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"To reason without data 48 nothing but
delusion”

- A Molmes
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INTRODUCTION,
Alms and 6b1gg_t_g:
| While installing the Y -ray Spectrometer in the Radlo
Chemistry laboratory of this University, Prof, O,L,Christie and
Sri I,P,Saraswat found unusual high baclitground radiosetive count
‘rate in some buildings of the University, In quest of the source
of this radioactivity, the sands of River Solani caught their
attention, A few samples of the river sands were then studied
and 1t was found that these sands do have an abnormel radiocactive
count rates, OChtistie and Sarasvat (1966) reported that the

Uranium is one of the most probasble element eausing the high count
rate, rather than Thorium,

It was, in this context that the present work was taken
up, The aim of thia investigation was, therefore, to study the
distribution of the radioactivity in the sands of R, Solani from
the source onvards and the effocts of graln sisze on 4t, It was
thought proper to study the grain size distribution of these
sands, so that sews ides might bo derived sbout the general sorte
ing and the local variations affected by the provenence, geology
and other factors, if any,

logationt

Originating 4n the regions south of Dehra Dun from the
foothills of 8iwvaliks, the Solani river system merges into the

|
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river Uanga at s place 25 miles south « southweast of Roorkeey
and 4t 1s the part of this river aystem, falling between the
1atitude 26° 63'N 1 30° 13'N and longitude 7% 46'E s 77 58'E
that forms the loecale of the present investigations, Its
southern most limit is marked by the Qanga cenal-crossing the
river in the city of Roorkos, The northern most boundary cen
be Arawn by a line passing fmush Mohand and running parallel
to the foothills, |

Physiographys

Physiogrephically, the reglon can be classified into
throe dlastinet units, vis,

MM&!&&M in the north which ranges fipto
an elevation of 3000 fe,

Siwalika, ¥th a general slope towards south, it is made up of
Bhabar having an elovation of 1100 -~ 1300 ft, and Taral belt with
an slevation of 1000 « 1100 £t, above M,8,1L, The Taral belt is
separated from the Bhabar by the Spring Line, whicsh runs roughly
parsllel to the Himalayan foothilis,

3. Gangetic Pleinst The sputherly aloping subetontane tract
vhen becomes almost flat, marks the beginning of the Gangetio
plains which have an elevation of the order of 900 - 98 £t, near
Taral belt and 850 = 900 f£t, further 10 o 16 miles south

Drainages
Intermittent 4n 4its nature, the Solani river system



is the only source of natural drainage in the area, It remains,
for most of the part of an year, dryj but in the rainy season
(June to September), it is capabdbls of causing great hawcka in
the nearby aroas,

| The obstructing higher lands, east of the river near
Chhutmalpur, haVe probadly forced the river to mesnder - thereby
changing its flow veotor fiom N8 to NW - 8K,

Fod by very meony tributaries and streamlets, the Solani
river system has chiefly the following two drainage patternst-

1, Bralded pattern whioh i1s characterised by various tri-
butaries such as Mohand reo, Sukh rao, Shehjshanpur rao ete.,
vhich run, except for a short distance, parallel to each other,

2, Dendpitig Pattem Branching like dendrites, this pattem
1s exhibited by various streamlets of a tributary, esst of the
main S8olani River near the Gange canal crossing fn the township of
Roorkee, Such pattern is restrioted to the Gengotic plains northe
oast of Roorkee,

The northern fringes of the area is occupied by the
Biwallk rocks of Mio~Fliocene age, The rest of the si'ea is
covered by the Plelstocense and Recent alluvial deposits, According

to Raghava Rao (1965) the general succession of formations is
as followss=
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AGE FORMATION | LITHOLOGY

Bhabar Deposits Alluvigl fan deposiea essent-
1ally constituted of sand

boulders, clay-boulder beds
vith gra {r

RECENT | Taral Depogits Clay, sandy clay, sends with
grmrals and pabbie

- Gangetic Alluvium Sands, s1lts, olays and
, l;ax&kars vith oscasiongl gravel
eas ..

‘Upper Pebbles, boulders, conglomerates
. gand rock, green and marcon clay

mo-nmcmm Slwallk 'Middle Magsive sand rocks, 1ighte-grey
i v sendstone associated sdth clay
i |

M S DT WD

. and calearecus beds,

‘lover Hard maasive grey to brown
aendatoness grey to maroon clays
e

and shale dﬂ.

The Siwnliks display & great sequemce of fresh water
deposits,

The Bhabar formation lying south of Siwalik hills, constiw
tute the alluvial fan deposits, Its southemn most 1imit is marked
by the sping 1line running almost 10 miles south of and parallel to
the foothill zone of Stwaliks,

It wuld be difficult to define Taral formations strictly
in & geological sense, but roughly, however, this belt extents about
6 miles south of spring line, They are also the alluvial fan deposits

The region south of Taral zone is occupied by the Gangetie
alluvium, which forms the greater part of the North Indign Plains,
These are striotly the river terrace and flood plain deposits,



Based. on the above mentioned charasteristices of the
area, the problem was attacked asccording to a plan which consisted
of tw phases - (1) Field tork and (2) Laboratory Work,

Field Vork:s The field work was primarily consisted of collectw
ing the samples according to a pmgrammé based on sound statistical
footings (Chapter II), Besides the sample collection, the relative
radioactive radiations were also noted with the help of a Geiger -
Muller Counter in.tha upper reaches of the river system, but no
significant data could be odtatned due to comparatively low seansitie
vity of the instrument,

Laboratopy Workt  The laboratory work was confined to the
mechanical analysks of appropriate samples for the grain mize
studies (Chapter Iﬁ and IV) gnd Oamma ray Spectromstry for the
radloactivity studies (Chapter V), Based on the radiometris
anglyses, the interesting samples ware further anslysed for their
heavy fractions (Chgpter VI), |

. The results obtained by all these studies were corrolated

to get answer to various prodlems which prompted the present investiw
gation (Chapter VII),

Pt



Introductions

Realising that it 4s insufficient to measure any set
of éamples selected indescriminately without any thought of
e%&erimental design, many investigaters have pondered the problem
‘6% how to sample geological deposits, This problem does not
‘matter much so long as the material from which sampling is done,
48 uniform so that any kind of sample gives almost the same
results, DBut, when the material is heterogeneous, the method of
sampling becomes critical and then 1t becomes necessary to design
the sampling method according to their variability to ensure
statistically sound answers,

Statistiecgl Design of Samplings

The three statistical designs of sampling that are current-
1y in use in geologic problems, are given below along with their
geologie equivalentss

8, Stratified Random Sampling: (Sedimentation Unit Sampling)
The samples are drawn from a population (the outerop} where the
sub-populations (strata — used geologleally and statistically)are
non-overlapping and comprise whole population (outerop). A set of
random samples are then drawn independently from each stratum, It
1as adopted in the stratified rock population,
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b. Syatematio Sampling (Orid Spot Sampling)p It has the
first spot of sampling shbsen randomly and the position of all

subsequent samples is determined gutomatiocally by a pre~conceived
plan, It is adopted for the sampling of Fluviatile deposits,

s Bandom Sgmpling (Channel Sampling)s It is one that
ensures every individual of population (outerop) equal uk’elihood
of being included in the sampling, It is mostly used in homygenew
ous formations such as glacial tills,

o s AL

The sampling dhould be such that the msen and vardanee
of mm'charaéteriatiea (say quarts pebbles sige) as caloulated
from sample should truly represent the mean and variance of the
population (outerop of quarts pebbles),

Mathematieally, 1f X apd 8* and A .+ are mean and
vaarisnce of some characteristios say the length 4f the quartz

pebbles from samples and population respectively, then the design
of sampling should be sush that

By studying the lengthas of pebbles in New Jersey,
Richard Steinmetz (1062) concludes that 1€ o fluvial type of
deposit 4s sampled byt A1 the adove mentioned progremmes, snd if
Ra » Ty o X, and 8§ , 5B , ST be the mean and variances caloulated



B

from the stratified, systematic and random sampling respectively,

then |
(1) =4 ,but Sa<e? i,e, 8} is an underestimte
of ", the population variance, Hense, stratified sampling
programme is not sultable,

(11) R A 4 end8h< ~* 4,6, nelther sample moan nor
the variance are the proper estimates of population parameter and
hense random sampling design is to be totally rejected,

(111) % = 4, and 8 =P 1,8, toth tho sample
mean as well as the variance &w the true estimates of population
paramsters, In the present investigation, therefore the systematic
or Orid Spot &amp-).ing was considered to be the best sampling design,

The ‘systematic sampling in the present study osnsists
of tw parts, {a) Pixation of interval betwoen the samples along
the river and (b) Selection of a spot randomly,

A pravious knowledge of nonevariability detween the
samples collected prelininarily at intervals of about 800 ysrds
appealed the author to choose arbitrarily, a distance interval
between the successive samples of about 3/4th of 3 mile, Having
chosen randomly, a spot on the right bank of the river, 200 yards
up=gtream (sample No.lc on the msp) from the canal aqueduet the
positions of other sopts to be sampled, were sutomatically fixed
at & pre=planned regular interval of about 3/4th of a mile upestroam
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along the river,

Besides the systematic sampling speeclsl sample spots
were also fixed at piaoes where the river fbowed some peculiarities
such as meandering or where the tonfluences of various tridutaries,

Depth Controls

Assuming that the radicactive radiations falling fronm
atmosphere will not penetrate the surface sends to a depth of 6 inches
from the surface, it was decided to take the samples of the send
layer 1ying between 8% to 8" depth from the surfaee at the spots
fixed by previcus plenning,

8inee the aedi.mmts were deposited in the very recent
years it ocan safaly bo assumed that the ngture and donditions of
deposition had romained same throughout tha sedimentsgtion period of
the upper 6 to 8 inch layer, It appears sale therefore to. presums
that the same gsedimentational unit has deen sampled according to
the plan and that the samples collected from this wit cen, theg,
be compared,

Thus the depth restriction on sampling programe, will
give the folloving advantages over surface samplingse

1, The atmospheric radiations would be filtered off

11, The decayed organic matter that might have been
presant on the surface wuld be remved offeotivaly,

111, The same sedimentnloglcal it would be sampled to
remove sampling errors,



The river is,in genoral, shifting its course more towards

vestern bank and thereby enguifing the old river terraces, Henage
any sample takten from the ghifting bank will be contaminated by .
the terrace soil, It was,therefores, decided to teke the samples
at a distance of 8 to 10 feet away from the noneghifting bank of
the river, By thig method the contémination due to terrace soil

would be avoided,

A pit of about 8 x 8x 6 inches Qimensions was dug at
gach pro~fixed spot, A sand layer of about 2% thickness and weighe
ing about 600 gmsp, was collected from tha bottom of each pit, The
samples thus collhcted vere numbered and their locations were plotted
on the topographicsl map, ( Map No, 11 )

LA KD
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CHAPTER = ITY

GRATN SIZB ANALYSIS OF 8 D _GRAPHIG PRESENTATION OF DATA

" Introdugtions

0f the vartous properties of ae&immts, the grain stze
attributes have one of the wide, 1f not the widest, applications
in the field of Scdimentology and Stratigraphy, The grain sigze

analysis of sediments has, however, been used,
w14 As one nf the methods of correlation.of various
formationsy

11, To determine the ability and capaecity of sand
and sandstones to contain oil, water and gasy

111, To detarmine the direction of transport of
sedimentsy ‘

an‘-d iv, 7To classify the sedimentary rocks,

Yoreover, an idcxitiﬁcation of the constituent mineral
grainsg can give a clus aé to the location of source rocks from which
they hgva been derived, Furthermre, many physical properties
of sediments such as porosity, permeabiiity snd compsotness are
depended on the grain gize, Min intmgive study of the recent
sediments 1s being made to determine tf characteristic grain sige
distridutions are essociated with certain mdem environmentszl
conditions under which the deposition took or is takingplace, It
may, then, be possidle to discover the influmce of different
components of the environment on the formation of various features
of the sediments and determims which factors are responsible for T
a particular featurs, The atudy of recent sediments permits, thus

the determination of effects of environment,
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Grain S84 ze Grade Scales

Quantitative messurement of grain size parameters such
as sige and sorting is required for precise work, To measure
gratn size one must first ohoose a grade scale, OQut of the various
proposed scales the following two scales have been used exclusively
in the aedimmtarv: studieste
i, Wentworth'c Bcale - It 18 & geomtrie gseale bagsed
-on a constant ratio of 2 between
the successive c¢lasses.
$4, Phi ( 0 ) Bcale «~ It 48 an arithmotic scale in
: which al)l ths divisions ave
Vequal in range, |
Wentworth's geometric 'acale has boen converted by Krimbeid
into an ‘equivalent arithmotic scale by the following relationg

b = ~log, n

vhere n is the diameter df grains in millimetsrs

Modern data 1s nearly always stated in §§ terms because
the mathematically computations are much simplified, and has
thersfore, besn used in the present study,

A. Mochenioal AnaZvsigs

Mechanical analysis of sediments requires the ;separation
into fractions or grades according to soms size ratio, Out of the
various methods of doing this, the sleve analysis has remainad the

most popular method for sand range particles and has been employed
 4n the present woxk,
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Exeparation of Samplegs

The purpose of grain size anslysis is to obtain the
grain sigs of the clastic particles as they were deposited,
This s often Q4ffhoult bacause = |

1, - the olastic sand graing may acquire overgrowth or
may be cemented into hard tough aggregates,

11, ochemically precipitated materigls might be intro-
ducsd into the sediments or rocks if not removed, gilve erronous
oize Values,, '

111, clay minerals because of thelr flaky character end
surface electrigal charges tend to cluster ih lumps,

~ The grain size, therefore, should be disaggrogated and
dispersed by physical or chemical moans, For this ptirpaso each
of the 38 prelimnary samples out of a total of 102, of Solant
sands were dried aftor daing boiled with very dilute Hydrochlofle
acld and wero dispersed one by one by fingures til1l they were
ready for sieve analysis, The disaggregated sand samples wors
then coned and quartered till 50 gms, of relatively homogeneous
fraction of sample remained, |

Slsvingy

The B,8, Sieves with mesh numbers 25, 38, 62, 72, 190,
1680, 170, 200 and 240 were used for the sieving, An automatie
sieve sheker was utilised for the purpose, the duration of sheking

being 10 minutes, gng ratatned mass of sand for esch sample in
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ench sieve was recorded and the loss in weight was equally adjusted
for each fraction of sand samples, The results of sleve analysss
are given in the Tables presented herevwithinthe Avpevdiz)

ﬁ. Graphic Representation of Datas

One of the first steps in the grain size enalysis is the
graphic presentation of the data in the form of cummilative curves =
the abseissa being represented by grain asize and the ordinate by
cummulative weight percentage of retained sand,

ﬁsing the grain size in § scale, the arithmetic base
paper have been employed to draw the cummulative curves of sll the
38 samples { Graph Nos, 1 to 18 ), They sl) have similar shapes
in the form of letter 'S', However, three types in shapes can be
recognisedi=

4., ZIype A. In this type of curve the lower tail of
it, 45 much larger and extends more, almst parallel to absoissa,
This is exomplified by the curmiative curves of samples such as
le, 3a, 64, 84 ,etﬁ. This extencled tall represents that sediments
have much coarser grains than the average size,

14, Zype B. In this, the upper tail of the aurve is
nuch larger and extends almost paralle) to the abseissa = indie
cating thereby that the sedinments have larger smoumts of finer

fraction than average size, The examples of such samples are 38,
61, 48, 58,

114, ZType C. In these types of cummulative curves both
the tails are aymmetrical to each other, Here most of the grains

are of &verage sige of the sample, The examples are 7b, 13, 31,
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Introductions

Although much can be done by purely graphic methods in
the interpretation of ocummilative curvesi it 18 more convenient
to have tho characteristics of the curves expressed as numbers,
Ststisticlans have developed analytical devices so that the
numbers themselves, instead of pictures of the curves, may be
ugsed to describe and define them,

In order to describe and compare these wide ranges of
gurvaes, the following statistical parameters are to be deseribded

gnd discussed herewith,
GRAIN SIZE PA TERS

g of Average

There are many diverse parametors given by statistinians,
but the following two are more important and have been uged in
the present study

It 45 the middle point in the size dAlstribution (in ¢
gcale) of sediments of which one half of the weight 18 composed

of particlos larger than the median dlameter and the rest are smaller
than this sigze,.

The median dlameter § 50 1s read directly from the
oummulative curves by noting the diameter value at the point of
intersection of the 507 line on the curve,
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It 18 by far the rost commonly used msthod and easiest
to determine, But it does not reflect the overall size of the
sediments (especlally skewed ones) = bacauge it 48 not affected
by the extremes of the curves,

2, § Oraphie Mogns

Best by far, yet the easieat to ocowpute, this measure
gives the overall picturc of sigze of sediments, It is found by
dividing the sum of observation of sige by total number of obser~
vations conspdeded,

It has baen shown by Mecamman (1962) that Folk and
Ward's formila for graphic mean = ( Pgq + gy & U3¢ ) has an

efficiency of 88%, and in which only three g‘;za grades are used
with such a high efficiency and has therefore basn employed as
average grain size parametor, in the pregent study,

The Congept of Efficienayt

If a set of valuaes observed for a measure { such as that
given by Folk and Ward's mean size formula) shows less fluctuations
than g set of values obgserved for snother (such as Innan's Mean

eizo formula Oyg + Ogq with efficiency of 8., 68 §F BEERS

bhe measures are inbiased estimates of same parameters (1,0, average
size of the sediments), then, Polk shd Ward's mesn gize “esiure

is a more dosirable estimate and is statistically sald to be mre
officlent than Inman's measure, It is more effeetive bevause it
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has lowver variance as shown by Moccammen (1962), Higher the
efficienay, botter the estimste and it is because of higher

officlenoy that the Mean Size Formula given by Folk and Ward
has been usad,

Comments on the Average Sizet
The mean size of sediment 48 a function of =

- 4+ the size range of avallable mpterials,

11, the amunt of enargy imparted to the sediments
which depends on the current veloeity or the
turbulence of the transporting medium,

andiil, actions gnd interagetions between the various
grains bdefore being deposited,
B Thus any average value of grain sige is & net reflection
of these factors, .But hovw much 45 the contribution of eash factor
is yot uncertain,

B. Meagures of Sopting

Sorting of grains apccording to their sizes is one of the
most useful textursl attributes in charascterising the sodimentary
masses that must be studied quantitatively, Sorting is most
comonly determined by a measure given bolowiw

8 ‘ ‘ f 8rain Sizet It is s measure of sedimentary
grains which indicates the fluctuation in the kinetic energy (
velocity) of the depositing agent about its average velocity,

When a sedimentary deposit is produced by two different modes of
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deposition such as the comdinstion of bed load and the suspended
load, the standard deviation indicates the difference in the
kinatio energles (velocities) associated with these modes of
deposttion,

The following measures of sorting sre currently used
tnt the Inoclusive Graphie Standard Deviation as given by Folk
end Ward has been used exclusively, as it has maximum efficiency

of 0%
TABLE » IX
Neme of the Soxting Measures Efficiency %
Authors

Krunbein (D75~ Dp5)/1.38 = 37
Inman . (bgy = b10)/2 - 54

' (bgg ~ b5 )/3.3 - 64

4 6,6

Using Inclusive Graphic Standard Deviation, Folk and
Ward has classified sorting as given in the Table - III,

TABLE « III
Inclusive Graphic Standsrd Deviation Sorting Designation
Interval ‘
< 0,35 Very well sorted
0,38 =« 0,80 | Well sorted
0,80 - 1,00 , " M derately sorted
1.00 - 2,00 Poorly sorted
2,00 -« 4,00 Yary poorly sorted

> 4,00 | | Extremsly poorly sorted
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Soxments on_Sortingr

Sorting has an inverse relationship with the Stsndard
Deviation i,e,, the greater the standard deviation, the poorer is
the sorting and vice vorsa,

The sorting depends upon atleast the following fastorsee

1. Bize LAORS pf = irce paterial guoplied to the
sovimonment « If sufficlent quantitiss of matorial of different
siges are not available, all the fluctuations 4in the veloeity
omnnot Do recorded geologleally, Thus, the sige destribution of

source material, to a certain extont controls the sorting of the
sedinents,

Currents of relstively constant strength whether low or high, will
give batter mrtmg' than the currents which fluotuats rapidly from
almost slack to violwmt,

Also, vary wesk Mmts do not sort grains weli, neither
do very strong currents, There is an optimum current velocity or
degree of turbulence which produces best sorting, For best sorting
then the currents must de of intermediate strength and constant
strength,

The type of deposition is assoaiated with a charascteristic
current conditions and thus 1t alszo to soxe axtent governs the sorbte
ing of sediments,

112, Nurmber of Pxovingems If an environment is getting

contributions from two or more sources say,(clay and gravel), then
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the pure end members will be detter sortsd than the bdimodal

mixture (clay -~ gravel),

¢, Skewnessr

Skowness 1s defined as the symmetry of the curve and

can bs described as the tendency of a ourve (here grain sige

distribution curve) to Gepart from a symmetrical form snd marks
the position of Mean with respect to the median, If the skewness

i3 negative, the sample is coarsely skewed 1,e., the mean is

towards the coarser side of the median and when skewness 1s

positive, the sample is finely skewed, It has been measured by
the folloving formular-

2 (

Skewness = LE °84*°13','gb5° * ?g_ﬁ* hs“@mi

bga = 016 Vo5~ b5

wga s

Commontas  This is the best methed of skeuness available to use
because it determines the skewness of the'tails' of the curve
rather than the central portion, The most criticsl difference lio
in the 'tall'! parts of the curve and hence these have to be gi¥en

due recognition,

Purthermore this measure is geometrically indew

pendent of sorting of the samples,

TABLE - IV

CLASSIFICATION OF SKEWNESS AS PROPOSED BY FOLE AND WARD

Skewness Value

Designation

0,3

+0,1
-(,1
"'0.3
-},0

Symnetriocsal Curves
Strongly fine skewed
Pine skewed

Near symmetrical
Coorge skewed
Strongly coarse skewed
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Bhygical Concept of skewnessr  Assuming sufficient quantities
of material of different sizes are avallable, a coarsely skewed

sample implies that the velocity of the depositing agent operated
at a higher value than the average veloeity for a greater length

of time than normal under 'nomal conditiong of deposition or the
veloeity fluctuations towards the higher values ocourred mre often
than normal, Reverse will be the case t"o: finely skewed sediments,

Kurtosis is conventionally considered as measure of
peakedness of a frequency curve, However, Kendall and Stuart(1958)
state that 1t 4s not necessarily so, and the Kurtosis should not
be interpreted as describing the shape (flatness and peakedness)
of frequency curve, It 1s really a ratio of sorting within central
90% of tho dtstribution to the sorting of central 50% of the distri-

bution, Therefore Eurtosis messures the sorting ratio rather than
peakedness of the curve,

The farmula for Kurtosis is given as

Kurtosis (Kg) = bﬂﬁ* 0§
2,44 (b5 = bop)

cal Meaning of Kurtosiss  When Kg IS GREATER THAK ONE, it
indicates that the velocity fluctuations were restricted within the
central 50¥ of the average veloeity for greater length of time than
normal, When K3 13 less than one, the reverse is the case, When
Kg i3 equal to one,the distribution is normal i,e,, the sorting
throughout the central 90% of the distribution was same and the

veloecity of the stream was steady and operated for long tims,
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COMPUTATION OF GRAIN SIZE PARAMETERS

The various statistieal parameters are the absolute
anumerical ststements of grain sige and are estimated from one or -
the other formulae, From the cummlative ourves of samples, the
values of 0g 4 bop » 016 9 Ogp 3 05 o Pgy and g5 were obteined
as given in the tadble No,5, Since the samples are large in number,
i1t was deocided to use the high speed IBM electronic computar installed
in the C,B,R,I,, Roorkee, which wespons to a spooiel command codes
called machine lgznguage, 7This language 1s also known as FORTRAR
Systenm originating from the FORmula TRANslating system,

Programme for Caloulations of Paramaeterss A series of instructions
to the computer is called a programme and it is according to the follow-
ing programme that the corputer workeds=

c PABA CALCULATION - AK,A,
161 = READ 1, FY &, FY 18, PY 25, FY 8, FY 75, FY 84, FYp¢
1 F b RMAT (7P 10,0)
Ay = FYBds FY 16
By = FIp5-TFY16
& = F¥ga-FY1l8
M = (& #+ FY 50)/8
SIGMA = (C; 0.25 + (B;/6,86))
SKEW = ((m -2 FY 80) 0,5/Cy) » (FY 950‘:5%1:)3 -2 FY 80)

KURIO = B /(2,44 (FY 76 - FY 25))
PUNCH = 6, GM, 8IGM A, SKEW, KURTO
6 M RMAT (4E 16,8)

W 18
END
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. 8 f Oper nt The data was fed into the computer through
punched cards sccording to a format - which specified how the data
was to be transmitted to the computing system, After doing its
work éccording to the above programme, the computer produced the
following resultst given in the table No. 5,

/ INTERPRETATION OF GRAIN SIZE PARAMETERS

A, Aversge Orain Sigzer

About 757 of the samples with their average size values
1ying betwoen 2,000 to 2,80, fall wnder the fine send class of
sediments while tho rest of 28% of samples, by virtue of their mean
sige ranging from 1,6) to 1,00 , can be tormed as coarse 'grained
samples, It should therefore be mentioned at the very outset, that
the present investigation is oconfined to the fine and mediﬁm sized

sands,

, The mediunm grained sends are
characteristically foumd to oecour at the confluences of rivers and
tributaries, which can be explained by the faot that « at the cone
fluence, the water velocities of tw rivers are checked by each
other = thereby the coarser material is easily deposited and the
finer materials are swept away by the stream,

The faet that the tranzportation of these grains is not
much and that the velocity of water is not much variadle, render
one to infor that the grainsg of these fine to medium sands rmust not
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have their origingl sigzes rore than that of the coagrse grained

sands, PFurther, these graine in the source area must be loosely
oemented, otherwise it would not have been possible to obtain fine
to medium disaggregated sands in the Solanl river for such a short
transportation of 15 to 20 miles, Bumming up therefors, these
inferences, it can be concluded thst the parentage of these sends ljye
in the loose sand rock which can at the moat have its grain sige |

that of the coarse grained sands,

84% of the samples have their values lying bstween
0,5 to 1 and hence fall wnder medium sorted class while the rest of
the 16¢ samples with thelr  values ranging between 0,4 to 0,5 ean
be placed in the well sorted class of Sorting Classification, It
can be sald that Selani sands are medium to well sorted,

Sorting as mentioned in Chepter III depends upon the
nature of source roaks, nature of transporting ageney and the distance
of transport of sediments, For Soleni river the tranaport is less
and the velooity variation of water for most of the pért of an year, |
1s not mueh, These agents, have, therafore, played 1ittls role in
the ‘aort:lng of Solani sands, Thus the remaining third factor i,e.,
the nature of source rock may be attributed as the cause of moderate
to well sorted Qands. In other words, the source material itgelf
was atleast myderstely well sorted,

The logical inferenee, therefore, from the study of average
grain size and graphic standard deviation 4s that the parent rock of
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~

thege pendo afo coorso ¢o nediun grained loosely comented and

codoratoly woll corted pond rodk,

Basod on tho results given in tho table, 5, atout 70%
of tho samplos have theoir skewness valuos lying between 0,1 %o
=0,1 < thoroby falling in the noarly symmotrical e¢lass of skowness,
The rest of the 30¢ of the samﬁlas have their oskewness, falling
in tho finoly skewed class (+3,0 to 0.1),

The samples in the nearly symmetrical class are themselvos,
~ although very slightly, skewed both positively or finely skovod end
nogatively i.e. ooarsely skewed,

The noegatively skeved somplos 1,0,

having oxcoss coarser material then average are found to ocour at theo
conflucnees of various rivers and tributarios, Thin fact cen be
explained as £0llousie

Two rivers or tridutaricn cominp from difforent divections,
when moot each other, their volocities aro suddenly changod «= pzo-
dueing thoreby eddy currents, And under these' conditions the coarser
natorisl can ensily settle down in comparison to the finor onos
vhich wmderge vhirling movement along with the downslope moving
oddlogs, Thus epargely or nogativoly sk[:ewod sodiments are produced
at the confluceos, Ao tho cddics degin to die while moving down
the stream, the assoclated finer sodinonts settlo down = pmduciné
thoreby positively or fincly skewed sedinants,. |
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Inferenges Observation of nogative skewness in the sodimonto
coming from a single source, might bo helpful in predecting the

- eonditions of deposition i.e. &Lt may, in a geologleal formation
deposited by rivers, indicate the confluences or someo obstruction

to the flowing water, In oth»emr&s, a gudden change in veloeity
may be inforred bY o negutive showmoess, Tho posilivaly skewed
sedinents will them indieafjo that .’ché' most of tho coarse material
which was originally present with those sedimonts) have been deposit-
ed upstream end the finor ones arc left over by thom,

D. Kurtosis (KG):

The samplses, in genoral, have their kurtoosls values ncarly
oqual to one, 1,0,
Sorting in the central 807 of sizo distribution = Sorting in the
central 507 of tho size distridbution,
Henge the vcloeity fluctuations woro not rapid end that the velocity
of vator vas stady for long timo and it is undor those conditions

that the present sediments were deposited,

Serutinising strictly tho Kurtosls data, 1% 48 obaerved
4hat most of the samples heve theilr waluos slightly more then one,
This meens that « Sorting in the contral 907 of size distridbution
is groator than sorting in central 502 of size distribution,
Translating this statoront m toms of voloeity conditionp, it ean
be infeorred thot = whatever/tha volocity fluotuptions from averagoe
veloeity, thoy were restricted to the central 50¥ of tho grain sigze
digtribution and oporated for grestor langth of timo than normal,
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RFFECT OF TRANSPORT ON GRAIN S12F AND SORTING

In order to seo the effoct of transport on the gréin si ze
various samples were selocted in wvarious tributaris. For cach tri-
butary, tw samples, with known distences of transport, were plotted
in the greph No, 14 , From the graph, it can be inferred that the
for all tributaries and for most of the part of tho plotted Solani
river, the grain size in § wnits ineresscs with transport, or in
other vords = it can bo sald that with inerease in tronsport of

sediments, the grain size In millimetor scales decreosas,

However, during the transport from sample 34 to 19a of
Solani rivor, the grain size in mllimeter hag inc;*eased. Th;s
15 because of the fact that tho sample 19a was teken fron t;hé DN
cavoe (towards rivor) side of the moandered part of the river, where
tho gedimonts were deposited due %o obgtruction or the change in
the veloelty of the streom,

B, Zrensvort Versus Sortinps

GropBdioally, fer the tributerios Sukhran, Chillawalg and
Hatnigot, a2 the distance of transport inoreases, the o aloo
inereasoes i.e.l with the trmapurﬁ, tho sorting of sediments becomsn
poorer in these tributertes, Bosides these tridutarios the sorting
has also becone pooror in tho meandered portion of Soleni from where
the sample o, 192 wao taken, This decrsase in sorting is due to
varigus obstructions offered to the river water by meanders ond
topographical feoatures, In the parts of Solani river botween sample
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38 to 34 and then betweoen 19a to 24 whero no obstruction was offoercd ¢
it, the corting increased with the trancport. Tho seme is the story
wvith the bhanras,

Infarsnea:s The facts that the various tributaries in the northorn
parts of the area of prosent study, tend to doercnse the sorting of
tho sediments with thé trengport and that the samplos from theso
rivers are themselves well to moderately well sorted, fores the
author to infer that the sourece rock of those sands must be woll to
very well sortcd sedimonts,

RELATIONSHIPS BETWREN VARIOUS PARAMETERS

The Rurtosis velues of samplos are slmst constont and arc
nearly egual to 1, The relationship botween the rost of the throe

peramoters Lo, therefors digcussed as followoim

‘ For & constant value of ckowness, dhe graph Fo, 16 botwoen
meen grairi si20 and sigma has been plotted, TFrom the goeph 1t is
clear that as the average grain size of sandg inereaso, the sigpe
algo s.ricrcam. 8ince sigma has inverge relation with sorting of
graing, it is apparent that as skevnoess remains constant the coarsor
the pediments the poorer will dbe the gorting,

-

For sams skewness values, tho slopes of the greph are same,
but as ckowness inereases, tho slope elso increases,
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Keeping signa oconatant, the greph No, 17 bebween skewness
and average grain size, shows that as the grain size increases,
skowness also increases; Again, for almst same values of ¢ the
'graphs are almat pérej.lal indioating thereby a functional relationw
ship between thege three parameter, |

The graph No, 43 shows that - as the skewness incroases

the sigms also increases for a fixed pverage grain size, 1In other
words, the greater the skewness the poorer will be the sorting of
sedimonts 4f the gvorage grain size is kept congtant,

It 48 cleor from the graph - that as the grain size increas
the slope of the lires slso incresse, It sgaein shows a functional
- relationship betweer the parampters and 1t is from this graph that
. the following mathermatical relationship has boen derived, Table W
has been constructed from the praph Yo.ld '

Numbey of " Average grain 3ize GSlops of the eurves (2%

~ obsorvations (GM) (Fs,
1,910 1.0
2.166 : 0,425

2,510 0,200
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L Let the following relation exists between the variables
(M and the slope
y = .D ¥ le" &zx’ LIS ABES Y (1)

where 8., &) ap are Some constants and y = 2L , x = OM

Applying the prineciples of least squares, the above
montioned second degree polynomial has been fitted to the data given
in the table V[ . The values of oonstants a,, a, and a, have
been found after tedious mathematical computations,as

8 = 32,42466190
8y = ~ 7,668814416

Hence the reclationship between the various grain size paramcters
have been derlived as =

A% = 33,12185382 + 32,4246619 (M) ~ 7, 668814415(GM)*

Simificangas From this relation it 1s clear that if two samples
have same size snd safe skowness then their sortings will be equal,
Again, 1f two pamples having same elza,‘ then the sample whiehi‘?reaber
skewness will be poorer in sorting and the magnitude of this poorness
in sorting can be caleulated from the above relationg

DESCRIMINATION OF ENVIROUMENT OF DEPOSITION BY GRAIN SIZE PARAMETERS

Every environment of deposition can be assumed to have
its characteristiec energy conditions and energy fluctuation in spaee
and time, The preservation of these Tluctuatténs 1s the subject to
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the availability of sufficient amounts of source material of all
siges, If so, then sige distribution would indicate the environ-
ment of depoaitionv. In the present problem, the alm is to discriw
minate between the two types of environments of deposition by means
of a sultable statistics,

Digerimnations - Based strictly on the statistieal theory of
diserimination, B,K,8ahu (1964) has worked out the following dioe
eriminatary function to difforontiate detwoen the fluviatile and
turbidity current deposition,

= 0,7216 GM = 0,4030 o7 2 + 6,7322 SK; +
56,2927 Kq

TpLovs TURB

Thus to distinguish botween fluvietile and turbidity
current deposits, the above equation can be used, For varlous sample
¥ 48 calculated and from it maan ¥ is odtained,

Now if

¥ < 09,8433, tho environment 1s turbidity current type
> 9,8433, 1t wuld indicato fluviatile deposits,

8
[«
[P
()
wit

The river Solani and its tributaries have thelr deposits
of fluviatile nature, Tho velooity in the river is almst stedfiy)
every eoxcept at the places vhers tribiiutaries meet each other or
at places where some obstruction is offered to the river, At the
confluence eddies are formed and the d eposition takes place thore
under somewhat turbulent conditions,
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Therefore applying the disorimingnt function Y in the data.
of S0lani river system , following results wers obtained, '
¥ < 7.5 4indieated 4cposition at tho river eonfluence
or under somevhat turbulent condition,
and F 7.5 4ndicates somevwhat steady conditions of fluviat

1le deposition
< 9.8 *

B, ion of Sahli ‘s Dis tant

Under Sahu's inferences the present samples mst have come
from turbid conditions of deposition ( since ¥ 1s always less than
9,8433), But this is definitely not the easp'g':i‘mmce t£he his
formule has to be reviewed in the light of the present results, It
i3 to be remembered thet his samples were takin fronm deltalc
conditions, His formula may be true for coastal areas dbut the
present samples wers taken from definitely inlend river deposits,
Henee for inland river deposits, Sahu's formula has to be modified
ag -

For inland depoaits

® < 7,6 1indicates depositl on under eddy ourrent conditions

¥ > 7,5 indicates deposition under somewhat uniform velocl

conditions, |

This tentative modification is however, based on only 88
samples and is tharefore subject to varification when more samples
from different areas are available for analysis,
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CHAPTER w ¥
RADIOMETRIC STUDIES OF SOLANX SAND

Radioactivity of a substance is the property by virtue
of which its atomic nuclei disintegtate spontansously by the
emission of ecnergy and partiocles,

Probadly tremendous energies were required to duild up
and hold these nuﬁei together in the very early stages of the sarth's
history, 8ince these conditions no 1anéer prevail, these high
energy radioactive nuclei have become unstsble and are now, therefore,
in a process of spontaneous decompositicn to attain a low energy
stable state, This process of decomposition through disintigration
1s unaffected dy ordinary physieal snd chemieal changes such as

electrie, magnetic fields, heat radiations and machanical pressures
ate,

All elements having their atomlc Howhe more than 83 are
umstable and are therefore, radioactive, But there are a few radlow
active elements such as G‘-‘, Rb? X% WHICH have their atomic watghbsn
lesser than 83, However any radloactive olement can be mde radiow
active artifielally by bombarding 1ts nuclads with particles such as
nuetrons, protons, ete, |

Nuclear Radiationss  The nuclear transformations in the radiocsctive

substances are accompanied by a release of energy in the following
formss |



1, Alpha particles
2, DBeta particles
3, Gamms rays

Alpha particless It is an electrieslly positive earpuscle
emitted by a radloactive substance,' Its atomie number is 2 and
mass numbe'r iz 4, Thus it can de considored as a helium nucleus,
Alpha rays are smitted by a radicactive nucldf of the hesvier
elements when two protons and two neutrons in the nucleus conbine
and break off, Thus the paront nuelsus's charge is redused by two

- and 1ts mass number by 43 it has becoms another and slightly lighter
element, The eminsion veloeity (about one fifteenth to one twenth
that of 1ight) of nearly all alpha particle i’mm any partieular
alpha active isotope is a constant,

Becauge of their relatively larje charge and size, alpha
particles readily strip electrons from atoms of the surrounding
mattor (1,e, they are strongly ionising) and soon come to a halt
as neutrel helium atomgy they are thus adle to penetrate only a few
centimetors of air and are stopped by a gsheet of paper,

Beta Partiglexs 1t 15 an electrically negative corpusele enﬂ.tt;ad
by a radicactive substanee, Its charge is {(~1), A beta particle
may be considered as an electron, Beta rays are emitted by some
nucldi of both the lighter and heawier radiocactive cloments vhen one
of the neutrons in the nucleus bresks up into & protony w hich remain
in the nucleus, and a deta particle, which lsaves 1t, Thus the
parents nucleus's charge is inereased by one, but its mass number

remains the same, The daughter is another element with nearly the
some atomio muss as the parent,
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Unlike these of alpha particles, the cmigeten velseity

of beta partiocles, for. any particular radioactive isotope, is
extremely varisble, renging from relatively low speeds to speeds
approaching that of light. On tho average, thoy are about ten times
as high as alpha velocities, Beoause of their high veloeities,
small size and lose charge, beta particles are much less interactisg
than alphas and hence their range of penetration is larger, In

fact they are only absut a hphdredth as lonising as alphas and are
therefore adut a hundred times more penetrating although all

but mst energetic of them, vill be stopped by about 4»5 millimeters
of Aluminium or a few rdllimeters of rocks,

Ggmma Rayse Gamma rays are the electromagnetic radiation of
samg nature and veloelity as light, bdbut with much greater::%a’ hence
with higher frequencies, They are usually but not always observed
along with alpha and Bete decay, |

Gamma rayshave about one hundredth, the fonising ability
of beta rays. Being bundles of enorgy (quanta) rather than massive,
charges particles of comparatively slow speed, they are not so
likely to collide with an dlectron snd eject it from itg atoms,
Correspondingly they are 10 to 100 times more penetrating than beta
rays and may pass through several centimeters of lead, upto a foot
of rock and several hundred feet of air, Their peneti'ation does
not stop suddenly, but rather; their energy gradually declines with
the depth of penetration, |

A1l radioactive
nuclel eventuslly disintegrate, but no one can predict the exact
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ingtant at which any given nucleus will decay, However, for a large !
number of atoms, undergoing this change, a certain faoctors which
would give the probab-ility of this change per unit time caon be
found, This fraction is known as decay constant ( 2 ), It is
reasonably certain that A (Lambda) remains constant throughout
geologic time for a particular type of nueleus, However a mre
convenient unit of decay called helf 1ife (?L) which 18 defined

as the time during which half the number <2 of original radio-
active atoms will disintigrate, is related to the d;eay congtant by
the following relation |

- 0,603

The random sequence of nuclel decay fluctuates sbout a
mean value and 4f a radiocactive source £s counted n times for equal
limes Ybut less than its helf 1ife), under identical environmental
mnditiona, gives & series of counts X4y Xy X3 eseens ¥y then
a devistion of cach count x4 (L = 1, 2, 3 ,.,svs ) fronm the mean
.counts X will be observed,This digpersion of individual cownts
from the mean, is expeewéedyby standard devietion ( «— ) as

/

’

~ // 2 ( . Because the radioactive disintegratic
follows the Polsson's distridbution)

With the probadility as 0,68, (X4 « ) is token as the limits 4n
which the counts will lie,
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B, Datection Teeh of Rad

Radiations as such are not persceptible to normal human
senses Unless theyvare too high, They are then detected by their
noticeable éffects of interaction with certain substances, These
nietlnde ean be grouped under the following headss

1. Photopgraphiec Methods 1t utilisoes the property of a radio
active gubstance Yo make characteristic fogging on the photographie
plates,

2. Fluoroscopie Methods The capaisty of radicactive substance
to cause fluorensce of certain body, is used teinthesexmm.
This method is not applicable for foobly radicactive substances,

B8, Electrical Methods The lonisation of air dy radicactive radlat-
ions, is the principle behind the elootrical method of detection,
The glectric current thus produced by ionigation 18 a measure of
radioactivity,

4. Chemical Methodst The chemical efféects produeed by any radioe
sotive substance can Ho used to detect radioactivity.

Of the various instruments designed to measurs snd detect
alpha, beta and gamma radiations, the Geiger Muller Cownter and
Scintellation Counters grouped wnder electrical mothods are most
commonly used., The detection ofvradiations and not the o( & /3
radistions, in the present study by @Gamma Ray Spectmméter, has
been chogen after constidering the following factss
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1. From the previous work, it has been found that the
sands of Solani, are feadly radloactive and hense to measure its
radloactivity;da large volutie of sand will be required,

2.  Alpha and beta radiations have low penetration powver

| in comparison to gamma radietions, and they will therefore, be easily
~ absorbed in the volummous sand samples, Hence it will be easier to
detect gamma radiations by Gamma Ray Spectrometer which L& based on
the principles of Seintellation Counter and will therefore, be
discussed in brief here, | |

Principler Ths operation of this instrument is based on
the fact that “a flash or burst of light is produced is pwoduced
when gamma ray strikes the atoms of certain substances, called
'phosprors' (because of this property) such as thallium activated
godium fodide crystal, The flash mccurs vhen the excited slectrons,
which have received some or all of an impinging ray‘s energy, as
1% eollides with thelr atoms, lcose their .excitation energy and fall
back into a ‘ground state', As they tailf'frm ans~daeserete energy
level to a lower one, they emit electromagnetic radiations, which
for phosphers, is in the frequency range of visible and uitraviolet
light, This 1light pulse from the erystal, is pﬁmrhcn.al te the
energy of the gamma ray.

The Garmma Ray Spectrometer, has essentially the following
component gie
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RADIORCTIV, SCINTILL ATER 5
& NGLE DECA DL
AMPLIFIER CHANNEL
% PHOTOMULTIPLIER ANALY SER SCALER
TUBE ' ,

SOURCE

PRESET
TIMER
HIGH VOLTAGE
POWER SUPPLY UNIT
1, Scintillatoxrt IS 1s in fact, tho mst eruecial

olement of a spectrometer, O -breasphrent epystal of sodium lodide
which gives off g very minuto burgt of light vhca struck by gamma
rays, 1s tho most adopted seintillator,

Unite The photomultiplier tube producos an cloetrical pulse when
the burst of light impinges on i¢, This photomultiplior becomes
effoctivo vhen high voltage is supplicd to it,

3, Amplifioms The electrie pulso produccd by photow
pultiplier tubo ig too small in amplitude to Yo casily and correctly
rocorded, Henee 1t 49 amplifiod dy on amplifier,

. . , Various radioactivo sube
stonees emitt cnorgy radilations of characterigtic poaks of count
rato at sharactoristioc wavelength, _H_enao to record count rates

~ for various wave lengths, a unit in the name of‘ 8ingie Chennel
Anplyser is provided with a speoetrometor, This ip dono by allowing
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the pulses of desired voltages, coming from the amplifier to pass
through 1t to the recorder,

A single channel anglysser consists of the following
threo sub-iunitgie '

a. npter Leve) itr It allows the pulses
having higher wltage than that indicated by the adjustsble knod
of this wit, to pass through i, ‘

b, Windy Width Units It allows only the pulses having
their wltage value 1ying in the intervsl marked by the diseriminator
lavel voltage and (window width voltage+snd discriminater voltage)
to pass through it,

the connection 1s made to the intepral setting, it gives all the
pulses having their wltage values rangimg, from set descriminater
voltage to the maximum possible voltage of desoriminater level unit,

When the connection is made to differential sotting, then
and only then, the window width wnit functions according to its
settings,

d. Decade Cownter and Preset Timer:t The function of
this eclectronic dovice 18 to count all the diserete pulses comming
from single channel analyser. It is connected to a preset timer unit
in which the time for which the counting is to de done, is set
before the comnting starts, After the lapse of this pre<set time,

after it is switched on, it automaticaly stops the sounter,
GCHEE3

ARPRAL UIRARY VNIVERRTY & bedl
ROORKEE,
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In order to compare the radicactivity of samples, the
instrument has to bo checked for its reliadllity, using a standard
sample, For this, a standard sample was prepared using pitchblends,
Tw grams of impure pitchblende ore ground to «72 to 4120 mesh size w
was mounted and seasled in o disc shaped container, Before counting
the samples, this standard was always counted under same geometrie
conditions of standard with respect to the Scintillator to check
the ingtruments' reliability,

‘The variolis samples of aénde were counted at three base
voltages £.0,4 0, 10 and 20 for such lengths of times so that the
standard deviation on each observation dus to uounting was less than
10¢, wnder the following settings of the instrumenti-

1, Settings in thg Pre-set Timer - 300 secs,

(1) Sealect scale = 1000
(11) Input switch = positive
(444) Dise Bias ~ §

ings in the Single Channael Anglyser
(1) wWindow wiéth = 0
(11) Discriminator levels used 0, 10, 20 wlts
(441) Surplus counting,

(1) Gain =A(B + C) = 80 vhen A » 0, B =0, € = 0,1
(11) BSelect input - Negative |
(11%) Decay time ~ 4;4 socs,



4. 8 2 n - v - k ('Y
(1) Voltmeter - 800 volta,

Under these settings, the number of counts per minute
per hundred grains for cach samples were obgerved and are presented
in the table No, VI and shown in the mapgo-IH

- The plotrof radloactivity verses semples, indieates that
the 20% of the samples show count rate of more then 60, 527 between
40-60 and these giving count rates less than 40 are 28%, It was,
then, decided to study the physieal features of the rivers and
tributaries at the placea from where the samples in each class
were taken, Such a study indleates that the radicactive minersl
content of sands vary along the course of river and the variation
does not follow any distinet pattern, However, the following facts
blea.rly emerge out,

1. Radicactivity less than 40 counts per minute in the
area where there ig confluence of twp o r myre streanms,

2, Radioactivity is betwoen 40 to 60 counts per minute
at tho places situated upstream Jjust beforé the confluences of streanm
or at the places vhere small tributariss or _stx-eamlots Just originate
or at meanders of stroams, '

3. Radiogotivity 48 more then 60 cownts per minute
whore generally only faow obstructions by some barri ers whether
natural or artificiel aro met with,The tributaries cast and west of
Mohand have relatively higher radicactivity,
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4, Only one sample out of a total of 40, shows except
ionally high radiosctivity (140 counts per minute per 100 gms of

sample,

Semple lo which gave the maximum radicactivity, was
conasidersd best for such study and it were the various sieve
fractions of this samples that were counted separately, The results
of such analysis is given in the table No, Vil

TABLE VI
8,No, Mesh No, Counts per minute
per 100 gns.
1. 52 o 47
2, 72 . 48
3. 120 72
4, 180 267
5, 17 588
6p 200 830
(A -=200 1182

Jt 15 observed from the above table that the specific
activity of fractions increase with the decrease in the particle
- size, This data 45 in agreoment with the reported one, Hovever,
in this investigation particle sige losser than +300 have not been
studied, The rate of increase of activity is more whem the particle
becomes finer then 120 mesh in comparison to particle coarser them
this size,
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Radioactive materials aro identifiod from Sholr charactor
$stic radiiations and enorglos given off by icotopes of cloments
presant in a sampleo, Theroforey, by eompéring the genma ray
spectrum of' unknown send sample with that of knowm samplesvof Pitche
biende aﬁd’mnazita containing traces of Uranlum, the nature of the r
radioactivity could bs predicted, Te.bio Wo.I¥ . A perusal of
. tho table shows that tho gemma roy spectyum of heavies in the fraction
+ 160 = 120 mosh of sand samplo le agroed more closely in nature
with that of pitehblende samplo and hence it may be that tho radio-
activity in the sand pamples $s due to tho proscnee of uranium
and ito daughter products, This result 45 in conformity with that
of reported by Christic ond Sarpwat (}966). Hovover, vhen samples
in goneral wero considered, the radtoactive clomsnt is not so vory
close, It may be dus to partial goparation of various subespecics,

Tablo - X
Compasison of Gama ray spectmm of Pitchblmda,tﬁonazite and the
1]
Sample , Cownts per minuto at : Gamma Ray Spoctrum
' Bage voltages 1(331:10 of Bngo Voltagaa)
' 0 v 10 o0 4 0/20 ¢ 10/20
Pitehblende €010 83780 = 38421 1,56 1,3
lonazite 36843 32960 27068 1,36 1.2
Samplo |

16/160 43 35,6 27,6 1,566 1,3
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CEAPTER = VI

EEAVY MINERALS AND THEIR GIONIFICANGE
Tntrodustions

Deapite their small ampunts in gands, the heavy minerasls
. have been studied with tw views in mind -~ firstly as indicators
of provenonce and secondly as ovidences of radioactivity,

The sand samples that gave significant radicactive counts
were gelected for heavy minerasl studies, ‘Each of the sdlected
amles were snalysed for 120 + 150 fraction through B,8 siaves,
Using bromform, the heavy minerals from each fractions of samples
" were then separated and mountoed on slides for microscopie examination,
The minerals identified are giveni in Table No,X . The various

rough ostimates for cach sample are also indicated in the aame Table,
Tahlon X

Heavy minerals : Samples with their estimates of Heavy mineral

| m—peee——y yrimm— | S S o ey T —
R e LTy

Garnet L+

1. € ¢ ¢ €& 6 ¢ ¢ @ C C ¢ ¢ ¢
2, Kyanite ¢ ©6 6 © e ¢ o0 ¢ 6 ¢ & o ¢ ¢
3. 0pgque minerals¢C € € € €€ ¢ o € € ¢ ¢ C C C
4, Tourmaline s 8 » 8 & 8 8 8 ©8 B 8 g 8 8
5. Staurolite 8 8 8 3 e s 8 8 8 8 8B 8 85 8
6, Topaz r » *» R #» » » R » R r » 2 »
7. Rutile R 8 s R R r 8 R R r R R R R
8., Hornblende R R R » » R R » ¢ R r» RRR
9, Bpidote R R R r 2 » » R R R » RRR
10, Zircon * » ¢ *» R r 2 ¢ R R r r r»r
11, Chlorite - - - e - - -~ R = - - R R R
12, Sphene -~ - -, R =« = - o = = - R w =

WhereC = very commbn; ¢ = Commong R ~ very rarej r - Rare
8 « vory spmrse o - §parse,
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Qenergl Characters of the Hegvy Mineralsts

1, Gamet: Moatly p:lnkist; and occasionally colourless,
gamet oceurs' in irregular subrounded form with high relief, But
a tew" grains shov perfect crystalline form, The inelusiona of
Aquartz are commn, The surface is p.s.ttad vith very manyr' fractures,

'Po»ssible gsources of derivationt The garnet might have
come from the pegmatites or high rank meotamorphie rook,

2, EKyaniter Colourless with high relief, the Kyanite
occurs in bladed to somewhat tabular torms; The edges are sharp,
The prismgtic forms sre sometimes very much deformed, The cross
cleavages are mosat predominent, The grains are subangular prismatic,

Possible sources of derivation: The kyanite is assentially
a high grade metamrphic mineral associated speclally with mica schistt
and gnelsses and might have deen derived from these rocks,

3, Opagque Minerals: The opaqus minerals are irragular
in foym but are subrounded in nature, Black to dbrownish grey in
colour, the dlackish variety shows some alteration, observed as a
vhite mineral wnder cross nicols, 7This white mineral may beloucoXxene
and hence the black mineral can be named as Ilmenits, The opgyue
mmérala whieh appearing.somevhat brownish chocolate ¢coloured, may
be hematite or limonite, Ilmenite can be derived from Igneous rocks
specially basic and ultrabasies,

ons,
4, Zourmalines It 1a drown coloured, With variedterminat:
PRISMATIC FORM 13 predominent; s The pleochroism is characteristic,
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Striations parallel to length of prism is also sometimes marked
The inclusion in the form of needles arse also met with, These
inclusions may be of zircon and rutile, Rarely blue tourmalines
are found,

Tourmaline might have come from Pneumatolitie rocks, |
aeld 1gneous roeks, pegmatites, schists and phyllites, But accords
ing to Krynine, the brown tourmalineg characterises low rank metow
mrphism, The bdblue tourmaline might have come from pegmatite,

5 B8t itor Irregular in shape and sub-sngulaer to
angular at termination, the staurolite has brownlsh yellow to straw
yellow colour, It shows charactepistic pleochroism with varying
intensities. Sometimes inclusions of quarts are metm with,

The staurolitc has deen prodably derived from schista
or contact motamorphic rocks, In any ecase it belongs to high rank
metamorphie rocks, |

6, Xopagt Colourless, vary much irroegular forms are
obaerved, It occurs as angular to subwangular grains with high
relief, It Shows somewhat pitted appearance, Under cross nicols
topaz gives mostly grey yellow to high second order blue, gree n
colours, Some of the grains of topaz show pleochroic halos,

Topaz can be derived from Granite gneisses and other
contaet metamrphie rocks,

7. Rutilet It ogeurs in irregular form, The grains
are angular to sub-angular at terminations, The colour of rutile |
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grains is dark pinkish red and under oross nicols its mterférmcc
colours are masked by the body colour, The pleochroic¢ halos are
also observed in some grains,

Rutile &s commonly fom_d in Acid Ignecus rocks, crystalline
metamorphic rocks, Frequantly it can be derived in situ from deo=
composition of iimenite,

8, Homnblendes Dark green coloursd hornblende has
1tas colour density greoatest at the centre of grains which occcur
in sub-rounded tabular form, The pleochroism {from pale to dark
green) is only noticeable near the btoundaries of grains, Some grains
show prismatic cleavage, the extinetion angle by which come out to be
near 16°, The interference colours are second order groen, blue,
red, yellow, Some of the gralng show alteration prodably into
chiorite, |

The horndlende could bo derived from Igneous and Mebamore
phic rocks ~ specially from granites, syenite, dlorites and wloanie
equivalents and Forbbelnde schists, ’

o, Epidoter Irregular rather sngular to subangular
dark green coloured grains of epidote show brilliant high order
interference cclours such as green, purple red,

It can be derived from erystalline metamorphica, especially
altered impurs limestone, -Almo, it can come from altered igneous
rocks originally rich in ferro-magnesium minerals,

10, Zircont It occurs in small colourless, subrounded
grains, A few grains show perfect crystalline forms, The relief
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of these grains is vary characteristically high. The fractures are
also common, It occurs both as independent grains as woll as ine
elusion in some other minerals,

It can be derived from acid and intermediate igneois
rocks, Loss commonly it oscurs in schists and limestones,

11, BSphenet Brownish in colour, 1% occurs in lozenge
shape, It is very much pitted, Its interference colours are masked
by its body colour, |

It can be derived from granites, intermediste igneous
rocks, metamorphic recks such as gneisseses, schists and altered

limestones,

12, Chlorites Few green ecoloured grains are found in
the form of flaky minorals, Its grey interference colour of the

first order is vary characteristie,

It can ba derived from igneous as well as metamorphic rocks,
It can also come as alteration product of hornblende and biotite,

The source rocks of Solan! sands as inferred fyom the
grain sigze studies in the Chapter 1V, must be loosely cemented,
modium grained well sorted ssnd rocks, T he heavy minerals of Solani
sands are comparable to those found in the sand Mcks of Siwalika,
According to Raju (19¢73 ), the presence of gamet and tourmaline
marks the Lower Siwaliks, while kyanite is very characteristic: of
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Middle Siwaliks, The sillimsnite and andalusite slong with Horde
blende and heavies of !owari and Middle Siwaliks mark the Up;ier
Siwsliks, All these minerals are present almst in the same shape
and form in tho sands of Solani river aystem, Hense 1t can be
concluded that the source vocks of these sands may belong to Middle
and lover Siwaliks, The Upper Siwaliks have very little contribution
because, the heavy minerals of 1t with the exception of horbblende
are all together absent in the sands and even the hornblende has very
1ittle percentage in comparison to other minerals, But the facts
that the rocks of lower Siwaliks are not exposed near Mohand, and
that the tributaries of Solani river system are mostly tonfined

to the Middle Siwaliks, appeal the author to conclude that the source
rocks of theso sands belong slmost enﬁrely to Madle 3iwaliks and

to a lesser extent to the upper Siwaliks,

Hoavy And Radloaotivitys

Radicaotive minerals are gensrally the heavy minersls,
Hence the heavies of +120 = 72 fmaqgtions of sand samples wvere
separated and were put to microscople examination, The radiow
activity wias evidenced under microscope by the presence of gircon
- 4n almo‘st all the slides, Besides this, the pleochroie halos in
Rutile {(or Baddeleyite), Topaz and Tourmaline are also obsarved,
In gsome of the priamatiq brown tourmalines, peobably zircon appears a
neadle, One grain of staurolite (Plate No, ) was also found to
contain pleochroie halos, The percentage of zireon tpomast of the
slides 18 not more than 0,8 to 1% of the total heavy minerals
present, It can, thus, be concluded that although the radicactivity
is largely due to the uranium content in certain heavy minerals,
but the possidilities of the occurrence of thorium or any other
radivactive element cannot be ruled out at this stage, There
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certainly exist a relation between the amount of heavy minersls
and the radicactive counts, Samples with high count rate have a

higher percentage of heavy minerals, However, exaot correlation
between the heavy minerals and radioactivity can be made only
after a careful separation of individual heavy minerals and thetr
chemical and radiometric analyses.

Hrrees



PHOTOIICROGRAPH « 1, Plcochrole Holo fn Stourolito geedn

‘PHOTOMICROGRAPH - 2,  A.Cpystol of Zircon




PROTOMICROGRAPH = 3, Kyanito gratn

shoving inelusions of Rutile

PIOTOITCROGRAPH = 4, Hoavy mincralse G = Gernot § K= Rymite
0 - Opaque mincrals § % Zireon,
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CHAPTER = VII
ARD CONCLUSIONS

The present work was token W to investigate the radio
activity of the sands of River Scleni from the sourss upto Hoorkee
and the effeot of grain size on the radioactivity, The heavy
mineral suits of the sand were also exahined to find the minei'als
in which uranimum has been capured, | The regions through which
Solani river system pass are oaeupicdi by Siwalik rocks, Bhabar,
Taral and Gangetic alluvium, The lithology of the rocks ia clay,
sandy elay, gravels, silts, sands, Tho origin of R, Solani and its
tributaries is in Siwslik hills of the Saharanpur and Dehra Dun
districts, |

Various methods of sampling techniques wore analysed and
it was found that for the present study the method of systematic
Grid Sampling would be most guitable, Tho samples were collected
at the intervals of 3/4th to a milae's distence, Proper ¢are was
takken to avoid any contamination either due to the terrace soil or
dues to the cosmie ray aotivities, The method employed to cnllect
the samples was so designed that the same sedimentological wnit wuld
be sampled throughout the length of the river system,

Mechanical enalyses of samples, thus collected were done
in the laboratory using B,8.8 25, 36, 52, 72, 120, 150, 170, 200
and 240 mesh sieves, The cummilntive curves were drawn on the basis
of data colleoted in this manner,
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On the basis of cummulative surves, various grain sigze
parameters were caloulated, A4 discussion on these parameters and
their asgnificonce has aslready been done in Chapter « IV, The
main findings were that the

(1) The sands of the river are firie to medium grained
.81ze and their sorting well to moderately well, Since the trense
portation of thege sends was small, 1t was concluded that the
source rocks of these sands must be fine grained, well sorted

loosely cemented sand rocks,

(2) The confluences of various tributaries can be pro-
dicted wherever, negative skewness values are observed in the ares.
Most of the material at the confluences are coarser than the average
grain sige,

(3) Based on the Kurtosis values, 1t was inferred that
velocity fluctuations of streams operate for very short period of
tine,

(4) With the transport, the grain size in general, docreas
in the river system, The sorting becomes poorer in the northern
most tributaries due to wmnsteady flow of the water near the foothill
zone, This again confirms, the conclusions derived in (1),

(6) Variofs relations between the ‘graing size parameters
that have been dorived are given dbelowr '

(a) B8 = F (-g%’f;_) Where SK = Skewness
' GM = Mean Grain 8ige

M
(b) gy = F(—'ﬁm}}- _ = Mongure of sorting
A A = Difference oporater
(e) oM = PLABS) F = Funetion

ASK,



The last relation has been fully worked out as =

Agh = <33-12185382 + 32,4246610(QM) + 7,668814415(QM)*

The signiftcance of this relation has beon briefly dealt in the
chapter No, IV,

(6) Deposit of different environmental conditions' ean
be diseriminated using the following equation originally given by
Sghu (1964) but modified in the 1ight of present data,

Y = 0,72160M = 0,403007* + 6,7322 8Ky

1t ¥ < 7,6, the deposition at the river confluence
is predicted,

and 4f ¥ > 7,8, the deposition under uniform velooiby
: ' conditions 1a indiocsated,
The radiometric asnalysis of Sokani sands have given the
following resilits:

1. The Solani sends do have radioactivity higher than that of
background but 1ts estimate due to non avaellability of a standard
sample could not be made, |

2. Radlocactivity 13 minimum at the confluences of various
tributaries,

3, Radioactivity of intermediate strength is observed at
places just before the confluences ar at mesnders or at places near
foothilla where they originate,

4y Radioactivity is maximum at plases vherc some natural or



artificial bariemto the‘ fiow 0of water occur,

5.The grein size has been shown to have an inverse relation
vith the radicactivity i.e, the finer the asize of the particles,
the greater win be the radioactivity, This relation is further
confirmed by tha low level radioactivity present at the confluences
of tribuﬁaries where most of the material is coarser.

6, Based on the gamma ray spsetrum 4t has bdeen concluded that
the cause of the radiocactivity in the sands is a radioactive mineral
which has more affinity towards uranium rather than thorium,

7The heavy minerals present in the sands are Gamet, Kymnite,
opaque minersls (Ilmenite, hematite, limonite), Staurolite, Tourmalin
Topas, Rutile, Epidote, Hormblende, Zircon, Chlorite and Sphene,
Based on these minerals and their characters under microsoope, it is
concluded that the source of these sends are the Siwalik rodks,

8+ The Finer the sievas fraction, the greatoer was the amount
of heavy minerals and the higher was the radloactivity, This is
confirmed by the greater persentages of radioactive minersls in the
finer fractions,

8, The evidences of radioactivity in the heavy mminerals are
the presende of Zircon, the pleochroie haloes in Staurclite, Topaxz
Rutile and probadbly Baddeyelite, However, the possibility of
mon/azitn gannot be ruled out,

Based on the radicactivity distridbution in the area and
the hoavy minerals, it is concluded that the source of the radio-
activity of sands 13es in the Siwalik roocks near Mohand and it 1is
this region that has to be further inveatigated,
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REPORTS OF SIEVE ANALYSES

mrltwasthi
{ ANALYST )



REPOR? OF SIEVE ANALYSYS
Sample Yo, le

Locality — Main Solani River
Mass of the sample = 50 gnms,

Nams of the 3ieve - B,S5,51cve
Mothod of shaking = Automatie

ghaker
Time of sheking « 10 minutes Date of analysiss
' r R 2 Y —" ' “r
Mesh ' Bereen 0pm1ng ' Wt Oorrecttd ’COrr. Wt.%'cmtn‘atm
No, ! . Petained ' Wt, ! retained | reteined
'Eillimatar Ino y in gms, ' in gus, | ingms. ’dt.i in gms,
aleg ¢ _ ' '
18 0.85344 0, 2286 0.220 0,221 0,442 0,442
52 0; 29484 10 76:» 1.840 ! 1.849 3. &8 4.770
180 0,10414 3.2642 6, 620 £, 649 11,298 90,286
1% 0,088%0 3.4016 1,540 1,548 3,096 93,380
240 0.063& 3.9775 D,?DO ' Oa 703 ) 1.@6 98&&8
T 0T AL 49,746 49,998
10S3 IN WEIGHT 0,254

( ANALYST )



REPORT OF SIEVE ANALYSIS
S8ample No, 3a

Loeality ~ Main Boland River Rame cf tha Bileve = B‘S Sleve
Magss of the sample - & gms, Met:hod/ahaking - Automatic

' shaker
Time of shaking - 10 minutes Date of analysiss
s ————— - SE—— - — -
}m : Sereen Opening ;wz ai“é:a 'Oorﬁgftod 'Oorrh?t.% ,cmggava

¥ \ v
nmliimeterfsi;u ' in m' in gns, ingms ‘ W!:.ﬂ in Ems,

26 0,50944 0,7418 0,010 0,010 0,020 0,020
36 0,42164 1,260 0,060 0,080 0,100 0,120
62 0.20464 1,7630 0,547 0,848 1,096 1,216
72 0,21082 2,2460 6,605 5,603 11,206 12,422
120 0,12446  3,0066 30,200 30,331 60,662 73,084

1% 0,10414 3,2642 7,975 7.986 15,972 89,056

170 0,08890  3,4016 1,880 1,882 3, 764 92,820

200 0,07620 3,714 2,006 . 2,008 4,016 96,806

240 0,063%0 3,878 0,666 0,656 1,312 98,148

" Pan 0,928 0.926 1,862 100,000
T 0T AL 49,882 £0,000

0SS IN  WRICHY 0,068

( ANALYSE )



REPORT ON SIEVE ANALYSIS
Sample No,7b

Ineality - Main Solani River
Mass of the sample -« 50 gnms,

Tims of shaking = 10 minutes

Name of the Bieve -~ B,8,8{eve
Hethod of shalting - Automatic

shaker

Date of anglysis:

r—

Y

Mesh ' Sareen Opening ' we, ’Corrected ‘Corr, m,$ 'Gummzlative
No.' . ] : X’ggained in W, . rﬁamad ' ﬁge}aiiged
Hinimeter seele, my BmS, . gns, e gns,
RS 0.50944 0.7418 0,080 0,080 0,160 0,160
36 0,42164 1,240 0,582 0,883 1,166 1.0326
& 0,20464 1,76 5, 560 8,565 11.13%0 12,4566
72 0.,20082 2,246 20,200 20,311 40,622 68,078
120 0.12446 23,0066 18,920 19,007 88,014 61,098
15  0,10414 3,0642 2,426 2,427 4,854 95,966
17 0.,08800 3,4916 0,542 0,542 1,084 97,030
200 0,07620 3,74 0,718 0,719 1,438 08,468
240  0,06380 3,9776 0,300 . 0,800 0,600 99,068
Pan 0,485 0,465 0.9% 099,098
T 0T AL 49,95¢ 49,990
1085 IN WEIGH?

0,046

P .

( ANALYST )



REPORT OF SIEVE AMALYSIS

Sample No,l13
locality - Main Solani River .  Name of the Sieve - B,3,5ieve
Mags of tho sample = 50 gms,  Method of shaking ~ Automatie
shoker
Timo of shaking ~ 10 minutes Data of anplysis:
Mesh ' Saraen Opening ' W, 'Cormatad ’Gorr.ﬂb. %'cmmulative
No. | = 0: rggamnd . we, ! rﬁnmoﬂ ggt;i?ad
- ms, ! in . n
"M11]imeter, scale’ Bfe, 20 Em8. Pse , T ens

25 0,694¢ 0,718 0,027 0,027 0,054 0,054
8 0.42164 1,240 0,166 0,158 0,316 0,37
8 0,00464 1,7630 1,432 1,40 2,880 3,860
%2  0,21082 2,460 18,487 13,567 27,134 20,384
120 0,12446 3,006 29,632 29,78 69,416 89,800
150  0,10414 3,264 3,137 3,155 6,310 96,110
1%  0,08890  3,4916 0,652 0,668 1,332 97,442
200 0.07620 3,74 0,637 0,641 1,882 98,724
240 0,063%  3,0775 0,327 0,329 0,658 90,382

T 0T AL - 4,8 80,000
1088 IN WEIGHT 0,297

( AVALYS? )



REPORT OF SIEVE ANALYSIS

/ Sample No,31
locality « Main Solani Biver Nama of the 8 1ove = B,5,8ieve
Mass of the sample -~ &0 gns, Mothod of Shalcing = g}\ggggtic
Time of shaking -~ 10 minutes Date of analysise
- — y N— g
Moesh ' Screen opening ' W&, 'Corrected 'Corr,wt, %'Cummiative
Yo, : , 7Y _:, rggamed; . W, ; rggaingd zwze;gaigodm
'Mi111meter acage, gns,’ in gns, | gms, ‘'WG,% in gms,
26 0,504 0,7418 0,10 0,110 0,220 0,220
36 ' 0,42164 1,2460 0,837 0,637 1,074 1,294
82 0,20464 1,7630 4,806 4,609 - 9,108 10,492
7 0,082 2,240 16,712 16,728 33,466 43,048
120 0,12446° 3,0068 ' €1.,206 21,226 42,452 86,400
180 . 0,10414  3,2642 3,9 3,983 7,066 94,366
1 0,08880  3,4916 0,87 '0.87é T 1,744 96,110
200 0,07620 3,7140 0,872 0,973 1,046  ©8,066
240 0,0635  3,9776 0,380 0,380 0,760 98,816
Pan 0,690 Q.580 1,180 99,006
T 0T AL 49,950 49,998

L0Ss 1IN WEIGHT 0,049

( ANALYST )



REPORT OP SIEVR ANALYESI1S
Sample No,.27

looality -~ Main Solgni River Name of the Sieve - B,8,51eve

Mass of the sarple - 50 gms, Mothod of 3hak1ng - Aggmaﬂc‘
| 8 er

- Time of cheking = 10 minutes Dats ar enalysis:

, [ - T
Sereen Opening ’ we, - 'corrected *Gorr. k't.% 'Cmmmnatin
ratained W, - ! retained ' retained

'Tno v mgms. qn gma, qmgma. m.%mgms.
'M1111moter aanla'

Mesh-
HNo,

- e - A

t i l

25 0,50044 o,vuas 0,040 0,640 0,080 0,080
36 0,47164 1,0460 0,166 0,166 0,33 0,412
0.29464 1,7630 1,876 1,886 3,772 4,184

7 0,21042 2,2460 14,480 14,664 29,128  83,31%
120 0,12446 5,0066 26,730 24,874 40,748 83,080

8

10 0,10414 3,2642 5,060 5,07 10,158 93,218
1% 0,08800 3,4916 0,880 0,868 1,710 94,928
200 000769‘0 35 7140 10‘ 270 1& 277 9; 864 97; @2
Pan
T 0T A L 49,70 49,908
1085 IN WEICHT 0.200

{ ANALYSYT )



REPOR? OF SIEVE ANALYSIS

Sample No,24

Tocality ~ Main Boleni River

" Mass of the Sample - 50 gwms,

Timo of shakting -~ 10 minutesn

Neme of the Sieve - B,3.Bleve

Mothod of shaking - Automatio

gshaeker

Date of analysiss

<

Meshf Scresn Opening : W, _;Correetad r(!m‘.. wt, % :cummnativa
Yo, & v ! retained' wt, ' retoined ' retained

hwyitmeter’ 1.8 ' in gms.' in gns, ' in gms, 'WE.E in gms,
O | «8cale o S T 1 RN, JO
26 0.59944 00,7413 0,002 0,002 0.004 0,004
36 0.42164 1, 2460 0,027 0,027  0.054 0,058
52 . 0,20464 1,763 0,200 0,201 0,402 0.460
72, . 0,21082 2,2460 2,870 2,885 5,710 6,230
120 . 0.1244€ 3,0066 30,737 90,804 61,808 68,038
1%  ©0,10414 . 3.2642 . 9,272 9,382 18,644 86682
170 0,08890 3,40%6 1,860 1,87 3, 740 90,422
200 - 0,07620 3,7140 2,480 9,466 4,026 92,348
240  0,06350 3,9775 . 0,962 0,967 1,634 97,282
Pan 1,860 1,367 %e 714 95,996

T 0T AL 9,70 49,98

1085 IN WEIGHZ 0,27

( ANALYBT )




REPORT OF SIEVE ANALYSIS
Sample No,19a

Locality = Main Solent River Neme of the Stevo ~ B,B,Sieva

Mass of the sample = 50 gnis, Method of shaking = Au’:;muc
ghaker
Time of sheking - 10 minutes Date of analysisa
Mesh ! Berecn Bpming W, - 'Gun'm%ﬁ 'Corr, We,% ’Qummﬂ.ativo
v W rotained W, . rggained wga;aiigod
’mumat‘.ar* Scale in gus. , ' in gus. . gns. . * gns.
g6 0,60044 0. 7418 0,627 0,69 1.268 1.288
36 0,42164 1,2460 - 2,658 2,688 5,130 - 8,388
62 0.,20464 1,76%0 12,120 12,163 24,226 ab, 14
?  0,2082 2,2460 19,476 19,608 . 30,066 63,770
120 0,12446 3,0066 11,8756 11,707 23,414 93,184
1806 0,10414 3,642 1,385 1,389 2,778 95,062
200 0,07620 3,740 06,587 0,568 1.1886 87,874
240 0,06380 3,976 0,300 0,301 0,802 88,476
T 0 T A L 45,864 G0,000
10SS IN WEIGQT 0,136

( ANALYST )



REPORT OF SIEVE ANALYSIS

Sample No,54
Iocality « Main Solani River Nams of the Siove = B,8,Bieve
Mags of the pample - & gms, Mothod of shaking - Automatie
Shaker

Time of shakingm « 10 minutes Date of analysiss

Mesh ' Screen Opening ! W, ‘'Coorrsctad‘’Corr,wt.,? 'Cummllative

No. : e AR Ql: r?tamed: . W, ": rgamm : ée;aiiged

z , in . ngn n mu gmso mﬂt
JMllinctor, seale ' \ \ o *

26 0,60944 ©0,7418 0,060 0,080 0,120 0,120

36 0,42164 11,2460 0,780 0,780 1,560 1,680

72  0,21082 2,248 22,137 22,100 44,330 63,076
120  0,12446 3,0086 16,040 16,042 22,034 95,160
180 0,10414 3.,96842 1,012 1,012 2,024 ©7,184
1. 0,08330 23,4016 0,358 0,353 0,710 97.804
200 0,07620 3,7140 0,440 0,440 0,830 98,774
240 0,063% 93,9775 0,187 0,137 0,374 99,148
Pan 0,425 0,428 0.850 99,008

2 0T AL . 40,993 . 49,999 .
1085 IN WEIGHY = 0,007

{ ANALYS? )



REPORT OF BIEVE ANALYSIS

Sample lg, 38
Iocality - Main Solant Name of the Sleve « B,&,&we
Mass of the sample - GO0 gnms, Method of shaking « Automatie
shaker
Time of shaking - 10 minutes Date of snalysiss

, v - . :
Mesh ! Bereen Opening ! W, ‘Oorrected 'Corr, Wt,7‘'Commlative

! petained ¢ We, ! potatned ' retained

No, ]

¥
(Hi1limetert ;. 449

Ing@g!? mgm;mm. :mgma. :m.ﬂmgmm

28 0,504 0,748 2,072 2,083 4,166 4,166

36 0,42064 1,2460 4,382 4,408 8,810 12,076
B2 0,20464 1,7630 13,267 12,328 06,676 50,662

7 0,20082 2,040 10,547 19,651 30,302 78,054
120 ©0,12446 3,0066 9,332 0,380 18,764 07,78
150 0,10414 3,2642 0,750 0,764 1,608 09.2256
170 0,08800 3,491 0,115 0,116 0,232 09,468
200 0,07620 8,740 0,15 0,116 0,232 99,650
240 0,06350 38,9776 0,066 0,065 0,110 99,800

Pan ' 1,000 0.1¢0 0,200 100,000

o

1088 XN WEIGHT 0,285

, ( ANALYST )



REPORT OF SIEVE ANALYSIS
Sample No, 42a

locality = Rivers East of Lalakhala Name of the Sieve - B,8,8leve

" Mass of the sample - &0 gms, Mothod of shalting « Automatie
shaker
Timo of shaking « 10 minutes Date of enalysist
" » "— v " Y . Y - 4 4
Mosh ' Bereen Opening '  Wt, ‘'Corrected 'Corr, We,%'Commulstive
No, ! ) Detalned ' Wi, | retained | retained
Millimeter! In ¢ , in gos, ! in gms, ' in gus, W.§ in gus,
scals, ' ' '
L.J ¢
21 0,5944 0,7418 - 1,730 1,738 3.476 3,476

36  0,42164 1,2460 = 6,112 671487 12,280 15,756
0,29464 1,763 2,580 21,67 43,266 50,112
0,21082 2,2460 15,787 1583 3,78 90,830
120  0,12446 3,0086 3,126 5,138 6,278 - 7,108

180 0,10414 3,2642 0,827 0,520 1,068 98,186

d 8

170 0,08800 3,4916 0,205 0,206 0,412 08,578
200 0,07620 3,710 0,280 0,261 0,502 89,080
240" 0,06380 3,9776 0,088 0,088 0.176 09,266
Pan ' 0,30 0,8% S 0,744 100,000

T 0T AL 49,774 650,000

1086 IN  WEIGHT 0,226

( ANALYST )



locality = Rivers East of lLaloe Name of the Sieve - B,5,8ieve
Khala

Maga of the sample -« &0 gna, Mathod of shaking - Automa®ic
| shaker
Time of sheking - 10 minutes Date of analysis:
. ' r 2 2 4
Mesh ' Soreen Opening ' W, ’Carmctad 'ﬁarr. we, %! 'Commul gt ve
No. v ; ret:aincd W, ' potained ' rotained
Millimtgr, Inp , in gus, !in gns, | in gms, |WE.% in gms,
' ) scale, ' ' n
52 0,20464 1,765 6,860 6, 5a3 13,166 21,836
7 0,21082 2.2460 10,536 104883 89,306 61,142
120 0,12446 3,0088 16,016 18,071 - 82,142 03,084
10 0,10414  3,2642 1,810 1,816 3,688 96,016
1% 0,08890 3,4016 0,422 0,423 0,846 97,762
240 0,06350 8,0775 0, 23 0.214 0,428 99,138

T 07T A L 49,827 &,000

1085 IN WRLGHT 0,173

( ANALYS? )



~ REPORT OF SIEVE ANALYSIS
Sample No,46(a+b)

Locality - Solani Extended Name of the Sieve - B,8,5%ave
Mass of the sample -~ &0 gms,’ Method of shaking « Artita;matxc
: : or

Time of shaking - 10 minutes Date of analysist

Mesh : Sorsen Opan:lng r wt. "Gorreutad 'Gox'r; Nt.%rﬂummnauve
No, . rotatned ' We, ¢! rotained ' retained
’mnimtor IngZ ' 4in gne, m gns, in gus, m:.% in gms
¢+ scale’ .
26 0,60044 00,7418 0,385 0,386 0,770 0,770
36 0,4216 4 1,246 1,362 1.362 2,74 3,494
62 0,20464 1,7630 8,005 8,999 17,098 21,402
7% 0,21082  2,2460 20,710 20,719 41,438 62,930
120 0.,12446 3,0068 14,4456 14,4561 28,902 91,832
160 0,10414 3,8642 1,830 1,831 3,662 25,44
1D 0,0889¢ 8,416 0,522 0,622 1,044 96,538
200 0,07620 3,740 0,680 0. 5680 1,160 87,08
P9 0,063  3,9776 0,262 0,262 0.504 98,202
P 0,887 0,897 1,74 90,996

T OT AL 49,078 49,098

L08s 1IN WEIGHT 0,022

( ANALYST )



REPORT OF SIEVE ANALYSIS

Sample No,82
Locality — Sclani Extended Name of the Sieve - B,8,5ieve
Mass of the sample — 60 gma, Method of shaking = Automatie
: | . shalter
Time of sheking - 10 minutes Date of analysiss
— ey — —
Mesh ' Screen Opening ' Wt, ‘Corrected 'Corr, Wt,%'Cummuleti
LT - poeeee) Potained ! W, ! retained :xrctlingj
Millimster si?ﬂ.g , 1o gms, ’ in gms, | in gms, 'Wt.ﬁin

25 0,60040 0,7418 0,385 0,366 0,710 0,70

36 0,42164 1,260 1,246 2,088 0,402 5,202

62 0.29464 1,730 7.660 7,669 16,338 18,680

72 0,2082 2.,2460 22,062 22,077 44,154 62,604
120 0,12446 3.0066 16,635 16,653 51,306 94,000
180 0,10414  3,2642 1,600 1,602 2,004 07,004
1% 0.08890 3,4916 0,362 0,362 0,724 97,728
200 0,07620 3,740 0,382  0.382 0,764 98,402
240 0,06380 3,977 0,200 0,200 0,400 98,802
Pen 0,662  0.663 3,106 90,908

T O T AL 0,043 45,999
1088 IN WEIGHT 0,057

( ANALYST )



REPORT OF SIKVE ANALYSIS

Sample No,80
Locality -« BSolani Extended Name of the Sieve - B,5,5ieve
Mass of the sample - 50 gms, Mothod of shaking « Automatie
| | , ghaker
Time of shaking = 10 minutes Date of enalysiss

Gorract:od 'Gorr. .{ ’cmwi‘n

r

Mesh ' Seraen Opening

sa"
g.:;

Yo, ° od ¢ Wt, - ! retained ' ratained
mnimtem In ¢ gns, ! 1in gms, ' in gus, 'Wt.% in gms,
' .+ scale, ' ' ¢

25 0,894 0,718 0,240 0.241 0,482 0,482

36 0,42164 11,2460 1,080 1,056 2,112 2,504

52 0,29464 1,763 7,620 7. 661 15,322 17,916

70 0,20082 2,2460 10,467 19, 862 89,124 67,040

120 0,124€6 3,0066 17,100 17,1028 34,384  91.d2:

160 0.10414 3,2642 2,306 2,317 4,63¢ 96,088
1%  0,08890 3,4916  0,6M 0.674 1,348 97,406
200  0,07620 35,7140 0,635 0,638 2.276 98,682
240 0,063% 3,776 0,266  0.266 0,512 99,104
Pan 0,400 0,402 0,804 90,908

T 0T AL 48,732 49,009

L1088 1IN WEIGHT 0,868

{ ANALYST )



REPORT OF SIEVE ANALYSIS
Sample No,102

locality ~ Shahjshanpur Ran  Namo of the Slave - B,B,8ieve
Mags of the sample ~ 80 gms, Mothod of shaking - Automatie

ghater
Timo of shaking -« 10 minubes Date of analysis:

MeshT Sereen Opening ': Wb, fﬂorreetadr Corr, WB.; Cumrulative
For ;mp tmoter | 108 ; ret;:ﬂ;;g.; 1n%g53. : ”fﬁ“ﬁ:f : %\;:?%.gqgns.
| Maatanet 'soule * ' ’ + '
26 0,60944 0,7418 3,490 a, 5610 7.020 7,020
236  0,42164 1,240 5,720 8,753 11,56 18,526
52  0,20464 1,763 15,861 18,052 31,904 50,4530
72 0,21082 2,2460 15,087 15,174 30,348 80,77
120 0,12446 3,0066 7,406 7.447 14,804 95,672
" 380  0,10414 35,2642 0,895 0,800 1,800 97,472
170 0,08800 8,4516 0,260 0,251 0.802 97,974
200 0,076 83,710  $,300 0,302 0,604 28,578
240  0,06380 35,8775 0,190 0.191 0,382 98,960
Pen | 0,618 0,88 1,036 99,996
TOTAL 9,703 4,008

10498 IN  WRIGNP c‘zg'r

I - e

{ ANALYST )



REPORT OF SIEVE ANALYSIS
Sample No,100

Ioeality - NW Tributary to Rame of the 8ileve -~ B,S5,8ieve

Shahjanpur Reo
Mass of tho samole -« & gns, Method of shaking ~ Automatic
ghakar

Time of shaking ~ 16 minutes Date of analysiss

—r
Mesh’ Seresn Opsning

" o ‘“ - "
Wt. 'Corracted ‘Gox-r W % ’cmm,ative

!lo. , : rotained' Wb, retaineﬁ 'ratained
mmmor §§1§ : in m»éﬁm gns, m gua. WS in gns,
26 0.,60944 0,7428 0,330 0,331 0,662 0.662
36 0,4264 1,240 0,935 0,938 1,876 2,638
52 0,29464 1,760 3,67 3,684 7,368 9,906
72 0,21082 2,2460 10,807 10,241 20,482 30,388
120 0,12446 3,0066 19,9256 19,280 38,578 68,966
150 0,10414 53,2642 6,040 6,060 12,120 £1,086
17 0.,08890 3,496 1,805 1,811 3, 622 84,708
200 0,07620 3,740 2,70 2,9 6418 90,126
240  0,06350 3,9776 2,140 2,147 4,294 04,420
Pan | | 2,780 2,789 5,678 99,008

T O T AL 49,834 49,999

10S5 IN  WEIGHT 0,166

( ANALYST )



REPORT 0"’ BI§!§ ANALYSIS
Sample No,09

Ioaality ~ RE Tributary to Name of the 8iove = B, 8, 8icve
Bhahjahonpur Rao :

Mass of the sample - 60 gmg, Mothod of shoking - Autonmatic
| shaker

Time of shaking - 10 minutps Date of analysiss

g ' r - - » e
Haah' Bcrem Gpmmg towe, 'correeted 'Coz'r.m. %'memnative
NO g he ' *eta&ned ' w. retained 'retained

"M1limoter, In @ | 1 gna, ! ingms, ! in gms, 'W%.% in gno,
' | ‘ scale i t ' v

26 0.,65044 0,7418 0,20 0,80 0,50 0,542
36 0,416 1,2460 0,70 0,71 1,442 1,982
10,2946 1,7630 3,866 3,86 7,78 9,700
72 0,21082 2,240 13,185 15,200 26,400 36,100

120 0,1P446  3,0068 22,126 22,161 44,302 80,402
15 0,10414 3,262 4,480 4,485 8,00 80,37
10,0880 35,4016 1,400 1, 402 12,804 92,176
0.07620 3,740 1,862  1.864 8,728 95,904

| 0,063850  3,07756 1,086  1.086 8,082 07,066
| 1,080 1,021 2,042 99,0908

8

E 883

T 0T AL 49,942 49,999

1088 IN  WRIGH? 0,068

{ A¥ALYST )



Sample Ro,77

locality ~ Sots Combined - Name of the Sicve - B,5,8ieve
Mass of the sample « 80 gms, Method of shaking -« Autonmatie
shaker

Tine of ghaking « 10 minutes Date of analysios

Mesh ! GSoreen Opening '  Wt, ‘'Corrected 'Corr, Wt,%'Cammdative
No. preemey TtEINGE ' W, ! yetained ! rotained

Milimster 10 b, in gms. | in gms. | in ges, "Wt % dn gos,

25 0,5944 0.7418 0,147 0.148 0,206 0,096
36 0,42064 1.,2460 0,406 0,407 0,814 1,110
62 0,20464 1,760 2,6 = ,% o442 6,862

7 0,21082  2,2400 12,610 12,686 26,17 31,704

160 0,10414 3,2642 6,22 6,204 10,4£8 85,432
1™ 0,08890 3,4916 1,677 1, €87 3,374 88,806
B0 0,07620 3,740 1,800 1,811 3,622 92,428
Pan 2,632 £, 648 6,206  £9,998
T 0T AL - 49,608 49,099
1085 IN WEIGHT 0,302

{ ANALYST )



REPORT OF SIEVE ANALYSIS
Sample No,08

Iocality - Hatni Sot
Mass of the sample - &0 gns,

Tims of sheking = 10 minutes

Name of the Sieve «~ 5,5,3iave
Mothod of shaking - Automatic

ghaker

t

Date of analysim

Mesh ' Screen Opening ' wt, ‘Corrected ‘Corr, Wt,%'Cummulative
No, - oo 'TOLRINOA ' WG, ! retalned ! retained
Mllineter In § , i0 $o8; | in gms, | din gms, 'WE.% in g,
— Sonle —
25  0,50944 0,7418 0,200 0,01  0.602 0,802
62 0,20464 11,7630  8,4%0 8,497 16,004  £0,542
- 72 0,21082 2,460 21,190 21,162 42,324 62,866
120  0,13446 3,0066 15,150 15,180 30,360 93,226
180  0,10414 23,2642 1,485 1,488 2,976 96,202
1%  0,08890 @,4918 0,380 0,381 0,762 96,064
990 9.07620 34. 714& Op 515 Oa 516 1#032 971996
? 0T AL 40,000 49,009 ‘

1085 IN VWEXGH? 0,100

{ ANALYST )



REPORT OF SIEVE ANALYSIS
Sample Ko,07

Locnlity = Khanjwa Sot Name of the sieve - B,5,51eve

Mass of tho sample - 50 gms, Method of shaking - Auntomatic
shaker

Time of shgking -« 10 minutes Date of anamlysis:

Mesh ' Screen Opening ' W&, 'Corrected 'Corr, Wt,£'Cummative
No, . — TOtRined ' W, ' retained ' retained
Mllimeter' In b @ i g8, «in gns, ¢ 4n gos, (W€ in ems

i

25 0,60844 0,7418  0,662. 0,667 1,334 1,334
36 0,42164 1,240 1,762 1,764 3,528 4,862
52 0,29484 1,7630 5,987 6,020 18,068 16,920
72 0,21082  2,2460 16,397 15,608 81,010 47,940
120 0,12446 8,006 16,826 16,043 33,886 81,826

160 0,10414 = 3,2642 3,175 3,1907 6,24 88,210
170 0,08880 3,4916 1,005 1.012 2,024 90,234
200 0,07620 3,740 1,807 1,817 3,084 93,068
040 0,06350 3,9775 0,807 0,003 1,806 95,074
Pen 2,446 2,462 4,024 99,098
T 0T AL 4p,652 49,999
L0SS IN WRIGHT 0,348

( ANALYBT )



REPORE OF SIEVE ANALYSIS
Sample No.48

Locality -« Mohand Rzo - Sultrad Nams of the Siove -~ B,5,5ieve
Mgss of the seamole - 50 gms, Method of shaking - Automatic

sheker
Time of shaking ~ 10 minutes Dnte of analysis:
" - I
Heah' Sereen ogening ' mtﬁ;ed ‘Gormof.od "ﬂorr. Wt.ﬁ’cummnative
s M1 1metert 0P | P e, e g n .
M rmte”,scaln { o ¢ ! ' hd |
26 0,50044 0,7418 2,970 2,977 3,084 5,954
36 0,42164 1,280 4,475 4,485 8,97 14,024
62 0.0046¢ 1,760 12,00 12,117 24,234 2,168
7 0,20082 2,2460 17,130 17,160 34,338 73,406
120 0,10446 35,0066 10,465  10.480 20,978 94,474
150 0,10414 S,2642 1,345 1,348 2,808 97,17
170 0,08890 3,4916 0,865 0,356 0,72 97,882
200 0,07620 3,7140 0.440 0,441 0,882 98,764
240 ©0,0635 3,0776 0,187  G.187 0,37 99,138
Pen 0,430 0,431 0,862 100,000

T 0T AL 49,887 &0,000

wes IN wWEIGHT 0,113

(AVALYST)



REPORT OF SIEVE ANALYSIS
Sample No,64

locality = Main Solani River  Name of the Bieve = B,8,Sieve
Mass of the sample - 50 gms, Mathod of shaking - Automatic

| | Shaker.
Time of shaking - 10 minutes  Date of analysis
S amen - e r—p—

Huah’ Screcn opening ' Wb, 'Corrocted ’Gorr,w.i ’C\mmzhtiﬂ

" initnater; T g P e | in'she, inum. 'Mcfin em.
28 0,50044 0,7418 0.922 0.983 1,846 1,846
38 0,42164 11,2460 ° 2,132 2,134 4,263 6,114
62 0,20464 1,780 7,220 7,827 14,454 0, 568
72 0,21082 2,2460 15,016 16,930 31,860 62,428
120 0,12446 33,0068 16,840 16,866 33,12 86,140
180 0,10414 3,2642 3.4% 3,433 6,866 23,006
1% 0,08800 3,4916 ©,002 0,903 1,806 94,812

200 0,07820 3,740 1,196 1,106 2,302 97,204
240 0,06350 3,0776 0,472 0,478 0,944 08,148

TOTAL 49,963 $0,000

1088 IN  WBIGHE ©,047

-«

( ANALYST )



RT OF SIEVE ANALYSIS
Sample No,84
Locality - Mohand Rao Name of the Sieve ~ B,8,5icve
Mass of the gample ~ &% gns, Mathod of sheking -~ Automatic
Shaker

Tine of shaking ~ 10 minutes Dato of snalysis:

Mesh, Screen Opentng ' Wi,

M ' ] p—p ' '

nia | R Stk S

0 Yy - Petaline ' » re @ 4 od
';Mininetor' Ing? m,m‘; in gos, ; in gma, ; W, %in gms,

A fscale ! | ] | |
25 0,504 0,7418 3,000 3,002 68,004 6,004
36 0,42164 1,240 4, 7% 4,733 9,466 15,470

52 0,20464 1.76% 13,198 13,208 26,412 41,882
72 0,21082 2,248 16,765 15,774 31,548 73,430

120 0,12446 3,00668 9,460 9,465 18,9830 98, 360
160 0,10414¢ 3,2642 1,402 1,403 2,06 95,166
1170 0,08800 23,4916 0,522 0,522 1.044 96,210

Pen , 1,000 10000 1,001 2,002 100,000.

TOTAL 49,071 £0,000

N s

108 IN  WEIGMY 00,020

{ ANALYST )



REPORT OF SIEVE ANALYSIS

Sample No,61
Locality =~ Sulcrao Name of the Siove = B,8,5{eve
Mgss of the sample -~ £ gns, Mathod of shsking =~ Automsatio
shaker
Time of shaking - 10 minutes Dgte of analysia:

s — L e ' yom— Y v
Mesh ! Sereen Opening ' W, ‘Corrected 'Corr, Wt,%'Cummdative
No, =~ 'W: retained | W, ? retalned | retained
M11imeter! gogres 1O SE8e 10 gws, I in gms, 'WE.% 1n gme

26 0,50944 0,718 2,405 2,417 4,83 4,834
36 0.,42164 1,040 3,016 3,085 7,8 12,704
82 0,20464 1,760 8,330 8,373 16,746  £0,480
72 0,21082 2,040 14,510 14,886 20,172 58,600
120 0,124 3,006 13,342 13,410 26,820 86,442

1% 0,10414 3,8642 3,032 3,048 6,006 91,538

170 0,088%0 3,416 0,838 0,839 1,678 93,216

200 0,07620 3,714 1,107 1,118 2,226 06,442

240 0,06380 3,9778 0,772 0.777 1.5624 96,906

Pan - 1,492 1,500 3,000 99,096
T O T AL 49,740 49,908

e -

( ANALYST )



BEPORE ON SIEVE ANALYSIS
Sample No,92

Iocality « Tributary to Sutrad Name of the Sleve -~ B,8,51eve
Mags of the sample - & gnms, Method of shoking = Automatie

| shaker
Time of shaking ~ 10 minutes Date of analysiss
S — — S
Mesh! Screen Opening ' W, ‘'Corrected 'Corr, Wt,%'Cumrulative
Ko, ¢ Yy Teteined W, ; rotained | retained
'M11imotor! pogle, I BEG. | in gms, | in gme, 'Wt,E in gums,
- = , —
25 0,89244 0,7418 0.182 0,182 0,364 0,364
36 0,42164 1.2460 0,667 0.860 1.338 1,72
52 0,20464 1,760 3,340 3,348 6.696 8,398
72 0,21082 2,2460 9,002 9.024 18,048 26,446
120 0,12446 3,00668 21,477 7,531 43,062 69, 808
150 0,10414 2,8643 6,347 6,363 12,726 82,234
1% 0,08890 3,4916 1,998 2.000 4,000 86,234
200 0,07620 3. 7140 | 2,586 2. 561 5,182 91,416
240 0,0638 3,9776 1,606 1,509 3,018 94,434
Pan ¥4 - 8,776 2,782 5, 664 99,098

TOT AL 49,875 4,999

L03s IN  WEIGHT 0,128

{ ANALYSYT )



REPORT ON SIEVE ANALYSIS

Iocality - Sukrao

Name of the sample = 50 gms,

Time of chaking - 10 nminutes

Sample Ro,53

Name of the Sleve - B,8,8ieve

Hethnd of shaking -~ Automative

shaker

Date of analysiss

lhahT Screen Opening ; Wt, :Ocrrectcd ;Oorr,wt. $:Cuxmmnatin
Ny Jomrmmes '—m—a—: retained ' W, ° retalned’ retained
Millimetor o0, 10 658, in gms, | in gme, WS o gxe,
26 0,50044 0,748 2,197 2,208 4,416 4,416
36 0.,42164 11,2480 3,676 3, 503 7.186 11,602
62 0,20464 1,7630 ¢.682 B, 731 19,462 31,064
72 0,21082 2,240 14,647 14, 620 29,240 60,04
120 0.12446 3,0066 13,155 13.221 26,442 86, 746
1 0,10414 88,8642 2,728 £, 736 5,4 92,216
1% 0,088%0 3,4016 0,728 0,729 1.458 03,674
£00 0,07620 38,7140 1, 255 1,261 2,522 96,196
240 0,0635%0 3,9776 0,806 0.800 1.618 97.814
Pan 1,087 1,002 2,184 99,998
T 0T AL 43,780 49,909
10s8 IN WEIGHT 04250

( ANALYST )



REPORT OF SIEVE 918

Sample No,87
Locality - Main Chillavala Nome of the Sieve - B,3,8ieve
Mass of the sample -« 80 gms, Mathod of shaking -~ Automatie
shaker
Tine of sheking -~ 10 minutes Date of analysias

Mosh' Secreen Opentng ! Wt, ‘Corrected ‘Corr, Wt,%'Cummiative

No,'_ | retedned ' W&, ! retained ' retained
' n@g ' in gms, ' in gms,
:Hnlimettr‘ scaln: ‘

-

in gns, :wt.% in gms,
¢ 4 t

o

28 0,5094¢ 0,7418 0,410 0,410 0,820 0,820
36 0,43164 1,260 2,880 2.883 5, 766 6,586
62 0,20464 1,760 15,410 15,427 20,864 37,440
72 0,21082 2,2460 22,310 22,334 44,668 82,108

120 0,12446 3,0066 8,080 8,080 16,17 98,286

160 0,10404 33,2643 0,430 0,430 0.860 99,146

170 0.,08800 33,4916 0.110 0,110 0,220 90,366

20 0,07620 3,74 0,120 0,120 0,240 89,606

240 0,06380 3,9776 0,080 0,080 0,100 99,6
T 0 % AL 49,945 49,998

1088 1IN WEIGHT 0,086

( ARALYST )



REPORT ON SIEVE ANALYSIS

Sample 80.89
Iocality - Chikna River Hame of the Sieve ~ B.s.SIeve
Mass of the aample ~ 50 gma, Mothod of shaking « Automatie

shaktey
Time of shaking - 10 minutes Date of analysise

Megh, Soreen Opening ! Wt, ‘Corrected ‘Corr, Wt,%!Cummulative
Noy marememe e r;tainedé W, | retalned | retained
4 Milimeter soarer - P, 0 €% ingms, (W in gm,

28 0,59944 0,7418 0,230 0,231 0,462 0,462
36 0,42064 11,2460 1,245 1,261 2, 502 2,964
§3 0,29464 1,760 7,750 7.70 15,580 18,544
72 0,21082 2,2460 18,660 18,6885 37,310 55,864
120 0,12446 3,0066 16,880 16,966 33,932 89,786
180 0,10414 3,2642 2,600 2,513 5,026 94,812

170 0,08890 38,4916 0,606 0,608  1.236 06,028
200 0,07620 3,740 0,725 0,79 1,468 97,486
240  0,06380 3,9775 0,400 0,402 0,804 98,200
pan 0,850 0,85 1,8 99,008

2?0 7T AL 49,746 49,999

"

1088 IN  WEIGHD 0,286

(AWALYST)



ORT_ON_8IE Y818

Sample Yo,80
Locality = Chillawala Reo Name of the Sieve - B,8,8icve
Mang of the somple - 850 gma, Hothod of shaking -~ Automatic
_ shoker
Timo of sheking - 10 minutes Date of analysist
—— ~ - = Y we——

MoghY Scraen Opening '' Wt, ‘'Corrmoted ‘Corr, Wt,%'Cummulative
* ' ratained * ut, ‘retained ‘' retained

Nou o T g
ot ng. _ ' ' ot
'v'mnimeter:,mum m .gms. . in gus_.' X in gms, ’wt.ﬁin gms,
256 0,50944 00,7418 &,N6 1,78 3,416 3.416
36 0,42164 1,2460 4,060 4,086 8.132 11,.680

62 0,20474 11,7630 13,70 13, 142 27,484 39,034
7 o,2082 2,240 19,678 19,707 30,414 78,448

120 0,12446 3,0066 0,086 8,100 18,200 96,648

160 0,10414 3,2642 0,787 0,788 1,576 98,224

170 0,08890 3,4916 0,220 0,820 0,440 98,664

200  0,07620 3,740 0,236 0,236 0,40 99,13

P40  0,06360 3,977 0,120 0.120 0,240 99,374

Pan 0. a2 0,312 0,626 99,098
T O T AL 49,919 40,998

1088 IN WEIGHR? 0,081

( AVALYST )



REPORT OF SIBVE ANALYSIS
Sample No,&3

Iocality = Main Chillawala River Name of the Stove - B,5,S1leve

Mass of f.ho sample - &0 gms, Method of shaking = Automatie
shaker

T4ms of shaking - 10 minutes Date of analysise

Mesh' Screen Opening ! wt, ! Corrested'Corr, Wt,#'Cummidative
oy ‘mes . ' retained’ W, ! retained ' retained

"M111imeter M@ "1n gns,' in gms, ' in gma, ‘Wt % in gms,
soale! ' ' '

36 0,42164 1,2460 3,087 4,010 8,020 10,006

62 0,20464 1,7630 14,682 14,666 29,332 39,428
72 0,21082 2,2460 18,615 18,924 37,848 77,276
20

120 0,12446 3,066 9,412 9,466 18,032 96,208
18 0,10414 3,2642 0,936 0,940 1,880 98,088
1% 0,08890 3,4916 0,285 0,266 0,62 98,600
0 0,07620 3,740 0,280 0,282 0,864 99,164
200 0,06380  3,9776 0,080 0,080 0,160 99,324
Pan 0,365 0,337 0,674 99,008

T 07T AL 49,73 4,009

1088 1IN WEIGH? 0,287

~ ( ANALYST )



REPORT ON SIEY Y818
Sample Yo, 58

Ioaglity = Budhwa 511t River  Name of the Sieve - B,S,8ieve
Mass of the sample « BOgmksi .- Method of sheking - Automatio

shgker
Timg of ghaking « 10 minutes Date of snalysis:
Hesh” Screen npming ' we, ’ c‘arrcetod'corr.m. #’cmﬂ.atlve
No§ "o 157 : retained ! W, X ! petained ' pretained
Millimeter! wogle! i m' in gms, 1 in gus, W‘b‘ﬁ in gas,
26 0,50044 00,7418 0,660 0,662 1.324 1,324
38 0.42164 11,2460 2,400 2,407 4,814 6,138

B2 0.00464 1,763 11,508 11,631 23,262 29,400

72 0,21082 £,0460 20,840 20,006 41,812 71,212
120 0.12446 3,0066 12,010 12,048 24,096 95,308
160 0,10414 3,2642 1,287 1,298 2,584 07,892
170 0,08890 3,406 0,307 0,308 0,616 98,508
200 0,07620 8,740 0,207 @298 0,606 99,104
240 0,00360 3,776 0,147 0,147 0,204 99,308
Pan 0,300 0,301 0,602 100,000

7 0T AL 49,84 80,000

085S IN WEIGHT 0,167

{ ANALYST )



REPORT OF SIEVE ANALYSIS
Sample No,&0

Iocality = Main Chillawala River Name of the Sieve = B,8,81eve

Mass of the sample = 50 gms, Msthod of shsking - Automatic
shaker

Time of shaking « 10 minutes Date of analysiss

Moah' Screen Opemng Wt. ’Gorrocted ’Gorr. Ht.s 'Cmulauve
No. ra!:aﬂ.nad W, ' retained ' retained

™n g 1" ] .
.mnmtazam“ , ingas, ' in gns, ' in gus, WS in gns,

26 0,50044 0,7418 1,095 1..oge 2,102 2,182
38 0,42164 R, 240 2,97 £.974 5,048 8,140
52 0.,00464 1,760 12,476 12,4 24,980 33,120
72 0,01082 2,240 22,007 22,254 44,468 77,598
120 0,12446 23,0066 10,222 10,234 20,468 98,066

180 0,10414 3,2642 0,620 0, 621 1,242 99,208
170 0,08800 35,4916 0,0 0,07 0,140 99,438
200 0,07620 3,N40 0,130 0,130 0,280 99,608
240 0,06350 3,9776 0,060 0,080 0,100 99,798
Pan 0,100 0,100

T 07T &4 L 49,929 49,998

LOSS IN  WEIGHT 0,061




REPORT OF SIEVE ANALYSIS
S8ample No,67

Logality = Tnbutavy near Cangl Name of the siove — B,5,8ieve
erogsing,to Solani

Mass of the sample -~ 80 gmsy Method of ahaking " Ammatic
er
Time of shaking « 10 minutes . Daote of analyss.s:
L4 ' L 4 3 4
Mesh ' Screen 09enmg ’ 'Oorrcctcd 'Corr.wt.% 'Cmmnative
No, ! — rotained t W, ! retained! racained
¢ Ino'insms.'mzms.'mms. wt,f in gms,
¢ Hillimatat Scale' ' ' '
[} L 4
265 ‘0,59944 0,.7418 0,200 0,200 0,400 0,400
3¢  0.42164 11,2460 0.6% 0,567 1,142 1,542
52  0,20464 1,760 0,622 0.623 1.296 2,788
180 '0.10414 5_3.2642 9,100 9.._210 18,420 86,192
17 0,08880 3,4916 2,406 2,410 4,820 91,012
200 0,07620 3,140 1.288 1,288 2,676 93,638
240 0,083 3,0776 1,272 1,276 9,550 96,088
Pen 1,026 1,929 3,858 90,996
T 0 T A L 49,801 49,098
1088 IN WEIGHT 0,109

( ANALYST )



REPORT OF SIEVE ANALYSIS

Sample No,71

locality - Eastem branch of the FName of the sivwe - B,S, S8ieve
tributary to Solani '
near Ganges cangl crogs-

ing, _
Mase of the sample = 50 gms, Mothod of ahaking - Autonatis
shaker
Time of shsking « 10 minutes Date of analyaiaz
L L § ¥ w——" 4 ™
Mosh ' Screen Opening ' W, ! Gorrected'corr. Wt.%’(:znnmulntiva
No, '... ; vetained '  Wt, . ' retained ' retained
.mum.r Inp , inems, | in gos, = In gns, Wt.% in gus,
» ' scalu ' ! | c
26 0, m944 0,7418 0.140 0,141 0.282 0.282
36 0,42164 1,249 0,440 0sda2 0.884 1,166
& 0,20484 1. 7630 2.780 - B, 706 6, 502 6,768
7 0,21082 2.,2460 0.580 8. 616 18,232 26,990
120 0,12446  3,0066 20,722 20,843 41,686 67,676
10 0,10414 8.2642 6,616 6, 654 13.308 80,084
1% 0,08890 3,918 2,167 2,17 4,340 85,324
20 0,076 3,740 2,268 2,278 4,556 89,880
240 0,06380 3,9776  1.6M 1,6% .58 93,088
Pan 3;4@‘ 3. %20 6§ 980 99,9898
T 0T ALY 49,709 49,999
1088 IN WEIGHT 0,201

( AVALYST )



REPORT OF SIEVE ANALYSIS
Somple No,73
Locality = Western branch of the  Name of the sieve - B,5,8ieve

tributary to Solani
near Ganges oanal

croasing,
Masa of the sample ~ & gnms, - Methnd of shaking - Automatie
. sheker
Time of shaking - 10 minutes Date of analysiss
ey - y— - -
Mesh ' Sereen Opaning f W, ‘Gcrractad ’Corr. .ﬂ' Oumnulatlw
No, ! ot mtas.nea we., ! retained ' raetained

fﬂilumator In 3. in gus, ! in gns, ! in gms, | W.£ in enm.

25 0.G044 0.7418 0,007 0,007 0,014 0,014
36 0,42164 1,2460 0,046 0,046 0,000 0,104
52 0,09a64 1,769 1,616 1,818 8,036 3,140
72 0,082 2,240 14,636 14,568 29,136 32,276
120 0,19446  3,0066 265,980 26,0385 52,076 84,362
160 0,10414 3,2642 4,767 4,778 9.656 08,908
1 0,088%0 3,4516 1,242 1,246 2,400 06,308
200 0,07620 3,7140 1,008 1,007 2,014 98,412
200 0.06380 3.97% 0,236 0,235 0,47 98,882
Pen 0,567 0,58 1,116 99,096
T 0T AL 9.888 49,199

Los3 IN WEIGHY

( ANALYST )



REPORT OF SIEVE ANALYSIS
Sample No,70(atbro)

Locality « Tributary To Solani Rame of the Siove - B,8,8ieve
Canal Crossing

- Mgss of the semple - 80 gms, Method of gheking - Automatio
, | shoker
Time of shaking « 10 minutes °  Date of analysis
Hesh ’ Bereen O-penmg ' W, Gormoted 'Go rr, m.x’cmmative
No, : retained : we, ! ! patained ' retained
,Millimter In 3 , ingms ! in gns, ) in gms, WL in gms
] 00 '] ' 4 ’.
26 00,5944 0,7418 8,000 2,928 5,368 ' 5,844
3¢ 0,47164 ©,2460 4,200 4,208 8.584 14,428
2 0,20464 1,760 6,480 6,520 13,058 27,486
72, 0,21082 2,2460 9,490 9, 562 19,124 46,610
120 0,12446 3,0066 14,140 14,248 28,406 76,108
150 0,10414 3,2642 4,236 4,267 8,534 83,640
170 0.,08890  3,4916  1.487 1,498 2,006 86,638
200 0,07620 3,714 2,102 2,118 4,236 90,872
240 0,06350 3,977 0,475 0,479 c.958 01,830
Pan 4,052 4,083 8,166 99,908
T O T AL 49,601 49,998
108S IN WEIGHT 0,3%

( ANALYST )



REPORT OF SIEVE ANALYSIS

Sample No, 74
Iocality = Laloltuala River Nams of the Sieve -~ B,S,8icve
Mass of the sample - & gms, Method of shaking «~ Automatie
| shaker
Time of shaking — 10 minutes Date of anelysis:
Y ~ —_—y — | T -

Megsh' Screen Opening ¢ Wi, ' Corrected'Corr, Wi, % 'Cummulative
¥No. " W : ratained ' W, :retained :ret;aincd |
’ Mi11imetes P g ' in gns, in gms, ! in gms, 'Wt,i in gxs,

-

' y scale; H ' '
213 0, %944 0,7418 1.1%0 1,165 2,330 2.330
38 0.492164 1,2460 2, 600 2,612 B, 224 7,554

62 0.20464 1,760 11,520 11,574 23,148 0. 702
72  0,21082 2,240 20,8 20,960 41.938 72, 640
120 0.12446 3,0068 11,588 11,610 23,220 96,860

160 0.10414 3,2842 0.0 0.934 1.868 87,728
17% 0.,08890 3,4016 0,236 0.236 8,472 98,200
200 0,07620 3,7 0,310 0,311 0,622 98,822
240 0,06350 3,8776 0,106 0.108 0.210 99,032
Pan 0,480 0 .482 0,864 99,926

T 07T AL 49,166 49,958

1088 IN WRIGHZ 0,238

{ AYALYST )
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