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taste and colour but acquires different properties
when in contact with soils.This,like other diverse
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S Y N OP 5 I S

The primary object of the present investigation is to
evaluate the applicability of cosmic ray produced silicon-32
(half life s~ 500 yrs) as a tracer (radicactive) for the study
of the characteristics of surface and sub-surface waters,with
special reference to determination of the "ages" of groundwaters.
A large number of measurements of the concentration bf 325i
were carried out towards this goal, using the newly developed
experimental techniques, in wet precipitations, melt-waters,

rivers, lakes and sub-surface waters,

To date, two radiometric techniques are used for tracing
underground flow of water and for estimating the Tage' of
groundwaters. These methods are based on the isotopes, tritium
(half-1life = 12.3 yrs.) and carbon-14 (half-life = 5730 yrs.).

3, . . o
The usefulness of “H for groundwater studies is limited to a
time span of about 50-100 yrs., before present, In the case of
14 o e bobad 5w T 0
C, because of the fact that the groundwater system is “open

14

to exchange of C atoms with stable carbon atoms in solid

phases, reliable estimates of groundwater ages below

LD o3

1500 years are usually not possible.

When this programme was undertaken, no suitable method
was available for studying groundwaters of ages in the time

bracket 100~-2000 vyears. Experiments were, therefore, under-
oYy

/
! | . - - . . N s .
taken to study theo usefulness of radiocactive Si for



viii
determining the ages of groundwaters in a time bracket, not
3 14 1 o rodiet | - 32
covered by either “H or C method. The production of Si on
the earth occurs as a result of nuclear interactions of cosmic
) e 32, .
ray particles with atmospheric argon. The Si produced in the
atmosphere is transported te the surface of the earth via rains
and added to underground aquifers by downward movement of
- . . 32 .
surface waters, The production rate of Si in atmosphere 1s
f b - —4 2 o s
estimated to be 3x 107 atoms/cm®.sec., Due to this low

32Si in surface and

production rate, the concentration of
subsurface waters is very small, of the order of 0.0l - C.5
dpm/ton (1 ton = 10° litres) of water. Such low concentrations
necessitate the collection and processing of large volumes of
water, in the range of 5-30 tons, to obtain definite signals
of °%si,

The concentrations of stable silica (SiCb) in surfeace
and subsurface waters range from 5-50 ppm. Such large concen-
trations of stable silica in these water samples coupled with
the low production of 325i in the atmosphere makes the specific
32 in natural waters very low, 3251

2
activity of °2si (3?si/si0

5)

N
8 . DL . . . .
mission to P, a radioactive nuclide of

®

decays by g~

. 32 Lo . . N .
14,3 days half-life, 7781 activity is, therefore, easily
e . . - | R e 32p
measurable by assaying the activity of its daughter nuclide e

During the course of this work, experimental techniques

were developed towards :



)

ix
(1) Collection and extraction of silica at the sampling
site from 5-30 tons of water samples, Extra
ction of silica (100-400 g), by scavenging with
ferric hydroxide, could be carried out with an
extraction efficiency of about 95%,
32

P activities from large quantities
32p

(ii) Separation of
of Si02 extracted from water samples. The
separation was carried out by an efficient and
rapid technique inVOlVing the distillation of
silica as SiF45 The recovery of phosphorus was
better than 9. Samples of 30 gof silica could

be processed in 8-10 hrs,

(iidi) Assay of SZP activity milked from extracted "silica

using low-~background high efficiency beta counters,
With the combination of these techniques of rapid chemistry
and sensitive counting, it beceme possible to e¢stimate absolute
32 s s N . + - :
Si activities as low as 0.05 dpm {corresponding to cone count
3. . . . ~
per hour of 2P) within an uncertainty ot iZQ%, The present

detection limit is 3-4 times better than that was possible with

the techniques previously emplovyed,

Using the above mentioned experimental methods

. . G . o . s
extensive studics of Si concentration were carried cut in
natural waters collected from various geological enviromments,

especially in the arid and semi-arid regicns of India. The
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. : - 32 : :
application of ““Si as a hydrological tracer invelves (a)
measurement of its concentrétion in rainwaters and the rate
of its deposition and (b) the changes in its concentration in
groundwaters due to causes other than radioactive decay.
Experiments were planned end conducted to gbtain estimates
nf these parameters, The salient features of the results are
summar ised below:

32.. . _ .
(a) C“8i concentrations in rain waters :

. 32
The measured concentrations of

Si in rainwaters
from the Indian subcontinent (10°-32°N), during the
year 1961-1971, range between 0.1 - 1.2 dpm/ton; the

325i concen-

average value is 0.3 # 0.2 dpm/ton. The
. : B Ce s

trations in rainwaters show a marked latitudinal

dependence as would be expected from atmospheric

o . ] 32
production, Combining the measured Si activities for

Indian stations with the published values for
0 Oy . - . 2 s
(55 °=70°N), the mean global fallout of 3251 is

L -5 2 .
stimated to beo Bx 10 dpm/cm“.yr., which corresponds
4

D

to a global average production rate of 3 x 107

) ) . 32cs -
atoms/cm”,.sec. The concentration of Si in 1963-64

precipitetion was about a factor of two higher
compared to those in the preceding and succeeding
vears indicating that there was some production of

324 .
Si Adue to the testing of nuclear weapons.



a

XL

. 30 . .
haviour of ~7Si in hydrological systems :

Geochemical |

. & . 32 s N . .
Field experiments using ~“Si activity present in rain-

waters and laboratory experiments with artificially

.31 .. . . )
produced “78i (half-1life = 2,06 hrs) were conducted to
32

evaluate the extent of exchange of Si with silicon
present in soil, during its passage from surface

to underaround acuifers,
1

The results of these experimentssuggest that the loss
of silicon isotopes dependg@rimarily on the nature of

the soils and minerals. It was observed that the loss
31

(for a time span of about two hours for
|
3254)

Si end two

months for was negligible in some cases; €.g.

sand, quartz and red soill, - Thus for quentitative
s 32
1

study of losses o Si in groundwaters due to chemical

exchange mechanisms it is necessery to consider the
nature of soils incaresponding groundwater environments.

39(* JER T S : - £ . R N £ oA
751 concentrations in surface and subsurface v

aters

32 . .
Si concentrations were measured in twentyone surface

and thirtysix subsurface samples. Majority of the sub-
surface samples originate from the alluvial tracts of

arid and semi-arid regions of Rajasthan and Gujarat.



%1l
About TOE of the groundwater samples showed unambiguous
signals of 2p corresponding to 3 0,015 dpm 32Si/tone
This observation clearly indicates that the ages of
these water masses are less than ~. 2000 yrs, calculated
using the 3251 concentrations of 0.3 dpm/ton in rain-
water. This information by itself is significant
because for waters older than about 100 yrs. but younger

14

than 2000 yrs., the information based on ~ C (the only

suitable long lived radiotracer) is ambiguous.

The ages for the subsurface water masSes were
calculated on the basis of the assumptions that, there
is no loss of 32Si in the groundwaters by processes
other than Tadiocactive decay or that there is a 506
loss of °2si by exchange/adsorption on minerals
present in the environment. The ages calculated on the

those by
later assumption differ from/the former in absolute

3251, Inspite of the

value by one half life of

uncertainties involved in calculations, the model ages
. 32« . L

computes using ~“Si are compared with those obtained

14 A
from C measurements.

For waters older than 2500 years, where clear T eprodu-
. : 32 . . e ;
cible signals of P were observed, the agreement 1in
et . _ , 14 32 s s T
estimated ages based on C and Si methods 1s no

)
. .. N e "
satisfactory. In general, the ages based on Si



xiid
are lower. This discrepancy could perhaps be due to loss of
14 S oo ; - woldert .
C by exchange resulting in apparent "older™ ages.
The most significant result which emcrges from this study is
| 3205 . |
that the Simethead can be used to establish whether waters
are younger than »~ 2000 years. However, due to lack of
. 32 s
understanding of the "£Gi exchange processes, absence of
30 . . .
Si in groundwaters does not imply that the waters are older
. . . . . 32 s
than 2000 years. Obviously, detailed investigation of Si
in various geological systems 1is warranted for a proper

32

understanding of the Si geochemistry in groundwaters.
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Statement required under ordinance 0,770,

I hereby state that the work described in this thesis
has not been submitted to this or any other University for

Ph,D. or any other degree,

Statement required under ordinance 0,771,

a) Statement regarding the discovery and important new facts.,

Extensive measureménts of 325i concentrations in
natural waters (rain, surface and subsurface waters) have been
carried out using quick and improved radiochemical and
assaying techniques., These measurements héve led to the

following new facts.

~

The usefulness of 3‘ZSi as a tracer for "dating ground-
waters" has been demonstrated. Several samples of ground-
waters from arid and semi-arid regions of Rajasthan and
Gujarat, where the water tables are rapidly depleting have

been dated, using this method, The estimated velocities of

32

groundwater movement based on their Si ages are not in

disagreement with those deduced using conventional techniques.,

. 32 s
The mean global fallout of cosmic ray produced Si1

S)

has been estimated to be 2.5 x 107 dpm/cmzy, which

corresponds to mean global production rate of
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-l 32a: /. 2 . .
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4
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3 14 o
The water samples Tor “H and C measurements were

collected by the suthor and the measurement of the
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L
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CHAPTER-I

INTRODUCTION

The ever increasing consumption of fresh water
upplies has brought into fTocus the need for exploration of
groundwater resources., The recent discovery of possible long
term climatic changes which may bring extensive drought
conditions to vastly populates areas (WENDLAN and BRYSON,
1974) greatly amplifies the urgency for developing new
techniques of aroundwater exploration, The Indian subcontinent

depends malnly on =z all for its water requirement. The

=iy

shortage of watcer can become acute producing severe drought
conditions especially Jduring summer months in the year of

poor monscon, The groundwater rescurces in India have not been
fully exploited and attempts are underway to explore the full
potential of subsurface waters, At this juncture, it was
thought apt to study, using radivactive tracers, the hydrogeo-
logical properties of the surface and! subsurface waters of the
Indian subcontinent., In this chapter, I :describe in brietf

the develoonent of man's knowledge on the groundwater

resources and subsurface water characteristics.

Croundwater resources were exploited as carly as
3000 B.C. In the ancient books of Hindu Philosophy, Rigveda,
Yajurvedn and Atharvaveda, mention is made of wells, canals

and other groundwater reservoirs, Similer citations have

also heen made in 01ld Testaments,



N

subsurface hydrology attained scientific status after
the Europcan Renaissance through the work of Leonardo da Vincil
and Bernard Palissy. During the 18th century, a geological

basis was provided

for understanding the occurrence and
movement of groundwaters, The interrelationship between
surface water and croundwater was better understood during

the 19th century.

The first attempt to tap water by drilling a well
was done in 1872 in U.S.A. ant since then large number of
artesian and subartesian wells have been constructed in U. S, A,
and France (KAZAMANN, 1972). Though the first tube-well in
India was drilled as early as 1895, a scilentific assessment
of the groundwater potential of the country was not under-
taken until a few vyears ago. Wells were constructed on the
hasis of the recommendations of the water diviners and this
practice continues even toflay in some parts of the country.
Though the construction of tube-wells in Uttar Pradesh
wos startesd in 1030, this programme was expanded considerably

only arcund 1936, The CGeological Survey of India undertook a
svstematic stuly of mapping groundwater re servoirs in the
country soon after the Independence. In addition to GSI, such
studics are also being carried out by other organisations

such as Central Grounsd Water Board, Exploratory Tubewell

Organisation, and United Nations Development Project (Report




The increasing demands for water due to the growth
in populaticn and industries continue to accelerate the
innovation of new technolegies to tap more and more ground-
water resources, These explerations are being carried out in
a1l climatic regicns but more so in arid and seml-arid areas
where there is a scarcity eof water., These developments require
detailesd knowledge of the abundance, origin, veleccity, and
recharge rate of groundwater as well as the porosity,

permeability of the aquifer through which it flows.

The conventional tracers used for studying the
properties of groundwater are dyeés, chemical and biological
tracers and surfactants (TODD, 1959 ; KNUTSSON, 1968 ;

GASPAR an: OWCESCU, 1972). The usefulness of thesc tracers is

1imited because of their interaction with the geolcgical
formation they traverse ang the problem assoccilated with
their detection at leow concentraticn levels. Hence a better

understanding of the hydrclogical properties cf the ground-

1

water systems had to wait till the radioactive tracers

were ma”e use of, The radicactive time clecks have found
applications in all facets of Hydrology. (Fer review see
IAEA 19062, 10064, 1067, 1970, 1974; VOGEL, 1070 GASPAR ani

OMCESCU, 10723 BARC Rep. 1974, BAHADUR, 1974).

At present a number of isotope techniques exist Tox

stu-dying the varicus short and long term hydrolegical

Precossass Propertics like the rate of recharge and the

DALDD a



"age" of water masses can now be precisely determined using

radioisotopes as tracers, The usefulness of a given isotope
to study a particular problem.is governed by its half-life,
chemical behaviour in the hydrological system, and the gase

with which it can be measured, A list of radioactive isotopes

which are commohly used in hydrology‘is given in Table-I1.1,

The water entering an aquifer carries with it radio~-
active atoms either as components of water molecules or as
dissolved matter, If there is no further source or sink for
these radiocoactive atoms in the aquifer, the radioactivity
of the water (and of the dissolved matter) decreases with
time according to the well known exponential law of radio-
active decay. The age of water mass is estimated from the
ratio of the concentration of the particular isotope in the
aquifer to that in source water. The ages are calculated
assuming that the aquifer behaves as a "closed" system and
also that the concentration of 32Si in the source water at
the time of its entry into the aquifer is the same as that

of the present day railns,

Further it is necessary to invoke simplified
groundwater models which take into c@nsideration the @quifer
characteristics, the rate of recharge, the internal mixing
of the water body within the aquifer and the relation

between the recharge and the discharge rates to estimate
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8
the ages., NIR (1964) proposed two models, the 'Piston Model!
and the 'Steady State Model! with aviewto estimate the
velocities of groundwater movement using tritium as a tracer.

esti-~

Similar models were later used by LAL

. : . 32 s .
mation of ¢roundwater ages using Si and C. The various

assumptions for these models and their implications are

discussed in detail in chapter-1V.

I have considered three naturally produced isotopes

4 )
Si and e for hydrological studies in this thesis.

K11 these isotopes °H (ty = 12.3 y, E = 18 keV), 32
14

Si

(ty = 500y, B _ = 0.21 MeV) and T 'C (t% = 5730 v,
B oox = 156 keV) are produced in the upper atmosphere by

the cosmic ray interaction with different nuclei. Tritium,
an isotope of hydrogen, is an ideal tracer for studying
the groundwater characteristics since it follows the motion

of water molecules in the aquifer system. The first applica-

i

FANN

gy

was made by BEG

2
tion of “H for dating of groun

and LIBBY (1957 ), Since then considerable amount of work

2
using “H for hydrolegical studies have been reported

- MUNNICH et _al.,1967;

~

3), The age of groundwater

is cetimated from the ratio of the measured specific activity

oniy itor

-~ 3

half-1life ol "H.



The second isotope used in the present investigation
. l 4 + A . LI o - N N
is C., Carbon-l14, a beta emitter, is produced in the atmos-
phere by the interaction of cosmic ray neutrons with nitrogen

14 Pl /
M (0, )Y amd gets oxidised to ~7CO,. Thus the

nuclei;
atmospheric CO, and biogenic material are tagged with cosmic
PR 3 y ] -l-[l - 3y -] 4 - 4 1 S T -
ray produced C. The rain water that enters the soil has a
very small amount of atmospheric CO9 dissolved in it since

the partial pressure of CO, in the atmosphere is very low,

2
But the partial pressure of CO arising from the decay of
organic matter and root respiration in the upper few metres

of soil is comparatively high and fairly large amounts of CO2
of biocenic origin can be dissolved in infiltrating water.
The method of radiocarbon dating of groundwater was
eloped (MUNNICH, 1957) and applied in detail for waters

of ages between 1000-30,000 years ( LBLAND and RUBIN, 1961 ;

HANSHAW ot al., 1965; LAL et _al., 1270). Similzr to the

i

tritium technique the ages of groundwaters are estima

i}

ted

14 . . .
he C method the

measured in groundwater samples. In t ere 1is
A : oy - 14 ,
a possibility of additional loss ot C from the water due
— . 14 .
to chemical exchsnge (VOGEL,1970). Thus in the © 'C method of
5 P} de k R - - 3 - 4 ("
dating groundwaters, the assumption that the decrease 1n C

activity in the aquifer is only due to radioactive decay may

not be valid in many cases and the system may be Topen™ for



14

C atoms., In fresh

14, . )
observed) C levels are

biogenic level (VOGEL, 1070).

uncertainty in the "zero ace"
amounts to an error of about

(MUNNICH anc ROETHER, 1063 ;

groundwaters, (those

foun

10

3.
in which bomb “H was

d to be (85 + 5%) of the modern
Because of this, there is an

e . 14 .
specific activity of C, which

1000 years on the estimated age

VOGEL and EHHALT, 1963 ;

MUNHICH et al,, 1967). Hence for samples younger than

o e . . R
2000 vears the estimated ages by C method may be unreliable.
14 . : - L ; .

C method is useful for dating waters which are older than
about 2000 years. Recently water samples as old as 40,000

years have

HANSHAW et al 1965 ; GUPTA
s meaiane ¢ ) i H

Muclear weapons te
atmosphere considerable

introduce uncertainties

’W)ﬁ.

ages 51 1s also

weapons bhut its ceontribution

older water masses, Although

these isctopes has disturbed

advantage of the resulting

( SUKH GUPTA and N

LiA, 1972

When the present inve

I,
Iy

Al

o

dioactive

oora

|

sui

croundwaters in the time bra

been dated by this method (

;‘
. O
8]
0
e
G
CJ

J: H\’\ HTJR f\;"up

method

ckat

LELAND et al 1961

e 9

and NIJAMPURKAR, 1974).

introduced into earthf
4 . . ;

C which could
of

or oundwater

ting

icant for da

injection of

the equillibrium, one takes

study water movements

1074),

:stigation started there was

for estimating the ages of

of 100--2000 vyeers,
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To surmount this difficult LAL (1964) suggested the use of

Si (half-life = 500 years)

]

. . 3
two cosmic ray produced iscotopes

3

0 . , . :
and “7Ar (half-life = 270 years). The usefulness of hoth

the

3
1%

se lsotopes in various reservoirs of earth sciences,

oceanography and glacioleogy have already been explored

(LAL, 1862, 1969; LAL el al., 1974 ; SQMAYAJULU et al,, 1073;
LO

CLAUSEN, 1973 OSLI,1973 ; COESCHGER, 1974),

30

D . . .
Although ““Ar is a "conservative" tracer due to its
suitable nuclear and chemical properties, its application

to hydrological problems is still in its infancy (LOOSLI,
1973), mainly because of technclogical problems involved

in its collection from large volumes of groundwaters and its
. e N R . 32 .
assay. hAs a competing candidate, the potentiality of 51
as a tracer nuclide for estimating the ages and other

hydrological properties of subsurface waters have been

evaluated in this thesis.
Silicon-32, a beta emitter, (Emwx = 0.21 MeV) 1is
14 s

roduced in the atmosphere by the interacticen of cosmic
Y

rgon, ~°S1i thus produced gets coxidised

.

ray particles with

o]

to 510, ant is transported to the earth's surface probabls

L

Yy
as monemsric siliclc acid, HASiO4, by rain (KRAUSKOFF,1859;
P

(:J - - ~
FHARKAD ©b al., 1966), The H,W°Si0, c¢nters the groundwater

A

by downward movement of rain and surface waters.



[
[N

Tl s . 32 . -
[he single great advantage of using 201 in hydrology,

lies in the fact that it has an appropriate half-1ife of the

order of 500 y which is ideal for dating water masses which

are old enough to he completely deveid of any tritium but,

14

are young enough not to be datable with precisicon by & °C

oy
e ~

measurements., The presence of “<5i in groundwaters by itself
is an important information since it implies that the waters
arc not older than about 1500-2000 years, a span of time
which is of importance in deciding the usefulness of a given
groundwater reservoir,

However, at the cutset, one is presented with a few

50

problems in using ~°Si for dating water masses. These are :

3

(i) the half-life of 25i is not yet accurately

known, The reported valucs range between 140-700 v(S HINK,1968)

Si are same, However,
later exporiments by RUDSTAM et al., (1952) showed that
the ratic was 0.2 for similar reactions in ircn which

I
cstimate the half-life of 7°Si to be 140 vy

would '

GEITHOFF (1062) and JANTSCH (1967) estimated the half-life

of “251 to be 650 v and 280 y respectively based on the
assumption that the reactions 26Mg (t,p) ZBMg and 3OSi(t,p)ngi

have the same cross secktion, Recently independent
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2
e : g 32
estimate of half-life of Si was made to he 330 v by
o

CLAUSEN (1974) by measuring ““5i activities in dated firn

cores,

g

1e to these uncertainties in the reported values of
“Si, two working values 500 and 300 y have
been adopted in this thesis,

2. . . .
3“81 is low in geophysical

(ii)  the concentraticn of
reservolrs because its atmospheric production is low,

. ! . )
1.7x 1077 etoms/cmzas—c, (LAL and PETERS, 1962). Because of

o

~

this low production rate the 345i concentrations in natural
waters are also expected to be small,< 0.5 dpm/ton. The
concentration of stable silica (SiOZ) in surface and sub-
surface waters range from 5-50 ppm. Such large concentrations
of stable silica in these water samples coupled with the

(]
) . 32 4: . PR
low producticon rate of Si in atmosphere makes the specific

.
N . D -
activity of ~<Si /

Lu

bL/JlOn> in natural weters very low,

0-50 dpm/kg SiO, (except in rain water) thereby making

direct measurement of “°S5i difficult, Hence,the measurement
32 .

of 7751 has to depend on the assay of its radiocactive

daughter product, 7751 decays to P a beta emitter (helf-life

= 14,3 days), which can be counted using low background

heta counters,

(iii) the gecchemical behavicur of silicon is not

properly understood and it is difficult to chegk on the



14

i . 32 . e . . )
loss 1if any, of Sioactivity other than by radiocactive
decay in surface and subswface waters., This is important

. o o 32, . :
since the application of Siin hydrology 1s based on the
measurements of its absclute concentration (dpm/ten of water)
in groundwaters unlike the other two naturally produced cosmic

14 _ L : ) ) .
C , whese application inveolves comparing

. 3
ray isotopes H and
. R 3 14,17 .
changes in the specific activities (“H/H, 4C/ °c ratios)

in different geophysical reservoirs,

Several procedures and techniques were developed
and modified during the course of this werk tc overcome

scme of the above problems., These include

(i) +the collection and preocessing of large quanti-

1

ties of waters (5-30 tons) at the site, in specially fabri-

cated PVC pertable (swimming pool type) tanks.

e
PR . f) ]
(ii) +the separaticn of “°P from large amocunts of

silica (100-4C0 g¢) by distilling it as SiFé,a new distill-
aticn set up wers desidned and successt

. . - , o 324 . ]
(iii) +thec assay of beta activity of P by low

background 20 and 41 sonsitive flow type Beta counters.

2

3

N

(iv) the study of genchemical behaviour of 7751

present in natural wateors.

vith the help of these techniques and experiments,

32 . . .
fairly extensive measurements of Y481 concentrations in



wet precipitaticns, melt-waters, streams, rivers, lakes

and subsurface waters were carried ocut in variocus geclogical
envircenments, perficularly in arid and semi-arid regions

of Indian subcontinent,

The cxperimental methods of analysis, results of

32 .

the measurements »f 51 cencentrations in natural waters,

and the implications of these measuranents are discussed

separately in the follewing chapters., The implications of
these measurements for understanding the fallout  pattern

e
2 s . . .
S1, its hydrogeochemistry and its usefulness as a

3]

of
hydrelogical tracer are discussed in chapter-IV, The

estimated "ages"™ arc intercomperecd with these obtained



CHAPTERLL

SAMPLING LCCATIONS, EXPERIMENTAL PRCCEDURES

AND TECHNIQUES

The sampling procedures and experimental techniques

employed for the measurement of ‘51 concentrations in water

masses are discussed in this chapter. The estimation of the

o ¥e

i - N o~ o DL s .
"ages" of subsurface waters by Si method requires a knowledge

i)
32 .
ol the Si concentrations in rains, surface waters which feed
de - . 32
cep seated aquifers and in groundwaters, In addition to ~7&1,

14 3. . : , .
C and “H were also measured in many samples with a view to
intercompare the "ages". The methods employed for the measure-

. 14 3
ment of the lsotopes, C and “H are also presented here

\J

L

The concentration of Si in natural waters is low,
of the order of 0.1 dpm/ton, because of its low production
1

rate in the atmosphere, Such low concentrations neces sitate

the collection and processing of large volume of water, in

2

. . . . ) . .32 . .
the range of 5-30 tons to obtain clear signals ot v<Si. The
direct measurement of “<51i from natural waters is difficult

. e .o 32 e
because of its extremcly low specific activity, 51/5102

e 32c:
~ 0,01 dpm/g coupled with the low energy of “7Si betas
o \ - ’DJC)
(L~ = 0,21 eV), H@nce,”“Sl is measured by milking its short

max
vactive daughter © “p (half-life=l4.3 days). Quick

lived radi

and quantitative techniques were developed towards the
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y 32 ‘o A
separation and assay of P from large quantities of 5i0,,

N

(100-300 gms) during the course of this investigation., These

are discussed in deteil in the following sections.

-
1]
6]

1.1, Criteria for the selection of reqicns and

N

. 32 .
locations for ~~Si

surements.

The sanpling locations were selected depending on the
type of water sample to be analysed, For fallout measurements,
the staticns were chosen in such a way that they would give
a wide latitudinal coverage, Surface water samples were

collected from a few majof rivers and lakes of India. Each
river was sampled at two locations ,one near the scurcc and

the other near the mouth, These samplings were undertaken
mainly with a view to understand the interacticn of ““5i with
various geologicel formations and alsc to study its geochemical
behaviour in surface waters. Similor studies were carried

out in the Kashnip Valley, where melt waters were sampled

A large number of subsurface water samples were selected from

jerat to study the racharge rates of

is badly needed in thesc reglons

because thore is a scercity of fresh water supplies in

93]
<

mmer months following a rapid fall of the water table.

The details of the various sampling locaticzns are

given below.
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Tor fallout studies :

\;
K
H

2
To understand the fa1l ut pattern of szi

average concentration in rainwaters, six stations were set

up in India at different latitudes (10°-32°N). Geographical
locations an:d rainfall date for these staticns are given in
Table-II,1 and Fig,II.1l. From Bombey and Khandala, where the
rainfall is high, 3-4 samples were collected per year, Only
one sample per yezr could be collected at Pathankot, Ludhivana,
Gwalior and Kodaikanal. The samples were collected at Bombay
and Khandala during the years 1961-71 to study the annual
fluctuations in the fallout cf 32Si. At all other leocations

analyses were carried out for 2-3 yeers during 1961-71, 1o

2 s s . :
addition to T9Si, the concentrations cf a suite of cocsmic Tay

7 35

produced and artificielly injected redicisotopes, Be, S,
22 32 . . .
“Na, ““P werc alsc monitored in these waters during 1962~

(BHANDARI, 1965 ; LAL et al., 1974).

W“LOI ctu 1LQ :

II.1.b Sampling lecaticns for surd

- 220 A
The measurement of Y751 in surface waters was under-

variaticns incurred during thelr traverse
)

aical terrains as well as the possible

Aepletisn breught about by biclogicel scavenging of silica.
Ihe concontrations of Ji were measured in Himalayan streams

an:l lakes which are the feed waters to River Jhelum. The
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Fig,II.1 Map showing stations selected for

sampling rain water.
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location selected for this study was the Kashmir Valley
(Fig.II1.2). This area was an ideal sampling site since (i) all
the hydrological reservoirs, énow, streams, rivers and lakes,
were easily accessible for sampling and (ii) suitable experi-
mental facilities were availlable in this region from the

High Altitude Research Laboratory situated about 2.6 km above
mean sea level at Gulmarg. It was convenient to collect water
samples from high altitudes (1.4 - 4.0 km) by camping at
Gulmarg. About a dozen representative samples of meltwater,
streams, brooks, lake and river were analysed for their 32Si

concentrations, Details of sampling locations are given in

Table-II.2, Fig.II.2.

The surface waters traversing north and south of
Jhelum river flow on altogether different geological forma-
tions., The Pir panjal range covering Kashmir Valley is predo-
minantly of wvolcanic origin. The terraces that are less than
1000 m above the present level of the valley are fossil-lake
shores accumulated during the Pleistocene. They consist
mainly of limestone debris, lava and volcanic tuff, The range
to the north of the valley of Kashmir is mainly dolomite
( KRISHNAN, 1968),

The sample collection in the Kashmir valley was done
in two expeditions, first in 1967 by Dr.S,Aegerter (who

collected about 30% of the samples) and later in 1972
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_ SAMPLES COLLECTED FROM KASHWIR

VALLEY
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(km) location,
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4,0 felt water; slopes of Aparveth
range,

3.7 Stream: 1.5 km down hill from
KAS-3,

3.7 Stream: 1.5 kn down hill from
KAS5~3 . Collected near
Kilemnmerg resthouse,

3.0 Stream: 3 km down hill from
KAS-2 in Pine forest.

2. Stream: 1.5 tc 2,5 km below the
glacial mountains and craggy
peaks; collected at Sonamerg.

2.7 Stream: representative mixture
of mountaln sprlnwc feeding
vular lake and Jhelum river,

2.4 Brook water: 0.4 kn below
KfiS5~1, collected near
lzharishi Temple,

2.2 Strean nill of
Chanda cd near
Pahalg

2.1 Nala:Sample of Ferczpore
Nala at Tangmarg,

1.4 Lake:%Wular lake wator neer

Watlab

1.4 Lake:Wular lake walter near
Ningli.

3
1

L.4 River :Jhelum watcr ¢
of Wular lake,

own stream
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Fig.,IL,2 Sempling locations for surface waters

from Kashmir Valley.
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by the authcr. The latter expedition was planned, based on the

results of the first ekﬂp}itiuh

In addition to samples from Kashmir Valley, surface

[ e

water samples from Ganges and Godavari rivers and Tansa lake

were also analysed, The sampling of the rivers was deone at

<

different locaticns alcong their course to study the variation
G - P ; :
of Si concentraticn during their flow through various

geclogical fermations., Th

¢ periodic sampling of Tansa lake
waters were carried cut to study the precipitaticn loss

(Biclogical or Inorganic) cof 32

Si from the water column, The
details of the samples are given in Table-II.3 and locations

are given in Fig,II1.3,

II.1l.c

subsurface water studies

from different cego

_envircnments.

II.l.c.(i) Shallow well samples tapping unconfined aquifers,

b few shallow subsurface well samples (open ang dug

c
T

rom uncenfined aquifers
of different @Qﬂlﬂqual envirenments were collected and

analysed for their 7781 concentraticons, The samples were

1
3%

J

1

collected to study the geochemical behavicur of

Si during
its vertical percolaticn from surface waters. Sampling loca-
tions an:d other relevant details of these samples are given

in Table-1I1.4,
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TABLE-II3

RELEVANT DETAILS OF LARL AND RIVER WATER SAMPLES

v et Hh b S A A48 WM A Rod imd At S WO A St b ombd s ot word et P i Mt WA Nsn AT i e 430 Ark W pe b KN TR 14 e it wih bk drvn Soh e aat AU BTN oMb Rk ot i PN M et 4 A fd tukra o VR mna ot g v

Location 5 o Jte o
Code. ( Staté) Type of Date of

Latitude, Longitude, Semple. collection,
(N) (E)

ME-3 Tansa Tap Water. 5-4-63
(Maharashtra)

19% 351, 73% 151
MH~4 n " Lake 31-5-63
MH-5 n n Tap Water 14-6-63
MH-6 i " Lake 15-5-68
MH-"7 o i Lake 18-4-72
UP-5 Hardwar River (Ganges) 1-3-64

(Uttar Pradesh)

¢ @]
20 571, 78% 12°

UP-6 Allahabad River(Ganges) 12-3-64
(Uttar Pradesh )

o5 o7t g1V 44t

AT T - 2 A ~3 P
AH-8 CHMasik River(Gedavari) 26-5-64

AP-1 - Rajahmundry River(GQdavari) 20-1~64
( hknidhra Pradesh ).

16”9 530, a1¥ 50!

It 234 et o 7o A1 a1 e 479 W o s WD s w3 b £00s o e Mt S b van T it b T T bar e vee SR BTY wiw SO as MIR ST s et o
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Fig.I1L.3 Map showing sampling locations for surface
waters., Geslegical terrains through which

the principal rivers flow are alsc shown,
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BLE- II,5

TUBENELL WATER SHAPLES COLLECTED FRO4 CONFINED

Bikaner
Palna
Lathi
Dabla’
Chandan
Bhairwa
Bhairwa
Bhairwa
Deviket
Liiasa
Chandan
Pﬂ 111
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Fig.II.,4 Hydrelogical Map of arid regicn of Western

Rajasthan shewing samplin
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subsurface waters for Si and C measurements.

The proposed Rajasthan Canal is also shown,
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In case of Bhairwa and hAjasar (Table-I11.5) water

samples from individual aquifers were ccllected (since these

wells were in development stage) which give significant

infermation regarding the Mage" of water in individual aqui

the continuity =f the aquifers and possible vertical leakage

5

of water from cne aquifer to another,

II.1.c.(iii) fined and unconfined aquifers

o]
-ty
()
@
J
i
2
h
!—.
H
ig)
S
5
b
i
G
C
b
3]
s}
58]
r-*_

ks in the case of the arid regions of Rajasthan, the

scarcity cf potable water in the semi-arid regions of

fer

Gujarat State was the main critericn for studying this regiocon.,

In particular, Mehsana district was selected for sampling

-

because of rapi:d depleticen of water level from year to year,

)

The mean annual rainfall cover the

J

area 1is abcout
70 cm and varies from 20 cm in nerthewest part to about

150 cm in south easternm pert, The rainfall varies considerab

"’7

from place to place and itincreses- from north te south,
Nearly 25% of the surface area in this regicn is coverod

by alluvial tracts. The majcr rivers Tlowing through

alluvial tracts are Banas, Sabarmati, Mahi, Nermada and Tapi
(Fig.II.3 and Fig.II.5). Meost of the samples collected for
the present investigation are alcng Sabarmati. This river

Flows through the middle of alluvial tracts and discharges

the Gulf o¢f Cambay (Fig.I1I1.3,5).

ly
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It is known that the occurrence of groundwater is
mest comman in alluvial deposits. Within ailu vium groundwater
pccurs in unconfined aquiters iﬁ the ‘upper strata and under
artesian pressure in the lewer confined aquifers, Unconfined
aquifers are composed of sand, silt and generally lie within
50 metres belew the surface, The confined aquifers occur ot
two distinct depths, between 50-100 metres and 300-700 maetres.,

The deeper aquifers contain coarse sand in northeast and fine

medium sand in southwest.

In most of the regions, characterised by unccnfines
aquifers, the water table varies from 5-10 metres. The water
tablcs as well as the piezcmetric levels indicate slope from

N.E., to S.J,(al\no the grid line G, G,, Fig,II.4> around

which mcst of the samples have been ccllected., From the

study of water tables and pic

}..J
]
[
=
n

it was suggested by SHAH (1969) that upper unconfined aqud

)

and lewer confined aquifers may be interconnected. The sand

aquifers form about 12% of the total strata.
rivers, Sabarmati, are effluent and hence precipi-

taticn plays a major role in recharge,

uncrnfine:d aguifers are recharge! by vertical

~

infiltreation follow by percclaticn. Since the confined

aquifers are irrcgular an! possibly cennected te upper



unconfined aquifers, the latter may contribute to recharge of
the confined aguifers. Confined aquifers as shown by water
contour maps have recharge area in the foot hills in the
northeast.

The characteristics of groundwater collected along
its hydraulic gradient (line G, ,G,, Fig.II1.5) are compared
with those obtained recently by conventional methods

( SHAH and FATEL, 1974). The relevant details of the sampling

locaticons are given in Table,IIL.6.

IT.1.c.(iv) Samples tapping confined aquifers of Neyveli

Lignite Fields:

The high piezometric surface in the lignite fields
of Neyveli (lying in an interfluvial zone between Gadilan
river and Manimukta river, South Arcot district of

Tamil Nadw), is @ denger to the open shaft mining of lignite,
Pumping.has to be maintained round the clock to keep the
water level well below the main lignite scams in th
mine area (BARATAN and SUEBRAGANYA, 1060}, The aim of
sampling this recgion was to study the rate of groundwate
movement from the SUrT ou unding regions te lignite mining
area, With this view samples were collected adjacent to both
the recharge arca ond the mines,The relevant details of

the sampling locations are given in Teble-IL1.7 (Fig,IL,6).



Fig.I

=

Hydroleogical map of semi-arid region of Gujarat
selected for groundwater studies. The hydraulic

agradient line G, G, shows the direction of

groundwater movement along which most of the

samples arce collected.
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ThBLE-IL6

SUBSURFACE WATER SAMPLES COLLECTED FROM

CONELN

ik et £ 7t 472 i ek Kt et € S ek e 045 e b WA P e Pt onn R sin bas miw St Rk SeiA %A SiTS bin eeed SAD KR e A S A e SO P A W P SR MO AN Kim Wik RR3 gt et O e e T e om0

Location Sample  Date of
Code, Site. Latitude. Longitude, Depth collection,

(N) E) (m)

331 720 451 116 7166

"
o
i

(@]

Vijapur 23

© o3t 123 13-6-68

8
{
(@)

Dama 247 11¢ 72

- . P . - C -
GJ- 9 Pilvai 239 ont 72° 471 140 61263

. : 0 n iy :
GJ-11 Bhcjwa 237 04! 727 031 260 2--6-68
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1L, 1. ﬁAﬁV1eccll aneous samples from other. geological

environments:

In addition to detailed sampling of groundwaters
from the ebove three regions in India, several samples from
various geclogical formations were collected and details of

these samples are given in Table~II,7 (See Fig.II.6).

1.2,  Procedures for sample collection:

The sample collection methods for 3251 measurements
are similar feor all samples., The volume of water collected
ranged between 5-30 tons depending on the nature of the
sample; 5-10 tons in case of rainwater and 20-30 tons in

casc of groundwater,

Generally, water samples were collected in portable
swimming-pool type plastic tanks of 5-8 tons capacity,
These tanks were supported either by stable framework of
canduit pipes or fitted in a cement tank. In some cases,
the plastic tanks were substituted with a large number of
220 litre capacity drums with plastic liners.

Pricr to the sample collection the tanks were
cleaned with 1:1 hydrochloric acid followed by distilled

water, Since the rainwater samples were collected over
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Fig,II.6 Map showing sampling lccations for subsurface
waters, Samples collected from arid and semi-arid
regions of Western Rajasthan and Gujarat are

shown separately in Fig,II.4 & Fig.Il1.5,
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ThBLE-11,7

SUBSURFACE WATERS FRQM DIFFERENT GEQLOGICAL

FORMATIONS OF  INDIA

T T T T R e I e RO R R R

Code# Site D?p%h Date of collection,
m

P-1 | bnritsar 90 16-3-66
UP-1 Shankarpura 60 | 1-6-68
UP-2 Banaras 100 21-10-64
UP-3 Inchwal 225 10-6-68
UP-4 Nagla 300 3-6-68
TN-1 Neyveli-Post 131 13-6-68
TN-2  Neyveli-Yard 141 16-6-68

TN-3 Neyveli BL-26 193 20-6-68

By st et et ot et v+ e seim e T seva M et i s e P 2ot 2 o e et v e Srem g s N e o a7 e e T o P et et et N Y o e Pt o o T o S0 ) e v i et P s P g gt

* P UP and TN refer to Punjab, Uttaer Pradesh ana Tamil Nadu

States respectively.
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long period (2-10 weeks), there is a possibility ef loss of
water by evaporation. To estimate this correcticn, the rainfall
at the sites were measured using rain gauge for the same
period. The ccrrecticn ranged between 540,

| Surface and subsurface water samples were collected
either manually or using pumps directly inte the plastic

tanks spread at a convenient place near the sampling

location,

I1.3. Extraction and purification of silica.

Befere the extraction of silica from the water

D

samples an aliquot of abcut one litre of water was collected
in clean plastic bottle and taken to laboratory for an
accurate estimation of the stable silicon concentration.The
measurement was done by spectrophotometric method( STRICKLAND
and PARSONS, 1960). In addition, an approximate estimate of
15it' content in the water samples was made at site by visual
comparison of molybdenum blue colours with standards. Based on
this estimate, additional silicon carrier was added 1if
necessary. Generally, carriers equivalent to about

10 ¢ Sioz/ton were added to samples if their inherent
concentration of silicawas less than 5 ppm. Silicon carricr

Aded in rainwater samples since the stable tSit
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concentration was small, 0.2-1.2 ppm Si0, (Table-11.8).

No carrier was added to most of the surface and subsurface
waters where stable fSi‘ concentrations were high 5-50 ppm
SiOza After the addition of carrier, the water sample was
well stirred and allowed to equilibrate for 1-2 hrs. A second
aliquot of the water sample was collected to check the total
cilica concentration (i.e. inherent + added carriei) of water,
The efficiency of silica extraction was based on this measured
total silica concentration in the water. The pH of the sample
was brought down to about 3 by the addition of hydrochloric acid,
Then ferric chloride equivalent to about 130 g Fe/ton was

added to the water. The pH of the solution wes raised to about

7 by adding liquor ammonia and the slurry was vigorously

stirred, The precipitate of Fd(}ﬂ3 was allowed to settle

for about an houf and excess of ammonia was added to raise
the pH to about 10O, The mixture was stirred well and allowed

to settle a second time. h sample of supernatant water was
collected for determination 6f stable silica s This value

was used’ for the cstimation of scavenglng efficienciés.

Tt was observed that by this two step addition of ammonia and
vigorous mixing at intervals the precipitation efficiency

could be raised to more than 8% (Table-I1I.9), The superna-

tant water was siphoned and FG(OH>3 slurry was transferred to

perforated drums Ffitted with a filter cloth.
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TABLE- 11,8

SILICA CONCENTRATION IN BAIN WATERS .

e It bt s ek ot By A (v b ATttt Akt B e e S WAOR Bt O s, T s PR et T ook s PP D T et S5t T pren ey g Py Sowa SR 45k A Bend FWAA Sl ATH T8 SH TOTY 4TI 0wy B S STO0 s B WAs0 g NI ek a1 Vo

10, concentration® (ppm)

Station, No, of samples, mﬁgggww~~w~mwm wwuwﬁ;aagw
Kodaikanal 4 0.75 0,35 - 1,20
Khandala 12 0.32 0,10 - 0,70
Banb ay ' 10 : 0.47 0J.12 - 1,00
Gwalior 2 0.38 0,23 - 0,51
Ludhiyana 1 0,33 0.33
Pathankot 2 0.55 0,40 - 0,70

ot 4 s et 7ovs ot o A s ot et ot P Vo o e i e s Y S0 s o e WO o e s WO s bt 3 oed P T SR v ey ot TR s O purd S R S [ S T O rmd ok S e Ghen ey WYY e SR grnn Som e

# Determined by spectrophotometric method (Sectionvllg3}
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T ABLE-IL,9

PREGIPITATION EFFICIENCY OF SILIGA FRCM NATURAL

WATER SAMPLES

e e B Sobd S D A S ot AN it Wik T e e 4 e USRS s pEspEmpeSERR PR LR SR g inanbaib o o e iaataalaadiasd

Nature of Silica concentration in  Efficiency
location.  sample. water (ppm) for extra-
Before pre- After preci- ctlon of
cipitation. pitation, silical(%)
Bombay Rain 9,1 0.33 96
Ludhiyana Rain 20.4 0.42 98
Khandala Rain 9.1 1.30 85
Kidenmerg Snow 3.4 0,36 97
Godavari River 15.8 3,10 81
Tangmerg Stream 4,1 0,07 | 98
Tansa Lake 23.5 4,50 8l
Wular Leke 10.2 0.40 97
Deesa Dugwell 36,0 8.00 78
Mansa Tubewell 24,5 6,40 75
Chandan Tubewell 17.0 3.50 80

mm»———.,—.m,...,m-_-_...._..—-..—....._.....—n..«w...»-..-.-‘nw,««."--wmw-««ummm.«.mmwmmwwn«w ----- et R Ul i L R R R R
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This filtration was time consuming and took about
3 days to filter Fe(OH)3 slurry obtained from 5-10 tons of
water. Later by using filter bags made of felt cloth the
filtration time was reduced to half a day to filter the

Fe(OH), recovered from about 20-30 tons of water. The Pe(OH)3

3
was dried either on heaters or under the hot sun (especially
in Rajasthan and some parts of Gujarat) and shipped to the

laboratory for further processing.

The extraction of silica from the Fe(OH)3 matrix and
its purification is shown schematically in Fig.,II.7. The pure
silica obtained was weighed and preserved in clean bottles
for about 7-10 weeks for the growth of °°P activity from sy,

II.4.  Extraction and radiochemical purification of 32p:

II.4.a Precipitation method.

The procedures for extraction and radiochemical puri-
fication of 32p from silica samples are given in detail
(KHARKAR et al., 1966 ; SQiAYAJULU, 1969). This method is
ideal for samples of silica £ 100 gms and takes about 36 hours
to complete extraction and purification of 32?, In this
work the silica recovered from surface and subsurface waters
were in the range of 100-300 gms. Though a few surface and
subsurface samples were milked by this method, for large

cilica sanpies ( 1 100 gms) this method is laborious,
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Fig.II'.,7 Flow chart showing extraction and purification

of Silica from FG(OH):%-’;
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time consuming and inefficient. Hence for separating 52p from
large quantities of silica the distillation of silica as SiF4
was adopted. The technique similar to that discussed by
MULLINS and LEDDICOTTE (1962) for small samples (<€ 0.1 gm SiOZ)
and was adopted in present studies with suitable modification
to accommodate 300 g silica. This method is briefly discussed

bel ow,

IT,4.b Distillation method.

Tn this method silica is distilled in the form of

SiF4 and phosphorus (32P) is left behind in the distillation
flask., The distillation set up is shown schematically in
Fig.II.8., The distillation is carried out at 110°C., The silica
sample is placed in a two litre silver (99,99% pure) flask,
The capacity of the flask is sufficient for distilling silica
samples of about 300 gms. Stable 'P' carrier in the form of
NaH,PO, (equivalent to 40-60 mg of Mg2p207) was added along
with HF, The quantity of HF added was in slight excess

(e 10%) of the stochiometric requirement to convert Si to
SiF4. The silver flask is then heated electrically using
flask heaters., The temperature rose slowly to 110°C and!
remainesd constant during the conversion of Si to SiF4. ¥hen

all the 'Si! was Adistilled the temperature increased sharply.
f

The distillation was stopped at this stage. The reactions
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Fig, 11,8 Schematic of 'Si' distillation apparatus for

separation of

in the absorbers was recovered by adding

NaCOH,

Fa

N

32P from 325i. The trapped silica

o
o

3

(CESSs

Electrical heater

Long~neck silver distillation flask
Water condenser

Thermometres

Water absorbers.

Alkali absorber

Air frap.
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taking place in the distillation flask can be represented by

the following equations:

Si0, + 4 HF = SiF, + 2H0 ceees(2.1)
Si0, + 6 HF = H,SiFg+ ZHZO ceed. (2.2)

The distilled SiF, vapours were absorbed in a series of

4
absorbers (Fig,II,G) for subsequent milkings. The first two

b d

absorbers (Fl & F2) contained distilled water (7 litres)
where the SiF4
represented by the equations:

gets hydrolysed to fluosilicic acid as

a 1 — - . 7 K
3SiF, + ©2H,0 = S§i0, + 2H,SiFg ... (2.3)

, + 2H0 4HF  + S10, coee (2.4)

1

SiF

The third absorber (FB) contained 4M NaOH solution
to remove traces of SiF, which might escape the water

absorbers.

SiF. + 6NgOH = 4NaF + Na.Si0, + 3H,0 .. (2.5)

4 2 3 2

The fourth absorber (Pa) is a trap to prevent any liquid

from rushing into the pump. On an average, it takes about

8-10 hrs to distill about 300 gms of silica.

The residue in the silver flask (mainly the added
phosphorus carricr) was dissolved in 1M hydrochloric acid,

From the acid solution 32? was radiochemically purified
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by the procedure previously published (KHARKAR et al,, 1966;

~

SG%AYAJULUleéQ)Q The chemical yield of 32p by this method
ranged between 60-95% compared to 50-9(% obtained using the

precipitation method (Fig,II.9).

Initially attempts were made to recover the silica by
complexing flouride ions in the absorbers using @3803 or
ammonia. Through these methods were simple the efficiency
of silica recovery was only 606, Hence,NaOH method was used
to precipitate silica from fluosilicic acid solution through
this was a time consuming procedure. This method gives . better
yields of about 8%, |

H + 2NaOH = Na,SiF, + 2H,0 wess (2.6)

»51Fg 2 >

H,SiF, + 6NaOH = 6NaF + SiO '«a~.4H20 veee (2.7)

2 2

The advantages of the distillation technique over the
precipitation method for 32p separation are :

32

(i) The separation of ““P from large quantities of

silica,about 300 g,can be carried out easily.
(ii) The time required for milking of 32p 15 1.2 days
compared to 3-4 days by precipitation method. This increases

P - - . .
the °°p signal by about 10-15% at the time of first counting,

(iii) The chemical recovery of 32p i high.



Fig,II.9 TFrequency distribution of measured chemical
efficiencies using the (a) precipitation method

and the (b) distillation method,
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The radiochemically purified 3%p was deposited on
suitable holders (in the form of M92P207). The samples were
covered with a thin mylar film of 0.9 mg/cm® thickness. The

-
PRI 32 .
activity of P was assayed as described below,

. . - . 32 ..
IL.5, Counting techniques for assaying g‘P activity.

During the initial pheases of the work, the M92P207
samples were deposited on copper holders (2.5 x 0,5 cm) and
their acfivities were assayed using 2H low background gas
flow geiger counters. The counting gas used was Q gas (98, 7%
Helium + 1,3% isobutane). The background of the counters were
stable over long periods of time, During the years 1966-1970
the backgrounds were 2,3 and 2.2, Typical background‘data
for the period 1966-1967 and 1971-72 are given in Fig.II1.10(a)
and Fig.IT1.10(b). However, towards the end of the work,1972-73
the counter backgrounds reduced by about 3% probably due to
the decay of long lived contamination present in the

~

materials used for counter construction. The efficiency of tl

he
counters were estimated by counting natural KCl standards

under the same conditions as that of the samples, The mean

ef ficiency for the pericd 1966-73 for a weightless source of
40 was estimated to be 33.7 % 1.2 and 34,6 + 1.5 respectively,
The errors given represent one standard deviation in the
efficiency. Frequent checks on the efficiency was made at

regular intervals.
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Fig.II.10(a) Background data for two 2 beta - counters

for the period 1966-1967,
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Fig,II.10(b) Background data for two 2 gbeta counters

for the period 1971-1972.
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TABLE- IT,10

CHARACTERISTICS OF THE 21 AND 4it BETA COUNIING SYSIEMS,

) . 21 system e 4 j.svystem
Characteristics. 1 > 1 ) 3

A s s e e B 4t i M i 2 TSt g S g .—...._...mv,..v.‘m._‘._..,.......\.-....‘_-.——amm.-.--«......—.—._........,.,.,..........-M,._...«.... s B ret S g ot i Ko et s Pk et P Nk

Operating Voltage# .
Beta =~ 1 1005 1035 975 975 1080

Beta - 2 - - 975 975 1050

[ --—---_.«.“r--——-..-_—..._..—-u....——.‘-._,....—‘,_.,.m-—_..‘,__...—-—-......,..__..._..-._...,...—.......—..-—-.._--....‘.....-..-.-n__..‘.....,.,... ae et et it o i ot o ot B0t ot T

Backgr ound +
(counts per hour) 1,6 1.9 3.9 4,5 3.9

e oema et e st i e e e ST st PO ome ‘—-...,..._....‘..,.....‘-_-._._..,-_,..-.,«._...-._...—.u,..._.-—-,-...,n-....-.-..q._....,......._‘—-...._..,...—._..,_. ot e 3 vt it e Ao i e et S

Counting efficiency(%)
for 29K petas. 35 38 67 720 71

_________________________ _;,ﬂ__m_um_ﬂﬂ,m,wm,“,““m_wﬂamnwm,*ﬂmu_m,,mwmﬂm
Figure of merit5(52/B) 750 755 1150 1150 1300

st e s o o T 72 i o s G074 R bt U bem 98 e = ot o i o i I wnk T A i e S S et oo st e A S WS S e B et B B BV T K T 40T i A st o T st o et T G G0 £V

')

fActive arca of counter(cm®) 1.64 1,64 3.3 3.3 3.3

% For cach counter the plateau is atleast 100 volts wide and
the operating voltage is 30 volts above the starting
voltage for all counters.

+ Mean background for the year 1971-72.

++ S = counting efficiency of the counter.

B + Background,



55

The samples were counted at regular intervals over
a period of about 2 months and the decay of 92p was followed,
During the later part of this Work 32P from many subsurface
water samples were counted on a twin 27T beta system
resembling a 4 I system, For detalls of counter construction
and associated electronics reference is made to SOMAYAJULU
(1969) and NILJAMPURKAR and SOMAYAJULU (1974), The characteris~

tics of 2p and 4Wbeta counting system used are given in

Table-II.10,

1I1.6. Sampling procedures and experimental techniques

for the measurement of 4G and BHdact%yities,

I1.6.4. Collection of water samples.

For l4C measurements, the samples were collected by
absorbing HCC% ions praesent in water using ion exchange
resins., This method is similar to that reported by
CROSSBY (1968). Since the propertional counters used for
measuring the l4C activity had a large volume (3 litres)
about 3 g equivalent of carbon was necessary to cbtain clear
signals of l4G., Since the HCCg concentraticns were generally
high (300-7C0 ppm, Table-III, ) in the samples only about
50-200 1 of water was necessary to strip the HCCE ionsg,

The water was passed through perspex columns (diameter 5 om)

onnected in series containing the resins TR-45( OH form)



and IRA-400 (OH form). The total veolume of resins used was
about 800 cc, The first ceolumn removes the strong anions
sulphate and Chloride, whereas the second column efficiently
retains bicarbonate from water . The HCCE concentrations of
the water: were measured at site using conventicnal methods
te approximately estimate the veolume cf water to be passed

through the resin to give about 3 g equivalent of carbon,

The water was passed through columns at a rate of
about 150-200 cc¢/min, After the passage of water the resins
were packed and shifted to the laboratory for purification

and assay of l4(3

In case of tritium, the water samples were ccllected
in clean cne litre air-tight plastic bottles directly from
the scurce water and carried to the laboratory for further

processing,

IT,6b. Extraction of CO, and synthesis of methane

The CO from the resins were liberated in the.
laboratory by treating them with about 2 N'analar! grade
hydrochloric ﬁc1u, The 602 stripping was done in the glass
system employed for L4 'C work (ANAND and LAL, 1964), This CCb
was further purified an< converted into methane by carlier
published methed (ANGND and LAL, 1964).The purified methane

was counted using Oeschger type proportional counter,
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IL.6.c, Methane synthesis from HQO for assay of tritium,

The tritiated water was converted to methane directly
or after enrichment depending upon the concentration levels
of tritium present in the water. Hydrogen was liberated from
about 5-10 cc of water using zinc dust as reducing agent and
ruthenium as catalyst, The Hydrogen thus liberated was converted
into methane by treating it with pure COé. The purified methane

was counted using proportiocnal counters.

IT:6.d. Counting techniques for l4C and BH activities,

The synthesised methane from water samples was filled

in OESCHGER type propcrticnal ccunters and the activities of
/ 3 .

tag and “H were assayed., The samples were ccunted for about a

day. For the details of counting system and electrenics reference
is made tc ANAND and LAL, 1964; LAL and ATHAVALE, 1966,
. L 14
Synthesis of methane and assay cf the 'C activity
in the sample was carricd out by Miss Shcela Kusumgar of the

Radiccarbon Laboratery (when it was h“Ub d at TIFR,Bombay)

and tritium for few samples were carried cut by

Dr.B,S,Sukhija in Tritium Laboratcry(when it was housed at
TIFR, Bombay. ).
The results of these measurements are given in

Chapter III and implicaticns are discussed in subsequent

chapters,



CHAPTE RIII

RESULTS OF MEASUREMENTS

The 325i concentration (dpm/ton) in natural waters are
very small. Even for samples as large as 10-20 tons, the net
32P activities measured give only 5-15 counts per hour at
best (except rainwater), In subsurface samples it is as low
as 2-~5 counts per hour., Although the low background counting
techniques allow one to measure activities in this range, it
is difficult to carry out measurements with the precision

14

attainable fTor C.

The results of the measurements of the concentrations
of Silicon-32, Carbon-14 and Tritium in rain, stream, river,
lake and subsurface waters are presented in this chapter. The
details of sampling locations have been described earlier in

chapter-1T,

IIT,Y., Method of calculation of absolute concentration

(dpm/ton) of Silicon-32.
3

2 .. , . |
The Si concentrations were calculated from the

32 . . .
measul ed P counting rates using the relation



dpm

3255 /4

on

Where CO

50
wwwwwwwwwwww SO e (31)

32p activity (cpm). The value of Cy is

net
estimated from the decay plots (see Section

III,l,a) and ranged between 0.5 -~ 890 cph.

The factor for chemical efficiency. The value

of this factor ranged between O,7~O¢95mk

The fraction of beta particles transmitted
after self absorption, The value of fg was
calculated using standard relations and
ranged between 0,85-0,95 depending on the
source thickness.

32

The growth factor of 2P from “2Si given by the

relation 32?/328i = (lme"ﬁt) Where j is the
decay constant of 32p (0.0485 d*l) and ¢ is
the time allowed for growth of 32p, 1In czneral
the time between repeet milkings was about

2-3 months corresponding to a growth factor
ot 0,94-0,98,

The factor for counting efficiency.

The effective volume of water (ton) processed
'Vt is the ratio of the weight (gm) of SiC,

milked to the SiCb concentration
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(gm/ton) in the water samples, The value of
V ranged between 2-20 tons, depending upon the
nature of the sample,
The absorption of 32p in the mylar and counter window is
calculated to be € 2% and hence neglected in the present

calculations,

I1I.) ea. Estimation of Cq

The gross counting rate, Gt of the sample (M92P207
deposit) at any time '¥' is given by (KHARKAR et al., 1066
SQMAYAJULU, 1970).

Gt = Goe™®* + B + X e (3.2)

Where C, is the S2P counting rate at the time of its separation

32

from parent Si, B is the background of the counter and

X is the activity contributed to the sample by nuclides other

32p  i.e. the residual aciivity. If X is constant for

than
4-35 half-lives of 32P i.e, if the contaminating activity has

a half-life much longer compared to 32p then equation (3.2)
represents a straight line with values (CO + B + X) énd

(B + X) respectively for t = o (e“ki = 1) and t.geo

(e"?t = 0). Thus the difference in the two values gives the
value of C,, In Figures IIL.1,2 & 3 the plot of gross countihg
rate are plotted as a function of e”Xt for the various types of

water samples and least square lines are drawn through the

points,
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To check whether the value (B + X) is constant, the
samples were counted a few times, 2-3 months after the

separation of 32

P from °2Si when ~ 95% of 32p would have
decayed, The results of these measurements (Table,III,l) show
that the values of (B + X) indeed remained constant and are
very close tc the deduced values from least square line( also
given in Table,III.1). The counting rate of the long lived
contamination estimated from the least square lines are
presented in Fig.III.4 for the various types of water samples.,
As evident from Fig,III.4, the high values of X are associated
with rain and surface waters, which have higher values of
residual activity than subsurface waters probably due to the
presence of relatively short lived isotopes in them a part of
which could have been carried through the chemistry. In subsur-
face waters the contamination levels are low in the range of
0-1.5 cph with a mean value of 0.4 cph. The long lived conta-
mination reported for oceanic 325i work, range from 1-4 cph

( SCHINK, 1962 ; SOMAYAJULU, 1969). The reason for high centa-
mination levels is nct clear but ccould be due to some long
lived isotcpes scavanged along with silica from sea water, or
due to the contamination in the reagents used for processing
silica samples., From the deduced values of Cg (Fig,III.1,2 R3),
the 325i activity of water masses were calculated using

relation (3.1).
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Fig.I1I.1 Variation of gross “°P activities milked from
1y

rainwaters as a function of e e
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Fig.II1.2 Variation of gross ~°P activities milked from

. - 3%
surface waters as a function of e w
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Fig, TIL. 3 Measured gross counting rate fer greoundwater

Xt
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TABLE-ITT. 1

ACTIVITY OF LONG-LIVED CONTAMINATION IN GROUNDWATERS
AS COUNTED FOR 2-4 MONTHS

o et srers it et s AV s otk st et pot WA a2l s o nih i WET4 MEA AT it et Sors b T e Akt s B B SR AFA VRIS PSS o St AT Lot N e s 2o St fraid DM ot it e et kv S e D s st

Sanple Date of Details ﬂfplast _ (B + X) Value (cph)
Code. 32 counting of sample = Average  From least
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ITE, 1 b Estimation of errors.,.

In majority of rain and surface water samples where
32 . }
the P signals are large (®» 5 cph) the errors quoted are cne

standard deviation due to counting statistics.

These values have been estimated from the net sample
counting rates for the first 1-3 days, The estimated statistical

errors for the samples range between 10%-20% of the activities,

Fer low active samples, the errors are estimated from
(1) the net °2p signals and (ii) the scatter in the gross
counting rate (cph) versus e~ N plot., The errors quoted in
Tables,III,3,4 & 6 to 11 are the larger of the two. Because of
this, in some cases eventhbugh the estimated C, values are
higher the errors are also large.

32

IIL.2, Reliability and Reproducibility of the “~5i measurements,

. , - 32a:
Betore calculating the absolute concentration of Si

A A

in the water samples mndfité implicetions, it 1s necessary to
. 4 . . 324
establish that the signals measured are indeed due to P.

Several direct and indirect methods to ascertain the
14 S : £ b, 32 o dooted in thi -
radiochemical purity of the P activity adepted in this work

are described below,
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Fig,III.4 Frequency distribution of long lived residual
activities present in natural waters. Arrcws

indicate the mean velues,
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III.2,4d., Half-life measurementsy

The reliablé method to ensure the purity of any radio-
isotope is either to measure its half-life or its particle
enerqgy, In the present case the low levels of activity
coupled with the short half-life of 32P made it difficult to
measure the half thickness of its beta radiation within a
reasonable accuracy. However, the half-life measurements for
a few "active" samples (having counting rates »5 counts per

hour ) have been carried out.

Fig.ITI,5 shows the variation of the net counting
rate of the Mg?P207 sample with time. The net counting rates
were calculated using the relation :

=G - ( B+ X (3.3)

Cret gross

The value of ( B + X) was taken as the counting rate observed

. 20 L. 3") .
after 2-3 months of ““P separcztion from “<Si, In many cases
an averace value of Q.0 counts per hour was used for the

value of X , (Fig.II1.4),

The helf-life of the radionuclide as deduced irom
Fig,III.5 ranges between 14 to 15 days for various samples.
(]

32
- . , ~ . DL
This represents very well the half-life of P (14.3 d)

within experimental uncertainties.
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Ik, 2.b. Analyses of Blank samples,

After having ascertained that the activity bheing

32 32

. . ' 3
P, it now remains to ensure that the P

measured is
activity observed is from the 328i in samples and not from
reagents used in the analysis, To assess the contribution of
32? from the various chemicals used in its radiochemical
separation and purification from silica samples and whether
any significant contribution was present due to 32P activity
produced at sea level by cosmic rays &nteracting with C1
‘nuclei in the hydrochloric acid (RAMA and HONDA, 1961), a
large number of reagent blank measurements were carried out,
The blank analysis involved ﬁostly the measurmaitof 32p conta-
mination in ~ 10 litres of HGCl (which was always stored in the
basement to reduce contributions from cosmic rays). By a
least square analysis similar to that carried out for the
various semples, a nét counting rate of 0.2 + 0,5 cph. was
deduced due to“gQP’a@tivitYJhking A net signal:-of 1.0 cph

as the upper limit from this experiment and considering the
amount of hydrochloric acid used in the processing of ground-
water silica,it was estimated +that the contribution due to
cosmic ray interactions in HCl amounts to less than 0,02 dpm
32Si/kg Si0,. This corresponds to a possible signal of 1073107
dpm per lo3litres of water whicé is equivalent to values of

5-50 ppm for natural stable silica concentrations in



Fig.I1II,5,
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Variation of net beta activity okog2P207 samples
with time. The samples are extracted from rain,
surface and subsurface waters. The deduced half-
life of radionuclide in these samples ranges
between 14-15 days which cover the half-life

of 3%p (14,3 d) very well,
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groundwater, Therefore in the present work it seems safe to

consider the results fﬂOaOOS‘dpm/ton of water as reliable.

-
Similarly the contemination levels of ““P in reagent

HF, analer grade Si02 was measured by milking 32p activities

in them. As a further check, some samples were remilked
immediately after first milking (within 48 hours). The results
of these measurements are presented in Table-III.2.b. In many
of these samples since the signals were very low (<€ 0.5 cph)

it was not possible to observe its radiocactive decay with

time. Hence the numbers presented in Table-~I1II1.2.a are the
upper limits and in many ceses represent the difference between

the first counting rate (counted within 48 hours of 32p

separation) and the background.

The data presented in Table-Ill.2.a, 2,%, indicate
that the contribution of 32P by reagents is small, 0.2 * 0.5 cph,
As a further proof of this it must be mentioned herc that
few ground@ater samples (RJ-2; UP-4), marine siliceous sponge
(T.F,73) (LAL et _gl.,1970) and old glacier samples(supplied
by Dr.S.Acgerter of University of BERN, SWITZERLAND)
showed net 92p signals of < 0,2 cph implying that the

blank contributiors are indeed small,
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III,2,.c¢. Reproducibility of_B?PAmeasurem@ntsm

To check on the reproducibility of the results, many
of the silica samples were remilked, the results of which
are presented in TgblewIIInB@ The data presented in Table«I1I1I.3
show that inspite of the small signals of 32p encountered,
the results of Tepeat milkings are in satisfactory agreement,
except in the case of Ist milking of Neyveli PIW sample
which shows unusually high value over subsequent milkings.
This can most probably be attributed to laboratory

contamination,

II1.3, Silicon-32 concentrations in wet precipitations,

surface and subsurface waters.

III,3.a. Wet Precipitations,

Silicon-32 measurements in rainwater have been
carried out at different stations in India (Table-II.1)
during 1961-71, Similar measurements for snow and precipi-
tations have been reported earlier{ DANSGAARD etal., 1966;
KHARKAR et al., 1966 ; LAL et al., 1970). These measurements
were undertaken to estimate the global 328i fallout as well
as to check the contribution of nuclear weapons, if any,

to the inventory of 3254 DANSGAARD et _al., 1966 ),
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TABLE- III,2,a

32p ACTIVITY IN REAGENTS AND BLANK SAMPLES,

Sample code ’ Net 32p activity
Date of milking. Nature of sample, (cph).

P N B et A S Lo it (A SAS TR A S (nd e 3Gne bk ) Gt () W Yot s 1320 s Sk SO Ot SO bty G bos Gt Bt o 4o 0A o e s Bk s €S o o s Wnine A 303 e AR ks s ot e e et ek orome st ety PSS et

Bl-1 , ,
26-1-70 HC1 (10 litres) 0.2

Bl-o%%
20-7-73 HF (2 litres) 4 0.5

Bl-3%#
27-10-72 Pure Silica (100 g) 4 0.2

#% In semples Bl-2 and B1-3 decay was not followed as the
initial activity was very small and measured activity for
Tirst 2 days has been corrected for background,

e it ot s o et gt s et et Tt oamt gt gt T wan et ot ot gt e gt o it o s e s e et Tt T st T et o pes

IT&s#BLE- IT,2,b

32p ACTIVITY IN SAMPLES REMILKED WITHIN 48 HRS
OF_FIRST MILKING

Sample Code Net 32p activiiy*
Date of milking, Nature of sample (cph)

@J-5 Silicae from tubewell 10,7
21-1-68 water at Vijapur,

UP~5% Silica from river 2.8
24173 water at Hardwar.

* The measured s%gnals in samples GJ-5 and UFR.5 can be
[ O A N B O e ; )
attributed to ““p growth from 2si during 48 hours,



W, of
Code Sample Silica
milked lume of
(q) water
(tons)
BM~63 Bombay rain (i) 65 3.8
(ii) 56 3.5
UP- 5 Hardwar RW (i) 70 8.4
(ii) 68 8.2
RJ~12 Niraun DW (1) 262 8,1
(ii 3 6,1
TNt 3 Neyveli TW (i) 242 2,
(ii) 213 2.3
UP~ 1 Shankarpura TW (i) 197 6.2
(ii) 175 9.5
RJ- 6 Bhairwa TW (i) 180 11,5
(Ist aquifer) (ii) 150 0.6
RJ- 9 Devikot TW (i) 165 9.8
(ii) 135 6,1
RJ- 7 Bhairwa TWw (1) 240 14,1
(2nd aquifer) (ii) 145 8.5
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TABLE-- TIIT.3

RESULTS OF REPEAT MILKINGS OF STILICA SAMPLES

Equiva- Net 32p
lent vo-activity
(cph)

18.8
18.4

13.9
14,2

Fe

N W ~J
N O OL©
4

N

®

Gy W
s

10
@ N

oo

[O)
f\)+ N
+

o
O

dpm

0,310
0.350

0,140
0,133

0.033
0,036

0.075
0.070

0.017
0.014

0,010
0.01L4

0.015

0.020

0.012
0.018

-+

i+

4+ 1+

4+ 1+

I+ 1+

i+

1+

I+ 1+

i
H

I+ |

BZS

i/ton

A s Viah ot Krin ek ot A et gt W s primt B s v 300 om0k vt S on e

0,030
0,030

0.010
0.010

0.005
C.005

0.020
0,020

0.008
0, 006

C.005
0, 006

0,005
0,005

0,003
0.004

B R T L e N
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ITABLE-TII 3,

coNn., 2.,
mwmmw“m“mMm“NMWWWQMwmeWWMMMWMMMMwmwmw*wMWMHNMWWwwmmwmwwmzéuiwfﬁm
Cede  Sample Wt ., of Equiva- Net 32p dpm ~<8i/ton

Silica lent vo~ activity*
milked  lume of (cph)
(g> water
(tons)

G- 9 Pilvai TW (i) 141 4.4 1,3 0,017 + 0.008
(ii) 132 3.9 5,77 0,030 + 0.004
MH- 1 Mulund TW (i) 225 6.6 10,3 0.090 + 0,010
(ii) 70 1.9 1.7 £.060 + 0,030
TN~ 1 Neyveli PTW + (i) 270 12 118 0.860 + 0,020
(ii) 84 3.81 4,6 0.080 + 0,010
(iii) 76 3,62 2.9 0.058 + 0.010
(iv) 146 6,95 4,7 0.060 + 0,010

08 Mt ST T i et et e A AT i Y s i MY okt S0 PR ke R a WY S e Ao I IR A 1 K it s oo i) i e K04 ot AR 7 o e ot o oWt W iy B WA 3k st PAD S5 g B g St et $

, 32, L :
* The value at the time of ““P separation is estimated from
least square line drawn on decay plots,

+ The repeat milkings were done on aliquots of silica.

++Samples counted by 4 I geometry.
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In Table-III.4, the results of the concentration of
32 . . '
Si in rainwater collected from different latitudec of India
are presented, Table-III,5 gives available data in literature

i tl o 325 . e e : K U Y O 4,0
for the 1 concentrations for latitudes 307 -65"N

( DANSGAARD et_al.,l965). :

1I1.3.b. Surface waters.

Results of the 328i concentration of surface water
samples collected from the Kashmir Valley are presented in
Table-~III.6., The results for lake Tansa and the two rivers
Godavari and Ganges are given in Table-~III,7. The measurements
in Tansa lake were made over a period of five years to under-
32

stand the long term variations of Si concentrations. The

32 - C .
Si activity in surface weters range between 0.08-C,33 dpm/ton,

Table~III,6 & 7,

ITI.3.c. Subsurface waters,

For the sake of convenience, the results of the
; . - 32¢: s 4 ) ° e e e )

concentrations of Si in the subsurface waters are presented
in two Tables (i) waters from unconfined aquifers and
(ii) samples tapped from confined aquifers. The results of
the subsurface water samples from unconfined and confined
aquifers are presented in Table-111.8,9,10 & 11 and Fig.III,6
shows the range of the measured concentrations. As is evident,
e 326 IR PR T e : |
the Si concentrations in groundwater varies from 0,00L to

0,11 dpm/ton.,
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ITABLE-IIT.5H

Sk
REPORTED CONCENTRATIONS OF 3651 IN PRECIPITATIONS,

Station Period of _ 325i concen-
(Lot., Long.) collection, tration Mean
(dpm/ton)

REYKJAVIK Nov ember ) 0.6 0

(Igeland% December 1965 0 01

64 N, 21-58'W, March 0.8l 1.3
hpril 1966 @ . °
May
June 1966 9 1.46

O et e T i it KA A ik st a0 I A et et T M 4455 it e e st WX P frven evd e st 4 s i SO St SAnl o Wk e 2o ST 13 S it ot S brrh otk st s et it i (e S ASY B i 5 et St st ek

LEIRV/ASSBU 1961 0.23 + 20% -
{ Norway)
61,33°N, 8°15'E
STCREBREEN 4+ 1961-1962 0.19 + 206 -~
( Norway )
GLOSTRUP 15- 4-1963 and | 4.3 4.3
(Denmark) 17— 4-1963 |
55.41°N, 12.25°E.  To_ g9_1064 Mé“m"""""; ““““““““ [
5-11-1964 -85
6-11-1964 0.6 0.71
16-12-1964 @ 63
17-12-1064
17~ 1-10965 % 0.64
16- 3-1965 0 é
17— 5-1065 0 0.69 b ys
18- 5-1965 0 )
03— 6-1065 | 2.70
24 6-1065 ) 1.07
3- 0-10965 8 ) i
March- April, 1966 1.23
May-June 1 1966 1.36 1.35
1.47
DEN\ARK Septelbur 1964 () 0. 05 ~
650 N, 30% Soptembor 1965 >
+ Re prLSLﬂt snow pmple ++vReprcqﬂan melt water sample,

3 The values are correcrn 1 for bomb ‘CtLV £
o The data lS‘JUO to DA SGAARD, et al. ,{ 066 % DANSGAARD | (1068),
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TABLE-IIL6

925i GONCENTRATIONS OF STREAMS,LAKE AND RIVER

i

FROM, KASHAIR

o ean Bt At rsh v ik wrat Ae Kos N A g e oA ek s g 4D Ao WIS e WA A1 e (hrn AnSt et ek Al i oo i et ool

Inherent Effective I\

T+
Code water pro-
cessed,

(tons)

gentration
(ppm)

B s B wnn Aok era pmaed B M 3euie A Y At At g 4o St reh et Sl S Mt ot drrts ) 3t e P v oot S veis wive o

KAS - 3 5.5 2.7
KAS - 2 4,1 3.3
KAS - 6 3.7 3.4
KAS - 4 4.0 3.1
KAS =11 1.4 3.2
KAS = 1 4.0 5,2
KAS -13 5.4 4.0
KAS =10 1, 4

ENEEN
L] -]
!,._:

KAS - 9
KAS - 8
KAS - 7
KAS - 5

[ES TN

- T
W N
o

o W
a L]

3.0

Net 32p§M

510, con~ wvolume of activity
v (cph)

11,2
9.6
19,1
o1, gt
8.0
20.9
19,0
12.6
15.4
5,6

12.7
16,81

5 PO vy ere T b e

L R R L JUuApar

0,33
0.23
0.29
0.25
0.19
0.31
0.24
0.25
0.33
0.15
0.27
0,15

{4

I o R o SR Lt I L P

For relevant details of samples see Table II,2.

. , . 2
% Represents the counting rate at the time of 32p

ot et wrees o aand Aae A 70t wd bt ey Gt s Ed RAG B s R56E ST

Concentration of

32g4 (dpm/ton)

T ANt vira v Ve P ot o ot 9 %

0,03
0,02
0,02
0,02
0,03
0,03
0.02
0.03
0,03
0.03
0,03
0.02

A e e on acn W et e Ty e B BT send et o e A e v skt

separation, as deduced from the least square line.

=+ Counted by 4 1t geometry.
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TAHBLE-IIL7

SILICON-32 CONCENTRATIONS I:i LAKES AND RIVER WATER SAMPLES

et vt mikh e sihr b 1404 bt e PECS W e it WA S A i ot st MY AR (70 ek fond Raon fad bt Rmd s e et B bt okt ok Wb e e b KL e A b4 et G VAt Tl S Wi Mt e T Mo G st el e e B ST a3 650

Inherent Effective 34% Concentration
510, con- volume NQE'Vif of “Sq
2. - activity

CL?;Eiglon (tons) (cph) (dpm/ton)

it et et B st s o ke wASH Y o i POt 3 MW wna it oo S0 o SO ot B ot S pad (o W it st 0O BT At A Bt WA A e e M BARS A O e et Kk T G004 (O O it Bats SN B A B S e it b S N

Code Location

MH-~-3 Tansa Lake 21.0 2.5 3.1 0,21 0,02

+

MH~-4 Tansa Lake 20.8 4.8 5.9 0.21 0.02

I+

MH-5 Tansa Lake 21,6 6.0 14,5 0.20 0.02

4+

MH-6 Tansa Lake 21,0 7.6 15.3 0.14 + 0,01

1
i

MH~7 Tansa Lake 20.8 2.6 4,8 0,12 0,02

I+

UP-5 Ganges at 9.1 8.3 13.9 0.14 0.01

Hardwar.

I+

UP-6 Ganges at 11.2 6.5 6.5 0,08 + 0,01
Allahabad.

MH-8 Godaveri 21.0 7.8 - 9.0 0.11 + 0,01

at Nasik,

0,01

}..a
o
o8]
0
J
co
()Y
)
O
(68}
-

AP-1 Gogavari at
Rajamundry.

. . 32
* Represents the unting rate at the time of “°F separation,

cou
as deduced from the least square line,
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T 4B L E - IIL8

SILICON-32 CONCENTRATIONS IN SUBSURFACE WATER

SHMPLES FRQY_UNCONFINED AQUIFERS

Code Location éggzrggén 5;;3@212? gi%iiiiy %gggeggraw
corfestion "o,y “Ton) S
(dpm/ton).
KfAS-12  Patan 26,0 4,1 2.3 0.092 + 0,020
P ~ 2 Ropar 22,0 9.0 6.5 0.070 + 0,020
RJ -12 Niraun 32.5 8.1 Do A 0,033 + 0,010
GJ - 1 Deesa 36.2 15.4 4,0 0.028 + 0.003
GJ - 2 Choriwad 30.6 l5.3 2.7 0,012 + 0,002
GJ - 3 Vijapur 8.2 4.7 2,6  0.040 + 0,010
GJ - 4 Balad 28,0 3.5 A4 0.110 =% 0,010
MH -~ 1 Mulund 34,4 6.6 10,3  0.090 # 0,009
MH - 2 Ville Parle 22,4 7.8 3.7 0.040 + 0,015

e e e s s 8 v i T SR T e Y A W e T w28 R S st o e 2T ) e R0 e

. , . ‘ L 32 .
Represents the counting rate at the time of P separation,

as deduccd from the least square line.

Counted by 4 Tkgeometry.
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T4 BLE-~ IIL.0

SILICON-32 CONCENTRATIONS OF CONFINED AQUIFERS OF RAJASTHAN

[P URENOR I ——

Code

RJ- 1

RJ- 2

RJ- 8

RJ~-

\O

RJ-10
RJ-11

RJ-13

et oot P s s P tann et e e ot e ot i St et P i nd o et o et s e W R et e S S o 0 TSt Ao s sk $en it B} e e Tt B o oy it T Ut it et d wars s et e e P

¥ Represents the counting rate at the time of

as deduced from the least square line,

Location

Bikaner
Pzlana
Lathi
Dabla
Chandan

Bhairwa
(Ist aquifer)

Bhalrwa
(2nd aquifer)

Bhairwa
(3rd aquifer)

Devilkot

Ajasar

2

21.4
19.3
13.3
12.7
16,1

15.7
16,0

17.0

++ Counted by 41T geometry.

Inherent
Si0
centrate
ion( ppm)

i ot st 4 o i W o s P N g s Mo ot it OO i) it ah PN o ot pkt S ot B N3N A Gk e ot ot P et TS foh gt A Bt et Feat WA AP ot WA MO B o e PSR D0 Ae15) N bt e v et vt Yt e T D aend B)

e o o i

Effective .+ 32p Concentra-

activity tion of
(cph) 324

con- Vvolume of
water
(tons)

7.5
4.6
4.3

4,6

(dpm/ton)

3,1 0.038

0.1 «0,020

1.6 0,030

2.1 0,030

1.8 0.005

2.2 0,010

6,54' 0,012
++

1,6 0,004

2.1 0.015
0,012
1.6 0,010

3.1 0,030

x

I

1
i

4

0,010

0,010
0.010
C.002

0,005

0,003

0,002

0,004
0,004
0.003

0.010
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T 4B LE- IIL, 10

325 CONCENTRATIONS IN W/TER SAMPLES FRGM CONFINED AQUIFERS

OF GUJ/ARAT

et e e e e 1 e 2 i e e e 1 o ot e o
Inherent  Effective Net °2p  Concentra-
510, con-  yolume of activity Eion of
centration water (cph) Ozgi

( ppm) (tons) (dpm/ton)

et ms At i v b it S 1o i ot ot s Ak I 0 v s s WS it tiid mhre s skl P st Yo T st ool s e ronk PPV Mot Yo WS ot Pl A e Mt e o o 46 bt M Vs st St T k4 Ay et Mt st e w5

Code Location

&J- 5 Vijapur 35, 6,7 4, 0.038 + 0,005

0
16.6 .2 0,018 + 0,002

N
Mo

N
[o))
o N Nd o O

Damaea

n
SN

11.4 0.016 + ©.002

O- N W
O

Pilvail 10.3 0,008 + 0.002

T

6

GJ- 7 Mansa
8
9

9
GJ- Pilvai 32, 4.4 1.3 0.017 + 0.008
GJ-10  Kalol 08, 15,4 5.0 0,028 % 0,006
GJ-11  Bhojwa 15.6 21.0 2.6 0.009 + 0.002

e wars e 2 s Tt acen P it ATER S W A4S Kt e e 4R ) PR v S o KT N R T e W P S oree e 34 A pmh etk AW YOt WA g St e et Y ST SN et MR 1 st e 7t S it etz T A s s e PR

. . . 32 Lo
* Represents the counting rate ot the time of P separation

nQ

as deduced from the least square line.



A4 mention must be made to the result of fmritsar

Tubewell (Table-III,10) where the Ist milking gave high

value of 0.3 dpm/ton. The 2nd milking however gave a value
of 0.02 % 0,002, In case of Neyveli PFIV (TN-1) repeated
milkings gave consistent results whereas in case of Amritsar
(P-1) repeated milkings were not done. Most probably the

spurious results in both the Ist milkings could be due to

laboratory contamination.

11,4 Specific ackivity of “%c (*%o/Mc) in

subsurface waters,

The measured Carbon-14 activities in subsurtace

waters are given in Table-TI1.12, The net Lac counting
rate varied between 1.8 - 16,3 cpm compared to the

background of 1.5 cpm, The bicarbonate and free 602 cencen-

are also presented in the same

trations of these samples

Table.
3., /3 . . o
H (“H/H) in subsurface water

III.5. Spccific activity of

- . 3., .
The specific activities of “H in eighteen groundwater

samples were measurcd. Of these cnly two showed
measurable concentrations (5 TU). These are GJ-1

(30 + 5 TU) and MH-1 (100 & 5 TU) .
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TABLE-- IIT 11

SILICON-32 CONCENTRATIONS IN CONFINED AQUIFERS OF

DIFFERENT GEOLOGICAL FORMATIONS OF INDIA,

Inherent  Effective 32* Silicon-32
510, con- volume of Net P .
Code  Location 2 . water. activity goncentra-
centration (tons) (¢ph) tion
(ppm) ’ P (dpm/ton).
F -1 lmritsar 20.6 6.0  }o2.,5 10,310 + 0.020
1.0 | 0,020%F 0,005
UP -1 Shankarpura - 32,0 6,2 13 0.016 + 0,010
UP -2  Benaras 29,2 2.8 ¢0.5 £0.015
up -3 Inchwal 26.8 9.3 2.5 0,023 + 0,006
upb -4 Nagla 23 .4 1C.0 A@O,Q £0.001
TN -1 Neyveli Post 21,0 3.8 4,6 0.084 + 0,010
TN -2 Neyveli Yard 68,0 3.0 4,0 0,110 = 0,010
TN -3 Neyveli Bl 26 98,0 2.3 3.0 0.075 + 0,010

T kR T p—— -1

: . . . . 32 .
® Represents the counting rete at the time of P seperation

as deduced from the least sguare line,
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Fig,ITII.6 A histogram showing 32Si concentration (dpm/ton)
versus number of samples for groundwater samples

collected from unconfined and confined aquifers .
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T B I1 E =III,12

CHRBON-14 ACTIVITY IN SUBSURFACE WATERS

(D s cn s A6 s ot M 4 o W rad YA T R Ner?

Code

RJ~ 2
RJ- 5
RJ~ 6

RJ— 7

RJ- 8

RJ- 9
RJ-10

RJ-10

RJ-12 Niraun NV N 4,3
RJ-13 Falana 5.0 350 5.9
GJ- 1 Deesa 7.5 357 16.3
&I~ 4 Balad A NI 7.5
GJ- 5  Vijapur 9,0 336 8.2
GJ- 6 Dama 6,7 326 11.3
GJ- 7 Mansa 12.D 487 0,6
GJ- 8 Pilvail 14.8 650 8.3
GJ-10 Kalol 19.8 505 7.3
MH- 1 Mulund 89.0 344 12,3
P~ 1 Amrisar 6.0 403 7.8
P~ 2 Ropar 10,0 400 10,5
UP- 1  Shankgrpura v 275 10.0
Ub- 4 DNMagla NM 104 8.0
TN- 1 Heyvell Fost 95,0 120 10.2

NV = Not Measured.

Site

Palana
Chandan

Bhairwa

(Ist aquifer)

Bhairwa

(2nd aguifer)

Bhairwa

(3rd aquifer)

Devikot

&3 asar

(Ist o uifer)

AJasar

(2na aquifer)

Ajasar

(3rd aquifer)

Free CO..
(ppm)

9.0
7.5
N

Nt

1

R

6.0
NV

Nvt

HCO
3
(ppit)

350
204
242

._<»—'.._...,..M_,‘.«M.\A.f—w.g.‘,w.m._mm.m—«‘-(-_-,._.w-»-m..-..,......q....‘.......‘..»-.un.,m_..-..m....m...‘.....

Net 1%c activity

(cpm)

- 6.6
6.2

6.1
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T4hHBI E-TIL,12

CHRBON-14 ACTIVITY IN SUBSURFACE WATERS

et e o o st o e e s o i St e e Ot sl WA TV o ok o Rk et e o) A X T g S s S i et e
9% e s o VOB s s i pine e el ot Vo ETR pant Somd ik KRt e ot A -

Code

RJ -

)

5%
4

1

N

RJ- 8

RJ- 9
RJ~10

RJ-10

MH- 1
P~ 1
P -2

UF- 1
U P 4
TN~ 1

Site

Palana
Chandan

Bhairwa
(Ist aquifer)

Bhailrwa
(2nd aguifer)

Bhairwa
(3rd aquifer)

Devikot

Ajasar
(Ist aquifer)

i[‘\j asar
(2nd aquifer)

hjasar
(3rd aquifer)

Niraun
Falana
Deesa
Balad
Vijapur
Dam a
Mansa
Pilvai
Kalol
Mulund
Anmritsar
Ropar
Shankarpur a
Magla

Neyvell Fost

NM = Not Measuraed.

- = ~ 714 ..
Free CO. HCO Net 14¢ activity

(ppm) < (pp%) (cpm)

9,0
7.5
N

6,0
N

Nt
I\H\A

NV
5.0
7.5

N
9,0
6,7

12,5
14,8
19.08
89.0
6.0
10,0
NV
NM
95,0

e e e o Y o v it v A ot o ES Gt Tt S v et e et

350 6.6
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242 6.1
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] , . : 14 30 ..
The results of the comparison of ~'C and 251 ages

[6)]

2 : .
and the implications of ““Si concentraticns for evaluating

atmospheric production rate are discussed in Chapter-1V,
r



{APTER-IV

DISCUSSION

Fairly extensive measurements of 3281 in wet preci-
pitations, rivers, melt waters and subsurf ice water have been
carried out with 2z view (i) to determine experimentally, its
fallowt  pattern on the ecarth's surface, (ii) to obtain
estimates of its atmospheric production rate, (iii) to study
its geochemical behaviour during its traverse through various
geological formations and (iv) to cvaluate its applicability
as a chronometer for estimating the 'ages' of groundwaters

younger than about 2000 years. In this Chapter the approaches

to obtain meaningful information on these aspects are discussed,

. . 32 -
The sampling methods, their analyses and the measured Si

concentrations in the various reservoirs were described in
the previous Chapters,
3/‘\

IV, 1, The g;Obal gg;lout of “la

32 .. . . .
The weighted mean of Si concentrations in rain
water for the years 1961-1071 are given in Table-IV.1 and

3
281 concentrationgin individual rain

Figs,IV.1 & 1IV,2, The
water collcctions are prescnted in Table-I1I11.4, Extensive

measurements were carricd out only at Bombay and Khandala,
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TAB.

4

L E ~TV,1

32

MEAN. ANNUAL _

Si CONCENTRATIONS

IN RAINWATER

Station. Year

1961
PATHANKOT 1963
1968

Weighted average

32 , .

“Si concentration
(dpm/ton)

-62 0.27 + 0,07
0,70 0.07

x
0.47 + 0,08

Rl i B e B e el

LUDHI YANA 19870 0.38 + 0,04

GWALIOR

1963
1964
1966
BOMBAY 1967
1968
1970
1971

_mmmﬁﬂﬁ““m_ﬁ_wmﬂammmwmmmniégz
1963
1967
1070

1961
KODALKANAL 1263
1968

KHANDALA

0.29 + 0,02

e

0.28 + 0,07

0.60 + 0.10
0.85 + 0.08
0.31

O
N
‘_,.
O
@)
X

e

Oo
Oa
Oe

E

0.06

NN W
(@)

O (@)
IS N N WU WS

(@

<

H
O O O
@

N

1
i
)
1
!
1
1
t
3
i
i
i

c o O
[G1N
O O

0.22 + C.06

0.20 + 0,06
0.28 + 0.02

0.21 + 0.04

i et ot e 2o s ket et o 24 P At et v T e Bt St b o W i W o 1o e S e 4 o S



\D
(@]

. ) s s 32 s .
Fig, IV, 1, Seasonal varietion and mean ““Si concentrations

(dpm/ton) in rain water at Bombay and Khandala

)

for the period 1961-71, The estimated annual
)

- _
fallout(dpm cm™ “yr and rainfall zre alsc shown.
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Fig,IV.2, Mean-annual concentrations of “28i (dpm/ton)

its fallout (dpm cmwzyr"l)

1

ana for the stations

Pathankot, Gwalior and Kodaikanal,



€ AL 24

dv3A
096l 89 99 ¥9 29 09s| 89 99 9 2g
1 LT

e A
¢ 4
F

amwmmw«mmw ™

ey

Wy

S”WMW

i
4

d

Wi
. 2

T
g M.&in

5 i i i P
., ey Srrmtagts
- L

(3,88 5L N pl_z¢)
LOANVHLVd ~




57

32 . . . .
“5i concentrations in rainwaters can

The measured
be wused to study the characteristics of its global fallout
pattern, Several variable parameters can be eliminated 1f we
compare in individual rain wamples the concentration ratios
of an isotope pair rather than the concentrations of an
individual isotope., For this purpose, we will compare the
3251 results with those of 'Be (half-life, 53 days), a short
lived cosmic ray produced isotope. The cosmic ray production
of 32Si andl 7Be in the troposphere is essentially latitude
independent, and in both the cases, the average global amount
produced in the stratosphere is twice that produced in the
troposphere (LAL and PETERS, 1962). It is known that the
fallout of 7Be derives mainly from its production in the
tropospherc because of its short half-life (LAL and PETERS,
1962 ), The half-life of 328i is long compared tc the mixing time

and troposphere

between the stratosphere - an:z hence its global deposition

must equal its global production rate, Therefore 32Si/7Be

represents stratospheric and tropospheric contributions rather
Gy -6
well (LAL et al., 1974). This/’ratio remained at (4-8) x 10
over 1961-70 except feor the years 1963 and 1964 when it was
32
o4

(15 and 25) x 10"6 respectively., The enhancement of was

presumably duc to its injection in the stratospherec
following large scale nuclear weapons! testing during

1961-1862,



32 .. .
The amount of Sl produced in the stratosphere would
be distributed at different latitudes focllowing the pattern of
large scale air circulation, The recent results based on the

14 , 3H and goSr

global dispersion of bomb-preoduced ~7C (LAL and
RAMA, 1966) have shown that most of the strateosphere~troposphere
alr exchange occurs in the latitudinal belt 30-90°, during

the summer months of March-August, The mean time of mixing of
air in this region with that in the trepics, OWSOO, is about

two menths . A "considerable iAflux. of--strataspharic

is thiys expected to occur in the tropics during summer.:

Most of our measurements are confined to June-August,
the pericd of South West monsocn., No data exist for winter
months and hence with the present results it is difficult to
make ~am. appraisel .. . of the seascnal variations cof 9254
fallout in the Indian subcontinent. However, the fallout at
Khandala and Banbay show considerable fluctuations with low
values occuring aftoer August or September (Fig.IV.1).
DANSGAHARD et al,,(1965) found similar variaticns in rains
cellected at Glostrup, Demmark (Table,III.5). The results of

DANSGAARD et _al,, (1966) and that of the present work show

that the magnitude of the variesticon in the concentraticn of

S5i can bevoptofalfagtor of 5,(Table, IIT,4),which is™ 1arq€r'02
Si
than that -fon .. Be(% 50% ) BHANDARI, 1965 ., This differonce between/




7 . . 7
and 'Be is expected since for "Be , the strntr* pheric contri-
butions are small cven during pericds ~f peak stratosphere-

]

treposphere exchange, Thus it can be inferred from J2Si results

cccurs Jduring summer

(m

that stratospheric-tropospheric exchange
and also this exchange is very important feor all latitudes.
The contributicn from stretosphere will decrease progressively

as one qgoes from polar to equatorial latitude,

23
The annual deposition of cosmic ray produced QQSi in

various latitude bands has been calculated based on its
mean concentration in post 1967 rain water samples(Table,IV.2,
Fig,IV,3); the results pricr to 1967 have nct been used for
- . . L 32, . .
these calculaticns since the measured Si ceoncentrations 1n
them include contribution from nuclear weapons ' testings

(Secticn,IV), These calculaticns are based on the assumption

32 s L . .
that the measured Si activity levels at verious staticns

are representative of the belt The estimated annual depcsitiocon
2 Q \ . . '
(dpm/cm“y) for the 107 bands are glven in Tablels IV.2.
- - - 32 O . . )
The mean depesiticn of 7961 in the 10-32 latitude

helt is estimated to be 2,5 X lO'5 ﬂpm/cwzy (Table.IV.2)
which is expectesd to be higher than the actual annual deposition
in the tropicel belt since during the sampling period undertaken
Tniian staticns (June-Sepbember), appreciable influx of

radicisctopes occurs by mixing with the tropzspheric ailr
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TABLE - TV, 2

ANNUAL DEPOSITION OF COSMIC RAY PRCDUCED 32

Si

AT TROPICAL LATITUDES

o ot i st it R it e Sk ot b A B ot St Ao e et A A3k Gt T Gl R b s T s et paun e ot et o et e mer ot o TR gy s e o s 4 ek s e ot S0 300 i S

Annual - 32¢. . * 3%
] rainf- M?a?- .Si concen- Mean depesition in
Station 11 in Cdﬂtfat%uﬂ }n ra1? 10° 1atitudingl
: : N ater® (dpm/ditre latitudina
(Lat. , Long.) the belt MExEE AZl 14 (4 Dy
7 (cm) At site For the belt(dpm/cm y).

ion. dinal belt,

Pathankot 4,7 x 10

L0 O _
(327N, T67E) 3 4,3 x 10
Ludhivyana 3.8 x 107

, 76°E)

Bomb ay 2.4 x 10
(19°N , 75"E)
Khandala 2,3 x 10
(18°N , 74"E)

am v vam wrea o e S heA omAS BOR s S Vrd s WY g e s TS At ot e ot e NS S bt T i A e S 8 B it P e e b e SN o YT e PSR

e e e s S i i » ) 4 g
Kedaikanal 154 2.1 x 10 2.1 x 10 3.1 x 10

(10°N , 77°E)

et e o v v thra o o wan e A e i e s O i e T et sy e g 47 e e R ey 7S e P EEpRRpEI S MELE ERE  hiadaninad

* Repr esents the average of samples collected after 1067,
R 32 ;s
#%  Calculated by multiplying the mean Si cocncentraticns
in the latitudinal belt by annual rainfall in cerresponding
zones (Moeller, 1951),
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at higher latitudes., From the observed seascnal fluctuations
at Bombay and Khandala, we estimate that the mean annual
deposition would be lower by about 20% if the precipitaticen

was distributed unifcrmly throughout the year,

Thus we take fer deposition of 2Si in the 0-30°
tropical cell a value ¢f 2 x lO“5 dpm/cmzy° It is found that
for the cosmic ray scurce function, appreximately 40 and 60
percent of 325i activities will be deposited in the 0-30° and
30-90° cells respectively. Hence, the global fallout of 3281 is
expected to be about 25% higher than that observed in 0-30°
cell., The expected mean concentration of 325i in this belt

is about 0,5 dpm/ton using an average rainfall cf 60 cm
(MOELLER, 1951), This is in agreement with reported results

of DANSGAARD (1965), Fig,IV.3 shows the 325i concentrations

ot various staticns in the latitudinal belt 10°N-70°N for the

post bomb era i.e, after 1967,

32

The glebal mean fallcut of Si is estimated tc be

2.5 x 1077 dpm/cmzy based cn the measured value of 2 x 1070
dpm/cmzy for its fallout in the 0-30° tropical cell and the

. 2 )
calculatesd value of 3 x 1077 dpm/cm®y for the 30-90° cell

(the surface arcas are identical in the twe cells),




Fig.IV,3.

amounts of artificial

102

. . , 32 s
Mean concentration of cosmic ray produced Si in

snow and wet precipitations at various staticns in

the latitudinal band of 0-70°N for the years
1961-71, The results of 1963 and 1964 have nct
been indicated since they contain significant
3251 due tojinjection

N
in the strat-spherc by bombs. The staticn

averages appear to show an increasing trend with

leotitude,
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The fallout of 2.5 x 107° dpm/cmzy corresponds to a

32 2
Si/cm“ sce,

mean global production rate of 3 % lOm4 atoms
(e.lculated using 500 y for the half-life of °25i). The esti-
mate is higher than the cnlculated value of LAL and FRETERS
(1962), 1.6 x 1074 ptoms/cmz sec, by a factor of abuout two,
This discrepancy co.” ' »~ duc to uncertainties either in the
cross sections used for calculating the 325i producticn rate
or in the half-life of °2Si, If it is due to half-life, to
chtain agreement with the measured production rate, the half-
life has to be closer to 300 y, similar to the values reccently

reported, 280 y (JANTSCH, 1067 ; CLAUSEN et _al., 1973).

2
Iv.2, jEﬁi«Q@" lucticn by nuclear weapeon testings,

- . 32 s } .
The weighted mean Si cecncentraticns in rain water for

various vesrs Juring 1961-1870 (Table.,IV,1.,Fig,IV,1 ,2) show
2

LLJ

that at Bombay, Khandala and Pathankot the Si activity
levels and its averrge annual depositicon rates in 1963 ant
1964 wes higher by a factor of twe to three compared to those

{an ]1

results for iodaik

expected considering
the stratospherae-troposphere injecticn an! mixing patterns
posphere, However, we cannct cffer a logical

- . . 32a:
for the lack of observation of higher Si cone

centroti ngduring 1963 at Gwalicr,
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39
. . o) . ) . .
The observed peal in the “°Si concentraticns in
1963-64 is probably due te its injection by nuclear weapons’
testing as found in case of many other isctopes, Similar
results were reported by DANSGAARD et _al,, (1966),who
e : . L 32, . 90,
ocbserved a linear relationship between S1oand Sr concen-
traticns in the mid latitude atmosphere, Fig.IV.4 shows the

fallout of 328i during 1958-71 as compared with thet of 90

Sr
(VOLCHOK and KLEINMAN,1971). The “2Si deposition since 1966 has
remained essentially censtant suggesting that most of the
artificially injected 325i has been washed cut, Aremoval time

of less than four years for the bemb preduced 32Si from the

atmosphere is indicated by this cbservation .

The prcductien mechanism of 325i in nuclear weapons'!
testing is still not well understond, It can be proeduced by
double neutron capture on 30g4 (3 percent abundance): it cannct
result frem the neutron capture reacticns (n,y), (n,p),cr
(n,e) since the target nuclides inveolved are shert lived and
do not exist in nature (KHARKAR ot al.,1966), Its producticn
from sulphur ¢r heavier target nuclides is unlikely since
these spallation reactions invelve high encrgy projectiles
which dc not exist in sufficient influx in a nuclear blast,

Though the results of the present investigatiocn and
those of DANSGAARD (1966) show evidencé for producticn of

> . . . e o . . , -
Y51 by bombs, its artificial injection is only a small



Fig, IVi4,

Fallout (dpm Cﬁer"l) of 3281 at Bombay and PO0gp

in 10-20°N latitudinal belt for the years 1958-71.
The peak in the 32¢5 fallout during 1963-64,.similar
to that of 20gp suggests that 3243 3s intreduced into
carth's atmosphere by nucleer weapons! testing.

The 325i £allout after 1966 is constent at

0.5 x 10”4 (dpm cm”erMl) indicating that the

bomb contributicn is weshed cut in less than four

VEAr S,
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perturbation in its fallcut an?d is negligible to invalidate

U‘

f
. : : . 32 ;
its applicaticn in Si hydrolegy.

32

LV, 3. "S1 in surface waters,

- 32 :
The Si activity levels of surface waters were

measured mainly with a view tc study its interacticn with the
various soils and rocks during its passage from cne réservoir
to ancther . For this purpose, two sets of samples were
collected, the Kashmir Valley samples and the major river and
lake samples. Fer the sake of convenience the results of these

measurements are discussed separately.

IV,3.1L, Surface weter samples of Kashmir Valley.

2
The results of QQSi measurements in the Kashmir Valley

samples are presented in Table,III,6. (Chapter-III) and is
shown schematically in Fig,IV.5. The data in Table, ITI,6 and

Fig,IV.5 lead te the following chservations.,

5i concentretion for the wmell, water samples,

KiaS-3, 0.33 dpm/ten (collected near the annual snow field) is
the s meéan rainwater concentraticn, 0.3 dpm/ton
32 .
(ii) The 751 concentration in melt water stream

samples (KAS-1,2,4,6,9,10,12 & 13) originating from APARVATH

Mills ans that in KAS-7 cellected near Ningli (See Fig.II.2)
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. . . 32 . . .
Fig,IV.5. A schematic diagram of Si concentration in the
samples from Kashmir Valley. The average
concentration in melt water samples centre around

3251 concentra-

0.28 dpm/ton. The decrease in the
tion 0.15 dpm/ton in the Wular lake and Jhelum

river flowing from the lake is evident.
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the region of melt water input into Wular lake range hetween
0,23-0,33 dpm/ton with a mean of 0,28 dpm/ton, Two samples
KAS-2 and KAS-6 collected at the same location D years apart
gave consistent results, 0.23 + 0,05 and 0.20 + 0,02 dpm/ton
respectively. The 328i activity levels do not show any syste-
matic trend along the path of the stream. “fhe small
variations observed in its concentrations is probably due to
the experimental uncertainties.,

32

(iii) The “°Si concentration in one sample of Wular lake

KAS~

[09]

and the Jhelum river water sample flowing out of Wular

lake is about a factor of two lower than the melt water.

Based on these observations, the following conclusions

27
) . . %) .
about the geochemical behaviour of ““Si can be drawn :

. 32 . . , . , .
(i) The ““Si concentration in fast flowing streams is

essentially constant and is similar to that of annual snow

field samples. This suggests that there is no measurable loss
320s . o e e
of 5i in melt-water-streams during their flow,

A

32 . . .
(ii) The Si concentration in tl

he Wular lake water
sample is 0,15 dpm/ton compared to the melt water values
ranging from C,19 to 0.33 dpm/ton, This decreasc could bhe due

O

to removal of S1 a 5i to sediments by inorganic and/or

biogenic precipitation from the lake water. Further studies

on the relative comtributions of different melt waters to the
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3

AN

leake together with ““Si concentrations will be very useful in

understanding this problem,

Stable silica measurements together with seasonal
diatom productivity studies were carried out in lakes adjacent
and inter-connected with the Wular lake (RAZDAN,1974), During
summer months i,e,,May-October the diatom productivity was
‘higher and the stable 'Si' concentration were lower by a
factor of 4-5 compared to the values measured for the rest of
the year (1,2-5,0 ppm SiOz) suggesting the removal of
'Sit' by diatoms. Hence, 32¢; like Si also gets depleted from
surtface waters of Wular lake resulting in the reduction of
the absolute concentration of 325in

32

1V.3.2.778i concentrations in major river and lake water samples,

The results of these measurements are given in Table,III.7.
. 32a. : . o Lo . .
The S1 concentrations of rivers measured neer their origins,

[

Ganges at Hardwar and Godawari at Nasik are 0,14 and 0,11

()]

dpm/ton respectively, These values are similar to that in

Wolar lake and Jhelum river, but arc lower by about a factor

32 .
of 2-3 compeared to melt-water samples. However, the 51

Activity levels in samples of these rivers collectesd about a
thousand kilsmeters downstream are lower by a factor of
QD

N

1.5 compared to the vslue at their origin, The Si concentra-—

tion in Tansa lake samples range between 0,12-0.2 dpm/ton
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for the years 1963-72, the activity levels are 30-40% lower
compared to that in rain waters for the corresponding years,
These results suggest that there is a measurable loss of

32 hd a " hl . - * 0
ol in lakes and rivers either by its absorption or exchange
with silicates present in these reservoirs or its biogenic
removal through diatoms., Laboratory experiments were carried
out with a view to assess the regulatory effect of silicates

. . . 32 .
in governing the concentration of 251 in natural waters,

These experiments are discussed in brief below,

V.4, Interaction of silicon isotopes with soils and minerals,

IV,4,1,Experiments using natural silicon-32,

These experiments consisted of shaking lateretic red
soil with rain water, Rain water samples of about 3-5 tons
were split into two or three aliquots, one aligquot was

32 ...
281 measurement and was used as

processed directly for
reference sample, To a second aliquot red soil was added at
a level of 20 kg/ton of rainwater and was left for a period
of about two months with periodic stirring. The release of
silica by soil was monitored occasionally to ascertain the
attaimment of equilibrium. The supernatant water was

: 32 o i .
separated and its Si activity was measured, With a view

to increase the time of contact of the water with soil,
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experiments were repeated using the third aliquot of rain
water which was passed through a column (diameter = 20 cm,
height = 125 cms, flow rate = 30 ml/min. ) containing 50 kg
of red soil, The results of these experiments are given

in Table-IV,3, The results in Table-IV.3 suggest that there
. 32 . C .

1s no measurable loss of S1 from rain water when it is
shaken with red soil.

TABLE-TVW3

INTERACTION OF NATURAL 2si WITH RED SOTL

._.__..-...........-....-.-,.nm.e..,...,..,.....n._,...._..-..,...,-....4.....-,.--..-..,.-_......._-...._.___N...»-.,_m._.................._......_—...-._....._.__.-,-...._..._,_—.-«

Details of Volume Inherent Net 32p 32

. Si con-
5 . - T
Sample Sioggggsd Sgggo SlO con activity centra-
T ’ (ton) Punuram (cph) tion
- tion (dpm/ton)
(ppm)
Direct
(1964) 2.10 0.5 18.6 0.85 + 0,09
Rain water After shak-
(1964) gggKg‘;Ld 0.95 8.0 7.8 0.80 + 0.08
soil,
T T Thireer 400 7RG 17.8 0.22 + 0.0%
After pass—
ing through
R“éfogfger gotumn con- ;5 5 6.0 9.5 0.20 + 0,02
9 Calning
(50 Kolred
soil,
After shaking
with 50 kq. 3.20 4.0 8.9 0.19 + 0,02

red soil

o T S ST e Tt e S S0 oy i an S et ST ) ot et sy i e e vt 0 oo et e a0 4o 2004 St oo omd e M o i e ot P e

20
* T“f Va WL ﬁL the time of °<p geparation is estimated from
least square line drawn on decay plots,



IVe4.2. Experiment

sing Silicon-31.

.U

[t is clear at the outset thet with an isofope like 3dgi
having a short half-1life (t% = 2,6 h), one cannot quantita-
tively study the loss in soll-water system and extrapolate
to groundwater systemsin nature, The very fact that one
observes 32Si activity in groundwaters, implies that the
loss due to exchancge processeé is small, However, in order
to study the behaviour of “YSi with soils/minerals, it was
considered apt to do a few experiments in the laboratory

. 31l ..
using Si,

Artificially produced “1Si in the form of silicic mcid

was passed through various soils and minerals @wlOg) packed
in perspex columrs at different pH, flow rates and silica

L. 3
concentrations, The

1a . - .
Si beta activity bhefore and after its
interaction with soil/mineral was assayed by a liquid scinti-

llation beta counter ot BARC, Bombav,
s Y

N
o+
L

The results of these experiments are given in Table

-

IV,4, Systems involving fine sand, quartz, are ideal since

3l

the loss of “78i activity is hegligible (45%). However, the

losses range from 10-85% for soils and minerals like
Koolinite and Montmorillonite . It is obscrved that the loss of

[detTenses by washing the columns with increasing volumes




ITADLE-1V.4

INTERACTION OF “si acTIVITY WITH SOILS 4ND MINDERALS.

o e B30 2y e T i b3y bt Sk ot o msd —--.ﬁ.-..‘.,......_.w—_‘.u.‘_......_..__,..,.-«-.‘,.-——..._...a,i_......_w_..,‘.w..d,‘-._-,._\..,...n._.,_..-,...._m......n.............—‘....,-—..w-_..m

e + , + S

Clay % Silt % Coarse G E.c, Loss of

(<20)  (2-208)  fraction "o’V 3lg Lop.
(>20w ) 100 g. ivity %

......w......—-....‘...--._......._.....‘.,.,.,.._._x.._m,-.-...A.—....._..._.-,-........,....—..—umu.__mmra..—-m._-m—-m_u.m_.....,..._.a-._,._..m...._‘_.,_.,...._..n___.._._.«\_.

Nature of Sample,

Coarse Sand O

Qeartz Fowder 0 0 100 0 0
Fine Sand ' 1.1 ’

Zeolite - - - - 12

Red Soil 42 2.0 - 55
O

o) \O
w
n

Kaclinite 100

(00]
89
o)

0
Black Soil 18,6 45,4 28.2
O

Montmorillonite 100 0 32 85

T ST T T T TR S i S S L MO ST S e 4 o 17 o i WG W g % sy i o et 0 % v i S sy RCh A e st G s MR s st % et et om0 s ot mien e ey

+  Clay, silt and coarse fracticn analyses were done with
different size-fractious.

++ C.E.C. is the Cation Exchange Capacity,




of active solution, Unfortunately the exchange experiments

could not be carried out for more than four hours in view of
its very short half-life. Though it is very difficult to
32

extrapolate these results to natural systems involving Si

. . 32
exchange over periods longer than the half-life of Si
(500 y), the important observation one can make is that the

. . . . 32 s .
losses taking place duc to adsorption, if any, of ““Si activity

31

(like that of ~7Si on soil/mineral) will be subsequently

released into the water,
5ince the groundwater systems are old dompared to
- 32 .. .32, L i ,
half-life of Si the fact that Si activity is observed
in groundwaters suggests that the exchange mechanism may not

be very important,

From above discussions it appears

32 . .
that the removal of “<Si by chemical exchange between the
dissolved silicon and minderals of the water bearing rocks
. R _ 14 . - 14,12 .
s unimportant, unlike C where depletion of C/7“C ratio
S | ’
can occur by exchange process (VOGEL,1970). However, as the rocks
and soll-types may change considerably alceng the migratory
D . 32 .
routes of water, significant losses of 7781 may occur. The

magnitude of losses can possibly be ascertained by measuring

the concentrations of dissolved silicon at different regions.
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available

results do not offer a simple

explanation as why the Ganges and Godavari river waters

near the points of their origin,Hardwar

are depleted by a factor of about

and Nasik respectively,
324

2-3 in their Si concen-

trations compared to the melt»--w<_ﬂ:ers3}s Probably biocgenic

processcs play a

dominant role in regulating the 3251

concentrations in these reservoirs,

IV,5, Silicon-32 in groundwaters,

IV.95.1.Samples

3255

The concentrations in
aquifers range between 0,01-0,11

<

DT ) o e R P
and TH measurements werce carried
(Tableg.III@lz,IV,5 & IV
analyses show That most of
ected activi

artificially

This

he rquifers are
cetation since

these aquifers

collected from unconfined aquifers.

the samples from unconfined

l4C

dpm/ton (Table,II1.8).
out on some o

results of

samples contain

recharged quickly which is
they lie in the

are recharged quickly,
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32 ... . ) ..
the "°Si concentrations in then should be similar te that

in surface waters, C,1-0,15 dpm/tone However, the measured
values are lower. A closer exsminations of the results in
Table . II1.8 show that the lcwest concentration are for open
well samples, 0,01-0,09 dpm/ton (mean 0,045 dpm/ton). In the
32

three tubewell samples GJ-3, GJ-4 and MH-1, the Si concen-

trations are 0,04, 0,09 and 0.1l dpm/ton respectively., The

concentrations in GJ-4 and MH-1 are similar to what is expected

from the river and lake water data.

- 5 . . r 32as s
I'he obscrved low concentrations of 51 in the open

well samples is intriguing., It is likely that the low concen-

tration is due to bicgenic removal processcs in these wells.

Such an hypothesis is bascd on the results of read soill, rain

water experiments (Section. IV,4,1) coupled with the possibi-
N

lity that high biosgenic productivity can cccur in cpen

wells,

IV.5. 2. Samples c<¢ ccte

ﬂOLlll \,I S o

Yy
y . - DL :
The sampllng and measurement of Si in confined

aquifers werc carried cut mainly with a view tc study its
applicability =zs o radiotrsacer for dating. Towards this
1

purpcse twenty seven samples were collected from confined

(depth 60 m) of Gujarat, Rajasthan and Neyveli.
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The results of these measurements are given in Tables,III.3,9,
10 & 11.The messurements ade wer-eTeproducible and good

signals of 2-6 cph) observed in most of the samples.

o

The dating of a water mass at different pcints and
depths of an aquifer allows cne tc estimate some of its
characteristics, viz., flow velocity, rate of recharge, water
volume, The ages of the groundwaters can be calculated using
the relatic

A = Ae "3 (4.1)

where A and Ap are the ceoncentrations of the radioisctepe in

the groundwater and scurce water respectively, ‘} is the decay
constant of the isctope and Ta is its "radiotraccer age" which
represents the time elapsed since metocric water enters into

- . ) 14 . C e
the surface soil, In case of “H and C their specific

0

Sii/ 14,12 4
activities, “H/H an~ 4C,/l C arc used unlike the case of
©S1 where the absclute concentration (dpm/ten) is empleyed

tor the age calculaticns, The ages are estimated assuming

theat the aguifers behove as a closed system i.c. there is no

srtope under consideration cother than by the

decay. Thus for estimating the ages, the values of
the variius perametoers A, A, and}% (e.g.4.1) have to be

known,




I

The problem of groundwater chrcnclégy and its usefulness
in assecssing rechafge rates are well known (VOGEL, 1967)
RaMid,, 1968 ); The relaticnship between the aguifer parameters
and the radiotracer concentraticns is ambigucus because of the
variability existing in the spatial rates of recherge,
cenfinement and stratification of water. Additicnally in tube-
well samples, water pumped out often represents a mixture o
water derived from different strata, Inspite of these
problems some general features of the aquifer can be deduced
from the estimated radiotracer ages using simplified models
which take inte consideraticn the variability in the rate of

recharge, internal mixing with the agquifer etc,

The rate of recharge which is the quantity of interest

is related to the volume of water in the reservoir by

T = V/R (4.2)

where T is the mean residence time of water molecules in an

aquifer, V is volume of the aquifer and R its rechorge rate.
T 44

Thus te estimate the mean residence time T, it is necessary

to have an ddea of R, and the state of internal mixing within

the aguifer,
NIR (1964), proposed two models for groundwater aquifers

(i) the 'pistoen medel! wherc cne assumes that the system
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is a closed parcel and beunded by planes parallel to flow
lines of constant ang equal velocity, Additicnal assumpticn
of fast vertical mixing allcows one teo trcat the system

as one jimensi;nal,\Nhere the concentration of the tracer in
planes perpendicular to flow lines will he censtant,

(Case:I, Fig,IV.6) and (ii) the 'steady state medel! where

we assume that the recharged water is quickly mixed threcugh-
out the whole water bedy, and the volume of recharge is small
compared to the volume of aquifer, The recharge and discharge
rates R and D arc equal i.e. the volume of aquifer is‘
constant., Similar medels were usced for calculating 3251 and
't al., l97O)e A simplified schematic of these

models are given in Fig.Iv,6,

At stecady state we hove -

RA. = RAh + VA . (4.3)

witere A and A arc the concentration of the isctepe in the

ters and tho well mixe aquifer respectively,

The relaticon betweon the residence time T and raldictracoer

age T dis oiven by

s

T =21 0 (1441) (4.4)

which can be obtained from equaticns (4.1), (4.2) and (4.3).T,vsT

is pletted in the Fig.IV.7 (CRAIG, 1963 i L&LL) 1967),




Fig.IV.6
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A schematic of groundwater models used for
Calculation of their ages, The interrelatio

between recharge rates and the velume of th

aquifer are given,

n

e
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Fig,IV,7
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Relation between "Piston' model age (Tj) and

i

"Steady State™ med

equaticn (4,4)., It is evident that good agreement

1 age (T) calculated using

between the Tw and T arc chbtained, for ages less
. C

than about a mean life of the isotope.
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The relaticn predicts that the residence time cr the
"steady state® model age T should be progressively larger than
the radio-tracer age (i.c. "pisten® medel age) T{b The diffe-
(&t
- fhe

LeFor T ¢ 1/ diffe-
A A

rence becomes particularly impertant when Tq>>
i

rence between T and T is not significant.

Ci
It is apparent from relation (4.4) that the estimeter
value of T is depend onf on the half-life of the isctopes.
Thus if a ceoncurrent age is obtained using two isctopes of
different half-lives, it implies that the deduced radictracer
agc 1s closer to the residence time T of the aquifer, With this

14 32«

view the ages are estimated using both C and 51 isctopes

whaose half-lives differ by more than an order of magnitude,
Hewever, if this is nct so, it weould be expected that a given
-3

water budy will lock younger on the basis of a short lived

adicisctope and that the "true age®™ would be even greater

-

than that obtained on the basis of the lenger—lived isctepe,

39
[ . N - . N
itial cencentration of “9Si in the source

water (INSIRT),

IVv,6.

The weter ding undergreound aquifers are surface

6]

~J

waters an’ hence the Y“Si concentraticns in fecd watcrs can be
assumed Lo bethe srme as that in river and lakes. The cencens

trations in these surface reservoirs are abeut a facter



of two lower compared te that in wet precipitation, probably
becausce of biclegical removal processes, Hence, in rcgions

where the recharge cccurs directlysthe feed values are expected tc
becthe same as that in rain water,

3251 cone

Fig,IV.8 presents the range of the measured
centrationsin rain and surface water, The data in Fig.IV.8(a)

rain water samples have concentrations

¢

show that mest of th
in the range of 0,2-0,3 dpm/ton. The high values ( 0.5 dpm/ton)
are during 1963-64 when considerable amount of 32Si have been
artificially injected into earths atmosphere by nuclear weapon
testings (DANSGAARD, 1966 ; Section.IV.2, present werk),
Table,IV,2 gives the average 325i cencentration in wet
precipitation for the prst—bemb era (after 1967). From the

data in Table,IV,2 the mcan 325i concentration in rain water
for 0-30°N belt is calculatcd to he C.3dpm/tcn. The 3281
activity levels in major rivers and lakes of Inin

(excluding the melt water samples of Kashmir) range between
0.08-0.21 dpm/ten (Table,ITI.7) with a mean of 0.15 dpm/ten.
The ages =f greoundwaters have been estimated using both

0.3 and C.15 dpm/ton for the initial concentration(dpm/ton)

of J2g; in scurce waters hereafter known as INSIRT. The
calculated ages of groundwaters differ by one half-life of

3

2 . . ) . -
“51 because of this uncertainty of factor of two in its tone

value,



Fig,IV,8
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- . . . r 32 . -
Frequency distributicon of Si ceoncentration in

rain and surface waters. The shaded arca represents
the concentrations in the melt water samples of
Kashmir, Majcority of the rainwater samples have
concentraticns in the range 0,2-0.3 dpm/ton. The
higher vedues (>0.5 dpm/ton) are for the samples
cellected during 1963-64 after the nuclear weaponsY
testing, The mean concenhalyw  in the melt water
stream is 0.28 dpm/ten, similar to rain water. The

2o L. :
“Si concentrations of 0,1-0.2 dpm/ton for

(

low
surface water samples is prebably due to its removal

by bicgenic processes,
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- - e 14. .
Iv.r.  Initial concentration of ~ C in the source water.

In the l4C method; the specific activity (l4C/lZC>
of the feed waters should be same as PIPN (Fre Industrial
Pre Nuclear) wood value if the system is closed for e atoms.,
However, the dissolved 602 in water may bhe partially consumed

during the dissolution of carbonate minerals present in the

=

roclk formation,
14 14" '++
CaCOg + ~CO, + H,O = (H7CO; + HCO,) +Cq .. (4.5)
Thus, the bicarbonate ions produced by the dissolution process
derives half of its carbon from biogenic C02 containing l4C

and the other half from the mineral carbonate which

14

normally does not contailn C because of their old age.

s o 14 . i .
Thus the specific activity of C of bicarbonate 1lon 1s

of
. , . . - 14
reduced to 50% /that of biogenic CO,. The observed C
o . 3.
activities in young waters based on "H data centre around

85% of that of biogenic CO, (VOGEL, 1970). Because of this

2
14, . -
loss of C by exchange processes the ages of groundwaters

2. e
l4C/l‘"b specific

A

have been calculated using two values for the
activity in the source water (i) PIPN value and

(ii) 0.85 x FIPN (VOGEL,1970). The calculated ages differ

by 1300 vears using two feed values,
Y G



] 1 M - N B:ZN. _1_4 ~ R . L.
IV, 8. Half-lives of Si and —'C used fTor calculation

of groundy

M, - - P .. . I > O . -
[he revorted half-life of Si rangesbetween

A

140-700 years ( SCHINK, 1968). The recent measurements
indicate a value of about 300 vy for its half-life (For
discussion See Chapter.I). Two working values of 500 and

300 years have been used to calculate the ages of ground-
14

waters in the present work. For C a value of 5730 has been
used,
; ~ . 32 14 i - - o
V.9, Comparison of the Si and TC ages of groundwater.
e 32 . 14 . B
I'he Si and 7 'C ages of groundwaters have been

calculated by considering the "piston" and"steady state”

models using relations (4.1

- 14

. , - . : 32 .. T i
different values of the half-life of Si, INSIRT values
trations for 'C 1in source water

or T7Si and initial concen

0.3 ; 0.15
(<dpm/ton)

Corbon-14 5730 PIPN,0.85 x
The estimeted ages are given in Tables,IV.5 & IV.0
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32 .. 14 .
Plot of 7“Si vs ~'C ages deduced using the
"piston” model approach., The values adopted for

2
3281 half-life, its feed value (INSIRT) and

o e I 14 . 14,12
initial specific activity of ~7C (i.e.~"C/~<C)
are also given. Samples RJ-0, GJ-1 and MH-1
show excess Carbon~14 activity and as such they

are recent(later than lQSé)aSample GJ-4 shows

<

a very young 51 age which is not unexpected

considering its proximity to the recharge area.

Some samples like GJ-6,7,8 ; RJ-12; TN-1; P-2;

~
2

" : 2 s
UP-4 show a close agreement between “<Si and

ades,
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Fig.IV.10

o D2 i . .
Plot of 751 vs J4G ages obtained by using the

32

"steady state” model. The values adopted for Si

half-life, its feed value (INSIRT) and initial

ol

. 14 -
specific activity of C considered are also shown,

i 14 A
samples RJ-9; GJ-1 and MH-1 show excess ~ 'C activity.
The deduced ages are in satisfactory agrecement for

the samples RJ-2,6,7,8,12 ; NMH-1 and P-2(Average

7
l—!ﬁ”/“ S £ ] - A I ] T M . 1 L]
Loage of toree aguivers of sample RI-10 is plotted
against average S1 age o1 aguliers since

L) . i3 [N . - ~ . . - ~ R
anlilke C, S1 agés of individual aguifers of

. 4+ - |
s were not measured),
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32 14

Fig,IV,11 Si and 7 C ages obtained by consideration of

"piston™ model for Si helf-life = 500 yrs and
for different values of parameters of INSIRT and

14

'c/t2C initial activity.
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32Si and 4c ages obtained by consideration of

Fig,IV.12
"piston™ model for 5281 half-life = 300 yrs and
for different values of parameters of INSIRT and

/%6 dnitial activity.
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Fig.IV.13

137

o 14 . . . '
S1 and C ages obtained by consideration of
. 32 - -

lel for Si half-life = 500 vyrs

n LNSIRT

oo

fTor different values of parameters

12 . . sy
C initial ~activity.

l[lm [~ N
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S A '
Fig.IV.14 “°Si and T%C ages obtained by consideration of

82gi half-life = 300 yrs

"steady state™ model for
and Tor different values of parameters in INSIRT

A
and T90/120 initial activity.
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From the data presented in these tables and figures,
the following conclusions can be drawn.

Sy - . : 32 s 14 .
(1) The "piston® model ““Si and ~ 'C ages are in gencral

younger than "steady state" model ages as would be expected
from relation (4.4).

32 l4c

(ii) Satisfactory egreement exists between “7Si and

"piston® medel ages for semples GJ-6,7 ; TN-1 ; P-2 ; RJ-12

and UP-4 using the following values for the variables, half-

32 14

life and INSIRT, Si : 500 y ; 0.15 and ~'C : 5730 y and

PIPN (Fig.IV.9)l The 14 ages calculated by "piston" model

. 32 e
are much higher than those of Si ages for samples from west

L4g ages do not agree with that of 325i even if

32

Rajasthan, The

the highest values for helf-1life and INSIRT for Si are used

for age calculation,

14 32

iii) The agreement between 51 "piston® model ages
3

~
calculated using 2 3265 nalf-life of 300 y and variocus values
for IMSIRT is poor (Fig.IV.,12).

(iv) The ages obtained by "piston® model are lower by
e 14 I A . smroement 14
higher margin when C ages arc higher, This agreement would
be better if the half-life of Siwere more than DOC v but this

conclusion does not hold when an intercomparison is made between

A N
14 DL

C and 51 ages bascd on the "steady state" model,
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(V) The samples MH-1; RJ-9 and GJ-1 are modern, based on

(vi) The sample GJ-4 shows younger 32g4 age asbexpected
considering its distance from recharge arca. The l4C age of
this sample gets cioser to 3251 age if the specific activity of
Y4 is taken as 0.85 x PIPN,

'vii) Because of the 15% reduction in the 14c feed values,

J x 0.85) the ages of (i) GJ-7;RJI-12;IN-1 and P-2 become
very young,less than 100 yrs.,and (ii) rest of the samples get
closer to 325i AGES,

(viii) Contrary to "piston" model case, in the Y“"steady state”

model, the °2Si ages are much higher than 140 Lges. This is but

expected as the relationship between "steady state" age (T) and

"piston" age (Ta) given by, e-‘»l;,}\Ta _ 1
T = :
A
The values for T, of 32¢; e F 3-5 whereas for 14~
a S or a Si range from 3-2 whereas 1 Or C they

are always 1. The cxponential increase of T with T, explains
the apparent discrepancy.

(ix) In "steady state® model ages (Figs.1V.10,13,8& 14),the
spread is large,the agreement 1s gencrally better with 3251 half-
1ife as 500 y but a cleser agreement could be obtained by a half-
1ife leéss then 500 vy.

2 e 14 S ;o :
(x) The 3”51 and C ages as obtained by "steady state?
model show satisfactory agreement for samples GJ-5;RJ-2,5,7,8,

12 TNL1;P-1,P-2 for half-life of “-Si = 50O y, INSIRT = 0.15

and J"[}C/l?‘c = DPIPN, A fairly good agreement
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is seen for another set of values of parameters

2 .. ! : I .
t1 (32si) = 300 v, INSIRT = 0.3 and *%c/12C = PIPN, This

i

probably suggests that the”éteady state®™ model describes

more appropriately the Rajasthan agyifers .

(xii) All other samples fTall in betwecn the two
situations discussed above, In fact, all these samples are
apparently best described by an intermediate situation between
the "steady state" and "piston” models (Fig,IV.6, Case.II),
However, samples mentioned in (ii) and (xi) seem to follow

better the “piston®" and "steady state" models respectively.

From the above observations, the author feels that

the values of paremeters of INSIRT = C.22 dpm/ton

4 2 _— . . .
and 1 C/l C = 0.92 x PIPN would give a closer agreemcnt using

2 value of 380 yrs for the half-life of S25i.

Fig,IV,15 shows the frequency distribution of calcu-~
lated ~gcs obtained by “piston” model and "steady state”
models for Gujarat and Rajasthan based on the values of

paramcters t. “5i) = 500 y, INSIRT = 0,15 and

l4c/l2P

et

we note that the zges of these samples
lie between 1500-8000 yrs.

Thus we sce that ages for most of the confined
aquifer samples obtained by either models show that thesc

waters are older than 1000 yrs and younger than 8000 yrs,



Fig,IV.15

Frequency distribution of 32Si ages calculated
using the "piston™ and "steady stateﬁ models for
groundwater samples from Gujarat and Rajasthan.
For majority of the samples ages centre around
1000-2000 yr and 2000-4000 yr for the?piston”

and %stcady state” models respectively,
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IV.10, Calculation of velocity of groundwater movement in

arid and semi-arid regions of Gujarat and Rajasthan.

The velocities of groundwater movement have been
calculated for few regions of ‘Gujarat and Rajasthan. Mostly
(i) the sampling had been done in synoptic manner and
(ii) the stable Si in 2ll the samples remained constant
despite change in the 3251 concentration (dpm/ton) (Fig,IV,16)

325i concentrations

which indicates that the changes in the
due to processes other than radicactive decay may be
insignificant,.

Based on the ages obtained by #piston® model ~nd "steady
state®™ model in Mehsana district of Gujarat and West Rajasthan

the velocities of groundwater movement have been calculated

for each region.

Fig.IV.17 shows a typical strata chert (obteined from
Director, GCentral Ground Water Board,Gujarat and Rajasthan)
of various tubewells sampled and the direction of groundwater
movement in Mehsana district of Gujarat.

The calculated velocities by both the models using

3251 ana 19c ages (Fig.IVI17), range from 13-40 m/yr. The

velocities calculated by "steady state™ model ages of both
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Fig,IV,16 Variation in the stable silica with 3281

concentration (dpm/ton) for samples from

Gujarat and Rajasthan. It is evident that the

variation in the stable silica is insignificant.
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Fig,IV,17

A cross sectional view of the Gujarat aquifer
system corresponding to section G;Go in
Fig,II.4. The velocities of groundwater
movement calculated by the"piston™ and

"steady state” model ages range between

>

10-40 m/yr, The deduced velocities using SZgy
4
and T4c agecs are in better agreement for the

3 3

"steady state™ model.
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Fig.IV,18 The velocities calculated by "oiston” model and
2 .. )
"steady state" model ages of 3253 and ¢ are
shown for the western Rajasthan. The velocities

32 14

obtained by S1 and C "steady state™ model

ages show closer agreement,
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the isotopes are in good agreement and equals 15 + 2 m/yr which
agrees with the velocities obtained by conventional methods
(SHAH and PATEL,1974). The high velocities in this region

are probably due to exécssive pumping.

In west Rajasthan, the velocities range between
3-40 m/yr (Fig.IV.18), Similar to samples from Gujarat,
better agreement for velocities are obtained from the "steady
state" model ages. The deduced value of 3 m/yr is about an
order of magnitude higher than the values reported by

ACHUTHA RAO (1968).

From the above discussion and from Fig,IV.l16 it
appears to emérge out that based on the velocities obtained
in these¢ regions and the numbers available for comparison
by conventional methods (SHAH and PATEL, 1974 and ACHUTHA
RAO, 1968), the ages obtained by “steady state" model
appear to be closer to realistic conditions in these

regions,



CONCLUSIONS

Measurements of 3251 concentrations in natural
waters - snow (melt), rain, stream, river, lake and ground-
waters have been carried out (Fig.IV.l1) using the quick and
improved radiochemical procedures and counting techniques
which can measure S2Si (SZP) concentrations as low as

0,005 dpm/ton. These measurements have led to the following

observations.,

(i) The concentrations of 328i in rain waters at
several stations in India (10-32°N) range between
0.1-%Z.2 dpm/ton for the years 1961-71. The higher values of

Ny
i

@oncentration o “Si (>0.5 dpm/ton) obscrved only during

o
- . 32 s .
1863-64, suggest thet a measurable amount of Si is

1

produced into the errth's atmosphere by testing of nuclear
; Lo e e o - faei ey 32as oL
weapons. However, the amount of artificial Si injected

is small and hence any uncertainties due to this do not

N

ok
DL

i as a tool for deting of old groundwaters.,

N

invalidate

(i1

produced

I_J

The mean annual concentrations of cosmic ray

€3]

T51 in wet precipitations over the Indian subcon-
tinent range between 0.2-0.5 dpm/ton and centre around

0.3 dpm/ton,



149

Fig.V.1l A schematic diagram showing the production of 251 in

atmosphere and its concentration in natural waters.

32

Number of samples versus the Si concentrations in

the histogrems a, b, ¢, & d show the varilation

32 . . . .
of 7751 concentrations in rain waters, surfac

D

waters and subsurface waters tapped from unconfined

anZ confined aquifers,
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3

N

(iii) From the measured Si concentrations at various
latitudes in India, its global fallout is estimated to be
5

9]
- 2 . Lo . :
2.5 x 10 dpm/em”y which corresponds to its mean global
4

i
e Lo

production rate of 3 x 10 atoms/cmzsecs The estimated

production rate is higher than the calculated value of
, -4 2 s .
1.6 x 10 atoms/em“sec, by about a factor of two, which is

probably due to the uncertainty in 328i half-life,

(iv) In surface waters (excluding melt waters of

32

Kashmir) the concentrations of Si are in the range :

0.1-0.2 dpm/ton a factor of 1.5-~2 lower compared to that in

32

rains, In molt water samples of Kashmir the Si concentra-

tion is around 0.3 dpm/ton nearly same as that in rain water,
32

However, when the melt water enters the Wular lake, the Si

concentration decreascs to 0.15 dpm/ton,

\ . 32 - .. .
(v) The depletion of Si activity levels in surfeace
waters, compared to that in rains, is intriguing. The removal

skes place through

o . .
of 3251 from these reservoirs probably t
32

biological processes since the loss of Si by adsorption

on soils secems unlikely based on laboratory experiments.
s ) . P N - 32 > - U s e I PO N
(vi) Bascd on the Si concentretions of groundwaters

which range between 0,005 to 0.1 dpm/ton, ages have been

calculated for different groundwater masscs using the



"piston™ and M"steady state" models., Theése ages,calculated
. e . . 320:
using different values of paremeters, half-life of “<Si, its

14

initial concentration and the initial concentration of C

: 14,12 . .
1.€. C/7“C, in source water, centre around 1000-2000 VIS

and 2000-4000 yrs.respectively,

(vii) The deduced groundwater velocities in arid and
semi-arid regions of Rajasthan and Gujarat range from
3-39 m/yr and 13 to 40 m/yr respectively. The results
obtained for Gujarat are in satisfactory agreement with
those reported by conventional methods (SHAH and PATEL,1974)
whercas in case of Rajasthan the present results are higher
by an order of magnitude than reported by conventional

methods ( ACHUTHA RAO, 1968, 1971).

Thus the greundwaters younger than about 2000 yrs

. . 32 .
can be dated with advantage by S1 method since the

. . 14 . \
uncertainty in C detes is c¢f the order of 1000-150C vyrs.
This advantage mainly arises from the short half-life of

14

A
D . 1 . B 9 .
Si, Other uncertaintics Jdue to leoss of 251 and C from

1

groundwatcr by processes other than decay are common to
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An attempt has been made in this thesis to show the
usefulness of 32Si as a tracer for groundwater studies.
However, this work has brought into light some of the
problems associated with the behaviour and distribution of
325i in the natural systems. In particular, studies pertaining
to the interaction of natural and artificial 3281 with
soils/minerals, the seasonal variation of concentration of
silicon isotopes alongwith biological activity and the
systematic measurement of 328i in waters younger than 25 years

"32

need to be carried out in order to make the Si dating

method® widely applicable,
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