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INTRODUCTION

The Crop Diversification and Irrigation Project (CDI)
started functioning officially irom October 1935, to
reinforce the institutional capacity of Agro-21 Corporation
Limited to promote and develop private commercial
agricultural investment in Jumaica. One of the activities
of the CDI project was to rehabilitate and construct
irrigation infrastructure such as wells, canals, pumping
stations, fencing and storage facilities. On the
reorgarization of the activities of the Agro-21 Corporation
Limited, with effect from April 1, 1989, the CDI project was
merged with the National Irrigation Commission. The area of
activity is a part of the St. Catherine Plains mostly on the
western outskirts of Kingston where it is divided into five
(5) sub-areas which are designated as Project - A, Project -

B, Project - C (Horticulture), Project-C (small farmers'
area) and Project-E. Other areas of small farmer activity
include Hill-Run, and Bushy Park. The Hydrogeologist

workiig with the project executed the programme of
rehabilitating the old wells and constructing the new ones
and also carried out other hydrogeological activities all of
which are indicated below:

a) Three old wells in Project-A were rehabilitated in
late 1985.
b) Fourteen (14) wells were constructed in Projects -

A, B, C (Horticulture) and E during the period
September, 1985 to February, 1988.

c) Six (6) old wells in Project-E and two (2) old
wells in Project-C (small farmers' area) were
tested for their yield and quality of water during
the period April, 1987 to February, 1988.

d) Four (4) observation wells were constructed in
coastal area to the east, south-east and south of
the project areas and one in the Hill-Run area to
monitor the quality of groundwater.

e) Two (2) exploratory wells were drilled in the
Hill-Run area tapping the limestone aquifer.

f) Water levels and quality of groundwater in the
general area were monitored.



As specified in the project document, envircnmental
monitoring of the project activities will -be the
responsibility of the Underground Water Authority which will
include monitoring of:

a) Water quality with respect to both salinity and
contamination by pesticides and other pollutants.

b) Groundwater extraction.

Monitoring of groundwater levels is necessary to relate any
changes in the quality of groundwater with extraction.
Monitoring of water levels and the quality of groundwater
and preparation of respective project reports were done in
collaboration with Underground Water Authority.

Major hydrological work carried out has been described in
the following reports:

1. Ramanamurty, D.V. December, 1988. A report on the
groundwater resources of horticulture Project-C, Caymanas_area,
St. Catherine Plains. Land Utilization Department, Agro-21
Corporation Limited, Kingston.

Contains reports on the construction, development and testing of
two wells viz. Watson Grove #3 and Riversdale #1 and the
recommended rates of extraction of groundwater from these wells,
Describes the chemical characteristics of water required for use
in horticulture and the suitability of groundwater in the area
for this purpose.

2. Ramanamurty, D.V., and B. Fernandez. March, 1989. A
report on the salinity of and groundwater in the alluvial -
aquifer in parts of Bernard Lodge and Caymanas Areas and the
adjoining coastal area, St. Catherine Plains. Land Utilization
Department, Agro-21 Corporation Limited, Kingston.

Contains chemical analyses data of groundwater from 38 wells in
the area; historical data from 1963 to 1982 and recent data from
1985 to 1988; shows areas of groundwater contamination with sea
water and other pollutants.



3. Ramanamurty, D.V. May, 1989. A report on the groundwater
resources of Project-A, Bernard Lodge area, St. Catherine Plains.
National irrigation Commission, Kingston,

Contains reports on testing of one old well, Half Way Tree #6,
reconstruction, development and testing of three old wells, Half
Way Tree #4, #5 and Cookson #3 and construction, development and
testing of five new wells, Half Way Tree #2, Cookson #4,
Newlands #2, #2A and #3, recommended rates of groundwater
extraction from the wells, chemical characteristics of water
required for irrigation and the suitability of groundwater for
this purpose.

4. Ramanamurty, D.V. July, 1989. A report on the
groundwater resources of Project-B, Caymanas area, St. Catherine
Plains. National Irrigation Commission, Kingston.

Contains reports on the construction development and testing of
wells, Cowpark-A, North Syndicate #2, South Syndicate #2, Naggo
Head and Guinep Pen and testing of old well, Cedar Grove #2,
recommended rates of groundwater extraction from the wells,
chemical characteristics of water for irrigation and suitability
of groundwater in the area for this purpose.

5. Ramanamurty, D.V. July, 1989. A report on the
groundwater resources of Project-E, Bernard Lodge area,
St. Catherine Plains. National Irrigation Commission, Xingston,

Contains reports on the construction, development and testing of
three new wells Goshen #3A, Clifton #B, and Clifton #5 and
testing of 6 old wells, Limetree #1, Government Park, Clifton #3
Congrieve Park #4, Salt Pond #7, and Reidspen #1, recommended
rates of groundwater extraction from the wells, chemical
characteristics of water required for irrigation and suitability
of groundwater in the area for this purpose.

6. Ramanamurty, D.V. July, 1989. A report on the
groundwater resources cf Project-C (small farmers areal, Caymanas
area, St. Catherine Plains. National Irrigation Commission,
Kingston.

Contains reports on testing of two old wells, Phoenix Park #1
and #3 and drilling of five coreholes, Lawrencefield, Riversdale
#2 and #3 Cowpark B and C.



7. Ramanamurty, D.V., K. Mulchansingh and B. Fernandez.
July, 1989. A report on the ground water levels in parts of
Bernard Lodge and Caymanas areas and adjoining coastal area,
St. Catherine Plains. National Irrigation Commlssion, Kingston.

Contains water level data and hydrographs for 27 wells and
descriptions on the fluctuations in water levels.

8. Ramanamurty, D.V., and B. Fernandez. July, 1989. A note
on the salinity of and groundwater from Riversdale $#1 well,
Caymanas area, St. Catherine Plains. National Irrigation
Commission, Kingston.

Contains chemical analyses results of water samples collected
from Riversdale #1 well from August, 1986 to March 1989 and
description on the changes in the guality of groundwater with
pumping time. Attempts to explain the unusually high
concentrations of sodium and chloride in water just at the
beginning of pumping.

9. Ramanamurty D.V.and B. Fernandez. July, 1989. A note
on the water levels and quality of groundwater from the observation
well at Hill-Run, St. Catherine Plains. National Irrigation
Commissicn, Kingston.

Contains water level data, hydrographs and chemical analyses
results of water samples from the Hill-run observation well,

Reports on the construction of five (5) observation wells along
the coast and in the Hill-Run area, and on the drilling of two
(2) exploratory wells tapping the limestone Aquifer in the
Hill-Run area and on the organic contamination of groundwater in
parts of Bernard Lodge area have been issued by the Underground
Water Authority under the titles listed below:

1. Fernandez, B. January, 1988. The drilling of monitoring
wells, South St. Catherine. Underground Water Authority,
Kingston.

The Crop Diversification Project on the South St. Catherine
alluvial plains, required high quality groundwater, necessitating
the replacement of older sand pumping wells. The quality of ground-
water must remain high and the monitoring well network is one early
warning system put in place to detect any changes in groundwater
quality. The five monitoring wells are aligined in a crescent between
the well field and the sea. Multi-level (piezometers) and single
level completion using 3" O pvc have been constructed.

2. Fernandez, B. July, 1988. Well completion report,
Hill-Run Drive #1, exploratory Well, South St. Catherine.
Underground Water Authority, Kirgston.
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Contains drilling, and testing information. The hole was
drilled down to 200 ft. Groundwater from the well was highly
saline in the deep zone and moderately saline in the top zone.
The well was abandoned.

3. Fernandez, B. August 1988. Well completion report,
Pepper Pot Drive exploratory weil #2, Hill Run area, St. Catherine.
Underground Water Authority, Kingston.

Contains drilling and testing information. The hole was drilled
down to 80 ft. Testing could not be completed due to caving of
the hole and it was abandoned.

4. Fernandez, B. and D.V. Ramanamurty. July 1989. Ground-
water monitoring for organic contamination. Bernard Lodge, St.
Catherine Plains. Underground water Authority, Kingston.

Six water samples one each from six wells in and around the
project areas were analysed. Concentration of organophosphorous
pesticides in the groundwater were below the detectable limit.
Concentration of organochlorine pesticides were also less than
the detectable limit except in one sample.

Facilities extended by Agro-21 Corporation Limited, Underground
Water Authority and National Irrigation Commission Limited, in
furtherance of the work and in the preparation of the reports
are gratefully acknowledged.
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A REPORT ON THE SALINITY OF GROUNDWATER IN THE ALLUVIAL

A REPORT ON Thh oAbL . s e
AQUIFER IN PARTS OF BERNARD LODGE AND CAYMANAS AREAS AID

INTRODUCTION

rhe areas under consideration include the Projects A,
B, C (Horticulture) and E of the Agro-21 Corporation
Limited and the adjoining coastal area. There are 31
tube-wells and one dug well in these areas of which 29
tube-wells and one dug well are in the project areas
and 2 tube-wells are in the adjoining coastal area. of
these, 18 tube-wells are in operation and 9 tube-wells
are to be put into operation soon. Th> remaining 4
tube-wells viz. Watson Grove #2, Reids Pen #2, Goshen
#2 (all old wells) and Newlands #2 (recently
constructed) and one dng well Half-Way-Tree #2 were
abandoned but the available data on the quality of
groundwater from these wells has been used in this
report. Collection of data on the quality of
groundwater from Newlands #2 well is continuing. 1In
order to detect any deterioration in the quality of
groundwater which may result due to regular use of the
wells in the areas under consideration, the Agro-21
Corporation Limited had constructed, in 1987, 4
observation wells between the project areas and the
coast. The drilling and construction of these wells
was done by the Underground Water Authority. Of the
two pumping wells which are outside the project areas,
portmore #2 is owned by the National Water Commission
and the other Cumberland Pen is owned by an individual.
The locations of all the wells are shown in Map 1 &and
their status is given in the following sections:

STATUS OF WELLS

2.1 In The Project Areas

Project A

1. Half-Way-Tree #2 This was an old dug well.
It used to pump sand and
gradually caved in.

2. Half-Way-Tree #2 As a replacement for the

old well this tube well
was constructed in
December 1985, at about a
hundred feet away from
the old well



3. Half-Way-Tree #4 This is an old well. It
was pumping sand. It was
reconstructed in October
1985 by installing a 14
inch diameter well
assembly consisting of
the required lengths of
plain pipe and well
screens in the existing
20 inch diameter well and
filling the annular space
with proper size gravel.

4. Half-Way-Tree #5 This is also an old well
reconstructed in
September 1985 like the
one above.

5. Half-Way-Tree #6 This is an old well used
in the same condition.

6. Cookson #3 This is an old well
partly reconstructed in
November 1985.

7. Cookson #4 A new well constructed in
December 1985

8. VNewlands #2 A new well constructed in
February 1986 but aban-
doned due to poor yield.
Used as an observation

well.
9, Newlands #2A A new well constructed in
April 1987
10. Newlands #3 A new well constructed in

December 1985.

(All these wells, except Newlands #2 have
been in regular use from the time the project
started in September 1985)

Project B
11. North Syndicate This well was abandoned
(0ld well) due to sand pumping and
dislocation of the
casing.

12. North Syndicate #2 This is a replacement
well constructed in
November 1986 at about
2000 ft. to the south
east of the old well.



13. South Syndicate
(old vell)

14. South Syndicate #2

15, Cow Park A

16. Naggo Head

17. Guinep Pen

18. Cedar Grove #2

Project C

19, Watson Grove #2

20. Watson Grove #3

21. Riversdale #1

Project E

22. Limetree #1

23. Government Park

24. Clifton #3

25. Goshen #2

26. Congrieve Park #4

27. Salt Pond #7

28. Reids Pen #1

29. Reids Pen #2

30. Goshen #3A

The well was abandoned
due to low yield coupled
with sand pumping

A replacement well for
the old one, constructed
in September 1986 at
about 1000 ft. to the
west north west of the
old well.

A new well constructed in
August 1986

A new well constructed in
September 1986

A new well constructed in
September 1986

An old well used in the
same condition

An old well abandoned due
to sand pumping and
deterioration in the
condition of well casing

A new well constructed in
April 1986 at about 100
ft. to the east of the
old well

A new well constructed in
August 1986

All these are old wells
and in use since their
construction.

Coshen #2 was recently
abandoned due to
excessive sand pumping.
Reids Pen #2 well was
also abandoned a few
years ago.

A new well constructed in
March 1987



2.2

2.3

31. Clifton B A new well constructeu in
May 1987
32. Clifton #5 A new well constructed in

Japuary 1988

Observation Wells

33. Waterford Constructed in July 1987

34, Cumberland Pen Constructed in June 1987.
It has two piezometers
one 30 ft. deep and the
other 102 ft. deep

35, Naggo Head Constructed in August
1987.
36. Reidspen Constructed in July 1987.

(These wells were constructed with 3" dia. PVC
pipes)

Wells Outside the Project Areas

37. Cumberland Pen ] These are old wells and
] have been in use since

38. Portmore #2 (NWC) ] their construction

3.0 QUALITY OF GROUNDWATER

3.1

Source of Data

The chemical analyses results of water samples
collected from the old wells from time to time
were obtained from the records of the Underground
Water Authority. This data generally covered the
period from 1963 to 1982 and is given in Tables 1
to 18.

Reconstruction of 3 old wells and construction of
15 new wells and 4 observation wells were taken up
by the Agro-21 Corporation Limited during the
period August 1985 to January 1988. Some of these
production wells were put into operation
immediately after their construction/
reconstruction. Water samples were collected from
most of these wells during the testing which was
conducted immediately after their construction/
reconstruction. Subsequently, water samples are
being collected periodically from those wells
which have been in operation (Projects A and C).

Y



3.2

out of the six old wells in Project E, provision
for collecting water samples exists for two wells
viz. Reidspen #1 and Salt pond #7. Water samples
from Reidspen #1 well are being collected from
July 1986. Salt pond #7 well is not in regular
use. All the six old wells were tested in 1987
for their yield and quality of water when a
temporary provision for collecting water samples
was made on the other four wells. Water samples
were collected from all the six wells during the
testing.

Water samples are also being collected from the
two wells outside the project areas from 1986.

The four observation wells constructed in 1987 are
of 3 inches in diameter and no pumps are installed
on them. In November 1987, water was pumped out
from these wells with an air compressor and water
samples were collected. Subsequently water
samples are being collected from these wells with
a water sampler from a depth of 50 ft. (from 25
ft. depth in case of Cumberland Pen shallow
piezometer). One sample was collected from
Reidspen observation well on July 31, 1987, when
the well was developed with an air compressor.

Chemical analyses results of well water samples
collected till November 1988, are given in Tables
19 to 49.

Classification and Quality of Groundwater

chemical analyses results given in Tables 1 to 49
are in parts per million (ppm) milligrams per
litre (mg/l). These have been converted to
milliequivalents per litre (meg/l) and these units
have been used in the preparation of graphs and in
the classification of groundwater. Graphs 1-35
show the concentrations of principal cations and
anions in meq/l and Durov Diagrams 1-7 show the
classification of waters. A summarized account on
the chemical characteristics of the waters is
given in Table-50. Maps 2 and 3 show the areas
with different types of groundwater and different
stages of contamination of groundwater
respectively. The description of the constituents
and the comparison made between them is with
respect to their concentrations in meq/l. The
types and quality of groundwater project wise/area
wise are described in the following sections.
pumping water levels in the wells at the time of
water sample collection from the wells are given
in Table-51.

K



3.3

3.4

Project A

The water was mostly of calcium bicarbonate type
in the western part tending to be calcium-
magnesium bicarbonate type towards the east.
Chloride was low being mostly less than 0.75
meq/l. Sodium was more in the waters on the
eastern side than on the western side. It was
more than magnesium in the waters from Half Way
Tree #6 (from 1975), Cookson #3 (Nov. 1985 and
July 1986), Cookson #4 (from 1987), Newlands $2
(September - October 1988) and Newlands #3 (all
samples). There was a slight increase in sodiur
and chloride when compared to the 1963 levels.
specific conductance of recent water samples was
in the range of 500 to 700 ju-mhos/cm and was in
1ine with the historical data. The chloride to
carbonate plus bicarbonate ratio varied from 0.040
to 0.198 and there appears to be no steady
increase in this ratio over the years. The
variations appear to be more due to the decrease
in the carbonate plus bicarbonate content than due
to an increase in the chloride content.
Bicarbonate was low in almost all the samples in
March 1988.

Project B

The type of water varied from calcium bicairbonate
to calcium magnesium bicarbonate. Chloride was
low being less than 0.76 meq/l. Sodium was 1.5 -
2.5 meq/l (except for Guinep Pen Well) which was
somewhat high when compared to that normally found
in groundwatexr in the area (Half-Way-Tree #2 and
Half-Way-Tree #5 wells) and it increased towards
the coast the highest found (3.22 meq/l) being in
the Guinep Pen well water. It exceeded magnesium
in the waters from Cow-Park A, Naggo Head and
South Syndicate #2 wells and both magnesium and
calcium in the water from Guinep Pen well. Both
sodium and chloride show an increase with respect
to those found in the North Syndicate and South
Syndicate well waters before 1975.

specific conductance varied from 600 to 700

m-mhos/cm in the recent water samples and it was

in line with the historical data.

The chloride to carbonate plus bicarbonate ratio
varied from 0.053 to 0.120 and it was in line with
that found in the waters of Project A.



2.5

3.6

Project C

The water from Watson Grove $3 well was of calcium
bicarbonate type except once on July 7, 1987, when
it was of calcium-magnesium bicarbonate type.
Chloride was low being less than 1 meq/l and was
in line with that found in Watson Grove #2 well
water. Sodium of more than 1 meq/l was
conspicuously me:e than that recorded for Watson
Grove #2 well water which was less than 1 meq/l.
There was a slight but steady increase from 1962
to 1988. It also slightly exceeded the magnesium
content only once on February 2, 1987, but this is
not considered significant.

Water from Riversdale #1 well was distinctly of
calcium bicarbonate type. Sodium of 1 to 2 meq/1l
did not exceed magnesium. Chloride increased from
1.24 meq/l on July 21, 1988 to 3.5 meqg/l on
November 4, 1988. A test was conducted on
November 24, 1988, to study any variation in the
quality of water with pumping time. Chloride of
3.78 meq/l at the start of the test decreased to
1.46 meq/l after 5.5 hours of pumping and then
slightly increased to 1.56 meq/l after 23.5 hours
of pumping. Sodium also showed the same trend.
Further studies are in progress to identify the
source of contamination and a separate report on
the results of the studies will follow.

Specific conductance of water from Watson Grove #3
well varied from 506 to 670, u-mhos/cm and it was
in line with that for Watson Grove #2 well water
for the period 1972-1976. specific conductance of
water from Riversdale #1 well varied from 698 to
1056 ,u-mhos/cm.

The chloride to carbonate plus bicarbonate ratio
for Watson Grove #3 well water was less than 0.160
(except once when it was 0.40 due to very low
bicarbonate but not due to high chloride) and it
was in line with that found in groundwater in
Projects A and B. This ratio for water from
Riversdale #1 well increased from 0.223 in August
1986 to 0.546 on November 24, 1988, which is
considered high. Further studies are in progress
to find out the source of high chloride in water.

Project E

The water was of calcium bicarbonate to calcium
magnesium bicarbonate type. Chloride was
generally around 1 meq/l.

>



It was around 2 meq/l in Reidspen area and upto
2.28 meq/l in Limetree area. Sodium generally
increased and also excerded magnesium southwards.

A steady increase in sodium and chloride in the
water from Limetree #1 well from 1974 to 1987 is
conspicuous. In April 1987 chloride exceeded
sodium which in turn exceeded magnesium. The
pumping water levels are not known as there is no
provision to measure the water levels in the well.
Specific conductance in April 1987 was 813 to 838
-mhos/cm which was 200 to 300/u—mhos/cm more than

that before 1974.

In the water from Government Park well, calcium
and magnesium were higher than those found in the
waters from other wells in the area. Sodium was
less than magnesium except once on March 3, 1970.
specific conductance in 1987 was upto 1210
,u-mhos/cm and it was much higher than that before
1975. As the pumping water jevels in the well
werc much above the sea level it is likely that
the high mineralization of groundwater in the area
resulted from the contamination with sugar factory
affluent which flows through a channel close to
the well.

Though there was no marked increase in sodium or
chloride in the water from Reidspen $1 well
between 1974 and 1988, they were conspicuously
more than those found in the w .ters from other
wells like Government Park. Sodium was more than
magnesium and sometimes more than calcium too.

Chloride in the water from Salt Pond #7 well does
not show any increase between 1963 and 1987 being
less than 1 megq/l all through. sodium which was
more than 3 meq/l in 1963 decreased to less than
2.5 meq/l in 1970 and 1972 and again increased to
more than 3.5 meq/l in 1987. It exceeded
magnesium in 1963 and calcium and magnesium in
1987.

specific conductance of recent water samples from
Reidspen #1 and Salt Pond #7 wells varied from 630
to 880 m-mhos/cm and it was in line with the
historical data. That from other wells ranged
from 700 to 900 m-mhos/cm and was slightly more
than the historical range of 600 to 800
micromhos/cm.

W



3.7

The chloride to carbonate plus bicarbonate ratuo
was less than 0.2 (except for Clifton B,

Limetree #1 and Reidspen #1 well waters) and there
was no marked increase in this value with.
reference to the historical data. For Clifton-B
well water it was upto 0.328 due to low bicar-
pbonate and not due to high chloride. For Limetree
$1 well water, it was 0.2 £ill 1978 but increased
to 0.386 in April 1987 due to an increase in
chloride. For Reidspen #1 well water, it varied
from 0.202 to 0.360 between January 1981 and
August 1988. However after heavy rains in
September 1988, the value decreased to 0.172 due
to very low chloride and then increased to 0.180
in November 1988.

Observation Wells

The Waterford Observation Well is located very
close to the coast. The water was of sodium
chloride type. Concentration of chloride was the
highest being around 25-32 meq/l, followed by
sodium (16.6 to 22.5 meq/l) and calcium (8.9 to 12
meq/l). Sodium and chloride increased with depth
as is seen from the analytical results of water
samples collected from depths of 40 ft. and 60 ft.
on February 23, 1988. Specific conductance varied
from 3250 to 4000 mu-mhos/cm.

Waters from Cumberland Pen piezometers, both deep
and shallow were of sodium bicarbonate type with
carbonate plus bicarbonate (5.5 to 8 meq/1l)
exceeding all other ions for most part. Sodium
was next to bicarbonate and the difference in the
concentrations of bicarbonate and sodium was
generally more in the water from the deep
piezometer than in the water from the shallow one.
Chloride was generally less than 1 meqg/l in the
waters from both the piezometers except once in
November 1987, when it was 5 meq/l and 4.24 meq/l
in the waters from deep and shallow aquifers
respectively. Specific conductance of water from
the deep and shallow aquifers varied from 691 to
827 p-mhos/cm and 736 to 836/u-mhos/cm
respectively.

Water from the Naggo Head observation well was
also of sodium bicarbonate type. Both sodium and
chloride were higher than those found in the
Cumberland Pen well water. Sodium was the highest
being around 10 to 12 meq/l. Chloride with
concentrations of about 3 to 4 meq/l was the third
highest with carbonate plus bicarbonate (6 to 8.4
meq/1l) in between sodium and chloride. Specific
conductance varied from 1030 to 1190/u-mhos/cm.




3.8
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The Reidspen Observation Well is at the extreme
south-western end of Block E and about 1.6 miles
inside the coast. Water from this well was of
sodium chloride type. Sodium (19.2 to 25.2 meq/l)
was the highest followed by chloride (10 to 20
meq/l). Both sodium and chloride were less than
those found in the water from waterford Well.
Specific conductance varied from 2250 to 3500
pa-mhos/cm.

Wells Outside the Project Areas

The Portmore #2 well is closer to the coast than
all the pumping wells in Block A. The water
varied from calcium bicarbonate to calcium=-
magnesium bicarbonate type. Sodium fluctuated
widely generally exceeding magnesium and once
calcium too. Fluctuations in sulphate were also
high.

Water from Cumberland Pen pumping well was
distinctly of calcium bicarbonate type. Though
+his well is close to coast and has been in use
since 1972, there appears tu be no appreciable
increase in chloride in the well water. Sodium
however, increased steadily and also exceeded
magnesium from November 1987.

4. CONCLUSIONS

(a)

(b)

(c)

(d)

Groundwater in and around the project areas was
mostly of calcium bicarbonate type tending to be
sodium bicarbonate and sodium chloride types
towards the coast.

Groundwater in Project E area appears to be more
mineralized than that in other project areas.

In normal groundwater (like that from Half-Way-
Tree #2 and Half-Way-Tree #5 wells), the ionic
concentrations in decreasing order were
bicarbonate plus carbonate, calcium, magnesium,
sodium, chloride and sulphate. The last two
sometimes exceeded sodium. The type of water was
calcium bicarbonate to calcium-magnesium
bicarbonate. Any deviation from this normal trend
is attributed to the contamination of groundwater
either with the sea water or other contaminants.

Water from Government Park Well was more
mineralized than usual, and this is considered due
to the contamination of the groundwater in the
area with sugar factory affluent.



(e)

(£)

(g)

(h)

11

Sodium and chloride were more than magnesium ir
the water from Limetree #1 well in 1987. Further
studies need to be carried out to trace the source
of contamination.

Chloride in the water from Riversdale #1 Well
sharply increased from July 1988 to November 1988.
However, it is observed that the chloride content
was high in the water immediately after the
pumping started and considerably reduced after
four hours of pumping. Further studies need to be
carried out to trace the source of contamination.

High sodium in groundwater is considered as one of
the indications of contamination with sea water.
However, sodium in the water from some of the
wells inland like Cow Park A (which is not in use
since its construction), Congrieve Park #4 and
Goshen #3A was high being 2 to 2.5 meqg/1l while
that in the water from Cumberland Pen Well which
is closer to the coast than any of these wells and
which has been in operation since 1972 was less
than 2 meq/l. The source for high sodium in the
water from some of the wells need to be
identified.

Assuming that the high sodium in groundwater
towards the coast where it exceed magnesium is due
to the contamination with sea water, the following
stages of contamination have tentatively been
identified:

i) Sodium first exceeded magnesium and then both
magnesium and calcium. In the former case
the water remained mostly as calcium
bicarbonate type and when it changed to
calcium magnesium bicarbonate type sodium
formed upto 35 percent of the total of
cations. 1In the latter case sodium formed
upto 45 percent of the total of cations.
Water from some of the pumping wells close to
the coast was of this type.

ii) In the next stage sodium further increased
and formed more than 50 percent of the total
of cations resulting in the formation of
sodium bicarbonate type of water. Initially
bicarbonate was dominant (6 to 8 meq/l)
followed by sodium. The other constituents
were distinctly less than bicarbonate and
sodium. Water from Cumberland Pen deep and
shallow piezometers was of this type. The
trend of sodium to exceed bicarbonate points
to an increasing trend in contamination.



(1)

iii)
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Finally sodium with concentrations of 10-12
meq/l exceeded bicarbonate (6 to 8 meqg/l)
with concomitant increase in chloride.
Chloride with concentrations 3 to 4 meq/l
(much more than that in the initial period)
exceeded the remaining ions. Water from
Naggo Head observation well was of this type.

In the final stage the sodium bicarbonate
type water changed to the sodium chloride
type. In the initial periods of this stage
sodium with concentrations of 19 to 25 meq/l
exceeded all other ions followed by chloride
with concentrations of 10 to 16 meq/1l.
Chloride distinctly exceeded bicarbonate the
concentration of which remained more or less
the same as in the previous stage (6 to 9
meq/l). Water from Reidspen Observation Well
was of this type.

Finally chloride with concentrations of 25-32
meqg/l exceeded sodium with concentrations of
17 to 21 meq/l (less than those in the
previous period). Concentrations of other
ions were calcium - 9 to 11 meq/l, magnesium
- 5 to 7 meq/l (both distinctly more than
those in the previous period) and bicarbonate
plus carbonate - 3 to 5 meq/l (distinctly
less than those in the previous period).
Water from Waterford Observation Well was of
this type.

Any increase in the contamination of groundwater
with sea water can possibly be identified using
the following guidelines:

i)

ii)

iii)

increasing trend in sodium which may exceed
magnesium and ultimately calcium in the
waters from pumping wells. Where this
gituation already exists (like Guinep Pen
Well), sodium may exceed carbonate plus
bicarbonate.

increasing trend in sodium which may
ultimately exceed bicarbonate (plus
carbonate) and increasing trend in chloride
which may exceed magnesium and ultimately
calcium in the water of Cumberland Pen
piezometers.

increasing trend in sodium and increasing
trend in chloride which may ultimately exceed
bicarbonate (plus carbonate) in Naggo Head
observation well water.
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iv) increasing trend in chloride which may
ultimately exceed sodium and increasing trend
in calcium and magnesium which may ultimately
exceed bicarbonate (plus carbonate) in
Reidspen observation well water.

v) increasing trend in chloride calcium
magnesium and possibly sodium in Waterford
observation well water.

5. RECOMMENDATIONS

(a)

(b)

Monitoring quality of water from the pumping wells
and the observation wells may be continued. Water
samples may be collected from all the pumping
wells and three observation wells viz: Naggo Head,
Cumberland Pen Piezometers and Reidspen for
complete analysis during the months of March,
June, September and December.

Monthly water samples may pe collected for partial
chemical analyses from all the 4 observation wells
and 13 pumping wells as indicated below:

Observation Wells

i) waterford calcium, magnesium,
sodium and chloride

ii) Cumberland Pen sodium, carbonate,
Piezometers bicarbonate and chloride
(shallow and deep)

iii) Naggo Head sodium, carbonate,
bicarbonate and chloride

iv) Reidspen calcium, sodium,
carbonate, bicarbonate
and chloride

v) Newlands #2 sodium, magnesium,
carbonate, bicarbonate
and chloride

Pumping Wells

i) Cumberland Pen
ii) Cow Park-A

iii) Cedar Grove #2
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iv) Naggo Head
v) Guinep Pen sodium, magnesium,
carbonate, bicarbonate
vi) South Syndicate #2 chloride

vii) Portmore #2 (Also calcium for
Guinep Pen Well)

viii) Newlands #ZA
ix) Cookson #4
x) Newlands #3
xi) Cookson #3

xii) Reidspen #1

xiii) salt Pond #7

(c) Water samples from the observation wells may be
collected from the depths indicated below:

i) Newlands #2 40 ft. and 100 ft.
ii) waterford 60 ft.
iii) Cumberland Pen -
shallow 25 ft.
deep 90 ft.
iv) Reidspen 90 ft.
v) Naggo Head 90 ft.

(d) If any increase in the contamination of ground-
water is noticed, the pumping rates of the wells
affected need to be reviewed.

(e) Provision is to be made for measuring water levels
in Limetree #l.well.

(f) Detailed studies may be carried out to identify
the source of high chloride and sodium contents in
the ground water from Limetree #1 and Riversdale
#1 wells.

P
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Location: Half Way Tree #2

Chemical Analyses of Water Samples

St.

Catherine Plains

Table-1

Area: Bernard Lodge East Project "A"
e ] *Alkalinity
SL. |DATE| pH|Speci- |TDS | Ca | Mg | Na K Fe | Cc1 [so4 |HCO3 [CO3  [Total|Tocral =
[NO. fic Hardness | SAR
Conduc-
tance Pp{m .
1963 6.7 - 358 |83.6 | 19.4| 19.2 | O. - |16.5] 5.7 355 358 0.49
2 3.3 7.2 595 182 |82.4 | 12.7| 15.0 | 1. - 9.0119.0 | 104 6o | 64| 182 0.30
70
3 |28.5]17.3] 685 379 {76.0 | 35.8] 16.0 [ 1.7 - |20.0] 6.5 298 | 379 0.38
73
4 24.;u 7.1 550 410 [99.0 |22.0| 21.0 | 3.0 - 119.0|22.0 189 | 410 0.50
5 |14.1] 7.3] 660 440 ﬁoo.o 22.0| 16.0 | 1.5 - |1i6.0] 9.0 350| 340 0.38
79 :
6 |12.19 7.4 1330 650 [26.0 | 30.0} - - - poOk.0| 0.0 176 | 188 -
75 '
7 |28.14 - - - |90.2 [ 21.8] 23.0 | 1.1 - - 9.0 s01| 375 -
73

e p/mhos/cm at 25%¢

* a5 CaCo3

(From records of Underground Water Authority)




St. Catherine Plains

Table-2
Chemical Analyses of Water Samples
Location: Hglf-Way-Tree #b Area: Bernard Lodge
e | *Alkalinity
SL. |DATE| pH|Speci- |TDS Ca Mg Na K Fe Cl |S04 }jrco3 |co3 Total|Torals -
INO. fic AR
Conduc- Hardness s
tance - pPplm I
2 3’%6 7.1 660 344 | 75.2 | 34.8] 15.0| 0.6 - 8.0{41,0 242 330 0.35
3 |s5.2 | 7.1 601 384 | 86.4| 21.5] 20.0| 0.7 - | 17.0] 7.6 356 304 0.50
72
4 h9.5 [7.05 &5 432 | 86.4 ] 30.0] 15.5| 0.85] - | 15.9] 4.1 300 24 324 338 0.36
721 . .
5 [28.5 | 7.6 685 402 | 70.4} 49.0] 20.0| 1.2 - | 22.0] 9.8 312 376 o4k
73
6 Jek.1 7.7 615 420 { 98.0} k0.0 22.0] 0.0 - 17.0| 18.0 198 L20 0.47
7 f1971] - - - hoz.o| 29.0] 21.0| 0.7 | - | 16.0f - 376 | 376 0.47
8 [1974| - - - hoi.o| 27.4 20.0| 0.7 - | 12.6] 9.3 361 | 36k 0.45
9 |¥ig97u| - - - | 76.2] 32.8 15.5| 0.7 - | 23.0] 5.2 336 32k 0.35
10 |21.9 | - - - |97.0] 29.94 19.0| 0.8 - | 40.0| 1.1 360 360 0.43
11 22?76 - - 509 [ok.2| 29.4 20.5( 1.8 - 13.8] 14.0 380 380 0.45
71';
12 .} - - 396 [102.6| 26.4 19.0| 0.8 - 6.0 1.3 378 364 0.43
7%
13 113.2 | - - 443 | 89,6| 29.4 19.0| 0.8 - | 11.20 7.0 354 366 0.tk
,75‘ .
14 | 5.3 17.3 680 430 [100.0[ 24.q 21.0| - - | 15.9 11.0 350 347 0.29
75

g p/mhos/cm at 25°¢ * 35 CaCo3




St. Catherine Plains Table-2 (Contd.)

Chemical Analyses of Water Samples

Location: Half-Way-Tree # 4 Contd. Area: Bernard Lodge
3 *Alkalinity
SL. |DATE| pH|Speci- |TDS Ca Mg Na K Fe Cl |s04 }HCO3 (CO3 Total|Tocal *
[NO. fic . Hardness | R
Conduc-
tance pPpim

15 [12.11] - - - 1o98,6|24.8 20,5 | 0.8 | - [14.0 9.5 345 | 348 0.47
75

16 |16.6 8
73 7.5 Lo 470 no2.0}27.0 { 14.0 - - 2430 7.Q 350 365 0.31

17 | 4.7 |8.1 - - {95.2| - {25.0 | - - 8.4 | - - - -
78

18 |[28.11]8.0 - - 94 .2l23.0 { 23.0 141 - 17.0 3.0 304 330 -
78

20 [25.4 | - - - - - | 26.5 - - |33.6 | - - - -
8o

21 |25.5 - - - - - 21.5 - - 16.2 - - - -
8o

22 ka2 - - |es.1|w.6) - - | - hesf - 208 | 230 -

23 5.2
82 |7.5 - - |76.2] - 16.0 - - |N5.4 ] - 340 - -

21" 11.6 7.2 - - 89-9 - 15.0 hd - 10.1 - bt - -
82

25 |14.10]7.7 - - Ly, 3 - 12.0 - - 27.2 - - - -
82

@ p/mhos/cm at 25°¢ * a5 CaCo3



St. Catherine Plains Table-3

Chemical Analyses of Water Samples

Location: Half-Way-Tree #5 Area: Bernard Lodge - Project A

g *Alkalinity
SL. |DATE| pH|Speci- FDS Ca Mg Na K Fe Cl |s0o4 (HCO3 |CO3 Total|total * | *'B. SAR
NO. fic Hardneéss
Conduc- :
tance ppim >
1 1963 | 8.4 - 330 78.8 |21.1 |24.0 0.5 - 15.5 |6.7 369 - 369
2 30 8]7.6 - - - - 16.0 - - 18.5 - 141.4 - 141 .4

e p/mhos/cm at 25°%¢ * as CaCo3
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St. Catherine Plains Table-4
Chemical Analyses of Water Samples
Location: Half-Way-Tree #6 Area: Bernard Lodge
8 *Alkalinit
SL. |DATE| pH|Speci- |TDS Ca Mg Na K Fe Cl |S04 |[HCO3 jCO3 Total|Totral *
NO. fic Hardness | >\
Conduc-
tance p _
1 |28.5] 7.5 745 341 |88.0 | 43.1]29.0 | 1.6 - |17.0}15.3 328 396 .63
73
2 j2.11 1 - - - 185.0 | 16.5(36.5 [1.2 - |13.0[15.0 310 280 0.94
75
3 130.81] 7.9 - - - - |25.0 - - {39.1] - 278 - -
82

e P/mhos/cm at 25%¢

* a5 CaCo3




St.

Catherine Plains

Table-5
Chemical Analyses of Water Samples
Location: gookson #3 Area: Bernard Lodge
e *Alkalinity
SL. |DATE| pH|Speci- |TDS Ca Mg Na K Fe Cl |SO4 |HCO3 |CO3 Total|Total *
[NO. fic Hardness SRR
Conduc-
tance pPp|m
11 po63 |7.6] - 359 | 85.2|16.1 | 18.0] 1.5 | - | 18.5| 9.6 - 333 - 0.27
"2 b8.s |7.4] 620 | 360 |88.01 3431 31.0| 1.7 | - |22.0]11.7 ~ |278 | 360 |o.71
73
3 2“.1E 7.2 560 445 | 80.0|36.0 30.0| 1.00 - 19.0{ k0.0 - 174 346 0.70
7
4 pB. 3.17.0 284 302  77.6)122.1 2hk.0 0.2 - 9.0} 19.0 - 154% 284 0.61
70
S . 2|71 607 364 | 89.6 |23.6 30.0| 1.1 - 17.0]16.0 _ 388 320 0.73
72
6 R4.1 7.2 552 406 | 95.2|38.2 | 29.0| 1.26] - | 14.0[11.6 - 294 394 0.70
73

@ p/mhos/cm at 25°¢

* as CaCo3




St. Catherine Plains

Table-6
Chemical Analyses of Water Samples
Location: North Syndicate Area: Caymanas
) *Alkalinity
SL. |pATE| pH|Speci- [TDS | Ca | Mg | Na K Fe | c1 |so4 |HCO3 Total|Toral * | SAR
{NO. g;ﬁduc— Hardness
tance PP
1963 | 8.0 - 362 [76.4 | 24.7]21.6 |0.5 | - ]16.8]19.2 355 - 0.55
2 185% 2.0] o9 | 407 [96.0]16.4|14.0 |[0.65] - [18.0[15.0 558 | 308 0.34
3 6'13 2.33% 515 | 334 |88.8 | 21.6{13.8 |0.59| - [17.c] 3.0 332 | 310 0.33
7
b 14.%5 7.44 730 420 |{89.4 | 18.0{13.0 | 0.57| - |[18.0} 5.0 296 296 i 0.33

a p/mhos/cm at 25%¢

* as CaCo3
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St.

Catherine Plains

Table-7
Chemical Analyses of Water Samples
Location: South Syndicate Area: Caymanas
e *Alkalinity
SL. |DATE| pH Sgeci— TDS Ca Mg Na K Fe Cl |SO4 |JHCO3 |CcO3 Total|Total % SAR
[NO- fic Hardness
Conduc-
tance ppim
1963|8.1 - 341 | 84,4} 18.0] 13.0] 0.5 - 16.0| 5.8 342 - 0.34
2 p6.10]7.0 830 355 | 90.4| 20.1 13.0| 0.9 - 10.0]55.0 | 164 80 2hty 308 0.31
70
3 3'%5 2.1 651 | 351]80.0] 17.1] 18.0}| 1.85 - | 16.0[13.2 wah | 270 0.47
L 6.10
7217.3 682 457 { 89,6 34.8] 17.8| - - | 16.0] 6.1 Loo 366 0.4%0
5 .1 |7.3 690 h2c | 81.0| 34.0f 19.0} 1.0 - | 18.0|12.0 346 346 0.45
75 '

@ n/mhos/cm at 25°¢

* a5 CaCo3
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St. Catherine Plains Table-8
Chemical Analysés of Water Samples
Location: Cedar Grove #2 Area: Caymanas
a *Alkalinity
SL. |DATE]| pH|Speci- |TDS Ca Mg Na K Fe Cl }SO4 |JHCO3 |CO3 Total|total *
NO. fic Hardness SAR
Conduc-
tance pPpPim _y
1 b9.s5 |7.7 685 376 {98.4 | 21.1]23.0 | 3.3 - P5.0 [30.0 294 332 0.55
73 |
2 25'%1: 2.4 | 625 | 395 [60.043.0{48.0 |2.0 | - P5.0 |39.0 187 | 326 1.16

e P/mhos/cm at 25%¢

* 35 CaCo3




St. Catherine Plains

Table-9 .
Chemical Analyses of Water Samples
Location: yATSON GROVE # 2 Area: CAYMANAS
3] *Alkalinity
cL. |DATE| pH|Speci- |TDS | Ca | Mg | Na K Fe | Cl1 |so4 |HCO3 [CO3 [rotal|toral SAR
FNO. fic Hardness
Conduc-
tance p
2/2/737.1 651 433 88.0 | 25.4 | 16.0 1.2 - 32.0 { 11.2 - - 388 - 0.3¢
2 18_5_ 7.2 527 359 [06.4 |22.01}19.0 1.0 - 18.0 6.2 - - 364 - 0.41
72
3 29 9 17.35| 620 410 97.6 122,51 15.5 - - 17.0 | 8.0 - - 350 - 0. 36
72
4 24}_ 7.1 620 427 N14.4 127.0 | 22.6 1.2 - 18.0 | 10.0 - - 302 - 0, 46
73
5 29 5 7.6 687 404 [106.4 | 22,5 | 14.0 1.9 - 22,0 | 20.5 - - 272 - 0.32
73
6 25 1 7.2 545 360 74.0 |25.0 | 20.0 1.0 - 25.0 | 47.0 - - 171 - 0.51
74
7 13 1 7.3 660 400 96,0 | 24,0 | 20.0 1.4 - 22.0 119.0 - - 310 - 0,47
75
8 11_11— - - 104.2 |16.5 }23.0 1.2 - 20.0 {16.4 - - 306 - 0.59
75
9 76 |7.7 700 400 Q12 20.0 1 19.0 |- - 36.8 |13.0 - - 331 - 0.473
76
10 |27 7 [B.0 | - - - - 26.0 |- - )27.7 |- - - - - -
78
11 {211 - - - - 25.0 |- - 26.9 |- - - - - -
80
12 21_2_ - - 80.1 |- - - - 24,8 |- - - 282 - -
Bl o
e 'u/mhos/cm at 25¢ * as CaCo3



St. Catherine Plains Table 9 (Contd.)

Chemical Analyses of Water Samples

Location: Watson Grove #2 Area: Caymanas

a *Alkalinity
SL. |DATE| pH|Speci- |TDS | Ca | Mg | Na K Fe | C1 {S04 |HCO3 CO3 |[Total|foral
[NO. fic Hardness
Conduc-
tance PR|mM—-
13 | 52| 7.4% - - |4k, | - 12 - - J11.5) - - - 336 -
82
1h 28% 8.7¢ - - |- - 25 - - |27.0] - - - |19s5.7 -
15 34
5 2 8%_ - - - |- - 17 - - |22.7 | - - -~ |307.3 -
16‘1’%% 8.4p - - |4bho1 | - 15 - - |5k.S5 ) - - - ]357.8 -
@ p/mhos/cm at 25°¢ * as CaCo3.

(From records of Underground Water Authority)



Location: Limetree #1

Chemical Analyses of Water Samples

St. Catherine Plains

Area: Bernard Lodge - Project E

Table-10

e *Alkalinity
SL. |DATE] pH Sgeci- TDS Ca Mg Na K Fe Cl |SO4 |HCO3 |[CO3 Total|Total * SAR’
FNO° ggsduc— Hardnéss
tance P
1 1963 7.3 - 381 187.2 16.6 | 25.6 0.65 20.5 110.6 364 364 - 0.66
2 4.2.721 7.2 651 396 |88.0 25.4 } 28.0 0.9 24.0 |11.2 39%6 396 324 0.68
3 [|18.5.73 7.55| 508 378 |100.8 | 16.1 | 21.4 0.9 19.0 9.0 320 320 318 0.52
4 1.6.73] 7.4 629 364 |84.0 17.6 {11.0 0.9 23.0 7.0 276 276 282 0.19
5 PB3.1.74 7.2 560 415 192.0 16.0 | 27.0 1.0 20.0 |22.0 169 169 300 0.68
6 8.74) - - 89.77 | 17.64] 25.5 1.0 23.0 5.0 287 287 296 0.64
7 5.7.78} 7.9 101.2 52 59 -

@ p/mhos/cm at 25°¢

* as CaCo3




St. Catherine Plains

Table-11
Chemical Analyses of Water Samples
Location: Government Park Area: Bernard Lodge - Project E
e *Alkalinity -
sL. |pATE| pH|Speci- |TDs | ca | Mg | Na | K Fe | C1 |so4 |HCO3 [CO3 [Total|Totalx- |*B  |SAR’
[NO. fic Hardnkss
Conduc- .
tance pp =
1 11963 |7.4 - 377 | 82.0 |25.7 |23.2 0.6 - [20.0 |13.4 - - 389 - - 0.57
2 |3/3/70|7.2 | 775 414 ]76.0 10.9 47.0 1.8 _ |t5.0 k1.0 }220.0 |60.0 280.0 | 316 - 1.46
3 |4/2/72§7.1 | 620 390 |80.0 {20.5 }36.0 1.25 - PR3.0 |11.2 |336.0 - 336.0 | 284 0.93
4 11/6/73]8.0 | 685 347 |52.8 [36.3 |33.0 0.8 - PB7.0 lt2.5 1290.0 |24.0 314.0 | 280 - 0.60
5 24/1/7% 7.1 | 620 420 (92.0 |31.0 |33.0 1.0 - R7.0 P9.0 - - 207.0 | 366 - 0.76
6 |14/l i
7517.2 | 720 470 193.0 [27.0 |30.0 1.6 - ps.0o |[9.0 - - 358.0 | 348 - 0.70

e P/mhos/cm at 25°%¢

* 35 CaCo3




St. Catherine Plains Table-12

Chemical Analysés cf Water Samples

Location: Clifton Area: Bernard Lodge - Project 'E'
e *Alkalinity . -
SL. |DATE| pH|Sp-ci- |TDS | Ca | Mg | Na K Fe | ¢1 |so4 |HCO3 [CO3 [Total|totar*--| ™8 SAR
FO° fic Hardnkss
Conduc- g
tance pp|lm . >
I 29/5
7317.7 685 321 85.6 |33.8 [13.0 1.9 - ]23.0 |25.0 - - 1280 352 - 0.30
2 |12/11
5| - - - |107.4 | 28.2 |41.5 |2.1 - {24.8 |18.5 - - pol 384 - 0.92

e ,u/mhos/cm at 257 * as CaCo3




St. Catherine Plains Table-13

Chemical Analyses of Water Samples

Location: Goshen #2 Area: Bernard Lodge - Project E
e *Alkalinity .
qug. DATE| pH ?i)iCl— TDS Ca Mg Na K Fe Cl |s04 |HCO3 |[CO3 Total|Total*- | -B SAR |
Conduc— Hardnéss
tance pp|m g
1 1963 | 7.4 - 451 75.2 | 30.9 | &5.6 0.55 - 26.0 {22.1 355 - 1.12
2 3.3.70} 7.2 625 450 |°84.0 | 30.9 | 36.0 3.8 - 15.0 |63.0 330 336 0.84
3 5.2.72) 7.5 744 479 94.4 | 24.0 | 40.0 3.7 - 29.0 |22.8 364 72 436 334 0.95
4 [P8.5.717.5 810 437 |100.8 | 28.4 | 59.0 4.8 - 30.0 |l16.2 318 368 1.34
5 Ru4.1.74 7.4 625 435 187.0 37.0 | 49.0 8.0 - 33.0 |88.0 209 376 1.11
6 8/74 - - 420 |92.18 | 37.72] 43.0 3.7 - 29.0 |43.0 387 384 0.95
7 p2n ' |
75 - - - |101.0 | 32.0 [ 54.0 |7.6 - {30.0 |28.0 408 | 376 1.20

e -'n/mhos/cm at 25°% * 35 CaCo3
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St. Catherine Plains

Table-14
Chemical Analysaeas of Water Samples .
Location: Congrieve Park Area: Bernard Lodge - Project 'E'
e *Alkalinity _
SL. |DATE| pH|Speci- |TDS Ca Mg Na K Fe Cl |SO4 }HCO3 |[CO3 Total| toral B SAR’
[NO. fic Hardnéss
Conduc-
tance PP |m N
1 19/5
72 7.6 | 620 467 | 84.8 7.2 |41.0 0.8 - 24.0 |16.0 |336 44 380 334 - 0.97
2 30/8
82 18.3 - - - - 36.0 - - 28.8 - - - 380.4 - - -

@ p/mhos/cm at 25°¢ * ' as CaCo3
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St. Catherine Plains Table-15
Chemical Analyses of Water Samples
Location: Great Salt Pond #1 (Salt Pond #7) Area: Bernard Lodge - Project 'E'
e *Alkalinity -
SL.. |DATE| pH|Speci- |TDS | Ca | Mg | Na K Fe | C1 |so4 |HCO3 [CO3™ [Totallroralx - |8 SAR’
NO. fic Hardnkss
Conduc- .
tance bo) !
1 1963 7.7 - 439 |55.6 | 17.0 {76.0 i.0 - 36.0 | l4.4 - - t 380 - - 2.3
2 |4/3/70{7.2 560 303 |68.8 | 16.7 |29.0 3.9 - 16.0 }18.0 - - 140 240 - 0.81
3 |25/5_
7217.15] 744 365 {64.8 | 16.6 | - - - 33.0 | &5 266 60 326 230 - -
4 |a/10
2 7.5 620 435 |63.2 | 18.6 {55.0 - - 34.0 |2.7 - - 338 234 - 1.56

@ p/mhos/cm at 25°¢

* as CaCo3




St. Catherine Plains

Table-16_
Chemical Analyses of Water Samples
Location: Reids Pen #1 Area: Bernard Lodge - Project 'E’
| e *Alkalinity -
SL. !DATE| pH|Speci- |TDS Ca Mg Na K Fe Cl |SO4 jHCO3 |[CO3 Total|rotal* - | *B SAR
0. fic KRardnkss
Conduc- )
tance ‘
1 19/5 |
72{7.05] 744 253 70.4 ]21.0 - - - 11.0 | 290 56 346 262 - -
2 28/5
731 7.4 810 458 84.0 |16.2 | 19.0 |0.9 - - 14.4 - - 276 276 - 0.50
3 8/74 | - - - 86.57 {15.68] 75.0 |1.2 - - 19.0 - - 318 280 - 1.95
4 17/1
7517.4 800 490 79.0 (17.0 | 71.0- [1.9 - - 21.0 - - 316 266 - 1.89
5 24/4
g0 | - - - - - 78.0 - - 31.8 - - - - - - -
6 20/1 :
g1(7-> - - - - 110.0 |12 - 72.5 - - - 332 - - -

g y/mhos/cm at 25°%¢

* as CaCo3
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St. Catherine Plains Table-17
Chemical Analyses of Water Samples
Location: Reids Pen #2 Area: Bernard Lodge - Project 'E'
e *Alkalinity -
SL. |DATE| pH|Speci- |TDS | ca | Mg | Na K Fe | C1 |S0o4 |HCO3 [CO3 [Total|ftoral * | *B- SAR
PO. fic Hardnéss
Conduc- .
tance pp |m .
1 129/9 _
72 17.55] 651 420 168.0 [22.1 |>57.0 - - |37.0 |}l.2 - 387 260 1.53
2 |28/5
73 |7.4 745 quy 174.4 |27.% |54.0 1.4 - |40.0 {l0.2 298 298 1.36
3 |23/1
74 7.3 620 485 188.0 7.0 |68.0 2.0 - 127.0 4.0 182 252 . 1.88
8/74 - - 430 |80.96 }18.12 165.0 0.9 - I35.0 |l6.0 356 276 1.70
7/6/76}7.7 850 98.89 |16.00 |69.0 - - 125.0 |14.0 - 377 287 1.77
22/1
80| - - - - - 75 - - I33.6 - - 287 -
8/7/81]8.1 - - 24.0 - 40 - - 38.2 - - 294 - -
14/10
8if - - - - - 150 - - 5.4 - - - - -
9 |24/9_
82| - - - - - 40 - - 5.5 - - 369 - -

@ p/mhos/cm at 25°%

* a5 CaCo3




St.

Catherine Plains

Table-18
Chemical Analyses of Water Samples
Location: CUMBERLAND PEN Area: CAYMANAS
8 *Alkalinity
SL. |DATE| pH|Speci- |TDS Ca Mg Na K Fe Cl |S04 }HCO3 |CO3 Total|roral * | :'B: SAR
NO. fic Hardness
Conduc-
tance pp
1 |18_5 7.6 527 421 88.0 24.5 4§ 21.0 0.30 - 19.0 |{8.5 257.0 26.5 283.5| 320.0 -
72
2 117_1 7.6 740 420 90.0 24.0 ] 24.0 0.90 - 20.0 j24.0 |320.0 - 320.0| 326.0 -
75
3 j11 11 - - - 94.6 28.2 | 26.50 | 0.06 - 16.1 {18.8 {330.0 - 330.01} 352.0 -
75
4 17 _6 7.8 660 400.0 |85.0 21.0 | 27.0 - - 20.0 ]14.8 [317.0 - 317.0} 299.0 -
76
5 24 7| - - - le0.1 |19.4 - - - J17.0 - - - - -
80

(_@ p/mhos/cm at

25¢

* a5 CaCo3




Chemical Analyses of Water Sampies

St. Catherine Plains

Location: Half Way Tree /22

Table-19

frea: Bernard Lodge - Project 'A'

DATE pH

x
o
.

¢ Sp.
Conduc-

Ca

tance
[}

Fe

10

cl

,mg/t
i1

50
y

12

13

14

ND

16

0 1.12.85; 8.7
'3.12.85' 8.7
1 28.2.86:8.2¢
' 14.5.86! 8.22
£7.16)

' 16.7.86! 8.07
6 19.2.87 17.88

7 ,5.3.87 ;7.0#

EOOWwN -

\n

8 ! 12.8.8757.4

9 :17.10.871:7-6
10 5.11.8727.8

11:27.11.837.9
12/8.2.88 !7.9
1318.3.88 7.6

645 1
626 !
534 1 362.5
520 !
(560) -1
418
570
537 !
564
558 1275.2
560 346.4
550 :317.0
515 1316.6
515

351.4
354.0

176.2
'74.2
176.95
79.16

$77.35
178.56

119.84
'21.0

114,40
‘15.24

"15.84
115.60

on the spot measureménts

26.0
26.0
26.0
27.5

27.5

24.0%0.9
13.0,0.85

117.12
'l6.64
117.23
17.74

'19.00
119.99
:19.30
120.3
:17.4
'14.0
:23.9
t19.9
. 19.3

2.94
13.73

9.81
2.94

24.5
128.4
135.3
119.6

B mm = ew e e EE BE *® e mh Ge S GE A e B8 e e mm m= mm E= m= =% e® =w e ee == wd == wn ==

0.0

* Alkalinity : !
HCO ! CO ! Total ¢ Total™ ! SAR/ADJ
3 3. tHardness SAR
; ; : 2
17 18 19 o220 o2
1212.6 62.531275.13 273 10.7/1.6

' 187.6
268.69
b71.46

971.46

293.49 259.0

n mm we BE em e e e BE EE ,e me =0 e 2e e ==

1274.1
'199.9

,_,.---------_-.‘_,-
o o o

00

\n

W
0
o

138.3
38.3
148.8
10.0
'9.8

00.0¢ 287.66

} 268.69
271.46

271.46
272.9
1272.0
'263.4
1273.0
"259.8

1274.1

1209.7

273 f 0.7 /1.7

V252 10.7/1.17

P26l [0.7/1.7
259 10.7/1.7

261.00: 0.7/1.6

1207.0 $0.7/1.6
1268.5 10.5/1.1
1259.6 10.07/0.2
1294.0 l0.6/1.5
1263 10.7/1.8

®/u/ahos/ca at 't

§as CaE03

(Analyses by Jarnaica Bauxite Institute, Kingston)


http:r2.53:275.13

Table-20

St. Catherine Plains

Chemical Analyses of Water Samples

BERNARD LODGE PROJECT A'

fArea:

HALF WAY TREE NO. 4

‘Location:

* Alkalinity

3

SAR/ADJ

-
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e we s gpn ee ee
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O w
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o
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LI £a£o3
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8/p/ahos/ca at 25°C

(Analysis by Jamaica Bauxite Institute, Kingston)


http:17.0:0.38
http:0.20:21.99

SRADJ
SAR

Table-21
* Alkalinity
Total § Total™
‘Hardness ¢

Bernard Lodge East - Project 'A'

Area:

. St. Catherine Plains
Chesical Analyszs of Water Samples

Location: Half Way Tree #5
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*18.24

18.72
¢ 18.00 :123.5: 0.80;
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' 338.2
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¢ as CaCog
(Analyses by Jamaica Bauxite Institute, Kingston)

!r:llhosln at 25°C




Table-22

St. Catheryne Plaip§

Chesical Analyses of Nater Samples

|A|

BERNARD LODGE EAST - PROJECT

frea:

HALF WAY TREE #6

Location:

Total
‘Hardness
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®/p/ahos/cs at 25°C

% as Catn3

(Analyses by Jaraica Bauxite Institute, Kingston)


http:236.8J22.16258.99
http:6.36-32.0b0.90:0.12
http:271.46:13.8J285.31
http:13.73:32.5:0.80

Table-23

St. Catherine Plains

Chesical Analysas of Nater Samples

Bernard Lodge — Project 'A'

Area:

Cookson {3

Location:

* Alkalinity

- mr =a =

B

Ca

P

108

¢ 5,

Conduc-
tance

pH

DATE

v X

0.9/2.1

'318.66' 283

0.0

0! 1560 -

83,961 17.76 335

390 t 471 ¢

318.66

3
*

Y27

125.01325.21¢ 311 :
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88.98:21.36132.25 1.210.17124.99:

t418.1%

647

18.05 1
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17.20 ¢
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87

-

-

e/ufshos/cu at 5¢
(Analyses by Jamaica Bauxite Institute, Kingston)

§as Eato3
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Table-24

BERMNARD LODGE EAST - PROJECT

fArea:

St. Catherine Plains
Chesical Analyses of Water Samples

COOKSON #4

Location

SAR
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¢ as CaCog
(Analyses by Jamaica Bauxite Institute, Kingston)

®/u/shos/ca at 25°C



http:39128E.09
http:0.44:0.02
http:70.54:18.00:42.0:0.80:0.10:22.99,8.82
http:72.94:27.12

St. Catherine Plains

Table-25

Chemical Analyses of Water Samples

fArea:

Location: NEWLANDS #2

* Alkalinity

C

HCO

N03

Hardness
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% as Catn3

€/u/shos/ca at ZSOC

(Analysis by Jarnaica Bauxite Institute, Kingston)


http:28.6-4.18
http:3.68:334.86

Table-26

St. Catherine Plains

Cheaical Analyses of Mater Sasples

Area:Bernard Lodge - Project A

Newlands #2A

Location:

SAR /ADJ
SAR

P

w
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* Alkalintity
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8/ulshos/ca at 25 C

t as CaCo3

(Analysis by Jamaica Bauxite Institute, Kingston)



Table-27

St. Catherine Plains

Chesical Analyses of Water Samples

'Al

BERNARD LODGE - PROJECT

Area:

NEWLANDS #3

Location:

* Alkalinity
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% as CaE03

3

t/u/ahos/ca at 25°C

(Analysis by Jamaica Bauxite Institute, Kingston)


http:27.11.87
http:265.9:22.16:288.06

Table-28

St. Catherine Plains

Chesical Analyses of Mater Samples

Area: Caymanas Area - Project 'B'

Location: North Syndicate #2

prmeee ceccccce.

* Alkalinity
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i as Ca(103

®/u/shos/ce at ZSJC

(Analysis by Jamaica Bauxite Institute, Kingston)


http:26.11.86
http:a36.50,0.76
http:20.11.81

Table-29

St. Catherine Plains

Chesical Analyses of Nater Samples

Caymanas Area - Project 'B'

frea:

Location: South Syndicate-2

* Alkalinity
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#/u/ahos/es at 25°C

(Analysis by Jamaica Bauxite Institute, Kingston)



Table-30

St. Catherine Plains

Chemical Analyses of Water Sasples

Area: Caymanas Area - Project 'B'

Location: Cow Park-A

* Alkalinity
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8/u/shos/ca at 25'[:

(Analysis by Jamaica Bauxite Institute, Kingston)


http:1.1010.15
http:30.46'349.01

SAR /ADJ
SAR
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.2/2.93
;1-2/2.98

Y

Table-31
20

}
i Total®* |
{Hardness ¢
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area; CAYMANAS - PROJECT 'B'

St. Catherine Plains
Cheaical Analyses of Water Sasples
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O\



Table-33

St. Catherine Plains

Chesical Analyses of Water Samples
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(Analyses by Jamaica Bauxite Institute, Kingston)

* Analysis by National Water Commission, Kingston
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St. Catherine Plains

Chesical Analyses of Water Samples
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(Analysis by Jamaica Bauxite Institute, Kingston)
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St. Catherine Plains

‘I Table-36

Chemical Analyses of Water Samples

frea: Bernard Lodge - Project E
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(Analysis by Jamaica Bauxite Institute, Kingston)


http:0.84/2.16

Table-37

St. Catherine Plains

Chemical Analyses of Hater Samples

Area: Bernard Lodge - Project 'E!

Location:Clifton
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St. Catherine Plains

Chemical Analyses of Water Samples

frea: Bernard Lodge - Project E

Congrieve Park

Location:

* Alkalinity

-

SAR

Y

Total*
tHardness |
20

2}

v1eo19

n

1.4 /3.4

.4 /3.4

'280.0

'379.06' 19.39 398.5

1361.01:27.7Q 388.71:274.0

'77.52

77.52

'0.230.22

10.4510.22

1

10.78:0.010; 32.17 1 4.00

0.010 32.66'12.76

496.6 '60.52 3096 ‘56 !0.83!
1499.6 160.52 129.52 153

&40
828

7.66'
7.74

15.4.87
16.4.87:

i
?

v we ma ve oe o

-

-

-

t a3 CaCo 3

@/u/ahos/ce at 25 €

(Analysis by Jarmaica Bauxite Institute, Kingston)
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St. Catherine Plains

Chemical Analyses of Water Samples

Area: BERNARD LODGE PROJECT 'E'

Location: SALT POND #7
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St. Catherine Plains
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Chenical Analyses of Water Samples
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(Analysis by Jamaica Bauxite Institute, Kingston)
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St. Catherine Plains

Chesical Analyses of Water Samples
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St. Catherine Plains

Yable-43

Chemical Analyses of Nater Samples
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#/u/shos/ca at 25°C
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Table-45

St. Catherine Plains

' OBSERVATION WELL

Chemical Analyses of Water Samples
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Table 45 (Contd.)

* Alkalinity
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Chemical Analyses of Water Samples
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OBSERVATION WELL
* Alkalinity

WELL

OBS.

St. Catherine Plains
Chemical Analyses of Water Samples
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Table-46 (Contd.)

St. Catherine Plains

Chesical Analyses of Water Samples

Location; Naggo Head Obs. Well
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Table-47

OBSERVATION WELL

* Alkalinity

OBS WELL

St. Catherine Plains
Chemical Analyses of Water Samples
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St. Catherine Plains

Table-47 (Contd.

Chesical Analyses of Water Samples

WELL

OBS.

REIDS PEN

Location:

SAR

* 0
— A
o =
- T
o
-_— -
=
R
-
-
=]
—
P
t-lll
c g}
.hum
vl
Xt ..
AU_..)
* 0
=

e Sp
Conduc-
tance

S
[

21

-

369.8 120.83390.63}

-

-

-

-

-

% as CaCo3

8/u/ahas/ca at 25'C

(Analysis by Jamaica Bauxite Institute, Kingston)

-


http:20.83390.63

Table-48

Gt. Catherine Plains

Chemical Analyces of Water Sampies
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Gt. Catherine Plains

Table-49

Chemical Analyses of Water Samples

Location: PORTMORE (NWC WELL) NO.
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ST. CATHERINE PLAINS

CBEMICAL CHARACTERISTICS OF WELL WATERS TABLE-50 1

PROJECT “%°

SL. !NELL NANE 'PERIOD KO. OF TTPE OF} Cl. |
1HO. i {ARALTSESNATER }-------- !
N H : ! 1003+8C03! Sodiua
U1 'Balf-Nay-Tree 1963 H ) 10.0684 10.65
Y182 (01d Well) iNov.-78 H 0.0 31.06
t 2 1Balf-Nay-Tree {Dec.-85 {12 H 10,072 10.78
! 02 {New ¥ell) |March-83 ; H '0.129 11.26
] ] ) ] ] 1 )

] 1 ] [ 1 ] 1
b : S

] ] 1 1 ) [ (]

! 3 1Balf-Nay-Tree 11963 125 /B 10.040 §0.52
[ 1] 0ct.-82 | : 10.157 11,15
u R
Lo 10ct.-85 18 /B 0.0 M0
HE 'March-88 } ' 0.175  11.10
I ' H H ! \

1 ] ) ] ] 1 ]

) ) ) ] 1 ) )
N T
I ' ' H : H

U4 ‘Balf-Way-Tree 11963 - 2 H ) 10.058 10.70
HE | thug.-82 | H 10,183 11,04
t 1] ) 1 ) L] ]
. 1Sept.-35 16 /8 10,071 30.89
Vo ‘Feb.-§8 |} ] 10.122 11,04
I | : H \ :
E---:-- --l t ] ] ]

¢ 5 tfalf-Way-Tree iMay-73 13 A/ 10.080 110
H thug.-982 | H 10,198 11.59
I Feb.-86 5 '4/B 0.083 !1.39
. Nov.-81 | H 0.102 !1.50
) ) ) ] )

1 ) ] ) 1

'contents were less than those recorded in Aug. "82. The puaping water levels were generally above sea

i+ Chloride} DESCEIPTION

10.25 'The vater was distinctly of “A" type. The sodium and chloride contents fluctuated slightly. the
10.56 tvery high chloride content of 8.57 meq/] on 12/11/15 is very abnormal for well waters in the area.
10.39 'The sodium and chloride contents fluctuated slightly. There was a slight overall increase in the
10.67 ‘sodiun content over the years, the highest recorded being 1.26 eeq/l in Karch 88 but £o such increase
f 'is geen in the chloride content. The sodium content did not exceed either the sagnesium or the

H 'calciur contents at any time. The water was distinctly of “A° type. The "E" value did not exceed

H 'that recorded on 24/1/74. The pusping vater levels were often below sea level.

W0.17 'The water was distinctly of "A" type except once on 28/5/73 shen it was of "B type. Both the

1.8 1sodiun and chloride contents do not sbow any progressive increase. The sodium content never exceeded
H teither the pagnesium or the calciunm contents.

1 ]

10.49 'The water was of 'A° type except once on 15/10/85 chen it wae of ‘B type due to bigh sodium content
10.75 tof 1.83 meq/l. Polyphosphate used in the well developeent appears to have caused this high sodium level,
H 'as such a high level vas not recorded subsequently. The sodium content did not exceed the calcim

: ‘or pagnesius contents and the highest recorded in Narch "88 was 0.04 peq/l less than the highest

H trecorded on 25/4/80 for the historical data. The cbloride content did not erceed the highest

' ‘recorded on 21/9/74 for the historical data. The pusping water levels were cosetizes below the

! 1sea level.

10.43 'The high ‘B° value in Bugust "32 wag due to the low bicarbonate content.

10.52 :

) ]

1 [

10.39 'the water was of A" type; only once on 16/7/86 it was marginally of 'B" type. The sodius conteat
10.66 'did oot exceed the caleium or ragnesius contents. The sodius and chloride contents were within the
: 'general range of concentration in waters from OWT #2 and #4. The uspicg water levels were usnally
: 'above sea level hut sopetizes below it to the extent of about 3 ft.

0.3 'The sodiun content was Bore than the magnesiun content in Nov. 75.

110 '

: 1

10.31 'The sodium content was more than the magnesius content. The chloride content of less than 0.6 weq/l
10.58 'vas within the general range of conceatratien for waters in the area. Both the sodius and chloride
1

1

4 = Calcion Bicarbonate
B = Calciun-Bagnesium Bicarbonate

!level but soretizes below the sea level the mazimum being about 8 ft.

E = C1/Co3+HC0d

C = Sodius-Bicarbonate
D = Sodiua Chloride



15L.{WELL HAME FERIOD |RO. OF (TYPE OF,  Cl.

) )

] ]
N0., ' PAMALYSES) WATER |-------- e !
I : ! ! 'C03+ECod! Sodium | Chloride} DESCRIPTION
] H H i -1 -y {mmeomo- H --- e
{6 1Cookson 33 11963 16 /8 10.084 10.78 10.25 'The =ater was of "A" type except once on 24/1/74 when it vas of "B type. On the same day the valae
I Jan-14 | ' 10,150 11.35 10.62 tof "¢ was bigh due to low bicarbonate content and not due to high chloride content. The godiun
HE H ! H : H - ‘content was less tban that of calcium and magnesium.
| . | [ - ] PR | | I | I e e e e e eemccecesesmemeermmmemeeem——eSermmmeeeesemme-e—Ssce_sececesesesemesemmm---es-e-esressesso—csc-o-—ees
1 ] 1, ) 1 1 ] ] ]
¢ 1Cookson 83 tJuly-85 35 W/ 10.097 i1.40 10.62 'The water was of ‘A" type except once oo 16/7/86 when it was of "B” type. The sodius content fluctuated
N tHar-87 H 0.110 11.95 10.12 ‘such and cometimes it was slightly more than tbat of magnesium (7/11/85 and 16/7/86}. There was a
HE H . ' H H H tgeneral overall increase in the sodium content mith referesce to that in 1963. There was also a
HE H : : H ! ! tgeneral overall increase in the chloride content but it wae within the geoeral range of concentration
I ' H ' H H H Yfor waters in the area. The pusping water levels mere above sea level.
SRS S
1 7 i1Cookson ¥ {0ct.-86 16 'A/B 10.087  11.57 10.61 'Yhere was a light but progressive increase in the sodium and chloride contents. The former was aore
N Har-88 | H 10,150  2.17 10.72 'thao the magnesius content from Feby. "87. The cbloride content vas within the gemeral range of
HE H : ! H ! ! teconcentration in well waters in the area. The pusping mater levels were below sea level sonetines
HE ! H ! i : H 'to the extent of 12-14 ft.
! e s mmmmmmmmmmmmm—eemeeemeeemmeeeememeemmeem—eseeccccaessemeesemme—=
! 4 Newlands $2 ‘Feb.-86 {11 /B 10.077 0.5 10.35 The sodiun content was less than the magnesiua content exceot on 27/2/86, 28/9/88 and 18/10/88. The
L tNov.-88 | H 10.146  12.65 10.60 'chloride content was within the general range of concentration in well waters in the area. The sample on
HE ! H H H H ! 121/2/86 was collected fron pusping well. The well is mot in use and therefore other samples were
I ! H ' : H : tcollected by a saspler from the depth of 50 feet.
!9 ‘Nemlands 824  April 87 |4 B 10.094  31.52 10.60 'Three samples were collected in April "87 during pusping tesi just after the construction of the well
I iHarch 88 | H 0.147  2.00 10.74 tand one mas collected in arch "88, when tbe well was in use. Between April "87 and March 88, there
I : H H H H ! 'sas a slight increase both in the sodius and chloride contents. BHowever, the sodiua content was
I H H H ' i : 'not more than the magoesium content and chloride content was within the gemeral range of concentration
HE 1 i H H ' H 'ip vell waters in the area. The pusping water levels were around 10 ft. below gea level
- : : ' H {mmmmmm———- {m-m--mmoe- L ittt
110 tNealands #3 10ct.-86 1 'A/B 10.092 ;1.61 10.50 'The sodius content shows a slight but steady increase from August "87 and it was more than the sagnecion
. iHar. 88 | i 10,122 11.91 10.56 tcontent all through. The chloride content was more or less unifors and well within the general range of
HE : H H H H H 'concentration in well waters in the area. The pusping water levels were generally below sea level.
et ' H ‘ : - ‘ R
\ }PROJECT-B H H H 1 ' | H
I ' ' ' : H ' :
11 iHorth Syndicate j1963 - 14 H 10.066 10.56 10.47 'The sodiua content was low and did not exceed either the calcium or the nagnesiua contents. The
Vo 1{01d Well) tHov.-15 H 10,086 10.94 10.51 'chioride content vas also low.
1 ) [} ] ) ] ] 1 t
] 1 1 ] ) t 1 1 1
:!2.:Horth Hov.-86 4 A 10.083  10.T4 10.53 'The cbloride content was low. The sodiua content increased from 0.74 meg/1 to 1.59 neq/1 in 2 days
!" iSyndicate 82 | H ! 10.081  }1.59 10.56 but it did not exceed either the calcium or the sagnesium contents. The pusping water levels were about
Vo : ! ' H H H 112 ft. below sea level but are likely to be just a few feet below sea level when the well will
I ' H : H H H 'be put into regular use at the reconsended rate of abstraction. :




N :‘ /
oM

15b. {WELL NANE

: (PERIOD  }NO. OF TYPE OF; C1. !RANGE OF COXC (leg/l)‘

. ' ABALYSES} WATER {------—-- oo

I ' H H 1Co3+HCo3; Sodjus | Chloride. DESCBIPTIO!

j==--=-- ' : i jm==mm-- jmemmeeeees - ---- e R

13 }South Syndicate !1963 - !5 H 10.053  10.56 10.28 'The quality of water appears to be 1ike the one fros North Syndicate 82 old well.

1 1014 Nell) tJan.-15 } ' 10.085 10.83 10.51 H

[} 1 ) ) t [} ) ) 3

1 ] ] 1 1 ] ] 1 ]

i 14150uth 10ct.-86 2 4/ 10,100 11.54 10.6% iThe sodiua content considerably increased and the chloride content slightly increased with respect to

v iSyndicate 82 ) H H 10120 71.96 10.76 (those found in the water from South Syndicate {old well) before 1375. The sodium content algo exceeded
o H ' : H ! H ithe magnesina content. But both these declined from 9th to 11th October, 1986. The puaping water levels
I H H H ' H : iwere pear about sea level, but are likelr to be above the gea level, when the nell will he put into
I : H H ' ' : iregular use at the recommended rate of abstracticn.

1 15 1Cow Park-4 1dug.-86 4 H | 10,089 12.52 10.61 1three sanples were collected in August "86 and one in March '88. the chloride and sodiua contents did
HE Bar.-88 | : 10.107  12.54 H inot show any appreciable variations betreen these two periods. The sodium content was higher than that
HE : : ' H H ! tfound in the waters of Rorth Syndicate and South Syndicate wells. It was also more than the magnesima
I H H ! H : H rcontent. The chloride content, however, was los and in line with that found in the waters in the area.
I ! ! H H ! : 1The punping vater levels mere a few feet below sea level but when the well will be put into regular
I H H H ' : H 1uee at the recomsended rate of discharge, the pumping water levels are likely to be near

I H ' : ' ! H 1about the sea level.

| . e e e e e e e e e e e e e e e e e e e e e e m e m o e e —————— e ———————— e e e e e e = ——— e e
1 16+/Naggo Bead 15ep.-86 13 1B 10,060 }2.04 10.38 :The sodium content was wore than that found in the waters from North Syndicate and South Syndicate
HE H ' : 10.062 | 10.39 ivells and 1t aleo exceeded the magnesium content in the last two camples. The chioride content was
S H H H ! ! ! ivery loz. The pumping water levels were around 6 ft. below sea level and are likely to be the same
N H H ! : ! : ywhen the well is put into regular use at the recosxended rate of disclarge.

1 17°iGulnep Pen 1Sep.-86 |2 i 10,087 13.13 10.62 iThe chloride content was low but the sodius content was the highest racorded in the area. The latter
. H H H 10,088 13.22 H rexceeded both the calciun and magnesium contents which was not the c.se with any of the well waters
N ' ! i : ! H 1in the area. It however shoved a declining trend from 4th to G6th Sejtember "86. The puaping

HE H ! ! : ! ! iwater levels were about 3 ft. below sea level but they are likely to be just above sea level when

I H H H H ' ; tthe well i5 put into regular use at the recomsended rate of discharge.

118 {Cedar Grove #2 (May-13 |2 4/B 10,119 11,08 10.70 iThe chloride content was not high but the sodium content was more than \hat found in the waters from

: '(Old Nell) 'Jan -4 ! ‘0 187 12.09 ! jother wells in the area during tbe same period. The sodiue content did not exceed either the calcium
HE ' ' ! ! tor the magnesiom conlents.

i i(Water sanples were collected froan the new nells durlng the testlng : .

1 ilmmediately after their construction) H ' : H

i PROJECT-C H ; H ' : H ;

I i : ! : : ' H

119 {Natson Grove #2 (Feb.-12 |1 ) 10,047 10.61 10.32 iThe sodiua and chloride contents fluctuated moderately, and the former did mot exceed elther the
!OTHO1d Well) 10ct.-82 | ! 10.215  }1.08 11.54 jcaleiun or the magnesiom contents.




1SL. {WELL NAME {PERIOD  |K0. OF )Y7PE OF! C1. (RAKGE OF CoNC (leg/l]

H.[ H 'ANALYSES' BATER §--o-ommtmmmmm el

HE : H ' 'CoS#HCoS: Sodiua ! Chlorxde. DESCRIPTION

R e e ymommmmee- oommm-- foem---- {momm--- e e U
120 Hatson Grove §3 'April 86 ;13 /B 10117 i1.08 10.65 'There %35 an overall increase in the sodius content when compared with that found in Natson Grove §2
Vol tNov.-88 | : 10,400 11.52 10.93 iwel]l water. There also appears to be a slight overall increase in the chloride content but it did nct
HE H : H H H H rexceed the maxisua recorded for Watson Grove 92 well water in October 1982. The calcium and bicarbonate
L H H , : H ! rcontents were distinctly low in the water on 30th July 1987, due to which the "E’ walue was the

I ' : H H ' : ibighest and the water was of "B" type on that date. The pumping water levels were mostly above sea level.
§ T o e e e et e ettt e e e e et 7
121 Riversdale 81  (Aug-86 i1l ) 0,191 :1.02 .24 1The chloride content was distinctly higher than that found in the water from Watson Grove 83 mell. The
- Nov-88 | H 10,546 12.00 13.78 rgodiun content did not exceed the magnesium content but the chloride content exceeded the sodium comtent
HE ' ' { H ' : 121l through. The chloride content of 2.37 to 3.78 veq/l during Aug. to Kov. 88 s wnusually high.

I H H i H : : iBovever it declined to 1.46 weq/] on 25/11/88. The pusping water levels were aostly above sea level.

: .....................................................................................

i+ IPBOJECT-B  (Old Wellg) | H H : H '

1224Linetree 8} 11963 H H ) 10.080 10.48 10.53 iThe sodiun and cbloride contents do not show any appreciable increase upto 1974 but between 1974 and
- ‘July-78 | ' 10.166 }1.85 11.66 11978 there was a considerable increase in the concentration of these constituents.

) ) ) ) ) ] t t l

] ] ) ] ) 1 1 1

N vapril-87 ;2 H 10,359 11U 12.13 ’The sodium content was not more than that in July 1978, but the chloride conteut increased from 1.66 aeq/l
- H H : 10.386  11.83 12.28 tin July 1978 to 2.28 veq/l. The chloride content is considered to be high shen compared with that
I H : H H : H 1found in the waters from otber wells i the area for the came period. It exceeded the codimm coatent
I ' H H : H H 1and the latter slightly exceeded the magnesium contest.

[] S e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e m e e e mm—— e ———————— oo e m e ————————
[}

123 1Governnent Park 11963 H} A/B 10072 t1.00 10.42 tIbe sodiun and chloride contents show moderate fluctmations but there was mo continuous increase from
. Wan-75 ! H 10183 12.04 DN 11963 to 1975.

[} ) ) ) 1 [] ) ) 1

[} ] ] 1 1 ] 1 ] 1

. May-87 13 H ) 10161 ;1.57 10.94 iThere was an increase in the sodius and chloride contents from 1975 to 1987. The chloride content
I Waly-88 | H 10.268  11.15 1,51 1decreased froa 87 to 88 while the sodium content increased. However both the sodium and chloride

- : H : H H H ycontents in July 88 were less than the highest recorded before 1975. The bigh fluctuations observed in
HEH H H H H H H 1the concentrations of anions and cations point to the unstable composition of the well water. The
HEH ' H H : ' H ipunping water levels were about 25 ft. above sea level.

b T e e e e oo oo m o e e e e e e e e e e e = e s s sz e oz et

L]

124)iClifton May-13 12 1A 10.087 ;0.56 10.65 {The sodiua content shows a high increase fros 1973 to 1975 while the chloride content shows a slight
I Nor-75 | : 10,116 11.80 10.70 «increace. The forper however did not exceed tbe sagnesium content

1 1 1 1 1 ) ) ] 1

[} [} ) 1 1 t ) t )

. HWuly-87 12 ) 10,116 11.9) 10.90 {Both the sodjur and chloride contents show a slight increase from 1975 to 1987. The pusping water
- H ' H 0117 12,03 10.91 1levels were about 26 ft. above sea level

| S -——— - S e e e e e e e e e e e e e e e e e e e e e e e mm e e eeeeeee e s eee oo e e e eemmmee e e - ——————————————————————eee
1}

125 iGoshen #2 11963 Hi 4/B 10,064 J1.57 10.42 iThere was an increase in the sodium and chloride contents from 1963 to 1975 and the former exceeded
HEH tNov-75 | ! 10.222  10.93 10.93 sthe waguesium content only once. The fluctvations in tbe sodium content were more than those in the
HE : H H H H : ichloride content.
e

1

{1 26)Congrieve Park [May-72 !2 H 10.089  11.57 10.68 iThe sodiue and chloride contents were within the gemeral range of concentration in well waters in the

I 1} thog-82 !} ! 10,106 11.78 10.81 1area during this period.




PERIOD !RO. OF (T1PE OF) Cl.

] )
] 1 1 1
H0.; H {ANALYSES) WATER }-------- oo mme e eeee
! H H ! 1C03+HCo3} Sodium ! Chlorlde. DESCRIPTION
-1 H -1 {------- - ymmmmmmeee- e R ---- .- Semmososeesceeeeccccccooean --
1Congrieve Park 18pril-87 ;2 B 10,110 32,30 10.91 'Both the sodium and chloride contents show a rise with reference to the concentrations in 1982. Though
H] H ! H 0111 2. 10.92 ithe rise in sodium content was high being 0.9 meq/], the concentration of 2.44 seq/l was not more than
H ! ! H : : ! ithat found in Goshex #2 well water in 1973. The pumping water levels were aboat 2 ft. below sea level.
21-15alt Pond #7 11963 | 4/ 10132 11.26 10.45 1The sodium content highly fluctuated and it was more than the caleiue and magoesium contents in 1963
H 0ct-72 H 10,160 :3.30 11.01 tand the magnesiua content in October 1972.
(] ] ' 1 1 1 ] 1
t ] ¥ ] [} i 1 1
H 1hug-81 )2 B 10,136 3.4 10.92 iThe chloride content wae in the general range for well waters in the area for the corresponding period
: ' ' : 10,158 13.78 10.95 iThe sodiun content was more than the highest recorded (in 1963) and also more than that found
H ! H H H : H tin the well waters in the area for the corresponding period. It exceeded the calciua and
: ' H H ; . ' inagnecjun contents. The pumping water levels were about 5 ft. ahove sea level.
‘28 {Reids Pen #1  (May-72 {6 { - 10,307 }0.83 10.89 iBoth the sodius and chloride contents show high fluctuations.
H tJan-81 | ' 1 .18 12.04 H
! : S T : ;
H Wely-86 19 B 10.202  13.15 1.00 iThe sodium content fluctuated slightly. It erceeded the sagnesiua content all through and twice exceeded
: Nov.-88 | : 10.360 13.67 2.4 ithe calciun content. The chloride content fluctuated moderately. Both the sodium and chloride levels were
H ' ' H H : ! ihigher than the general range of concentration in well waters in the area during this period. The
H H H H : H H roverall high fluctoations in the concentrations of the ions indicate a comewhat unstable com-
' H ! : H H H 1position of the well waters. The pumping water levels were generally about 5-8 ft. below sea level.
29 !Beids Pen 2 1Sep-12 19 'l/B 10.093  12.35 10.70 iBotb the sodium and chloride contents show moderate floctuations. The former erceeded the magnesium
: \Sep-82 | 10.210 13.26 11.13 icontent all through. The moderate to high fluctuations in the concentrations of the ions inciated a some-
i (The wells were tested for their yield and water quality in the year iwbat unstable compositin of the well water. The sodius content of §.52 meq/l on 14/10/81 is unusvally
t 1987 and water samples were collected from the wells at that time) 1high for sater in the area.
1Hew Nells i : ; ' ' ' :
: : H : : : H H
30 1Goshen 134 Mar-81 13 1B 10,133 2.4 11.05 iThe sodius content did not exceed the magnesium content and it was not more than the highest recorded
H H H i 10.138  12.57 11.09 ifor Goshen #2 well (which 15 about 200 ft. away) for the period 13963 to 1975. The chloride
! H ! ; H : ! tcontent, however, was slightly more than the highest recorded for Goshen 82 well. The pumping
! ! ! i ! ! H ! iwater levels were about 6 ft. above sea level.
31iClifton-B 1Hay-81 13 ) 10.236  11.96 11.21 iThe codium content d=clined from the first to the last day. It was less than the magmesium conteat in
! H ! ! 10.328  12.13 11.30 ithe last two samples. The pumping sater levels were about 5 ft. above cea level.
32 iClifton-5 ‘Jap-88 | ) 10.129  11.57 10.86 iThe sodium content slightly exceeded the magnesium content all through. The pusping water levels
H ! H 10.139  1.61 10.92 iwere about T ft. below sea level but when the well is put into use at the recommended rate of

{Hater salples fron the 3 nev vells were collected durirg the pumping |abstraction, they are likely to be about 7 ft. above sea level.
tests conducted immediately after the construction of the wells) H




- e m —- -

' DESCRIPTION

'%his observation well is close to tke sea and the water mas sodium chloride type. There wvas no
'iperease either in the sodius or the chloride contents fros Hov. 87 to Sept. 88.

'The water was of sodium bicarbonate type. The sodiua and bicarbonate contents fluctuated to the extent
tof aboot 4 meq/l. The chioride content decreased from 4.24 seg/l in Kov. 87 to 1.1 peq/l in Feb. 87
'and thereafter remained less than that.

'The water wac of sodium bicarhonate type. There was a decline in the sodium and chloride contents from
'Hov. 87 to Feb. 83. Thereafter the chloride content resained more or less steady being around
'1 seq/] but the sodium content fluctuated to the extent of about 2 peq/l.

'It is observed that the sodius and sulphate contents were more in the sater froe the shallow aquifer
'than in that from the deep aguifer while the calciue, magnesiup and chloride contents were more in the
‘gater fros the deep aquifer than in that from the shallow aquifer.

'The water was of sodius bicarbonate type but the sodium and chloride contents were higher thao those
'found in the waters of Cumberland Pen piezometers. The chloride content was more or less steady but
‘the sodium and bicarbonate contents fluctuated to the extent of about 2 aeq/l. (On 28/8/88 two samples
'ere collected one froo the depth of 10 £t. and the other fror the depth of 80 ft. It is observed
'that the sodiun content was more in the sasples frop the upper zome while the nagnesius and chloride
tcontents were more in the sasple fror the Jower zome.

'the water was of sodium chloride type. The sodium and chloride contents fluctuated to the extent of about
16 seq/l and 10 meq/] respectively. The bicarbonate content fluctuated to the ertent of 4 neq/1. There
'gas an increase in the sodium and chloride contents to the extent of 7 and 4 meq/l. respectively, from
19/9/88 to 28/9/88 after heavy rains in nid September "88.

'There was a slight but steady increase in the sodius content from 1972 to 1388 to the extent of 0. 6
tgeq/l. It shows a tendency to exceed the magnesium content froe Nov. 87. The chloride content
'fluctuated slightly to the extent of about 0.14 meq/l.

'The type of water varied from calcium bicarbonate to calciun magnesiun bicarbonate with high fluctuations

* WELL NAME ' PERIOD !RO. OF !TYPE OF; Cl. }RARGE OF COKC (leq/l)'
! ! CANALTSES! WATER !---niommfemmmomemommmmmoneoees
' i ' ! 'Co3+8Co3: Sodium ! Chlorlde
{memmmmm e jommmmmee- y-mmm——-- jomm-——- j----=--- j-mmmmmme- jmm=mmmmmm H
'WELLS ODTSIDE THE PROJECT | : H H H :
'A. Observation Wells H : ! H H '
) ] ) ] ] ] 1 t
t ] ] ] ] 1 1 1
"Waterford Nov-87 |12 D 15.76 116.62 125.15
\ 'Nov-88 | H 19.97 122.19 132.29
‘Cusherland Pen Kov-87 11 HH 0.174  13.88 10.60
1{5hallow) tNov.-88 | H 10.536  14.78 W
: ' H H : ' |
\ H : ' i 1 i |
!Cunberland Pen (Mov-87 112 iC 00,110 15.25 10,35
i (Deep) tNov-38 | ' 10,702 19.33 15.00
H : ' H : H i
1 H ) ] ] ] ]
] 1 ] t t N ]
4 ] t 1 ) ) )
1 ] 1 ] 1 1 ]
] 1 ] ] t 1 (]
) 1 ] ] ] t )
t ] ] ) 1 ) 1
] ] t 1 t 1 1
‘Haggo Head 1Sept-87 14 HY 10.376 ) 8.57 12.99
H ‘Nov-88 | ' 10.563 2.1 14,25
' H ' ! : : H
1 ) 1 ] 1 ] ]
1 1 1 ) 3 t ]
] [} ] 1 1 1 1
1 1 ] 1 1 ] ]
] ] ] ] t ] ]
1 ] ] ] t ) 1
iReidspen Wuly-87 12 D 1122 118.70 110.12
: iNov-88 ) ’. 12,51 125.23 120.03
' H ' H ' ‘ :
) ] 1 1 ) ] ]
(] 1 1 1 1 ] ]
'HELLS 00TSIDE THE PROJECT AREAS ' : H H H
) ] 1 ] l
I 1 1 ] )
:Culherland Pen IHay-TZ 2 H 10.080 10.91 0.4
' 1Sept.-088 ) : 10,118 1.6 10.68
1 [} ] ] 1 1 1
1 1 1 ] ] ] )
!Portaore §2 1Sept.-86 19 &/ 10,069 10.38 0.38
1(KNC) 10ct.-88 10,281 3.23 1.28

tin tbe sodiue content. Once on 7/9/87 the sodius content reached 48.1 percest of the cations, far
lexceeding the calcium content. The chloride content also fluctuated but less than | peq/] aod fros
‘Jan. “88 it remained the came.

1

]

'The overall bigh fluctuations in the concentrations of otier anions and cations indicate the unstable
copposition of the well water.




PUMPING WATER LEVELS IN WELLS
ON THE DATES OF WATER SAMPLING

SL PUMPING WATER LEVEL ABOVE
NO. DATE (+) /BELOW (-) SEA LEVEL
(FEET)
HALF-WAY-TREE #2
1 28, 2.86 24,0
2 14. 5.86 14.5
3 16. 7.86 20.7
4 9. 2.87 19.8
5 12. 8.87 2.4
6 27.11.87 5.0
7 8. 2.88 4.6
8 8. 3.88 6.3
HALF-WAY-TREE #4
1 28, 5.73 18.4
2 4/74 23.0
3 8/74 23.6
4 21. 9.7 23.4
5 14.11.74 23.6
6 5. 3.75 16.7
7 12.11.75 16.1
8 16. 6.75 19.7
9 28.11.78 9.5

Table-51

£


http:28.11.78
http:12.11.75
http:14.11.74
http:27.11.87

SL
NO. DATE

Table-51

PUMPING WATER LEVEL ABCVE
(+) /BELOW (=) SEA LEVEL
(FEET)

HALF-WAY-TREE #4 (CONT'D)

10 8.10.85
11 15.10.85
12 28. 2.86
13 9. 2.87
14 12, 8.87
15 3. 9.87
16 15. 1.88
17 8. 3.88
HALF-WAY-TREE #5

1 9. 9.85
2 28. 2.86
3 16. 7.86
4 6.11.86
5 9. 2.87
6 8. 2.88
HALF-WAY-TREE #6

1 28. 2.86
2 16. 7.86
3 6. 3.87
4 27.11.87

2.9
2.9
10.0
24.9
6.3
6.2
16.4
3.5

3.4
3.2
1.9
12,4

o



SL PUMPING WATER LEVEL ABOVE
NO. DATE (+) /BELOW (-) SEA LEVEL
(FEET)
COOKSON #3
1 16. 7.86 + 7.3
2 9. 2.87 + 8.0
COOKSON #4
1 29.10.86 - 14.0
2 9. 2.87 -12.1
3 6. 3.87 - 7.0
4 12, 8.37 -12.5
5 8. 2.88 - 7.1
6 8. 3.88 - 12.1
NEWLANDS #2A
1 22, 4.87 - 9.8
2 23. 4.87 - 11.1
3 24, 4.87 - 12.3
4 8. 3.88 - 10.0
NEWLANDS #3
1 24.10.86 - 10.4
2 9. 2.87 - 7.6
3 12, 8.87 - 11.5
4 27.11.87 - 21.7
5 8. 2.88 - 36.5
6 8. 3.88 - 17.0

Table~51


http:27.11.87
http:24.10.86
http:29.10.86

AN
TabIQMSI
SL PUMPING WATER LEVEL ABOVE
NO. DATE (+) /BELOW (=) SEA LEVEL
: (FEET)

NORTH SYNDICATE #2

1 20.11.86 - 13.0
2 24.11.86 - 11,0
3 26.11.86 - 12,0
4 27.11.86 - 12,0
SOUTH SYNDICATE #2

1 9.10.86 + 2.0
2 11.10.86 0.0
NAGGO HEAD

1 27. 9.86 - 6.0
GUINEP PEN

1 6. 9.86 - 3.0
COW PARK-A

1 10. 8.86 - 4.0
2 23. 3.88 - 2.0
WATSON GROVE #3

1 30. 4.86 - 6.C
2 2. 5.86 - 6.2
3 12.12.86 + 11.0
4 30. 7.87 + 4.0
5 9.12.87 + 14.3
6 9. 2.88 + 13.9

7 2. 6.88

+

9.6



Table-51
. SL PUMPING WATER LEVEL ABOVE
NO. DATE (+) /BELOW (-) SEA LEVEL
(FEET)
WATSON GROVE #3 (CONT'D.)
8 1. 7.88 + 12,4
9 9. 8.88 + 4.2
1c 11.10.88 + 12.0
11 23.11.88 + 2.5
RIVERSDALE #1

1 21, 8.86 - 8.0
2 9.12.87 - 3.5
3 8. 3.86 + 13.6
9. 8.88 + 2.4

5 5. 9.88 + 11.5
6 4.11.88 + 5.5
7 24,11.88 - 7.5

8 25.11.88 + 1.45

GOVERNMENT PARK
1 6. 5.87 + 24.1
2 7. 5.87 + 22,5
3 1. 7.88 + 16.2
CLIFTON #3A

1 24, 7.87 + 16.0

CONGRIEVE PARK #4

1 16. 4.87 - 4,0


http:25.11.88
http:24.11.88
http:23.11.88
http:11.10.88

Table-S....

SL PUMPING WATER LEVEL ABOVE
NO. DATE (+) /BELOW (~) SEA LEVEL
(FEET)

SALT POND #7
1 27. 7.87 + 5.82
2 28. 7.87 + 5.25
REIDS PEN #1
1 16. 9.87 - 1.3
2 11. 2.88 - 5.7
3 1. 7.88 - 8.5
4 5. 8.88 - 5.6

19. 8.88 - 1.0
6 30. 9.88 Overflowing
7 21.11.88 overflowing
GOSHEN #3A
1 31. 3.87 + 7.0
CLIFTON-B
1 19, 5.87 + 6.0
CLIFTON #5
1 29, 1.88 - 8.0
CUMBERLAND PEN
1 1/88 + 8.3
2 5. 8.88 + 3.51
3 19, 8.88 + 1,95
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GPAPH SHOWING THE CONCENTRATION OF ANIONS AND

CATIONS IN WELL WATER

WELL NAME:HALF WAY TREE § 2
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
CATIONS IN WELL WATER

BERNARD, LODGE - PROJECT A

WELL NAME: HALF-WAY-TREE #4
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GRA\PH SHOWING THE CONCENTRATION OF ANIONS AND

CATIONS IN WELL WATER
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GéAPH SHOWING THE CONCENTRATION OF ANIONS AND

CATIONS IN WELL WATER
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
CATIONS IN WELL WATER
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
CATIONS IN WELL WATER
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CATIONS IN WELL WATER
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND

CATIONS IN WELL WATER
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
CATIONS IN WELL WATER.

17
. PRO JECT C WELL NAME: WATSON GROVE #3
po— : T . . 1: -
e I ! ‘L
N } . .
4 d
L : T ; .
===c r ‘ 1
m— I — ! = ;
— : — — 1
1 I +
' 1
+ i
1 e —— :
1 ya
3 —w—— 1
1 — il
NESER RSN ] : 7
= X ) Y 7 ) 1 X
A Y 1 X 1 : - )
I T Y1 T X ) : !
i L 1 A 1 1 I AN M . [ ! " . i
: * .. T . : X : t
+ - + t 1 7 : M ———
T ). Y = 19 ot usw.
~ : :H - + —— . 1t
T l M - { bl .
; - + gy — . -
n A e I T ¥ . t . ’
Y NN —- 1 T S T t t
x MBI 'DE DI W 0 . ! .
1 1 1 11
Y 1T I8
X T f -
- T 17 I " -
" T - ! B S
; T | T T I - N
! ! 1 N SR,
} ' R IS
- BN GRS [ IS
] | S N S
f - —_—————b - - -
DR UM
e =
- - . A - :
RS N 07 —t- T .
30_ﬁ2_514_5}2l_2_3_6_30_19;_29_3261_L'3_§11102311
Date
®calcium e chloride
e magnesium 4 sulphate

» sodium mabicarbonate and carbonate




GRAPH SHOWING THE CONCENTRATION OF ANIONS AND

CATIONS IN WELL WATER
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
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GRAPH SHOWING THE CONCENTRATION OF ANIONS AND
CATIONS IN WELL WATER
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