147.27 -0.2956
2001 132.5 -0.2523
2003 105.34 -0.2634
Average 122.8625 -0.2635

Table 5.39: Recharge Rate Equation for Shardagram Bandhara
So Recharge Rate Equation | = 122.8625 T’02635

Where | = Recharge Rate mm/Day
T = Time in Days

5.6.5 Geohydrological & Geochemical Analysis of Data Collected for
Shardagram Bandhara

From the Geohydrological data collected from 32 observation wells surrounding
the Shardagram Bandhara, RWL maps (Map 5.69 & 5.70) are plotted to study
the pre-monsoon & post-monsoon groundwater flow pattern. Similarly from
analyzed geochemical parameters IsoChlor Map 5.71 to 5.72 and IsoTDS Map
5.73 to 5.74 are prepared to study the variation of chloride and TDS in the study
area. To study about fresh seawater intrusion or any leaching process in recent
years, ion ratio maps of Na+/CT (Map 5.75 to 5.76) are plotted.

279



/66T Ae - eleypueg welibepieys o) dew 1My :69°'S denw
0004 0009 000§ 000v 000¢g 000¢ 000T

OCD8

HM3dvd 'd ‘A SIS3HL ‘A'Hd



200z AeN . ereypueg weibepreys 1o) de 1My :0L°G dew
0002 0009 000s 000 000¢ 000¢ 000T

HM3dvd d 'A .
SIS3HL ‘'A’Hd



8¢

166T Ae - ereypueg welbepreys 1oj de [ os| :T2'G dey
000. 0009 000S 000t 000¢ 000¢ 000T

OOOfr 000C 0003 0001

0009

HY3YVd d 'A SISdHI a Hd



2002 felN - ereypueg weibepreys 1oj dey | 0s| :g2'S depy
000. 0009 000S 000V 000¢ 000¢ 000T

o8 ocooB

HX d”
34vd 'd ‘A SIS3HL "A’Hd



/66T Ae . ereypueg weibepreys Joj dew sal os| :g2's dew
0002 0009 0005 000y 000¢€ 000¢ 000T 0

00017 000C 0002 0001.

000S

HX34dvd d 'A SIS3HL 'A'Hd



200z Ael\ . eseypueg welbepreys Joj de sal os| ‘y2'g deiy
000. 0009 000s 000t 000¢ 000¢ 000T

HM3dvd 'd ‘A .
SIS3HL 'A’Hd



HX34dvd d 'A

0002

0009

166T Ae|N - eleypueg welbepleys 10} depy |D/eN 0s| :G/°G den

000S

000¥

000€

000¢

000T

cO©

ooo8

-r*

SIS3HL ‘A'Hd



z00z Aey - ereypueg welibepleys Jo) dew [D/eN 0S| :92'G dep
0002 0009 000s 000t 000¢€ 000¢ 000T

oo oo

HY¥3dvd 4 AT -
SISTHL 'd'Hd



PH.D. THESIS V. P. PAREKH

5.6.6 Interpretation of Geohydrological & Geochemical Maps for Shardagram
! Bandhara

5.(:5.6.1 Water Levels (Map 5.69 to 5.70)

|
TojLal rainfall of year 1996 was 1078 mm and 2001 was 771 mm. Coastal sand is
d 'Losited in the form of sand dunes, occurring along the sea-coast which

‘: nds upto Khodada - Nes village on left bank of the bandhara. The Miliolite
L:rL')estone which in highly cavernous in nature is the major geological formation
encountered underlying the thin soil cover and the sand dunes. From Pumping
te%t permeability of the Miliolite Limestone in this area found to be 9.8347
m!(day.
As compared to RWL Map for the May 1996, water level in May 2002 is
decreasing by 3 to 4m inland. In May 1997 there is reversal of hydraulic gradient
wf?ile in May 2002 increased more. This Bandhara is located on western side of
Meghal TR. The geographic distance between these two structures is nearly 11

. In Meghal TR analysis, it has been observed that on western side intrusion is

mpre In this patch in Miliolite Limestone is found to be highly cavernous so rate
of intrusion will also increases.

5 6.6.2  Water Quality

i

CTlorlde (Map 5.71 t0 5.72)
|

Situation with reference to Chloride content in the freshwater is deteriorating in
2002 as compare to May 1997. Similar pattern is observed for IsoTDS map
( .ap 5.73 to 5.74)
Méap 5.75 to 5.76 shows ionic ratio maps for sodium-to-chloride molar ratio In
this map positive sign that although it is observed that Chloride is increasing as
compare to 1997 these ratios are also observed to be increasing in 2002 as
compare to 1997 which indicates that process of marine sediments leaching is
gaing on.
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According to Revelle’s Classification (1941) if Chloride to carbonate and
bicarbonate ratio in value is found below 2.0 it will be slightly contaminated
groundwater. (ion concentration expressed in meg/I).

If lthe value is above 25 it is considered as highly contaminated groundwater.
|
Between 2 to 25 there are various categories of contaminated groundwater.

e consider about chloride content in a water sample than, if in a groundwater
sample CI" < 250 mg/I (i.e. CI' < 7 meq/l) it will be a fresh groundwater. If in a
grbundwater sample CI" > 2500 mg/l (CI" > 70 meq/!) it will be considered as
hi [ hly contaminated groundwater.

Sa groundwater samples can be broadly classified as follows.

7 meq/1<CI'<70

CI'< 7 meq/I CI'>70 meq/I|
meq/]
Water sample in
Fresh Water wansit
nsition zone Brackish water
samples

Water sample in Water samiple in
transition zone transition zone’

2<Ratio<25

Ratio>25 Brackish water samples

Table 5.40: Classification of Groundwater Samples on the Basis of Chioride to Carbonate and
Bicarbonate Ratio and CI- (in meg/l)

Oh the basis of above explanation I have plotted Log-Log graph of Chloride to
carbonate and bicarbonate ratio v/s CI" (in meg/Il). On this graph I have plotted
ter samples for two different years and tried to show the trend of

=

3

improvement/deterioration in quality of water sample with reference to previous
year. Also on this graph I have plotted value of seawater for Chloride to
C ’%bonate and bicarbonate ratio v/s CI' (in meg/l). I have shown a trend lines for

Do

different years of data plotted which shows direction towards seawater point.
Refer graph 5.64 to 5.68. With the help of this graph instantaneous judgment of
gH undwater quality in coastal area with reference to any other previous sample
tai en on the same well can easily be made without preparing any geochemical
méps of entire area.
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Log - Log Graph - Cl v/s CI/(CO3+HCO03) Ratio Medha Creek TR

Cl/(CO3+HCO03) Ratio

01 - ! !
1 7 10 70 100 1000

Chloride (epm) + May-96 = May-02 A Seawater

Graph 5.64: Log - Log Graph of Chloride to Carbonate and Bicarbonate Ratio v/s CI- (in meg/l) - for
Medha creek TR Area

In graph 5.64 for Medha Creek TR the blue dots plotted is water samples
collected from the observation wells for the year 1996 with a blue trend line,
while violet colour dots plotted are water samples collected from the observation
wells for the year 2002 with violet trend line. It is observed from the graph that
more violet dots are moving downwards which shows quality improvement. Also
the trend line is shifted downwards. The trend of shifting water samples in
transition zone is observed.

Log - Log Graph - Cl v/s CI/(C03+HCO03) Ratio Meghal TR

Seawater
A

Brackish Water ., e
pa
.g [ RS
©
o
— *
3 -
8 Transition Zone
T
+
™ [ ]
o
O
= *
O
Fresh Water
1 7 10 70 100 1000
Chloride (epm) + May-97 . May-02
A Seawater A May-91

Graph 5.65: Log - Log Graph of Chloride to Carbonate and Bicarbonate Ratio v/s CL (in meg/l) - for
Meghal TR Area
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From graph 5.65 for Meghal TR it is observed that more violet dots are moving
upwards which shows quality deterioration. Also the trend line in 2002 is shifted

upwards as compared to 1991 and 1997.

Log - Log Graph - Cl v/s CI/(CO3+HCO03) Ratio Mul Dwarka TR

CI/(CO3+HC03) Ratio

7 10 100 1000
Chloride (epm) + May-97 = May-02 A Seawater

Graph 5.66: Log - Log Graph of Chloride to Carbonate and Bicarbonate Ratio v/s CL (in meq/l) - for
Mul Dwarka TR Area

From graph 5.66 for Mul Dwarka TR it is observed that more violet dots are
moving downwards in the transition and freshwater zone which is positive impact
of Mul Dwarka TR. It shows quality improvement. Also the trend line in 2002 is
same as it was in 1997 that indicates stagnant situation with quality
improvement in certain wells.

Log - Log Graph - Cl v/s CI/(C03+HCO03) Ratio Barda Bandhara

Seawater

A
Brackish Water -
i)
©
o
) " *
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T
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o
o
\\: L ]
(@]
*
Fresh Water
7 10 70 100 1000
Chloride (epm) + May-97 = May-02 a Seawater

Graph 5.67: Log - Log Graph of Chloride to Carbonate and Bicarbonate Ratio v/s CI* (in meg/l) - for
Barda Bandhara Area
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From graph 5.67 for Barda Bandhara it is observed that more violet dots are
moving upwards which shows quality deterioration. Also the trend line in 2002 is

shifted upwards as compared to 1997.
Log - Log Graph - Cl v/s CI/(C03+HCO03) Ratio Shardagram Bandhara

Seawater

Brackish Water

Transition Zone

CIl/(C03+HCO03) Ratio

Fresh Water

10 70 100 1000

Chloride (epm) + May-97 1 May-02 4 Seawater

Graph 5.68: Log - Log Graph of Chloride to Carbonate and Bicarbonate Ratio v/s Cl- (in meqg/l) - for
Shardagram Bandhara Area

From graph 5.68 for Shardagram Bandhara it is observed stagnant situation
within reference to year 1997. Both the trend lines are overlapping each other

which indicates no improvement no deterioration condition. The structure is able
to maintain the 1997 condition which is considers positive impact of the

structure.
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5.8 Effect on Crop Production

% Change in Crop Production in Noli Basin

No./Tree/Year, Qtl/Ha, %
Change

Coconut Groundnut Wheat

Crop 01992 02003 0% Change

Graph 5.69: % Change in Crop Production in Noli Basin

% Change in Crop Production in Meghal Basin

Coconut Groundnut Wheat Millet

Crop 01988 D2003 0% Change

Graph 5.70: % Change in Crop Production in Meghal Basin
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Graph 5.71: % Change in Crop Production in Shingoda Basin
% Change in Sugarcane Production in Shingoda Basin
fco
550 D1988
e I 2003
[} 1% Change
o
S =
e
(@]
3
Sao
]
I
~~
3 gaD
abD

Crop Sugarcane

Graph 5.72: % Change in Sugarcane Production in Shingoda Basin
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