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ABSTRACT 

Thi s t h e s i s o u t l i n e s work undertaken on the 
bed-load and sediment movement i n two small catchments 
i n Northern England, the Lanehead Catchment (Weardale) 
and the Netherhearth Catchment ( T e e s d a l e ) , which are 
s i t u a t e d i n the A l s t o n Block, the p a r t of the Northern 
Pennines most wi d e l y d e s c r i b e d by r e s e a r c h workers. 

In s e c t i o n one a gener a l d e s c r i p t i o n of the 
p h y s i c a l f e a t u r e s of Northern England i s given, w i t h 
p a r t i c u l a r a t t e n t i o n paid.to Weardale and Teesdale 
w i t h i n t h i s general context. I n t h i s s e c t i o n a l s o , a 
h i s t o r y of previous r e s e a r c h in t o the problems of 
sediment movement i n Great B r i t a i n , Northern America 
and Western Europe i s o u t l i n e d . 

S e c t i o n two contains a d e s c r i p t i o n of the methods 
of f i e l d i n v e s t i g a t i o n , and the v a r i o u s techniques used 
i n the a n a l y s i s of the sediments. A t t e n t i o n i s focussed 
on the r e s u l t s obtained from the bed, the bank and the 
t r a y s . Using stone count a n a l y s i s and the long a x i s 
measurement of m a t e r i a l l a r g e r than 2 i n c h e s , attempt i s 
made to d i s c o v e r the l i t h o l o g i e s of the sediment, and 
the c a p a b i l i t y of these streams to move the coarse as 
w e l l as the f i n e sediment. T h i s s e c t i o n a l s o i n c l u d e s 
a b r i e f study of some water samples and an assessment 
of the m a t e r i a l i n s o l u t i o n p a s s i n g a c e r t a i n point 
a t a c e r t a i n time. 

Sec t i o n three i s a d i s c u s s i o n of the f i n d i n g s of 
the whole study i n a form of co n c l u s i o n . 
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SECTION ONE 
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INTRODUCTION 

In many ways the studies of sediment movement ihi 
streams i s governed by the economic importance of such 
streams. Where streams are v i t a l f o r agric u l t u r e or 
provide water f o r dams and i r r i g a t i o n schemes, studies 
of the volumes of sediments carried by such streams are 
often of c r u c i a l importance. I n the northern Pennines, 
with I t 'a. high r a i n f a l l a great many streams are, as yet, 
not u t i l i z e d by man. Possibly the lack of such u t i l i s a t i o n 
accounts f o r the very few studies which have been made of 
sediment transport i n the streams of Northern England. I n 
order to provide some quantitative information on the 
nature of bed load and sediment movement two small catch
ments were chosen f o r detailed studies. One catchment, 
(the Lanehead catchment)is located i n Upper Weardale^and 
the other,^the NetherhearthCatchment)is situated i n Upper 
Teesdale w i t h i n the Moor House National Nature Reserve. 

This study i s presented i n three major sections:-
Section I 

In t h i s f i r s t section the nature of the physical 
environment of the Northern Pennines i s described and more 
detailed descriptions are given of the Weardale and 
Teesdale Catchments w i t h i n t h i s general context. This 
section also includes a b r i e f review of the previous work 



on the study of sediment movement i n Great B r i t a i n , 
North America and West European Countries. 

Also included i n t h i s section i s a description of 
the Lanehead and the NetberheartKcatchments including 
suoh topics as geology, slopes, vegetation cover, and 
the characteristics of the bed and banks of the streams 
during the study period. 
Section I I 

This section describes the methods of f i e l d 
investigation and the various techniques used i n the 
analysis of the sediments. Several problems which arose 
during the f i e l d and laboratory investigations are 
described. The f i n a l part of t h i s section i s concerned 
wi t h a s t a t i s t i c a l analysis of the data which were obtained 
fo l l o w i n g laboratory analysis of material collected from 
the stream bed, stream banks, and from trays placed i n the 
stream bed. 
Section I I I :-

Section three includes a comparison between the results 
obtained from the Lanehead and the Netherheart Catchments 
and showing of in t e r r e l a t i o n s h i p s between d i f f e r e n t types 
of analysis. 

3 



Chapter One 

The Physical Background of Northern England with P a r t i c u l a r 
Reference to Weardale and Teesdale 

Introduction:-
This study was carried out In two areas, both of 

which are situated i n the Alston Block area of the 
Northern Pennlnes^Pig. 1 . 1 . ) • 

The f i r s t area i s a small catchment i n Weardale and 
consists of two small peaty t r i b u t a r i e s . The other area 
which was chosen f o r comparative purposes i s the 
Netherhearth Catchment i n Teesdale, situated w i t h i n the 
Moorhouse Nature Reserve. 
a) Position of Weardale i n Northern England 

The River Wear rises on high land at 2300 feet l y i n g 
to the east of the main Cross-Fell range, and i s separated 
there from the valley of the South Tyne. 

At i t s upper end the Wear Valley i s divided int o 
three main valleys. The northernmost i s the Killhope Burn, 
with the other two being occupied respectively by the Welhope 
Burn and the Burnhope Burn. The Wear i t s e l f i s formed by 
the union of these three streams. 

The Rivefe Wear receives numerous small t r i b u t a r i e s 
from the watershed areas to the north and south, with the 
majority of these meeting the main channel almost at r i g h t 
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angles. 
The area i s hounded on the north by the catchments 

of the River Derwent and the River East A l l e n ; on the 
south by Teesdale, and on the west by the uplands of 
Killhope Law and Burnhope Seat. 

In general the River Wear follows an easterly 
course through a narrow valley w i t h i t s f l o o r a l l above 
5 0 0 feet O.D., and with the highest parts of the dale 
being found on the south-west margin where Burnhope and 
Harthope Fells r i s e to 2 0 0 0 and 2452 feet respectively, 
b) Position of Teeadale i n Northern England:-

The River Tees rises on the southern shoulder of 
Cross F e l l and drains from the Alston Block i n a south
easterly d i r e c t i o n . The r i v e r v a l l e y i s one of the most 
d i s t i n c t i v e of the Pennine dales. I t i s characterised 
by the widespread outcrops of the i n t r u s i v e Whin S i l l 
which give the landscape a pattern considerably d i f f e r e n t 
from the limestone dales which surround the area. The 
r i v e r head i s situated amongst the wildest of the Pennine 
moors and draws i t s water from the slopes of the highest 
summits. 

Teesdale, as i t i s generally referred t o , covers, 
together with i t s t r i b u t a r y v a l l e y , an area of some 3 0 0 

square miles. I t i s l i t t l e more than 3 0 miles long and 
some 15 miles i n width at i t s widest point. 



The Moor House F i e l d Station l a situated at the 
head of Teesdale. The Nature reserve of the s t a t i o n 
covers 1 0 , 0 0 0 acres of high moorland and f e l l country 
i n Upper Teesdale and the Westmorland Pennines to the 
south of Cross-Fell. The Nature Reserve i s situated 
i n the north-east corner of Westmorland and the 
northern boundary, along Crosdundale Beck and the 
r i v e r Tees, i s also the County boundary between Cumberland 
and Westmorland. At Crook Burn foo t on the Tees i h f i 
County boundaries of Cumberland, Westmorland and Durham 
meet. On the west of the Nature Reserve l i e s the 
Pennine Escarpment, which rises steeply i n a Beries of 
beaches from the low-lying ground of the Vale of Eden 
and forms the western boundary of the resefeve. 

The Tees Valley i s very wide i n the region of the 
Nature Reserve and forms a wide amphitheatre near i t s 
head between Hard H i l l and L i t t l e Dun F e l l . A s i m i l a r , 
but wider, amphitheatre occurs i n the Trout Beck drainage 
area between Knock Ridge, Knock F e l l , Oreat Dun F e l l and 
Hard H i l l . The low rounded h i l l s i n the Tees Valley at 
the eastern and northern margin of the Nature Reserve are 
formed of g l a c i a l d r i f t and appear to represent drumlin 
and moraine-like features. 
A. Geology of Northern-England :-

The geology of Northern England consists of a gently 



warped mass of, Carboniferous rocks overlain by 
Permian and Triassio sediments i n the extreme south
east. The lower Palaeozoic f l o o r emerges i n the 
Cross-Fell i n l i e E on the western margin of the area. 
To the north the Carboniferous sediments pass down in t o 
a considerable mass at Upper Old Red Sandstones, except 
i n the eastern Cheviot region, where the Carboniferous 
base laps over thic k layers of lower Old Red lavas. 

Younger rocks are now r e s t r i c t e d to thre'e areas 
with the most extensive of these outcrops being i n the 
south-east, where beyond an i r r e g u l a r l i n e running from 
the mouth of the River Tyne to the River Tees below 
Barnard Castle the Magnesian Limestone i s found. Triassio 
strata also outcrop i n the lowlands at the head of the 
Salway round C a r l i s l e , and extend south-eastwards up the 
Vale of Eden between the Pennine and Lake D i s t r i c t high
lands to Kirkby Stephen^ Fig. 1 .2.V F i n a l l y , a narrow 
fr i n g e of Triassic rooks flanks the western margin of the 
Lake D i s t r i c t highlands along the Coast south of 
Whitehaven. The Alston Block i s the most Important 
s t r u c t u r a l feature of the geology of Northern Pennines, 
and i s the most northerly of the Pennine domes. I t 
reaches i t s highest elevation of 2930 feet at Cross F e l l . 
I n common with a l l Pennines blocks the western edge i s 
more abrupt and 1B broken by the great-Pennine Fault Scarp. 
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I t s northern edge Is defined at i t s western end by the 
east-west Stublick Fault system, while to the south i t 
i s separated from the Yorkshire Askrigg Block by the 
Stainmore depression. 

The whole of North England presumably once had a 
complete cover of Carboniferous rocks although 
Carboniferous sedimentation d i d not apparently begin at 
the same time throughout the area. Quite apart from the great 
differences i n the amount of Carboniferous sediments, there 
were also considerable differences i n thicknesses of 
Carboniferous rocks as o r i g i n a l l y l a i d down. Daysh and 
Symonds, 1953$ estimated the general stratigraphy of the 
Vest Durham Carboniferous Series as follows:-

Upper Coal Measures 
Middle Coal Measures 
Lower Coal Measures _ 

Approx. average thickness 
i n f e e t 

over 1000 
Shales-Sandstones and about 800 

Coals 
200 to ZkO 

Millstone G r i t (Sandstone, Grits and Shales) 3 5 0 to 5 0 0 0 

Limestone Group (Limestones, Sandstones and 2 0 0 0 to 3 0 0 0 

Shales) 
The northern Pennine h i l l s are formed of rocks of 

Carboniferous age. The region i s s t r u c t u r a l l y a t i l t e d 
double f a u l t - b l o c k l y i n g between the Tyne Valley and the 
Craven Country of West Yorkshire. The rocks exposed i n 
the Pennine dales are c h i e f l y of lower Carboniferous age 10 



and the successions are t h i n as compared with regions 
north and south of the bounding f a u l t s of the block. 
Upper Carboniferous deposits occur as o u t l i e r s on the 
high watersheds i n the western and central part of the 
region and these coalesce eastwards to form a continuous 
outcrop brought i n by the easterly regional dip. The 
f a u l t s bounding the Northern Pennine Block were active 
during the deposition of the Carboniferous succession 
and the block was not submerged by the carboniferous 
seas u n t i l t h i c k sequences of s t r a t a had been l a i d down 
i n the surrounding basins. Even so, between 2000 fee t 
and 3000 feet of Carboniferous deposits are present i n 
the Northern Pennines. 

Several subdivisions of Carboniferous succession 
have been attempted, although that suggested by Dunham, 
(191+8) f o r the Alston Block i s probably the most widely 
accepted. 

Table: 1 .1 

Local Millstone O r i t 
Carboniferous 
Limestone 
Series 

r Upper Limestone Group 
Middle Limestone Group 
Lower Limestone Group 
Basement Group 

In t h i s succession Dunham stressed that the 
l i t h o l o g i c a l variations were l a r g l y governed by the 



sedimentary u n i t s . He also summarized the geological 
sequences as follows:-

Table 1.2 

Group Main Strata approx.thicknee 
(Local Millstone Coarse g r i t s , Sandstone 275 - 3 7 5 f e e t 

G r i t and Shales with ganisters 
between the groups 

Upper Limestone Coarse g r i t s , Sandstone 580 - 780 tt 

Group ganisters, t h i n Coals, 
Limestone and Shales 

Middle Limestone Rhythmic a l t e r n a t i o n of 725-850 " 
Group Limestones, Shales 

Sandstone and t h i n Coal 
Lower Limestone Massive Limestone over 3 0 0 - 550 * 

Group l a i n by a l t e r n a t i n g 
Limestones, Shales, 
Sandstones 

I . The Geology of Upper Weardale :-
The dale ranges i n a l t i t u d e from 2I4.52 feet at Burnhope 

Seat i n the west to 600 feet at Stanhope i n the east. 
Within t h i s a l t i t u d i n a l range slope form i s largely 
governed by the characteristics of l i t h o l o g y , geological 
dip, and s u p e r f i c i a l deposits. The f l a t areas to the east 
and west of Killhppe Law jjUst over 2100 fe e t are s i m i l a r l y 
developed on the Middle and Upper Carboniferous Limestone 
Stratum w h i l s t Killhope Law i t s e l f (2208 f e e t ) consists 
on o u t l i e r of the lowest ( M l l l s t o n e G r i t ) Sandstone. 

The geological structure and l i t h o l o g y of Upper 
Weardale can always be related to the regional geology \2 



of tbe Alston Block which has long been the s i t e of 
detailed investigations b y ; s t r u c t u r a l geologists and 
mineralogists such as Woolacott, ( l 9 0 f ) R a i s t r i c k , ( l 9 3 l ) 
Dunham. (l9W) and Johnson.(1963*•_ 

In Upper Weardale, the correspondence of detailed 
topography to l i t h o l o g y 19 so precise that sometimes, 
where a resistant geological horizon has been s h i f t e d 
by f a u l t i n g , there 1B a change i n the p o s i t i o n of the 
topographical feature associated with' i t . This i s w e l l 
i l l u s t r a t e d i n the extreme western part of the dale. 
Haling (1955) noticed that there i s , however, a series 
of extensive platforms on the val l e y sides. Although 
these, too, appear to be related to re s i s t a n t beds, i t 
i s possible that they are a l l erosional, f o r i t can be , 
shown that these shelves transgress the various geological 
horizon on which they are developed and i t i s believed 
that t h i s may be related to d e f i n i t e stages i n the 
morphological evolution of the Wear Valley. 

The most wel l known beds of the Carboniferous Lime
stone Series i n Weardale are those of the Middle 
Limestone group which corresponds with the Yordale Series. 
The top member of t h i s group i s the Great Limestone which 
i s found outcroping i n the dale at 2,000 feet i n the 
Killhope and Burnhope Valleys, at 900 feet i n the quarries 
above Stanhope and disappears under the r i v e r bed at 530 fe e t 

13 



near Frosterley. 
The Middle Limestone group consists of an a l t e r n a t i n g 

sequence of Shales, Sandstones and Limestones; a complete 
cycle presenting the following beds i n upward succession : 
Limestone calcereous shale, ferruginous shale, sandy shale 
or sbaly sandstone, sandstone, ganister or under clay and 
coal. 

The uppermost limestone outcrop i n Weardale i s the 
F e l l Top limestone which i s found about 1+00 feet above the 
Great Limestone. Above t h i s , i s a massive coarse sandstone, 
the grindstone s i l l , and t h i s , i n t u r n , i s overlain by the 
Millstone g r i t which i n Weardale Caps only the uppermost 
ridges. On the northern watershed of Weardale two areas of 
erosion can be observed (Atkinson 1968). One s i t e i s on 
the north of Stanhope, where unconsolidated quartz sands appear 
to be residual from the underlying l o c a l "Millstone G r i t " . 
Also at Killhope Law a heavy s o l i f l u c t e d debris deposit 
beneath blanket peat appears to be derived from the underlying 
shales. 
2. The Geology of Moor House Area (Teesdale) 

The Fennines i n t h i s region r i s e to a maximum of 2930 f t . 
at Cross-Fell. The basement complex of the Northern Pennine 
area consists of intensely folded Ordovician and S i l u r i a n 
Shales and Sandstones, which had been extensively eroded 
before the deposition of younger sediments occurred (Fig. 1.3«)« (*lg 
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An outcrop of t h i s basement complex exists as an inifer ' 
below Couldron Snout. Tbe Carboniferous succession, 
c h i e f l y the Yardale series, consists of Limestone 
interspersed with shales and sandstones and an 
occasional coal seam. The limestones increase i n 
importance southwards towards tbe West Biding where 
they become the dominant features of the topography. 
Overlying the limestones are the Millstone G r i t s , 
remnants of which may be seen forming re s i s t a n t caps 
on the divides throughout the Nature Reserve. 

The Te.esdale i n i i e r i s a small i n i i e r of Lower 
Palaeozoic rocks i n Upper Teesdale, and l i e s below 
Cronkley Scar near the Hamlet of Langdon Beck. Geographically 
the i n i i e r i s on the western margin of an east-facing 
monacline called the Burtreeford Disturbance. I t i s 
poorly exposed and consists of a b e l t of s o f t greenish 
and l i g h t coloured highly cleaved slates. I t was 
discovered i n the l a t t e r part of the l a s t Century by 
Dakyns, 1877. 

Overlying these E>asal strata i s tbe Carboniferous 
basement group. Eastwards from the Pennine Escarpment 
the Basement Group thins to only 1U0 f e e t . This group 
i s not well exposed i n the Reserve but can be seen at 
Falcon Cl i n t s and below Cronkly Scarf Fig. l.U A?)« The 
unconformable junction between the Lower Palaeozoic I fj 
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Skiddaff s l a t e a and the carboniferous basement has been 

seen i n excavations below Cronkley Scar near tbe P e n c i l 

M i l l by Gunn and Clougfci, ( l 8 7 8 ) and by Harry, ( l 9 5 0 ) • 

Tbe most important member of tbe carboniferous 

lower limestone group i s tbe Melmerly Scar limestone 

wblcb i s tbe t h i c k e s t limestone stratum i n the l o c a l 

carboniferous s u c c e s s i o n and averages about 125 f e e t i n 

t h i c k n e s s on the Reserve a r e a . The top of the Melmerly 

Scar Limestone and the o v e r l y i n g beds belonging to the 

lower limestone group outcrop i n the R i v e r Tees a t the 

foot of M a t t e r g i l l S i k e f F i g . I.U.B."). The Carboniferous 

Middle Limestone Group i s gxposed i n a broadband along 

the Pennine Escarpment and a l s o to the e a s t of the 

summit ri d g e where i t forms the s u r f a c e outcrop over 

most of the area of the R e s e r v e ( F i g . l.U. C.). The Middle 

Limestone Group can be d i v i d e d i n t o f i v e main c a t e g o r i e s : 

The f i r s t i s the JeH Limestone Cyclotbem, t h i s i s 

about 28 f e e t i n t h i c k n e s s on the Reserve and i s composed 

of dark grey f i n e l y fragmeAfcid!. limestone i n t h i c k navy-

bedded posts with s h a l y p a r t i n g s . The s h a l e and sandstone 

- s u c c e s s i o n above the Jeffi Limestone averages about 3 5 f e e t 

i n t h i c k n e s s . 

The Scar Limestone cyclothem i s one of the t h i c k e r 

limestones of the Middle Limestone Group, and i s over 

3 7 f e e t i n t h i c k n e s s on the Reserve. I t i s composed of 



l i g h t coloured wawey - bedded f i n e l y , fragmental 

limestone i n r a t h e r t h i n beds and a few small dark 

c h a r t nodules a r e present. Above the Scar Limestone 

the s h a l e and sandstone s u c c e s s i o n i s v a r i a b l e i n 

t h i c k n e s s , there are only 18 f e e t of beds i n t h i s 

p o s i t i o n on the western escarpment and as much as hO 

f e e t on the e a s t e r n end of the Kneek Ridge. (Johnson 

1963) 

On the Escarpment the F i v e Yard Limestone i s 

22 f e e t i n t h i c k n e s s and d i v i d e d i n t o two bands by a 

bed of Calcareous Shale. I t i s 20 . f e e t t h i c k on Knock 

F e l l where the cal c a r e o u s s h a l e bed i s missing. The 

limestone i s dark coloured with even bedded s h a l y 

p a r t i n g s and i s f o s s i l i f e r o u s . 

The three yard limestone i s r a r e l y seen outcropping 

on the Reserve. I t i s about 11 f e e t i n t h i c k n e s s and 

composed of grey compact C r i n o i d a l Limestone i n t h i c k 

s l i g h t l y snajvy-bedded bands. A s h a l e s u c c e s s i o n about 

14-0 f e e t i n t h i c k n e s s i s developed above the three yard 

limestone. The o v e r l y i n g sandstone i s above kO f e e t i n 

t h i c k n e s s and formed of w e l l bedded medium-grained sand. 

The Four-Fathom Limestone, about 21 f e e t i n t h i c k n e s s on 

the Reserve i s composed of medium grey coloured f i n e 

g r a i n e d limestone i n t h i c k beds with conspicuous fiosy 

bedding. The top of the Four Fathom Limestone i s s h a l y 



and then trends upwards i n t o a f o s s i l i f e r o u s c a l c a r e o u s 

s h a l e . 

The summit of the Pennine Escarpment a t Cross F e l l 

together with the neighbouring peaks of L i t t l e Dun F e l l , 

Great Bun F e l l and Knock F e l l form an elongated o u t l i e r 

of the carboniferous upper limestone group. This group 

i s d i v i d e d i n t o two p a r t s by Johnson ( 1 9 6 3 ) : -

The Great Limestone cyclothem forms the main p a r t . 

The name Great Limestone i s due to F o r s t e r ( 1 8 0 9 ) a n d was 

given to the t h i c k limestone which outerops as a t h i c k 

and c h a r a c t e r i s t i c band-throughout the Northern Pennines. 

The Limestone i s s i m i l a r to those of the Middle Limestone 

Group i n being blue grey i n colour, f i n e grained and 

tending to occur i n beds v a r y i n g from a few inches to a 

few f e e t i n t h i c k n e s s ( F i g . l . 4 I ) ) « The second i s the L i t t l e 

Limestone Group which i s t h i n and seldom exposed i n the 

C r o s s - F e l l o u t l i e r . On the Reserve i t i s b e s t seen i n 

Croundundle Beck where soipe 2 f e e t of dark brown impure 

C r i n o i d a l Limestone outcrop. 

B. The Q l a c i a t l o n of Northern England:-

Rocks of Carboniferous age outcrop over the g r e a t e r 

p a r t of Northern England, but are e x t e n s i v e l y concealed 

by an I r r e g u l a r cover of g l a c i a l and other s u p e r f i c i a l 

d e p o s i t s . 

The d e t a i l e d p a t t e r n of i c e movement w i t h i n t h i s 



area i s u n c e r t a i n , although the maximum e l e v a t i o n 

a t t a i n e d by the i c e p l a t e a u i n the northeast of 

England may be estimated by the evidence of i s o l a t e d 

e r r a t i c s and s i g n s of g l a c i a l e r o s i o n a t about 2000 

f e e t around the Cheviots and the Gross F e l l mass. 

These highland masses t h e r e f o r e , d i v i d e d the i c e flow 

over the region with the i c e coming p r i n c i p a l l y from 

the southern uplands and the Lake. D i s t r i c t . F u r t h e r 

c o n t r o l of the movement of the main i e e sheets was 

provided south of Stainmore by the high Pennine mass 

of north-west Y o r k s h i r e , and by the Cl e v e l a n d H i l l s i n 

the South-east. 

The f i n a l c o n t r o l l i n g f a c t o r was the impact of 

the North Sea i c e , d e f l e c t i n g a l l movement along the 

C o a s t a l b e l t i n a s o u t h e r l y d i r e c t i o n . 

The Cheglots were an important s n o w f i e l d i n the 

e a r l i e r and l a t e r stage gave r i s e to l o c a l g l a c i e r s . 

Throughout the main p e r i o d of g l a c i a t i o n much of 

C e n t r a l Northumberland was covered s o l e l y by Cheviot 

i c e . The C r o s s - F e l l m a s s i f was a s m a l l e r center of 

d i s t r i b u t i o n . I t f u r n i s h e d small g l a c i e r s i n the 

Upper V a l l e y of the South Tyne, i n Teesdale and i n 

Weardale and a t l e a s t one small c o r r l e g l a c i e r on the 

west i n the High Cup Nick V a l l e y . The g l a c i a t i o n 

h i s t o r y of Northern England has been t a b u l a t e d by 



( T r o t t e r and Halllngworth-v 1932) as f o l l o w s : -

T a b l e 1,3 

WEST EAST 
Southern Part 
of the I r i s h 
Sea Basin 

Lake D i s t r i c t 
and the Solway 
F i r t h 

Northumberland 
and Durham Yorkshire 

FIFTH 
GLACIAL 
EPISODE 

Retreat Phenom
ena: l a k e s , 
channels, sands 
and g r a v e l s , and 
laminated c l a y s 
S c o t t i s h Read
vance Boulder 
Clay 

Not represen
ted 

• 

Not represen
ted 

> 

FOURTH 
GLACIAL 
EPISODE 

?Upper 
Boulder- • 
Clay of 
Liverpool 
D i s t r i c t 

Retreat Phenom
ena : l a k e s , 
channels, sands 
and g r a v e l s , and 
laminated c l a y s , 
(=Middle Sands of 
C a r l i s l e ) . 
Boulder-clay of 
Lake D i s t r i c t -
Edenside Maximum 
and N. Pennines 

Retreat Phen
omena: l a k e s , 
channels, sands 
and g r a v e l s 

Prismatic 
Boulder-Clay 
Cheviot and 
S c o t t i s h I c e 
with Western 
I c e i n the west 

Retreat, 
Phenomena: 
l a k e s , 
channels, 
sands and 
g r a v e l s 

Hessle Clay 
and i t s 
inland 
equivalents 

THIRD 
Middle Sands " 
and Gravels 

Gravels and 
laminated c l a y s 

Gravels and 
laminated c l a y s 

Gravels e t c . 

GLACIAL 
EPISODE 

?Lower 
Boulder-
Clay of 
Liverpool 
d i s t r i c t 

Boulder-clay of 
" E a r l y S c o t t i s h 
G l a c i a t i o n " ( i n 
cluding Lake 
D i s t r i c t I c e ) . 

Boulder-clay of 
Western I c e . 

Upper Purple 
Clay 

SECOND ( 
GLACIAL 
EPISODE 

Gravels 
Boulder-clay of 
S c o t t i s h and 
Western I c e 

Gravels 
Lower Purple 
Clay 

FIRST 
GLACIAL 
EPISODE 

Represented 
f a r t h e r south 

1 

?Weathered Boul
der c l a y of Upper 
Caldew Valley Loess 

Scandinavian 
Clay 

Basement 
(Scandinavian) 
Clay 

22 



I The G l a c l a t l o n of Weardale 

The g l a c i a l periods have undoubtedly had a 

marked i n f l u e n c e on the c h a r a c t e r and d e p o s i t i o n of 

s u p e r f i c i a l deposits i n Upper Weardale. Dwerryhouse 

(1902) b e l i e v e d that the A l s t o n Block, was only t h i n l y 

covered with i c e , even during the g l a c i a l maxima. He 

showed from the d i s t r i b u t i o n of e r r a t i c s i n Northern 

England, t h a t the great p a r t of the Upland of the Alston 

Block i n c l u d i n g Weardale nourished only l o c a l g l a c i e r s . 

R a i s t r i c k ( l 9 3 1 - 3 3 ) r e c o g n i s e d i n Weardale t h a t much 

weathered d r i f t occurred at g r e a t e r a l t i t u d e s than the 

boulder c l a y of the dale f l o o r s . He suggested t h a t only 

the higher summit of the C r o s s - F e l l massif and the h i l l s 

of Upper Weardale had remained exposed during the 

maximum g l a c i a t l o n . On the higher h i l l s of Weardale, 

stony c l a y s may be recognised a t c o n s i d e r a b l e a l t i t u d e s , 

and some of them may e x i s t below the peat r i g h t to the 

summits of the moors. Malings examinations of these 

c l a y s in(l955,)has shown that they are sandy i n t e x t u r e 

and they are t h e r e f o r e c o a r s e r and l e s s cohesive than 

the s t i c k y boulder c l a y of the v a l l e y f l o o r . 

On the Upland of the West Durham p l a t e a u and i n 

Weardale i n p a r t i c u l a r d r i f t exposures do not suggest 

the presence of i c e on more than one occasion during 

the P l e i s t o c e n e . I n Weardale exposures of g l a c i a l sands 



a r e not common. A few s a n d - h i l l s a r e s i t u a t e d about 

one mile north-west of Wolsingham, but apart from th e s e , 

there i s no s u p e r f i c i a l sand or g r a v e l which cannot be 

r e l a t e d to t e r r a c e development during the l a t e or post 

g l a c i a l period. 

2. The G l a c l a t i o n of Teesdale:-

There were f i v e main i c e messes i n Northern England 

but only one was of importance i n Teesdale area. T h i s 

was the i c e , which o r i g i n a t i n g i n the Lake D i s t r i c t , was 

f o r c e d up the Vale of Eden by the south-flowing S c o t t i s h 

i c e mass, and being unable to gross Cross F e l l , was 

turned e a s t a c r o s s Stainmore and came by t h a t route to the 

lower Tees V a l l e y . Blocked by the C l e v e l a n d H i l l s and 

the North Sea i c e , these streams mainly passed from the 

region through the N o r t h a l l e r t o n Gap to the Vale of York. 

I n Teesdale i t s e l f i c e formed on the high d i v i d e s , 

feeding a Teesdale g l a c i e r which flowed eastwards j o i n i n g 

w i th Stainmore i c e and was then d e f l e c t e d South by i c e from 

the Cheviots and from Scandinavia. 

During the g l a d i a t l o n , g l a c i a l l a k e s were thought to 

have been impounded i n the v a l l e y of the Maize Beck and 

i n the V a l l e y s of the Lune and B a l d e r a g a i n s t w a l l s of 

i c e - (:?, DSerryhouse 1902) 

The extensive s t u d i e s of T r o t t e r (1929) on the 

g l a c i a t i o n of E a s t e r n Edenside covered ground a t the 24 



Western extremity of toe Nature R e s e r v e ( P i g . 1.5.)* 

He found evidence of two major g l a c l a t i o n s i n t h i s 

region followed by a l e s s e x t e n s i v e readffance periods. 

Much of the d r i f t of the Upper Tees and Tyne 

V a l l e y s , i n p a r t i c u l a r , occurs i n the form of l a r g e 

mounds elongated i n the g e n e r a l l i n e of the v a l l e y . 

Many might be d e s c r i b e d as drumlin l i k e i n form, but 

t h e i r more g r a v e l l y composition suggests t h a t they 

may be more c o r r e c t l y regarded as masses of morains. 

C. Peat, Growth and E r o s i o n : -

Peat i s p a r t i a l l y decayed p l a n t m a t e r i a l t h a t 
• t 

has accumulated over a c o n s i d e r a b l e p e r i o d of time. 

I t forms under cofil and wet c l i m a t i c c o n d i t i o n s and 

the r a t e and degree of composition becomes p r o g r e s s i v e l y 

poorer as conditions become more waterlogged. (Raffles 

1967). 
't . 

A f t e r the i c e of the l a s t g l a c i a l p e r i o d had 

r e t r e a t e d from northern England the v e g e t a t i o n was 

dominated by b i r c h , but 7,000 years ago, Peat formation 

S t a r t e d and extended over l a r g e areas e v e n t u a l l y 

submerging them with a blanket of peat. The most 

dominant peat deposits covering the Upland area of the 

Reserve a r e bog peats and f l u s h p e a t s ^ F i g . 1,6.), 

Bog peats are widespread i n the Pennines as a whole 
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and can be d i v i d e d int o two topographic types. Those 

found i n Concave hollows and o l d lake b a s i n s are c a l l e d 

v a l l e y - b o g d e p o s i t s , while those which occur on convex 

s l o p e s , r i d g e s and f l a t benches are c a l l e d blanket 

peat d e p o s i t s . 

Plush peats a r e a l s o dependent on slope and occur 

where water from a higher l e v e l d r a i n s on to the bog 

s u r f a c e and brings with i t supply of minerals i n s o l u t i o n . 

E r o s i o n i s p r i m a r i l y a n a t u r a l phenomenon i n which water 

and wind are the main agents. 

I n dry weather dusty peat i s blown away from the 

eroding peat s u r f a c e and i n wet weather drainage streams 

c a r r y away s a s t q u a n t i t i e s of peat i n suspension. An 

important f a c t o r a l s o causing peat e r o s i o n to s t a r t i s the 

c o l l a p s e of the underground drainage channels. The r a t e 

of peat e r o s i o n depends mainly on c l i m a t e and r e l a t i v e 

exposure of the s i t e . 

Both the d e t a i l e d study catchments were e x t e n s i v e l y 

covered with blanket peat d e p o s i t s . 

D. General Climate of Northern England :-

Throughout much of B r i t a i n there i s c o n f l i c t between 

the i n f l u e n c e of the climate generated by the c o n t i n e n t a l 

landmass to the e a s t , and that of the warm of f s h o r e 

c u r r e n t s which give a mild equable c l i m a t e w i t h heavy 

p r e c i p i t a t i o n . The considerable range of a l t i t u d e and 23 



marked c o n t r a s t s i n degree of exposure to the p r i n c i p a l 

a i r streams t h a t a f f e c t the c l i m a t e of B r i t a i n are 

r e s p o n s i b l e f o r considerable d i f f e r e n c e s of the c l i m a t e 

w i t h i n North England (Smalles, 1 9 6 0 ) 

I n the case of North-east England, f u r t h e r 

c o n s i d e r a t i o n s , mainly the i n f l u e n c e of the North Sea, 

and the s h e l t e r from the w e s t e r l y winds which the 

Pennines range provides, must be taken i n t o account as 

w e l l as those f a c t o r s a l r e a d y mentioned. 

The most s t r i k i n g d i f f e r e n c e s are i n p r e c i p i t a t i o n . 

I n the Lake D i s t r i c t we f i n d the wet t e s t p a r t i n England, 

but round Tees mouth and i n other p l a c e s on the e a s t 

Coast are found some of the lowest r a i n f a l l r ecordings 

i n B r i t a i n . The average annual r a i n f a l l i n these areas 

i s 22 to 25 inches a t a l t i t u d e of l e s s than 200 f e e t . 

The r a i n f a l l g e n e r a l l y i n c r e a s e s to more than 

5 0 inches i n the higher p a r t s of the Pennines and Cheviots 

on Mickle F e l l 2591 f e e t , i n Lune F o r e s t on the C r e s t of 

the Pennines i t even exceeds 70 i n c h e s . B a i n f a l l s on an 

average of about 170 days i n the year i n the dry a r e a s , 

and on about 220 days i n the higher h i l l s , but th e r e i s 

much v a r i a t i o n from year to year both i n the annual 

r a i n f a l l and the number of days on which i t f a l l s . 

Temperatures i n the C o a s t a l b e l t of the fiforth-East 

g e n e r a l l y range between~8°C and 25°C and i n l a n d between 



-12 GC and 30°C ( B r i t i s h Association,1949) They 

o c c a s i o n a l l y r i s e to 35°C and f a l l below-8°C even 

a t the Coast, and w i t h i n the l a s t twenty years 

temperatures of l e s s than-18°C have been recorded a t 

s e v e r a l i n l a n d p l a c e s . 

The o c c a s i o n a l orographic p r e c i p i t a t i o n on an 

e a s t e r l y wind means t h a t extremely heavy snov/falls a r e 

perhaps more l i a b l e to occur on the n o r t h - e a s t e r n 

slopes of the Pennines than any where e l s e i n B r i t a i n . 

Snow s c a r c e l y l i e s a t a l l on the West Coast, however, 

and on the Northumberland Coast may be expected to 

cover the ground only on 7 or 8 days i n the year. At 

A l s t o n 1,000 f e e t above 3ea l e v e l the average period 

i s about kO days, (Smailes 1960), and a t Nentbead 

500 f e e t higher, i t i s 55 days. Around the highest 

h a b i t a t i o n s i n Upper Teesdale, above 1,800 f e e t , snow 

l i e s f o r about 120 days i n the year, and Cross F e l l 

summit i a covered w i t h snow on about 120 days i n the 

year. What i s more important i s that the h i g h e s t f e l l s 

of the Lake D i a t r i c t , Northern Pennines, and the Cheviots 

are a l l l i a b l e to be covered by snow i n the aggregate f o r about 

four months of the year. 

I The C l l m a t o l o g l c a l f e a t u r e s of Upper Weardale:-

The s t r i k i n g v a r i a t i o n s i n a l t i t u d e , exposure and 
30 



l a n d c o n f i g u r a t i o n l e a d to a marked c l i m a t i c c o n t r a s t 

w i t h i n Upper Weardale. The c h a r a c t e r i s t i c s of the 

climate of the area west of Durham which i n c l u d e s 

Weardale a r e : tit cool summee, a mild autumn, a r a t h e r 

prolonged w i n t e r and a cool cloudy s p r i n g . The mean 

temperature of J u l y , the warmest month i s about 

11° - 12° C i n the Pennines. (Daysh and Symonds 1953)• 

January, the c o l d e s t month has a mean temperature of 

about 0 - 1° C. The average annual r a i n f a l l v a r i e s 

from about 30 inches i n the West Durham a r e a , and n e a r l y 

60 inches over the Pennine summits(Fig. 1.7.), F i g u r e s 

f o r p r e c i p i t a t i o n on the higher f e l l s a r e s c a n t y , due 

p r i n c i p a l l y to d i f f i c u l t i e s of s t u d i e s . N evertheless 

the wettness and humidity of the upland environment i s 

emphasised, as i s the steady diminution i n r a i n f a l l 

eastwards. 

The e f f e c t of a l t i t u d e on p r e c i p i t a t i o n i s twofold 

w i t h i n the Northern Pennines as a whole (Atkinson.,1968). 

The d i r e c t e f f e c t i s f o r mean e l e v a t i o n to be lower as 

one moves eastwards. The i n d i r e c t e f f e c t i s f o r 

exposure to the predominant w e s t e r l y a i r streams to be 

correspondingly reduced. The net r e s u l t i s to g i v e a 

v e r y c l o s e c o r r e l a t i o n between a l t i t u d e and p r e c i p i t a t i o n 

^ F l g . 1.8.). P r e c i p i t a t i o n tends to be evenly d i s t r i b u t e d 
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> . . . 

through the year and ra i n can be expected on more than 
17 days i n August and more than Ik days i n both July 
and September (the warmest and d r i e s t months of the year.) 

An appreciable amount of the p r e c i p i t a t i o n occurs 
as snow, especially on the higher parts of the dale. 
Heavy snow ra r e l y l i e s f o r more than two weeks below 
800 f e e t . The area i s l i a b l e to have severe f r o s t s both 
on the h i l l ridges and the f l o o r s of the valleys. I n 
the Pennines f r o s t i s l i k e l y to occur i n any month of 
the year, though i t i s infrequent i n July and August. 
The severest f r o s t s generally occur i n January, February 
and March. 
2, The Climatological features of Moor House (Teesdale) 

Moor House at l&kO feet i s the highest s t a t i o n i n 
the Upland of B r i t a i n , at which a continuous record of 
meteorological observations have been kept over a long 
period. 

Mean annual temperature at the station i s about 5.1°C 
which i s some 3.7°C lower than at Penritfc some 1330 feet 
below i n the Vale of Eden. The mean maximum and mean 
minimum temperature f o r the year 196? are 8.0° and 2.2°C 
respectively (Fig 1.9.) • 

In Teesdale t o t a l p r e c i p i t a t i o n i s considerably 
lower than on the extreme west of the Pennines, because of 

34 
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the r a i n shadow e f f e c t , and i t decreases s i g n i f i c a n t l y 
eastwards(Fig. I.l6)as the land deoreases i n a l t i t u d e . 
The area reclevee about Ik inches of r a i n f a l l annually, 

( f i g u r e 1.9)shows that the highest amount of r a i n f a l l 
occurs i n February and October and the lowest i n June 
(Data f o r 1967) A d i s t r i b u t i o n of the number of the 
ra i n days i s also included i n the same f i g u r e . 

At Moor House, snow has been recorded i n a l l months 
except June, July, August and September(Fig. l . l l ) b u t f c k t 
number of days with snow l y i n g i s highest i n December, 
January, February and March. 

Frost increases r a p i d l y i n frequency inland and 
ftatabatic flow makes valley bottoms colder than the 
slopes at night though warmer during the day. The 
histogram i n ( F i g . 1.11̂  shows that i n November, December 
and January ground f r o s t i s more frequent, but i n August 
i t i s rare. The same fig u r e also shows that the months 
having a highest t o t a l s of sunny hours are June, July 
and August respectively. 
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Chapter Two 

History of Previous Research'in B r i t a i n . North America 
and Western Europe 

Introduction 
The most Important factors which determine the 

form of the land-surface, tectonic movements apart, are 
climate and geology. Climate determines the kind of the 
exogenous forces* and to a certain extent t h e i r i n t e n s i t y , 
while geology determines the power of the resistance of 
the land surface to such exogenous forces. 

Within the humid temperate region the erosive work 
by running water i s more important than that by other 
agencies. This mSde of erosion may be b r i e f l y described 
i n the following manner. The streams erode t h e i r bed and 
banks and remove the material eroded or supplied. By 
these processes the stream beds are lowered and form the 
lowest points w i t h i n a catchment. Only a very small 
percent of t h i s t o t a l area, however, consists of r i v e r 
bed. The areas between the d i f f e r e n t branches of a 
r i v e r are unaffected by r i v e r erosion and at such points 
there prevails instead i n t e r f l u v i a l degradation by 
rainwash or sheet f l o o d erosion, creep and solution. 

The a b i l i t y of flowing water to carve a channel, 
transport debris and thus u l t i m a t e l y to degrade the 



landscape, depends ba s i c a l l y on the g r a v i t a t i o n a l 
impelling force, and the resistances offered to i t . 
The effects of l i t h o l o g y and topography on the 
a b i l i t y of flowing water to carve and transport are 
exerted p r i n c i p a l l y through t h e i r r e l a t i o n to the 
r e s i s t i n g forces, f o r these reasons a knowledge of 
some of these hydraulic r e l a t i o n s i s becoming 
increasingly important to the investigatfigSs of 
landscape evolution. 

The fundamental aspect of r i v e r mechanics i s 
the i n t e r r e l a t i o n s h i p s between the flow of water, the 
movement of sediment and.the mobile boundaries. These 
relationships are complex i n d e t a i l and the mechanical 
principles governing t h e i r behaviour are not yet f u l l y 
explained. 

Sediment movement i n ri v e r s i s of extreme p r a c t i c a l 
importance. For example, when s o i l i s eroded, land 
values are reduced and there i s an Increase i n the 
amount of sediment transported and deposited by streams. 
High concentrations of suspended sediment i n t e r f e r e w i t h 
the use of stream water by i n d u s t r i a l and domestic trees. 
Excessive concentration also harms f i s h and w i l d l i f e . 
Stream sediment i s deposited i n reservoirs and reduces 
t h e i r capacities. I r r i g a t i o n canals, and navigable 



streams are often adversely affected by sediment 
deposition. 

Because of the obvious economic i n t e r e s t i n r i v e r s , 
records of flow and sediment movement are f a r more 
extensive than they are f o r most other processes of 
in t e r e s t to the geomorphologist. 

Although i n North America records are r a r e l y longer 
than f i f t y years, and areal coverage i s by no means 
complete, r i v e r discharge i s r e l a t i v e l y well documented 
i n some areas. Because many research problems i n r i v e r 
morphology require such measurement data, i t i s w e l l to 
point out that there are available thousands of d i r e c t 
observations of v e l o c i t y , width, depth and discharge 
at a va r i e t y of r i v e r stations. For example there are 
more than 7»300 gauging stations i n the United States 
(Leopold, et a l , 19610 and a t o t a l of 365 gauging 
stations i n B r i t a i n , Wales and Scotland* (Pig. 2 . l ) . 
(Water Yearbook 1963#196U) . There are, however, 
r e l a t i v e l y few i n the under developed areas of the World. 

I t should be noted, however, that other parameters 
needed f o r geomorphologitfsal studies are i n short supply. 
This applies p a r t i c u l a r l y to measurements of water 
surface slope and the size and character of material 
comprising r i v e r bgd load and banks, and other physiographic 
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features. 
I . Previous research i n B r i t i s h Upland Catchments :-

Recently a number of B r i t i s h Catchments have been 
sites of various aspects of s c i e n t i f i c research, such 
as studies of geology, climatology, hydrology and 
gl a c l a t i o n . Unfortunately, the study of sediment 
movement i n many of these cases has been to a great 
extent neglected. 

In spite of the r e l a t i v e paucity of information 
concerning sediment movement i n B r i t a i n , a comprehensive 
study was made by Young, (l.957^i n catchment area of 
River Strlnes Sike i n Yorkshire(Fig. 2.2.V This catchment 
l i e s i n the a l t e r n a t i n g shales and sandstones of the 
Millstone O r i t series which have a south-easterly dip. 
The area i s covered p a r t l y by moorland, and p a r t l y by 
mixed deciduous and coniferous plantations. The t o t a l 
catchment area of the r i v e r and i t s t r i b u t a r y branches 
covers 80 m i l l i o n square feet. The average annual r a i n 
f a l l of the catchment i s about 1+2 inches. The valleys 
are d i r e c t l y related to the present streams and have 
slopes of over 20°. Much of the stream bed consists of 
bare rock, suggesting that bed material i s largely 
supplied to the stream from the v a l l e y sides and by 
erosion of i t s banks. 

The r i v e r has a very large delta at i t s moutfc, and 
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THE CATCHMENT AREA OF STRINES DIKE YORKSHIRE 
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the t o t a l volume of sediment which has been deposited 

i n t h i s d e l t a was estimated as 2.5 m i l l i o n c ubic f e e t . 

A f t e r c o n s i d e r i n g the r a t e of e r o s i o n and sediment 

movement i t was estimated t h a t three m i l l i o n cubic 

f e e t of m a t e r i a l had been eroded from the catchment 

to form t h i s d e l t a . 

A study of four small catchments i n Upper Tees 

drainage b a s i n , v a r y i n g from 10 to 20 a c r e s i n s i z e 

and covered by t h i c k blanket peat, has been made by 

Conway and Miller,(l962)« These catchments range i n 

a l t i t u d e from 1700 f e e t to 2000 f e e t ( P i g . 2.3.). The 

d e s c r i p t i o n and d e t a i l s of these catchments have been 

tabu l a t e d below : 

Table 2.1 

S i t u a t i o n Catchment 
and 

Weir 

N 

S 

Burnt 
H i l l 

Syke 
H i l l 

Long 
H i l l 

G r i d Ref. Area Date Nature of 
100 Kg. i n records s u r f a c e , e t c . 
square a c r e s began 
MY 

752.332 11.9 1954 S e v e r e l y burnt : 
drained p a r t l y b; 
e r o s i o n channels 
p a r t l y by moor 
gri p p i n g 

772.333 9.4 1957 Drained by moor 
gri p p i n g , a u r f a c 
heathery but w i t 
f a i r l y abundant 
sphagnum. 

772.317 21.8 1957 Surface heathery 
but w i t h f a i r l y 
abundant sphagnu 
Burnt over i n 
A p r i l 1958 

773.327 13.5 1954 Surface heathery 
but w i t h abundant sphagnum 
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In t h i s region a large acreage of the h i l l land i s 
covered by blanket peat. At the highest a l t i t u d e s , the 
peat i s up to Ik feet i n thickness where i t i s s t i l l 
i n t a c t , but much of i t i s heavily eroded. During dry 
summers, the peat surfaces exposed i n the erosion channels 
appear dusty and loose, and there may be l i t t l e or no 
flow of water i n the channels. Erosion i n t h i s region has 
been severe, and has l e f t a type of land surface whose 
pr o d u c t i v i t y or usefulness must be negligble from any 
point of view. This form of d e r e l i c t i o n i s even more 
severe and very widespread i n the Southern Pennines. I t 
i s also common i n Weardale i n the area of the other 
experimental catchment. 

Although the Moor House Reserve area i s great, the 
choice of catchments f o r hydrological observations i s 
r e s t r i c t e d by the need to have a reasonably uniform type 
of ground cover i f one i s seeking to correlate run-off 
behaviour with ground cover. Most of the drainage 
channels i n the area run f a r back into large erosion 
complexes. There are few small catchments not seriously 
affected by erosion, and most of those that can be found 
are not defined by c l e a r l y marked watersheds. 

Estimations of sediment movement have been made f o r 
these catchments and are as follows. The amount of s i l t 
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deposited i n the N catchment s t i l l i n g pool was estimated 
at about kOQ cubic feet i n four years. At O catchment 
nothing was taken out of the s t i l l i n g pool while S 
catchment was intermediate i n t h i s respect with about 
80 cubic feet of s o l i d material being removed from i t . 
This material accumulated during one year. The amount 
i n L catchment was quite small. 

So>»,e 
The hi s t o r y of/previous research i n Worth America and 
Western Europe:-

The laws governing sediment transportation i n 
r i v e r s are receiving more and more attention from 
hydraulic laboratories and hydraulic engineers, as a 
knowledge of them i s fundamental to both r i v e r models 
and r i v e r construction work. These require two d i s t i n c t 
applications of the same p r i n c i p l e s . In river-models a 
sediment must be used which w i l l respond to the flow i n 
such manner that geometrical s i m i l a r i t y i s maintained, 
whereas i n r i v e r work the cross-sections must be designed 
to s u i t the sediment from which they are composed. In 
both cases the same laws are applicable. 

Recently both these problems have been attacked by 
the use of methods drawn from experience, but with 
varying success. I t has now become evident that a 
knowledge of the p r i n c i p l e s of sediment transportation 
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i s necessary as observations of natural channels as 
well as theoretical considerations have f a i l e d to 
y i e l d dependable conclusions. 

The only way out i s to take the problem into the 
laboratory and there to disect i t under controlled 

but i n spite of a v a l i a n t e f f o r t the results of his 
work do not give more than a general conception of 
sediment laws. In his experiments the water-discharge 
and the rate of sand feed were kept constant u n t i l a 
state of equilibrium of the slope was reached. Then 
the bed slope, depth and sand discharge were measured. 
In most cases the surface slope was not recorded and 
the duration of the sand measurement was very short-
frequently less than f i v e minutes. This method allowed 
considerable error and i t i s not surprising that his 
experiments were inconclusive. Other experiments i n 
Europe took up the work, but they have, f o r the most 
part, worked with sands and gravels of uniform size. 
As such only r a r e l y occur i n nature, t h i s work i s not 
immediately applicable, as i t has been demonstrated 
that a mixture w i l l behave quite d i f f e r e n t l y from a sand 
of uniform grain size even though the mean grain size 
are the same. From the th e o r e t i c a l point of view the 
assessment of streams transportation power and competency 

conditions. Gilbert(1914) realized t h i s many years ago, 



was dealt with f o r a long time. Twenhofel,(l932) 
said that "The material transported and deposited 
range through wide dimensions, with every possible 
t r a n s i t i o n from the minimum to the maximum. Precision 
demands that t h e i r c l a s s i f i c a t i o n and the terms which 
express dimensions of p a r t i c l e s should be en a 
mathematical basis.° Several c l a s s i f i c a t i o n s have been 
proposed, but that of Wentttbrth 1922 given below, appears 
to be the most sa t i s f a c t o r y one. 

Table 2.2 
Type of Sediment 'Ikriii 'is 
Boulder 
Cobble 
Pebble 
Granule 
Very Coarse Sandgrain 
Coarse Sand grain 
Medium sand grain 
Fine sand grain 
Very f i n d sand grain 

S i l t p a r t i c l e 

Clay p a r t i c l e 

256 or above 
61+ - 256 
h - 6k 
2 - 4 
1 - 2 
£ - 1 
* - * 
£ - i 1 1 1-5" * 
i - 1 

255 1*6 
smaller than 1 

256 

Quirke,(iShb)mentioned that "A stream or eurrent 
transporting sedimentary materials has, f o r a given 
condition, a certain capacity, a d e f i n i t e load, - and a 



maximum size of debris'*. The capacity i s represented 
by the maximum quantity of debris that can be transported 
under the given conditions. The load i s the actual 
quantity of debris that i s being carried. The load may 
equal the capacity but usually i s smaller. The 
maximum size of the debris i s a r e f l e c t i o n of the 
v e l o c i t y or transporting power of the current. The 
maximum size may be less than the current could carry, under 
given conditions, because larger p a r t i c l e s may not be 
available. I f , however, the largest p a r t i c l e i s the 
maximum size the current can transport under the given 
conditions, i t i s then a measure of the competency of the 
current. 

Blackwell's experiments in(l857)sbowed a v e l o c i t y of 
2.25 to 2.50 feet per second to be competent f o r the 
movement by t r a c t i o n of pebble having a diameter of 12.56 mm. 
Also i n t h i s respect Thiel,(l932)in his study of a small 
stream connecting two lakes i n Minnesota discovered that 
the approximate current v e l o c i t i e s necessary to move debris 
of d i f f e r e n t sizes as shown below i n Table : 2.3* 
No single procedure, whether t h e o r e t i c a l or empirical, has 
been universally accepted as completely adequate f o r the 
determination of bed load discharge over the wide range of 
sediment and hydraulic conditions i n nature. 
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Table 2.3 
Description Mean diam. Depth i n Velocity 

i n mm. M. M/sec. 
Coarse Sand 1.7 0.006 0.3k 

Fine Gravel 3.2 0. 026 0.2+6 
Rounded pebbles size of peas shallow 0.61 
Fine gravel k.9 0.033 0.65 
Fine gravel 7.0 0.066 0. 86 
Gravel 27.0 shallow 0.97 
Gravel 5U.0 n 1.62 
Boulders 171.0 tt 2.27 
Boulders 323.0 w 3.25 
Boulders 409.0 n iw87 
Boulders 700 - 800 it 11.68 

In spite of the d i f f i c u l t y of measuring bed load i n 
ri v e r s many attempts have been made i n North America and 
some of the; European Countries to solve the problem i n 
the laboratories and also i n the f i e l d . 

Generally speaking, two approaches were used i n the 
f i e l d to determine the bedload discharge. 
1. The trapping of bedload which passes a certain point 
during a given period of time. 
2; The fo r c i n g of a l l of the bedload i n t o suspension by 
increased turbulence so that i t could be measured with the 
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usual sampling devices (LeliBvsky 1966). As a r u l e 
the f i r s t method i s simpler more e f f i c i e n t and feasible 
i n the f i e l d . 

Recently the radioactive tracer technique was 
selected by Sayre and Hubbell, (1965) as the most 
suitable method f o r studying the transport and 
dispersion of sediment p a r t i c l e s along the North Loup 
Biver(Nebraska U. 3.A.̂  because, with suitable instrumentation, 
the d i s t r i b u t i o n of the p a r t i c l e s at any time could be 
measured i n place. 

A s i t e near Purdum i n Blaine County was selected 
because i t was p a r t i c u l a r l y suitable f o r the experiment 
from both a hydraulic and radiological-health standpoint. 
S p e c i f i c a l l y the r i v e r maintained a r e l a t i v e l y constant 
water discharge f o r weeks and the bed form was normally 
one of large dunes with the bed material being sand with 
a medium diameter of about 0.29 mm. The te s t reach was f A i r l y 
s t r a i g h t and had stable banks, while the channel was narrow 
and the depth small. 

The post-experimental analysis showed that i f the 
number of p a r t i c l e s that were actually used i n the 
experiment were uniformly d i s t r i b u t e d throughout the t e s t 
reach to a depth of 1.5 f e e t , the p a r t i c l e population 
density would be 1.98 p a r t i c l e s per cubic inch. To insure 



that the tracer p a r t i c l e s would not be i n suspension 
f o r any s i g n i f i c a n t part of time but that the most 
dominant p a r t i c l e size Would be represented, a narrow 
p a r t i c l e size range s l i g h t l y coarser than the dominant 
size range of the bed material was selected^Pig. 2.U.). 
The f i g u r e shows the size d i s t r i b u t i o n of the measured 
bed material. 

The median size of the tracer p a r t i c l e s i s 0.305 mm. 
and the assumption that the tracer p a r t i c l e s were 
spherical and had a specific g r a v i t y of 2.65 were used 
to calculate the weight of the required number of 
tracer p a r t i c l e s . The results of t h i s study are 
summarized i n Table 2.i+. 

This study concluded that when the streambed was 
composed of dunes and contaminated bed material p a r t i c l e s 
were transported by the flow* the v e r t i c a l d i s t r i b u t i o n 
of contaminated p a r t i c l e s i n the streambed varied 
considerably from place to place and followed no regular 
discernible pattern. The discharge of the bed material 
that i s simulated by tracer p a r t i c l e s can be computed 
by a continuity-type equation, which states that the 
discharge i s proportional to the product of the cross-
sectional area of the bed through which the p a r t i c l e s 
move and the mean v e l o c i t y of the p a r t i c l e s . The cross-
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sectional area can be determined either from l o n g t i t u d i n a l 
p r o f i l e s of the bed surface, the area under the 
concentration - d i s t r i b u t i o n curve, or core-sampling 
measurements, which define the depth of penetration of 
the tracer p a r t i c l e s . 

Progress has also been made i n describing r i v e r bed 
characteristics at a given stream section. Recent 
observations of channel scour and f i l l over r e l a t i v e l y 
long reaches of three streams i n the Western United 
States has been achieved by Emmett and Leopold(l965^* 

The Arroyo de los FrisJoles i s a sandy ephemeral 
channel located about k miles north-west of Santa Fe 
New Mexico. Normally, flows are the r e s u l t of runoff 
from l o c a l thunderstorms during summer months. Peak flow 
occurs within several minutes a f t e r the i n i t i a l f l o o d 
wave. Throughout the study reach, the channel increases 

A i n size from a ffill near the watershed divide to a width 
of about 100 feet downstream. The bed i s composed of 
medium sand and a moderate amount of gravel. The medium 
sand grain diameter i s about 0.5 mm. 

Determination of the amount of scour and f i l l using 
the chain method i s a simple procedure. The chains are 
buried v e r t i c a l l y i n the stream bed with the top l i n k a t , 
or B l i g h t l y above the bed surface. After a floo d , the 
elevation of the stream bed was. resurveyed and the bed 



IS 

we dug u n t i l the chain i s exposed. I f scour has 
occurred, a part of the chain w i l l be l y i n g horizontally. 
The difference between the previous streambed elevation 
and the elevation of the horizontal chain i s the depth 
of scour. The difference between the e x i s t i n g bed 
elevation and the horizontal chain i s the depth of f i l l . 
I f no scour has occurred, the; depth of f i l l i s the 
increase i n bed elevation. 

By(1959) the majority of the chains had been I n s t a l l e d 
a long the Arroyo. Scour and f i l l data f o r a sample flow, 
fo r the year (1962) and f o r the period(l958-62.)are shown on 

( F i g . 2.5.} •For each flow on t h i s f i g u r e , the lower dashed 
l i n e represents the depth of scour and i s p l o t t e d against 
distance along the channel. The upper dashed, l i n e represents 
the depth of f i l l . The heavy s o l i d l i n e represents the net 
change i n bed elevation a f t e r scour and f i l l , the upper part 
of the f i g u r e shows the drainage area studied and the 
general location of the chains by chain number. The 
findings of t h i s experiment are summarized on(Fig. 2,$) 
despite considerable scatter among the data, the mean scour 
depth appears to be proportional to the square root of 
discharge per u n i t width of the channel. 

The Rio Grande del Ranches i s a small perennial stream 
on the west slopes of the Sangre de Oristo Range, about . 
7 miles south of Taos, New Mexico. Peak discharges occur 
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i n the spring and are normally produced by snowmelt. 
The study reach consisted of a s t r a i g h t reach of 250 feet. 
The streambed was predominantly gravel and quite uniform 
i n size, median p a r t i c l e size ranged from 21 to 33 m.m. 
High flow discharge was 130 C.P.S. and low flow discharge 
was 25 C.F. S. The data consisted of 32 cross sections 
surveyed during spring high flow and again at low flow 
i n the succeeding summer. 

The Fapo Agie River i s a larger perennial stream i n 
Western Wyoming. The study reach i s located one mile 
northeast of Hudson, I t consists of a curved reach of 
2,000 f e e t , followed by a s t r a i g h t reach 2,100 fee t . 
The Peak flow was associated with spring snowmelt. The 
stream bed was gravel ranging i n size from f i n e gravel 
to large cobbles. The data f o r the two streams represent 
high stage, measurements obtained during peak flow and 
low flow. 

P r o f i l e s of the streambed and water surfaces were 
plott e d against distance along the channel on (Pig. 2.7) 
and(Fig. 2.8.). Below these p r o f i l e s i s a p l o t of the 

v net changes IB cross sectional areas of the bed and, 
separately, the cross-sectional areas of flow. Values 
are considered scour i f the bed elevations at high flow, 
are lower than those at low flow. Thus, a negative area 
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w i t h i n t h i s curve represents the t o t a l volume of 
material per foot of length scoured from the streambed. 
Positive area represents the t o t a l volume of material 
brought i n from upstream and temporarily deposited a§ ,a 
f i l l . 

In(l932)a comprehensive survey of the sediment i n 
the Mississippi River Channel, by the U.S. Waterways 
Experiment Station, furnished s u f f i c i e n t data to prove 
that there i s a progressive downstream decrease i n the 
s i z e of the d e t r i t u s composing the bed. Over 600 samples 
were taken from the channel bed at f a i r l y uniform 
distances apart between Cairo and the Gulf of Mexico. 
To relate the grain diameter of a sample to the l o c a l 
currents that transported i t , a choice must be made 
between the average diameter, the median diameter, and 
the maximum diameter. I f the sample i s well sorted the 
choice i s usually not d i f f i c u l t . This i s i l l u s t r a t e d i n 
Table 2.5 by a sample from the bed of the r i v e r on the 

* Head of Racetrack Tows Head, 606 miles below Cairo. The 
sample was coarse sand containing same gravel. The 
average grain diameter i s 0.9k mm. the median i s 0.5U mm. 
and 2 percent of the sample i s coarser than about 8 mm. 
For some 500 miles downriver from Cairo abundant gravel 
Indicated that v e l o c i t i e s greater than 2 miles per hour 



Table 

MM. Opening Percent on Cumulative Percent through 
1.65 0.0 100.0 
1.17 0.1 99.9 
0.83 0.0 99.9 
0.59 0.1 99.8 
0.1+2 0.1 99.7 
0.30 2.2 97.5 
0.21 68.9 28.6 
0.10 26. k 0.2 
0.07 0.1 f 0.1 

(Sample 606 miles downriver from Cairo) 

are common i n the channel during high flow. Table 2.6 
has been prepared from the U.S. Waterways diagramatlc 
chart which shows that the character of the bed materials 
averaged by 25 mile reaches. 

Another investigation of f l u v i a l sediment of the 
Mississippi River at St. Louis, Missouri, was begun by 
Jordan i n 19U8. The flow of the Mississippi River at 
St. iuouis i s a composite of the flows from many t r i b u t a r i e s 
i n a drainage area of about 701,000 square miles. An 
average of about h5% of the flow at St. Louis i s from the 
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Table 2.6 

Miles below Cairo 100 300 500 700 900 1000 

Large gravel 8.0 3.0 6.0 2.0 t r 
Medium gravel 10.0 2.0 6.0 2.0 t r — 

Fine gravel 11.0 3.0 2.0 1.0 t r v mm 

Coarse sand 30.0 22.0 9.0 8.0 1.0 

Medium sand 32.0 50,0 1*6.0 kk.o 26.0 9.0 

Fine sand 8.0 18.0 26.0 ko.o 68.0 65.0 

Very f i n e sand t r 1.0 2.0 1.0 2.0 k.o 

S i l t t r t r 2.0 1.0 2.0 10.0 

Clay t r t r 1.0 t r 1.0 10.0 

(Mississippi Biver Sediments - 100 to 1000 miles below Cairo) 

Missouri Biver, which i s confluent with the Mississippi 
Biver about 15 miles upstream from St. Louis. 

The sediment was sampled and streamflow was measured 
at the MacArthur Bridge, 178.9 miles upstream from the 
mouth of the Ohio Biver and 1.1 miles downstream from the 
water-stage recorder. 

Samples of bed material were, obtained with a U.S. 
BM - UQ sampler from May 1951 to 1953 and with a U.S. 
BM. - 51+ sampler from A p r i l 1958 to July 1959. Both 
samplers obtain material from the upper 1 to 1.5 inches 
of the bed. 

Because of improved design, the B.M. 3k sampler was 
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l e s s l i k e l y than the BM - Z4.8 to permit f i n e m a t e r i a l 

to be washed out as the sample was taken and r a i s e d 

to the bridge. The s i e v e method was used to a n a l y s e 

a l l bed m a t e r i a l , samples were analysed i n d i v i d u a l l y , 

and the r e s u l t s were averaged to give the p a r t i c l e 

s i z e d i s t r i b u t i o n f o r the e n t i r e c r o s s - s e c t i o n . 

The s i z e d i s t r i b u t i o n of bed material'was h i g h l y 

v a r i a b l e with l o c a t i o n ' i n the c r o s s - s e c t i o n and was 

hi g h l y v a r i a b l e w ith time a l s o . The data f o r four 

sampling points a r e shofn f o r 1955-59 i n t p i g . 2*9jto 

i n d i c a t e the probable r e l i a b i l i t y of the (l951 -55j data. 

A general r e l a t i o n between median diameter and dis c h a r g e 

was suggested by the f a c t that the dis c h a r g e was higher 

i n (l951-52) than i n (l953-56) and was intermediate i n 

(l957 - 5 9 ) . 

A t e s t was made to determine whether or not the 

p a r t i c l e s i z e was r e l a t e d to the discharge f o r sh o r t 

periods. Average median diameters were p l o t t e d a g a i n s t 

mean discharge f o r one day to 2 years period, and one 

year was the s h o r t e s t p e r iod f o r which a good r e l a t i o n 

was found. The r e l a t i o n f o r two years was s l i g h t l y 

b e t t e r than the r e l a t i o n f o r one year as shown i n ^ F i g . 2.10), 

I t was found a l s o that the mean bed e l e v a t i o n was not 

s i g n i f i c a n t l y r e l a t e d to the instantaneous discharge 

mean v e l o c i t y * shear v e l o c i t y , mean depth nor suspended 
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sand concentration. The bed elevation and the median 
diameter of the bed material were f a i r l y closely 
related, t h i s was indicated c l e a r l y i n (Fig. 2 .1l ) . The 
r e l a t i o n shows that the p a r t i c l e size was p a r t l y 
dependent on the depth of scour or that the depth of 
scour and the p a r t i c l e size are mutually dependent on 
the same causes. 

The Rio Grande i n New Mexico has been the s i t e of 
several investigations i n sediment transport. The 
observed and computed sediment concentrations and size 
d i s t r i b u t i o n s of bed material were measured by, Nordin 
and Beverage (l965)at s i x sediment stations i n down stream 
order :-
1. Rio Grande at Otoflfi Bridge, near San Ildefonso 
2. Rio Grande at C f c h i t i 
3. Rio Grande at San Felipe 
U. Rio Grande near B e r n a l i l l o 
5. Rio Grande at Alluguerque 
6. Rio Grande near Beleh 

From Otoflfi Bridge to Cochlti the r i v e r i s composed 
of coarse gravel, cobble, and boulders and appear to be 
f a i r l y stable and permanent features of the channel. 
Between Cochiti and San Felipe, the channel i s braided 
and composed of coarse gravel and cobbles. At San Felipe, 
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tbe channel i s confined by a volcanic talus on the 
r i g h t bank and stable clay banks on the l e f t , the 
maximum width at the measuring section was about 
210 feet. The B e r n a l i l l o station has a confined 
measuring section, and f o r a l l discharges more than 
about 2000 C.P.S. the flow width was approximately 
constant at 270 feet. 

During high flows, the discharge measurements and 
samples were taken from highway bridges f o r the r i v e r 
at A'ihuquerque and near Belen. 

The characteristics of bed material i n the r i v e r 
change systematically with distance downstream from Otowi. 
This systematic v a r i a t i o n i s indicated by the average 
size d i s t r i b u t i o n curves p l o t t e d i n ( f i g . 2.12). For most 
sand bed channels, the characteristics of the bed material 
change s l i g h t l y w i t h discharge or wi t h time, and the 
bed material characteristics to be used i n transport 
parameters may often be expressed i n terms of the median 
diameter or of some representative grain size. The 
changes with time of the transport rates must be d i r e c t l y 
related to the systematic changes with time of the 
characteristics of the bed material t h i s was c l e a r l y 
shown in(Fi g . 2.13)in the Rio Grande at Otoffii Bridge. 

This study concluded that the b£d material discharge, 
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computed by the modified Einstein method(l942) was 
related to simple hydraulic variables f o r observations 
at s i x sediment stations through a 110 mile reach of 
the Rio Grande i n New Mexico. Transport re l a t i o n s vary 
i n downstream d i r e c t i o n , or with decreasing p a r t i c l e 
size, and f a l l i n t o two d i s t i n c t groups, one group 
representing the confined sections and the other 
representing sections without l a t e r a l r e s t r i c t i o n s . At 
low flows, greater sediment loads are carried at a wide 
sections. This difference r e f l e c t s the tendency f o r 
the wide sections to aggrade and channelized at low 
flows. 
Sediment Studies i n the Western Europe Countries:-

Most of the work done i n France and Germany Jw*e • 
been devoted to s p e c i f i c purposes. For example, i n 

Vim-France the work hcwe been of a p r a c t i c a l nature, 
p a r t i c u l a r l y that concerned with the improvement of 
navigable streams. 

The German experiments were, and s t i l l are, 
addressed to the broader subject of r i v e r engineering 
and include w i t h i n t h e i r scope the s c i e n t i f i c study of 
r i v e r shape and channel morphology. 

For instance Suchier experiments (1883) i n the Rhine 
River at Brisbach which showed the competency of the 



r i v e r to move a certain size at a certain v e l o c i t y 
as follow:-
A. Stream bed covered by f i n e sediment M. Per Se 
1. Under action of current .alone, no 

movement found with bottom v e l o c i t y at 0. 69U 
2. A f t e r being s t i r r e d up, the movement, of 

the sediment began f o r fragments of the 
size of bean, when bottom v e l o c i t y reached 0.897 

3. Fragments of the size of hazelnuts, when 0.923 bottom v e l o c i t y reached 
U. Fragments of the size of walnuts, when 1.062 

bottom v e l o c i t y reached 
5. Fragments of the size of pigeon egg, when 1.123 

bottom v e l o c i t y reached 
B. River bottom free from sediment M. Per.Se 
1. The smallest p a r t i c l e s are moved when the 1.180 

current v e l o c i t y reaches at the bottom 
2. Pebbles of pea and hazelnut size move f r e e l y 1.214-7 

with v e l o c i t y of 
3. With noticeable noise at 1.300 

k. Pebbles of walnut size are moved without 
s t i r r i n g , and suc|t of 250 grams weight a f t e r 
s t i r r i n g up, with current at 1.U76 

5. Pebbles of 1,000 grams weight r o l l e d at 1.589 

C. General movements of Pebbles:-
1. Up.to the size of pigeons eggs at 1.800 
2. Upto the size of hens eggs at (including 

such of 1500 grams) 1.717 
3. Pebbles of less than 2500 grams weight are 1.800 

moved at 
4. A l l pebbles moved at 2.063 



Also the following Table 2.7 shows that a much 
greater v e l o c i t y i s required to s t a r t motion than to 
continue i t a f t e r once started:-

Table 2.7 
Velocity required to Velocity required 

Size of Pebbles move a f t e r s t i r r i n g to s t a r t motion 
up 

M. Per.Sec. M. Per.Sec. 
Hazelnut size 0.923 1.35 
Walnut size 1.062 1.39 
Pigeon egg size 1.123 1.U5 

The following study was carried out by H3ul8trom(l935^ to 
give a determination of ttte degradation of the Fyris r i v e r 
basin i n central Sweden. 

The methods which he used implied a calculation of 
the matter carried by a stream through a selected p r o f i l e . 
The calculation extended to three ways of transportation : 
1?he amount of material carried i n suspension and i n 
solution as well as of the bed load. 

The p l o t method: that i s to say, a calculation of the 
amount of material carried away by rainwash from selected 
pl o t s . The run-off must be d e s i l t e d and the amount of 
s i l t determined. The plots should be chosen so that the 
loss of s o i l i s obtained from representative types of s o i l , 
slope and vegetation. ..̂  



Here, only the bed load measurement w i l l be dealt 
with. The w r i t e r said that "the bed load offers greater 
d i f f i c u l t i e s than the suspended material when attempting 
to determine the t o t a l mass of transported sedimentary 
material". Up to now no accurate and r e l i a b l e method has. 
been f u l l y worked out f o r such investigations. However, 
i n recent years the matter has been given much at t e n t i o n . 

At the beginning of the investigation i n t o the s i t e 
transportation of the Pyris r i v e r , i t seemed to Hjulstrom 
that i t i s necessary to obtain a method f o r d i r e c t 
measurements of the amount of bed load transported. 

In the Fyris^Hjulstrom used only a catch basket 
consisting of an iron frame i n t o which a kind of catch 
basket or box of brass wire-netting may be placed. I t was 
found that there was no transportation at a l l of bed load. 
Hjulstrom have made examinations at a l l high waters since 
September(l932^ but without ever being able to determine 
any such transportation. 

Hjulstrom concluded his investigation that the River 
Pyris transported on suspension 5.5W> tons of sedimentary 
material during one year past Uppsala. This material was 
eroded from a drainage area of about 1200 square km. He 
also calculated that from each 159 km. !+. 6 tons was eroded per 
year. 



Conclusion 
Sediment movement i n ri v e r s i s a very important 

phenomenon which affects man's l i f e i n many d i f f e r e n t 
ways. For t h i s reason i t has been studied f o r a long 
time ago but unfortunately no single procedure,' whether 
theo r e t i c a l or empirical, has been universally accepted 
as completely adequate f o r the determination of bed load 
discharge over the wide range of sediment and hydraulic 
conditions i n nature. 

In England t h i s type of study was to a great extent 
neglected because, as yet, many streams are not u t i l i z e d 
by man i n any kind of economic l i f e . On the contrary 
i n North America and Western Europe a great a t t e n t i o n 
was devoted to the sediment movement and some of the 
great r i v e r s of the world have been investigated and 
studied. 

79 



Chapter 3 
SO 

The Physical environment of the Lanehead Catchment:-
Section 1 

Introduction:-
This chapter i s a description of the Lanehead 

Catchment (Fig. 3.1) 1' For convenience i t i s divided 
i n t o four sections:- A - Relief, B - Geology, 
C - Exposure to c l i m a t i c elements, D - Vegetation Cover. 
A - Relief:-

The Lanehead Catchment i s composed of two north 
bank t r i b u t a r i e s of the River Wear, and i s separated 
from the East Allendale drainage to the north by a 
watershed which although variable i n height i s f o r the 
most part above 1800 feet O.D. 

Within the Catchment the absolute range of a l t i t u d e 
i s from 1500 feet O.D. to 19U0 O.D. Relative r e l i e f i s 
therefore only hkQ f e e t . The catchment i s characterised 
by gentle slopes f a l l i n g away southwards from the high 
watershed area, steep slopes are l i m i t e d to the banks of 
incised stream channels, and to the outcrops of some of 
the more resistant rocks, especially the massive limestones. 

The evolution of the topography i n t h i s region i s 
complex. I t does seem l i k e l y , however, that the high 

1. This Catchment was recently resurveyed by the Newcastle 
Surveying Department^especially f o r Dr. K. Smltfr of the 
Geography Department. The contour intervals were i n metktl. 
and the present author converted them approximately to feet 
i n t e r v a l s to be comparable with the s i x inch map of the 
area. 
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i n t e r f l u v e which forms the northern boundary of the 

catchment i s pa r t of an o l d ero s i o n s u r f a c e . 

Undoubtedly the most of the catchment below t h i s 

h ighest watershed forms p a r t of a sequence of e r o s i o n a l 

l e v e l s which have been defined i n other p a r t s of the 

A l s t o n Block. (Maling 1955). 

Examination of the s u p e r f i c i a l d e p o s i t s i n d i c a t e s 

the widespread a c t i v i t y of s o l i f l u c t i o n . I n some Btrearns 

exposures of a t l e a s t ten f e e t of s o l i f l u c t e d m a t e r i a l 

occur. These deposits mask the bed rock r e l i e f and 

blanket the whole catchment area with <fl( p a r t i c u l a r l y 

t h i c k cover i n the west. 

Much of the subdued nature of the l o c a l r e l i e f i s , 

t h e r e f o r e , due to the cover of these d e p o s i t s . T y p i c a l 

scenery of t h i s catchment are shown i n f l a t e s 1 and 

Bt- Qeoloqy:-

Tbe s o l i d geology of the catchment i s shown i n 

. 3*2.}. The s t r a t a which outcrop w i t h i n the catchment 

ar e , without exception of Carboniferous age. A simple 

d i v i s i o n of the geology of the catchment i s p o s s i b l e both 

i n terms of g e o l o g i c a l age of the s t r a t a and a l s o of the 

l i t h o l o g y . 

The southern h a l f of the catchment i s c h a r a c t e r i s e d 

by s t r a t a of the Middle Limestone Group. These s t r a t a 

are amongst the most c h a r a c t e r i s t i c Carboniferous rocks 

( P i g 



PLATE 1 

• 

The Lanehead Catchment during l a t e summer - looking 
south-west 

PLATE 2 

The western watershed of the Lanehead Catchment with 
some snow patches l y i n g on the higher g u l l i e s - looking 
north-west 
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of Northern England. They e x h i b i t a marked rhythmic 

p a t t e r n of sedimentation w i t h the a l t e r n a t i o n of beds 

of d i f f e r e n t l i t h o l o g y . 

Each rhythmic u n i t i s composed of the f o l l o w i n g 

sequence of beds; Limestone, Shale, Sandstone, C o a l , and 

i s known as the Yoredale cyclothem. The base of the 

Limestone member i s taken as the base of the rhythmic 

u n i t or cyclothem as t h i s i n d i c a t e s the p o s i t i o n of a 

major marine t r a n s g r e s s i o n . The limestone a r e 

c h a r a c t e r i s t i c a l l y blue-grey i n co l o u r , compact, f i n e 

g rained and oft e n t h i n l y bedded. 

Overlying each limestone i s a s e r i e s of dark 

coloured calcareous and r i c h l y f o s s i l i f e r o u s s h a l e s . 

The s h a l e s become c o a r s e r towards the top of the 

s u c c e s s i o n and give way to massive and current bedded 

medium-grained sandstones which r e p r e s e n t shallow water 

d e l t a i c d e p o s i t s . 

At the end of t h i s phase a land s u r f a c e i s thought 

to have developed^and v e g e t a t i o n to have c o l o n i s e d the 

newly exposed sand. T h i s i s , today, represented by the 

presence of a t h i n c o a l seam and i t s accompanying s e a t 

e a r t h o v e r l y i n g the sandstones. 

Four such cyclothems are found i n the catchment and 

t h e i r b a s a l limestone members are recorded i n ( F i g . 3.2.) r 



The northern h a l f of the catchment c o n s i s t s of rocks 

of the Upper Limestone Group, with the b a s a l member of 

t h i s s e r i e s being the Great Limestone. The Great Limestone 

i s the youngest of the Carboniferous rocks to e x h i b i t 

a cyclothemic s u c c e s s i o n . 

The Great Limestone i s , on average^60 f e e t t h i c k and 

i s blue-grey i n colour and f i n e grained. I t i s the most 

important limestone horizon w i t h i n the catchment. Above the 

Great Limestone there i s a s u c c e s s i o n of t h i c k s h a l e s and 

sandstones with only r a r e t h i n limestone bands. 

The g e o l o g i c a l s t r u c t u r e of the Catchment i s r e l a t i v e l y 

simple, three small f a u l t s are found i n the a r e a , w h i l e the 

important B u r t r e e f o r d Disturbance s e v e r e l y d i s l o c a t e s the 

s t r a t a a mile or so to the e a s t . 

C: Exposure to C l i m a t i c Elements;-

Exposure i s as much a c l i m a t o l o g i c a l phenomena as a 

topographical one. I n every r e s p e c t one may regard the 

Catchment as w e l l exposed. The i n t e r f l u v e to the north o f f e r s 

l i t t l e p r o t e c t i o n from the elements and the Catchment i s 

t o t a l l y exposed to c l i m a t o l o g i c a l phenomena, p a r t i c u l a r l y 

weather approaching from the south-west. 

T r a v e r s i n g and moving along the western watershed, some 

i n d i c a t i o n of the degree of exposure i s given by the snow 

cover i n the w i n t e r of 1968. ( P l a t e s 3 and k»). The whole area 

was blanketed by a t h i c k cover of snow; so much so that the 
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stream courses and stone w a l l s were completely obscured. 

The duration of t h i s snow cover was more than t h i r t y -

f i v e days and snow has been observed i n the higher 

g u l l i e s a t 1,000 f e e t O.D. as l a t e as May. 

D; - Vegetation Cover;-

The vegetation of the Lanehead Catchment may be 

regarded as a product of two important f a c t o r s . F i r s t l y 

the environmental f a c t o r obviously p l a y s an important 

r o l e . The bleak moors with t h e i r open exposure, high 

r a i n f a l l and r e l a t i v e l y i n h i b i t i v e temperatures to p l a n t 

growth are n e c e s s a r i l y dominated by c e r t a i n types of 

v e g e t a t i o n . Secondly, i n t h i s marginal environment i t i s 

not p o s s i b l e to d i s c u s s anthropogenic f a c t o r s which 

I n f l u e n c e the present p a t t e r n of v e g e t a t i o n . I n simple 

terms i t i s p o s s i b l e to d i f f e r e n t i a t e the western 

h a l f of the catchment from the e a s t e r n h a l f . The western 

p a r t of the area i s dominated by a cover of E r i c a t e t r a l l x 

C a l l u n a V u l g a r i s heath, folate 5.)% T h i s ericaceoua cover 

with i t s a s s o c i a t e d a c i d s o i l s and more humus becomes 

more dominant as the watershed i s approached. Where 

drainage i s Impeded t h i c k d eposits of peat occur. Such 

peaty deposits are f r e q u e n t l y exposed i n the banks of the 

western t r i b u t a r y . Small pools of Sphagnum a l s o occur i n 

wet a r e a s . I t i s i n t e r e s t i n g to note here that the banks 

of the western t r i b u t a r y are r e l a t i v e l y u n stable, t h i s 
may be i n p a r t due to the l a c k of e f f e c t i v e cover by t h i s 
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a c i d moorland heath. 

The e a s t e r n and southern halves of the catchment 

r e p r e s e n t improved moorland. Pa s t u r e s of Malinia 

s p e c i e s and Nardus sneclea,. are t y p i c a l of the b e t t e r 

drained a r e a s , w h i l e wetter areas are often i n f e s t e d 

w ith Sedges. 

The stream banks are b e t t e r covered than t h e i r 

western c o u n t e r p a r t s , with the e f f i c i e n c y of coverage 

being r e f l e c t e d i n the s t a b i l i t y of the stream banks. 

No t r e e s occur w i t h i n the catchment owing to the v e r y 

exposed c o n d i t i o n s . 

Se c t i o n 2 

I n t r o d u c t i o n 

This s e c t i o n attempts to d e s c r i b e v a r i o u s a s p e c t s 

of the f l u v i a l geomorphology of the two streams occupying 

the Lanehead Catchment. Broadly speaking the d e s c r i p t i o n s 

f a l l i n t o two p a r t s , f i r s t l y , the l o n g i t u d i n a l a s p e c t s 

of the two streams are considered. Secondly, r e f e r e n c e 

i s made to the c r o s s s e c t i o n a l nature of the streams and 

the v a r i o u s phenomena a f f e c t i n g the channel shapes. 

For the sake of convenience each stream w i l l be 

d e a l t w i t h s e p a r a t e l y . 

I The E a s t e r n T r i b u t a r y ; 

The source of t h i s stream l i e s i n the peaty 
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accumulations of the northern i n f l u v e s a t 17614- f e e t O.D. 

The stream flows i n a general north-east to south-west 

d i r e c t i o n f o r some 2700 f e e t u n t i l i t s confluence with 

the western t r i b u t a r y . 

The v a l l e y of t h i s stream has a smooth V shaped 

form, with a moderate degree of i n c i s i o n . The s i d e 

s l o p e s i n most p l a c e s r i s e immediately away from the 

water's edge. 

The upper and lower slopes are covered with b l a n k e t 

peat which v a r i e s i n t h i c k n e s s along the stream. The 

massive limestones appear i n d i f f e r e n t p l a c e s forming 

r e s i s t a n t exposures which give r i s e to s m a l l w a t e r f a l l s 

along the stream bed{* P l a t e . 6.} . 

The improved v e g e t a t i o n cover i n the e a s t e r n p a r t 

of the catchment has a g r e a t e f f e c t i n strengthening the 

upper slopes* 

The L o n g i t u d i n a l P r o f i l e : -

The long p r o f i l e of t h i s stream was a c c u r a t e l y 

l e v e l l e d f o r a d i s t a n c e of 2,700 f e e t , the l e v e l l e d 

p r o f i l e i s shown i n ( P i g . 3.3.), 
Gradients 

The p r o f i l e shows a uniform slope. The average angle 

of slope of the p r o f i l e c a l c u l a t e d from the f i e l d 

measurement i s U.5°. The s t e e p e s t p o r t i o n of t h i s p r o f i l e 
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i s found a t the uppermost par t of the stream and has a 

slope of 6°. 

No major breaks of slope were found throughout the 

p r o f i l e but small w a t e r f a l l s due to the r e s i s t a n t s t r a t a 

and up to f i v e f e e t i n height were observed during the 

f i e l d s t u d y . ( s e e P l a t e 6)» 

The Channel C r o s s - S e c t i o n s ; -

Complementary to a d e s c r i p t i o n of the l o n g i t u d i n a l 

p r o f i l e i s a d e s c r i p t i o n of the c r o s s - p r o f i l e s of the 

stream. I n t h i s study ten c r o s s - p r o f i l e s were a c c u r a t e l y 

l e v e l l e d to give some i n d i c a t i o n of the d i f f e r e n t types 

of c r o s s - s e c t i o n s which are to be found along t h i s stream. 

P r e l i m i n a r y assessment of the c r o s s - s e c t i o n s i n d i c a t e d 

t h a t two major forms were present. 

Type a; 

Thi s type c o n s i s t s of c r o s s - s e c t i S n s number 1 ,2 ,3 ,4 

and 8 i n ( F i g . 3 . 4 . ) . The common f a c t o r between these c r o s s 

p r o f i l e s i s the manner i n which the stream i s bounded by 

i t s banks with steep slopes r i s i n g almost immediately 

away from the water edge without any p e r c e p t i b l e " f l o o d 

p l a i n " development. I t i s u s e f u l a l s o to note here t h a t 

these c r o s s - s e c t i o n s are cut i n t o s o l i d r o c ks, mainly 

limestone, and only have a t h i n cover of s o l i f l u c t i o n 

m a t e r i a l . 
94 



The cr o s s - p r o f i l e s of the eastern tributary 
Lanehead 

WATER LEVEL 

SO F E E T 0 

WATER L E V E L 

WATER LEVEL 

SO FEET O 

WATER L E V E L 

Pig. 3.4 



WATER LEVEL 

S ) (7) 

50 F E E T 80 F E E T 

WATER LEVEL 

WATER LEVEL 

(10) (S ) 

60 F E E T 30 90 F E E T 

WATER LEVEL 

96 Pig. 3.4 



Type b 

This group in c l u d e s c r o s s - s e c t i o n s numbers 5»6,7> 

9 and 10, which are mostly found i n the upper reaches 

of the stream. These f i v e c r o s s - s e c t i o n s a r e 

c h a r a c t e r i s e d by the development of small " f l o o d p l a i n s ' 1 . 

Great t h i c k n e s s e s of s o l i f l u c t e d m a t e r i a l are found i n 

the upper s e c t i o n s of the stream and i t i s l i k e l y t h a t 

t h i s unconsolidated d r i f t f a c i l i t a t e d t e r r a c i n g to some 

extent. 

The vegetation cover p r o t e c t s the upper slopes, of 

t h i s stream from l a n d s l i d i n g . On the lower s l o p e s , 

however, l a n d s l i d i n g occurs s p e c i a l l y i n s p r i n g f o l l o w i n g 

snow melt when the ground i s s a t u r a t e d and the swollen 

8tream undercuts the peaty and s o l i f l u c t e d m a t e r i a l found 

on the outside of the bends. ( P l a t e 7 ) . 

The major e f f e c t of man s t a r t e d i n t h i s p a r t i c u l a r 

area more than hundred ye a r s ago when stone w a l l s were 

b u i l t and mining took plage throughout Weardale. One of 

the n o t i c a b l e e f f e c t s of man which s t i l l remains i n the 

area i s the l a r g e hush j o i n i n g the stream on i t s l e f t 

bank 1500 f e e t above i t s confluence with the western 

t r i b u t a r y ( s e e P l a t e 8) • 

I I The Western T r i b u t a r y ; -

The o r i g i n of the western stream l i e s on one of the 

t h i c k e s t peat accumulations of Weardale a t 1880 f e e t O.D. 
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The stream runs In a general north-west to south-east 
direotion f o r over 3,000 feet down to the junction with 
the eastern t r i b u t a r y . 

The va l l e y of t h i s stream does not possess a w e l l 
formed val l e y i n most places owing to the unstable 
peaty banks which are completely saturated and e a s i l y 
undercut during the high periods of flow. 

The v a l l e y i s i n general deep and the degree of 
slope i s greater than i n the other t r i b u t a r y . The 
vegetation cover which i s mostly Calluna Vulgaris heath 
has not any marked e f f e c t on the banks of t h i s stream. 
In many places exposures of weathered shales and 
sandstone were noted. 
The lon g i t u d i n a l P r o f i l e : -

Accurate l e v e l l i n g over a distance of more than 
2670 feet was carried out. The l e v e l l e d part of the 
stream i s shown i n (Fig. 3.5«)# 
Gradients;-

A f i r s t glance at t h i s p r o f i l e makes i t clear that 
the degree of slope i s greater than on the eastern 
counterpart. The calculated f i g u r e f o r the average slope 
i s approximately 6°. The chief i n t e r e s t i n t h i s p r o f i l e 
i s the f a c t that the steepest part has a slope of 19° and 
i s found i n the lower part of the stream's course. This 
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i s i n complete i n contrast to the eastern t r i b u t a r y . 
Even i n t h i s long p r o f i l e there i s no major 

break of slope although the upper part of the p r o f i l e 
shows abrupt but small changes i n slopes. 
The Channel CroBB-Sections:-

The ten cross sections (Fig 3.6) which were l e v e l l e d 
to represent t h i s stream are c l a s s i f i e d i n t o three 
major types:-
Type 1;- This group Includes the cross sections numbers 
1»3»U,5 and 8 i n (figure 3*6.}. The common feature 
which characterised these cross-sections i s the presence 
of terrace features with steep side slopes on either side. 
The average width of the channels i n t h i s group i s about 
5 feet. 
Type 2 t - This group contains cross-sections numbers 2 
and 7 which are very d i f f e r e n t from the other two groups, 
and shows the widest parts of the channels to be found 
along the stream with an average width of 8 feet . The 
side slopes f a l l as a v e r t i c a l wall towards the channel. 
Type 3:- This type i s made up of cross-sections numbers 
6,9 and 10. The main factor distinguishing t h i s type i s 
the s t r a i g h t l i n e d walls without the development of any 
sort of f l a t terrace or " f l o o d p l a i n " . 

Without doubt the two most important factors 
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influencing the above mentioned types of bross-sectional 
p r o f i l e s are the th i c k deposits of peat which are up to 
12 feet i n thickness i n the northern cross p r o f i l e s and 
the extensive deposits of s o l i f l u c t e d bed-rock. 

The influence of the peat cover i s p a r t i c u l a r l y 
marked i n the western and northern parts of the catchment. 
Here the easily eroded peat forms a very high percentage 
of the 8tream banks, and af t e r periods of t o r r e n t i a l r a i n 
and the subsequent r i s e of the stream erosion of the 
saturated peat i s considerable. The wr i t e r ' s has observed 
many such eroded hags of peat i n these streams. (See 
Plates 9 and 10). C h a r a c t e r i s t i c a l l y the eroded hags are 
elongated i n shape and often were found to be temporarily 
p a r t i a l l y blocking the channel thus causing fu r t h e r 
severe erosion. 

As previously mentioned much of the catchment i s 
covered by a veneer of s o l i f l u c t i o n deposits which probably 
were formed during the intense period of cryeturbation 
which followed the l a s t g l a c i a t i o n . The unconsolidated 
nature of these deposits which are f o r the most part 
lacking substantial quantities of clay sized material makes 
them rip e f o r erosion when they occupy stream bank positions. 

Apart from being continuously and easily eroded where 
they are i n contact with the stream these deposits are also 
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subject to continuous erosion and removal of the f i n e 
material by percolating water. This i s especially 
common i n Spring when great quantities of water are 
released by the melting snow. 

From the above description of the two streams 
occupying the Lanehead Catchment, i t i s obvious that 
there exists a number of i n t e r e s t i n g differences i n 
terms of geomorphological phenomena exhibited by the 
two streams. Several of the more pronounced differences 
w i l l now be described and discussed. 

An examination i n the f i e l d of the s o l i d geology 
of the area, indicated that the streams varied considerably 
i n terms of the area of the outcrop of various l l t h o l o g i e s . 
In p a r t i c u l a r i t was observed that the eastern t r i b u t a r y 
crossed a considerably larger area of limestone strat a 
than d i d the western t r i b u t a r y i n which the dominant 
l i t h o l o g y was Shale often i n a highly weathered state. 

This fundamental difference can be shown to influence 
a v a r i e t y of phenomena, f o r instance as w i l l be shown 
l a t e r the l i t h o l o g y of the bed load carried by the two 
streams can be highly correlated with the rock types 
outcropping i n the stream bed. The differences i n 
l i t h o l o g y must also a f f e c t the rates of erosion and 
solution by the two streams. 
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i t has been shown that the peat i s p a r t i c u l a r l y 
confined i n the western and northern parts of the 
catchments. This f a c t affects the streams i n three 
ways. F i r s t l y , where peat i s exposed i n the banks i t 
i s easily eroded. Secondly, water running o f f peat i s 
l i k e l y to be more acid and therefore more capable of 
solution than water running o f f grass land. Thirdly, a 
cover of peat forms an ef f e c t i v e sponge soaking up excess 
p r e c i p i t a t i o n and releasing i t more slowly at some l a t e r 
time. 

From the f i e l d observations i t was found that the 
Western stream runs i n the thickest peat area which 
ranges from 2 to 12 feet i n depth. On the other hand i n 
the eastern stream the peat cover ranges only from 2 to 5 
feet i n thickness. This difference has encouraged man to 
improve the type of vegetation i n the eastern part of the 
catchment which has to some extent s t a b i l i s e d the banks 
of the stream. 

Referring to the differences between the two 
longitudinal p r o f i l e s and the cross-section number 1 which 
includes the two streams close to t h e i r confluence, i t i s 
seen that the mouth of the western stream i s higher i n 
elevation than the eastern one. I t i s also found that the 
steepest part of the eastern stream p r o f i l e occurs i n the 
upper portion near to the watershed, where as the steepest 



part of the western stream l i e s close to i t s confluence 
with the eastern stream. 

A comparison of the two lo n g i t u d i n a l p r o f i l e s shows 
that the western stream i s steeper than the eastern 
counterpart. 

Owing to the f a c t that the western stream i s the 
steeper of the two i t i s found that t h i s i s p o t e n t i a l l y , 
therefore, the more active one i n terms of i t s erosive 
a b i l i t y and transporting power. 

v 
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Chapter U 
Introduction;-

This chapter may be divided i n t o two sections. 
F i r s t l y , the r e l i e f , geology and vegetation cover of 
the Netherhearth Catchment are described with reference 
to t h e i r affects on the stream behaviour during the 
study period. Secondly, the description of the 
longitudinal p r o f i l e and the f i f t e e n cross-sections of 
the Netherhearth stream are i l l u s t r a t e d and described. 

Section I 
A - Relief:-

The Netherhearth Catchment area i s covering about 
15 acres. The stream i s a west bank t r i b u t a r y of the 
River Tees and runs from the south to the north u n t i l 
i t s confluence with the Trout Beck, the largest t r i b u t a r y 
of the River Tees. Within the Catchment the range of 
a l t i t u d e i s from 1900 to 21+00 feet O.D. with r e l a t i v e 
r e l i e f of 500 feet O.D. (Fig. k.l) • 

The Catchment i s surrounded by Hearth H i l l i n the. 
Worth, Bog H i l l and House H i l l i n the east, Netherhearth 
f l a t s i n the South and Burnt H i l l In the west. The 
6'atchment has l i t t l e r e l a t i v e r e l i e f and i s covered with 
a thic k peat cover p a r t i c u l a r l y i n the south. 
B. Geology:-

The s o l i d geology of the Catchment i s shown i n ( F i g . k»zj). 
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The area i s mostly situated withi n outcrop of the 
Middle Limestone Group which, i n the Alston Block, 
extends from the base of the Lower Smlddy Limestone 
to the base of the Great Limestone. A simple d i v i s i o n 
of the outcropping s t r a t a within t h i s Catchment i s 
discussed below:-
1. The Tyne Bottom Limestone i s exposed i n the v i c i n i t y 
of Moor House on the northernmost part of the catchment 
and shows the f u l l thickness of the Tyne Bottom Limestone 
which i s here about 26 feet i n thickness. The band i s 
composed of even and many-bedded posts of dark f o s s i l i f e r o u s 
Limestone and has a band at the top which i s c h a r a c t e r i s t i c a l l y 
argillaceous and slaggy. 
2. The Single Post Limestone i s a l i g h t grey mottled 
pseudo-brecciated Limestone i n three t h i c k bands making 
11 feet of Limestone s t r a t a . This was. followed by the 
Cockle Shell Limestone which i s f o s s i l i f e r o u s dark argillaceous 
limestone In t h i c k bands with shaly partings, w i t h i n the 
Catchment t h i s strata i s about 8 feet i n thickness. 
3. The Scar Limestone i s the most important strat a i n 
the catchment. I t i s one of the thicker limestone of the 
Middle Limestone Group and i s over 37 fee t i n thickness In 
the Catchment. I t i s composed of l i g h t grey KaXy-bedded 
f i n e l y fragmental limestone i n rather t h i n beds and a few 
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small dark chart nodules are present. 
On the escarpment the Five Yard Limestone i s 

22 f e e t i n thickness and d i v i d e d i n t o two bands by a 
bed of calcareous shale. I n the catchment i t i s about 
20 f e e t t h i c k . The limestone i s dark coloured w i t h 
even bedded shaly p a r t i n g s and i s f o s s i l i f e r o u s . A bed 
of dark shales about 15 f e e t t h i c k o v e r l i e s the Five Yard 
Limestone and on t h i s r e s t s an important s e r i e s o f t h i c k 
sandstone c a l l e d the Six Fathom Hazle, t h i s sandstone i s 
55 f e e t t h i c k on the escarpment but t h i n s eastwards t o 
about 30 f e e t . The sandstone i s medium grained, and 
l i g h t coloured. 
k. The Three Yard Limestone i s r a r e l y seen a t outcrop on 
the catchment, and i t i s about 11 f e e t i n thickness and 
composed o f grey compact C r i n o i d a l Limestone i n t h i c k 
s l i g h t l y nawy-bedded bands. F & i r l y f i n e C r i n o i d a l d e b r i s 
i s abandant i n t h i s Limestone. 

5. The Four Fathom Limestone i s about 21 f e e t t h i c k and 
i t i s composed of medium grey coloured f i n e grained 
limestone i n t h i c k beds w i t h conspicuous many bedding bands. 
SafBy dark ch a r t nodules are developed i n the Limestone. 
6. The Quarry Hazle i s here an important a q u i f e r and many 
springs occur along i t s outcrop. I t c o n s i s t s o f about 15 
f e e t o f sandstone and o f r a t h e r f r i a b l e and ill - c e m e n t e d 
well-bedded s t r a t a . 1-a A 



G. Vegetation Cover :-
W i t h i n t h i s Catchment as a whole most o f the 

ve g e t a t i o n cover has been modifed by sheep gr a z i n g 
and to some extent by burning arid erosion. The 
dominant v e g e t a t i o n , which occurs on the blanket peat, 
i s a community c o n t a i n i n g heather (Calluna Sf.)' 

* Cotton grass (Eriofphorum S$.) and (Sphagna S£.) whose 
composition v a r i e d according t o the degree of peat 
moisture, the a l t i t u d e and the time since i t was l a s t 
b u rnt. N a t u r a l l y o c c u r r i n g t r e e s are not present 
w i t h i n the 'Catchment. 

Section 2 
The d e s c r i p t i o n o f the Netherhearth L o n g i t u d i n a l p r o f i l e : -

The Netherhearth was l e v e l l e d t o a distance o f 
n e a r l y 3»900 f e e t upstream from the Weir Which was 
e s t a b l i s h e d by the Department o f Geography close to the 
Confluence of the Netherhearth w i t h the Trout Beck. The 
p r o f i l e shows a very g e n t l e slope a l l through the stream 
course which i n d i c a t e the f l a t nature o f t h i s peaty 
fcatchment*4.3). 

To compare t h i s w i t h the Lanehead streams one can 
e a s i l y f i n d out the great s i m i l a r i t y between the Netherheath 
and the eastern t r i b u t a r y . 

No observable breaks are found throughout the p r o f i l e , 
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even the small w a t e r f a l l s which were n o t i c e d I n 
Lanehead Catchment are completely absent w i t h i n the 
Netherhearth. 
The Channel Cross-Sections 

The p h y s i c a l nature of t h i s area has a great 
i n f l u e n c e on the f i f t e e n cross-sections covered the 
l o n g i t u d i n a l p r o f i l e o f t h i s stream^ F i g . k,k, J -

P r e l i m i n a r y e v a l u a t i o n o f the cross-sections 
showed t h a t two major types were present:-
Type I 

This type includes the cross-sections numbers 
1,2,6,7,9,12,13,11* and 15 i n ( f f i g . h.lu). The eommon 
f a c t o r between these cross-sections i s the narrow 
channels w i t h an average w i d t h o f 3 f e e t and w i t h steep 
slopes r i s i n g almost immediately away from the water 
edge. 
Type 2 

This type c o n s i s t s o f the cross-sections numbers \ 
3,U»5,8,10 and 11 i n ( F i g k,k) These cross-sections are 
c h a r a c t e r i s e d by the development of small " f l o o d p l a i n s 1 1 

and w i t h an average w i d t h of 5 f e e t . 
The f i n a l conclusion drawn from these 15 cross-sections 

i s t h a t the v a l l e y o f t h i s stream i n most places i s not 
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c l e a r l y d e f i n e d and the cross-sections are t o some 
extent s i m i l a r . Terraces are p o o r l y developed and 
p a r t l y obscured. 
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Chapter 5 
F i e l d work methods, and techniques o f l a b o r a t o r y a n a l y s i s t -
I n t r o d u c t l o n ; -

The f i r s t p a r t o f t h i s chapter deals w i t h t h e f i e l d w o r k 
methods and techniques which were used i n the study o f the 
research catchments, w h i l e the second p a r t describes the 
l a b o r a t o r y a n a l y s i s of the sediment samples which were 
c o l l e c t e d i n the f i e l d . 
I : F i e l d methodst-

The aim o f the p r o j e c t was t o study the bed l o a d of 
c e r t a i n small stream beds i n the higher parts of the 
Northern Pennines. The f i r s t p a r t o f the study was an 
attempt t o discover the s i z e range of m a t e r i a l which 
composed the bed l o a d and t o discover how t h i s v a r i e d i n 
character along a given stream l e n g t h . The second p a r t 
was t o examine and analyse the m a t e r i a l making up the 
banks o f the stream, which was the parent m a t e r i a l from 
which the bed load was derived, i n order t o discover the 
e f f e c t s o f water s o r t i n g on the f o r m a t i o n of the bed-load. 
The f i n a l p a r t was t o o b t a i n some q u a n t i t a t i v e e s t i m a t i o n 
o f the amount o f bed load movement which occurred over a 
given time p e r i o d and under v a r y i n g discharges, 
a. Surveying:-

As the slope o f the stream determines t o a l a r g e extent 
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the erosive and c a r r y i n g capacity of the stream and 
t h e r e f o r e i n t u r n the nature of the bed l o a d , the 
i n i t i a l f i e l d w o r k c o n s i s t e d o f a c c u r a t e l y l e v e l l i n g 
the stream p r o f i l e s . The base p o i n t f o r the l e v e l l i n g 
of the two streams, which made up the Lanehead Catchment, 
was s e l e c t e d a t a distance o f 25 f e e t downstream from 
t h e i r (Confluence. For the l e v e l l i n g a s e l f - s e t t i n g l e v e l 
was employed. On the eastern t r i b u t a r y , which was the 
more g e n t l y s l o p i n g , the average distance between the 
surveyed p o i n t s was 100 f e e t . On the western t r i b u t a r y owing 
to the v e r y rugged t e r r a i n and steep ground slopes, the 
distance^ between s t a t i o n s was much lower and averaged o n l y 
15 f e e t . 

The s t a r t i n g p o i n t f o r the survey o f the Netherhearth 
i 

Stream, which i s the longest o f the three streams s t u d i e d 
i n d e t a i l and almost 3900 f e e t i n l e n g t h , was a weir newly 
e s t a b l i s h e d by the Department o f Geography close t o the 
confluence of t h i s stream w i t h the Trout Beck. The 
Netherhearth stream flows through a f l a t peaty area w i t h 
g e n t l e slopes. This made the task o f surveying r e l a t i v e l y 
easy and the average distance between s t a t i o n s was 100 f e e t . 

I n a l l cases the t r i p o d and l e v e l was set up i n the 
center of the stream bed and f o r e s i g h t and backsight readings 
were taken o f surveying s t a f f s also s i t u a t e d along the 



stream bed. 
I n order t o gain i n f o r m a t i o n concerning the shape 

and slopes o f the banks o f the streams a series o f cross 
p r o f i l e s were also surveyed. Only a l i m i t e d number o f 
p r o f i l e s were surveyed and these were chosen as 
r e p r e s e n t a t i v e o f t y p i c a l c o n d i t i o n s along the various 
stream sections. I n the Lanehead Catchment ten cross 
p r o f i l e s were measured on each of the two main streams, 
w h i l e i n the Netherhearth Catchment a t o t a l o f f i f t e e n 
c r oss-section measurements were made. For these 
measurements the t r i p o d and l e v e l was set up on one o f 
the banks o f the stream w h i l e the s t a f f was placed a t 
d i f f e r e n t p o i n t s across the channel and up the v a l l e y 
sides. Distances between the s t a f f and the t r i p o d were 
measured w i t h a chain. At each of the cross-section 
p o i n t s the w i d t h o f the stream water surface was 
measured, and also the deepest p a r t of the stream channel. 
Such f i g u r e s are, o f course, only o f l i m i t e d value as both 
stream w i d t h and depth a l t e r markedly w i t h v a r i a t i o n s i n 
discharge. They do, however, provide a q u a n t i t a t i v e 
parameter which i s u s e f u l f o r simple comparitige purposes, 
b. Sampling of bed load:-

To determine the p a r t i c l e s i z e d i s t r i b u t i o n o f the 
bedload, sediment samples were c o l l e c t e d , from the bed o f 



the stream, and then taken back t o the l a b o r a t o r y f o r 
d e t a i l e d a n a l y s i s . The choice of sampling p o i n t s i s 
always d i f f i c u l t and i n t h i s case i t was decided t h a t 
i n order to obt a i n a r e p r e s e n t a t i v e sampling "random 
sampling" techniques would have to be employed. I t was 
decided t h a t 100 samples o f bed load m a t e r i a l should be 
obtained from each o f the Lanehead and Netherhearth 
Catchments. I n the case o f the Lanehead Catchment 50 
samples would be taken from each o f the two streams which 
made up the catchment i n order t h a t a comparitive study 
could be made o f the r e s u l t s ^ 

For the sampling, random numbers were s e l e c t e d and 
used t o represent distances i n f e e t along the streams from 
the base p o i n t s o f the l e v e l l i n g surveys. These sampling 
p o i n t s were then determined and marked using a 100 f e e t 
long chain. 

At each of the sampling p o i n t s sediment damples 
weighing between 1,000 - 3»000 grams were c o l l e c t e d t o 
represent the f i n e r p o r t i o n o f the bedload below f " i n 
average diameter. The sediment was c o l l e c t e d from the bed 
of the stream, u s u a l l y i n a p l a s t i c beaker w i t h the minimum 
disturbance o f the sediment t h a t was po s s i b l e . This 
m a t e r i a l was then t r a i l o f ormed t o polythene bags and 
l a b e l l e d before being t r a n s p o r t e d t o the l a b o r a t o r y f o r 
a n a l y s i s . 
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To gain some idea of the siz e d i s t r i b u t i o n o f 
p a r t i c l e s o f more than % n i n average diameter, 
measurements o f the l a r g e r stones, comprising the bed 
load , were measured a t each o f the sampling p o i n t s . 

TJlis was achieved by p l a c i n g a surveying ranging 
rod across the stream channel at the sampling p o i n t and 
then measuring the long axis o f every i n d i v i d u a l stone 
beneath the pole from one stream bank t o the other. With 
t h i s method the number of stones measured a t each o f the 
sampling p o i n t s v a r i e d from less than 2 inches to about 
6 f e e t i n some places. 
C. Sampling o f m a t e r i a l composing the banks o f the Btream 

channelt-
I n order to assess the r e l a t i o n s h i p s between bank 

m a t e r i a l and bedload a number of sediment samples were 
taken from the banks of the streams. 

These sampling p o i n t s , as w i t h those o f bed l o a d , were 
chosen by means o f random sampling techniques. 15 samples 
were, chosen along each o f the streams i n the Lanehead 
Catchment, and 26 samples from the Netherhearth Catchment 
i n Teesdale. The de c i s i o n as t o which bank o f the stream 
should be sampled a t the sampling p o i n t was made a r b i t r a r i l y 
on the basis o f which was easiest t o sample. The c o l l e c t i o n 
of the bank samples proved considerably easier than those o f 
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the bed lo a d and the m a j o r i t y weighed from 800 t o 
2,000 grams. A number of the samples inc l u d e d 
considerable amounts of peat which were l a t e r separated 
from the samples d u r i n g a n a l y s i s . Other samples consisted 
of l a r g e rock fragments as s o l i d rock outcrops o f 
sandstone, shale or limestone. 
d. C o l l e c t i o n o f bedload i n movement along the course o f 

the streamt-
The aim of t h i s study was t o f i n d out how much 

sediment was moving downstream, w i t h i n the Catchments, 
i n a given p e r i o d of time and t o discover what was the 
si z e range o f m a t e r i a l t h a t these streams were capable 
of moving under present day c o n d i t i o n s . At the same 
time i t was hoped to be able t o determine t o what extent 
the n a t u r a l f a c t o r s , such as the geology, the amount o f 
p r e c i p i t a t i o n , the snow melt and the v e g e t a t i o n cover o f 
these catchments, a f f e c t e d the c h a r a c t e r i s t i c s o f the 
bed load i n these streams. 

The sediment moving along the stream channel was 
c o l l e c t e d by means o f traps set i n t o the f l o o r o f the 
channel. 

I n the Lanehead Catchment the bed load t r a p was 
constructed a t a p o i n t 15 f e e t below the confluence of 
the two small streams. The stream channel was here h 
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f e e t across. With d i g g i n g , the channel was widened t o 
s i x f e e t across t o accomodate two metal t r a y s , placed 
side by s i d e , which were sunk i n t o the bed of the 
stream. The t r a y s were 5 f e e t long, 3 f e e t wide and 
6 inches deep. I n order t o obt a i n more e f f i c i e n t 
d e p o s i t i o n of sediment i n t o the t r a y s a s t i l l i n g pool 
was constructed over the t r a y s by p l a c i n g an 8 f e e t l o n g 
r a i l w a y sleeper across the stream and then covering t h i s 
w i t h l a r g e boulders t o form a dam. (See P l a t e 11). 

I n the Netberhearth Catchment the stream was 6 f e e t 
across, and here a s i n g l e t r a y was sunk i n t o the stream 
bed (5* x 3' x 0.5'), and a s t i l l i n g pool constructed 
behind a dam made o f boulders. 

U n f o r t u n a t e l y , however, t h i s i n s t a l l a t i o n proved 
unstable i n times o f increased discharge and was, on a 
number o f occasions, swept downstream. As a r e s u l t no 
i n f o r m a t i o n on the amount of sediment movement was able 
to be obtained from the Netherhearth Catchment. 

At the Lanehead Catchment bed m a t e r i a l , which (pad 
moved downstream, was c o l l e c t e d from the tretys between 
the p e r i o d 25th of June (j.968) t o 8t h o f May6.969i» This 
was achieved by removing the t r a y s from the stream bed, 
d r a i n i n g them o f water, and then weighing the m a t e r i a l i n 
a bucket using a g a i t e r s p r i n g balance which weighed up t o 
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5 0 kgs. Portions of t h i s c o l l e c t e d bed l o a d were taken 

back to the l a b o r a t o r y f o r f u r t h e r d e t a i l e d a n a l y s i s . 

2 . Laboratory a n a l y s i s 

The l a b o r a t o r y a n a l y s i s c a r r i e d out i n t h i s study 

c o n s i s t e d of three main types. The f i r s t , and by f a r 

the most important, was the p a r t i c l e s i z e a n a l y s i s of 

the sediment samples. This was achieved by u s i n g 

standard methods of dry s i e v i n g f o r the bed load, and 

wet s i e v i n g f o r the banks m a t e r i a l . The second type of 

a n a l y s i s was a stone count a n a l y s i s i n t o main l i t h o l o g i c a l 

groups of the l a r g e r rock p a r t i c l e s making up the bed load 

and banks of the stream. F i n a l l y , the t h i r d p a r t 

c o n s i s t e d of the a n a l y s i s of water samples taken from the 

stream. 

P a r t i c l e s i z e a n a l y s i s ; -

A p r e l i m i n a r y survey of both the Lanehead and Netherheath 

Catchment repealed that the v a s t m a j o r i t y of the m a t e r i a l 

comprising the bed load of the streams was made up of 

p a r t i c l e s with diameters g r e a t e r than 0.06 mms. As t h i s 

was the case i t was decided t h a t s i e v e a n a l y s i s alone 

would give an a c c u r a t e measure of the p a r t i c l e s i z e 

d i s t r i b u t i o n . I n a l l cases the samples which had been 

c o l l e c t e d i n the f i e l d were i n i t i a l l y , when they a r r i v e d i n 

the l a b o r a t o r y , p l a c e d i n metal or cardboard t r a y s and then 

1 3 1 

V", I " , i \ No. 8,~No. 1 U , " No: 2 5 , ^ 0 . ' 3 6 , ~ N o r 5 2 , 

No. 72, No. 100, No. 1 5 0 , No. 200, No. 21+0 s i e v e s . T h i s 

n e s t of s i e v e s was p l a c e d on a mechanical s i e v e shaker and 

V i b r a t e d f o r f i v e "minutes. The weight of the m a t e r i a l 

r e t a i n e d on each of the s i e v e s was weighed and recorded. 

The samples of m a t e r i a l obtained from the banks of 

the streams often contained r e l a t i v e l y high proportions of 

s i l t and c l a y - s i z e d p a r t i c l e s which meant t h a t dry s i e v i n g 
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G-raphs showing particle size distribution curves of the 
eastern tributary bed material 
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G-raphs showing particle size distribution curves of the 
western tributary bed material f 
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G-raphs showing particle size'distribution curves of the 
Netherhearth bed material 
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G-raphs showing p a r t i c l e size d i s t r i b u t i o n curves of the 
eastern tributary bank material 
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Graphs showing p a r t i c l e size d i s t r i b u t i o n curves of the 
western tributary bank material 
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Graphs showing p a r t i c l e size d i s t r i b u t i o n curves 
bank material 

of the Netherhearth 
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as the mean, s o r t i n g , and skewness which summarize 

the c h a r a c t e r i s t i c s of the cumulative frequency 

curves. The mean was c a l c u l a t e d u s i n g the f o l l o w i n g 

formula of Palk and Ward (1957) 

Mean = 3 

S o r t i n g v a l u e s were c a l c u l a t e d by the f o l l o w i n g formula. 

S o r t i n g = £ (0QU% - 016%) 

T h i s method has the disadvantage of paying l i t t l e 

a t t e n t i o n to the t a i l s of the d i s t r i b u t i o n and, t h e r e f o r e 

tending to estimate the s o r t i n g as b e t t e r than i t r e a l l y 

i s . I t does, however, possess the advantage of r e l a t i v e l y 

easy and simple c a l c u l a t i o n . 

Skewness i s a measure of d e v i a t i o n from the nornal 

d i s t r i b u t i o n , and was c a l c u l a t e d u s i n g the formula of 

Inman (1952) 

R e s u l t s t -

In t h i s s e c t i o n the a n a l y t i c a l data, obtained from 

samples from the stream bed, and stream banks w i l l be 

d e a l t with s e p a r a t e l y . 

1 



A. Bed m a t e r i a l ; -

At the Lanehead Catchment 50 samples were taken 
at 

from each of the two streams, and the Netherhearth 

Catchment 100 samples. 

P r e l i m i n a r y a n a l y s i s r e v e a l e d t h a t i n the e a s t e r n 

t r i b u t a r y a t Lanehead no sample contained p a r t i c l e s 

w i th diameters of more than 65 mms. or l e s s than 0.06mms. 

In the western t r i b u t a r y a t Lanehead p a r t i c l e s ranged 

from 0.06 mms to 60 mms., and a t the Netherhearth 

Catchment from 0.06 mms to 65 mms. Therefore i n a l l 

three streams i t was n o t i c e a b l e t h a t v e r y l i t t l e m a t e r i a l 

was present along the stream bed with a g r a i n s i z e f i n e r 

than 0.06 mms. This was thought to be due to the f a c t 

that any f i n e r m a t e r i a l which was present would be 

c a r r i e d away I n suspension by the water movement of the 

stream. 

1. Lanehead Catchment:-

a. E a s t e r n t r i b u t a r y ; -

I n order to show the range of values a s s o c i a t e d with 

the mean, s o r t i n g and skewness parameters a s e r i e s of 

histograms were constructed ( F i g . 6.2) (see Appendix 2A) 

Mean p a r t i c l e s i z e : The histogram showing mean p a r t i c l e 

s i z e records a range v a r y i n g from - 1.0 0 to 5.0 0 with 

more than 32% of the va l u e s f a l l i n g between - 3.5 0 and 
1 6 6 
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- k»0 0, which, represents the modal class of the 
d i s t r i b u t i o n , and with more than 92% of the t o t a l 
observations f a l l i n g between - 2.5 0 to - U.5 0» 

These data were also p l o t t e d graphically to show 
the changes i n mean p a r t i c l e size along the stream 
course (Fig. 6.2). On t h i s graph f a i r l y rapid changes 
i n mean p a r t i c l e size were to be noted especially i n 
the upper reaches, but no overall or w e l l marked 
increase or decrease i n mean p a r t i c l e size was observed 
i n a downstream d i r e c t i o n . I t was concluded, therefore, 
that mean p a r t i c l e size along t h i s stream course was 
r e l a t i v e l y uniform apart from random variations near the 
source caused by the influence of sedimentary material 
from the banks of the streams. 
Sortlng:-

The histogram showing sorting values records a range 
varying from + 0.5 0 to + 2.5 0 with 50$ of the observations 
f a l l i n g between +1.5 0 and + 2.0 0 which forms the modal 
class of the d i s t r i b u t i o n , and with almost 99% of the 
observations f a l l i n g between + 1.0 0 and + 2.5 0* 

In the graph showing changes i n sorting values along 
the stream course i t w i l l be seen that no pronounced trend 
i s found although between 1,000 feet and the s t a r t i n g point 
the average sorting values seem to be decreasing. In other 



words i n t h i s stretch the bed load i s becoming better 
sorted. 
Skejgness :-

The histogram showing skenltfess values records a 
range varying from - Qj& 0 to + 0.60 0, with 88$ of the 
observations f a l l i n g between 0.0 $/ and + 0.55 0» The 
d i s t r i b u t i o n appears to be normal i n character with the 
modal class l y i n g between +0.20 0 and + 0.25 0. In the 
graph showing changes along the stream i t was seen that 

A rapid changes i n skewness took place, without any marked 
trend, although there was a tendency f o r the magnitude 
of the (ShangeB to decrease i n a downstream d i r e c t i o n . 

An attempt was also made to discover i f any marked 
relationships existed between mean p a r t i c l e size, s o r t i n g 
and skewness. To achieve t h i s the following graphs were 
pl o t t e d : -

1. Mean p a r t i c l e size against s o r t i n g values 
2. Mean p a r t i c l e size against skewness values 
3. Sorting values against skewness values 

Correlation and regression analysis of these values 
was carried out using a computer programme. (Fig. 6.3). 
I n a l l three cases i t was seen that l i n e a r relationships 
appeared to ex i s t between the variables. The correlation 
c o e f f i c i e n t s were then tested to determine t h e i r 
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significance using a student's t test (Huntsberger, D.V. 
196k) 

* - V 1 - r2 

r = the number of pairs of data studied, and where 
the degrees of freedom are n - 2. 
The following results were obtained:-
1. Mean values against s o r t i n g values 

t = 3.7k - s i g n i f i c a n t at 0.05$ l e v e l . 
2. Mean values against Skefflness values 

t = 2.0k - s i g n i f i c a n t at 0.05 % l e v e l . 
3. Sorting values against skenmess values 

t = 0.72 - not s i g n i f i c a n t at 0.05$ l e v e l . 
I t was therefore concluded that there was a 

s i g n i f i c a n t r e l a t i o n s h i p between mean size and so r t i n g 
values, and between mean size and skewmess values, but 
that no such relationship could be proved between the 
sor t i n g and skewriess values, 
b. Western t r i b u t a r y : ^ 

Mean p a r t i c l e size: (See Fig 6.k and Appendix 2.B) 
The histogram showing mean p a r t i c l e size records a 

range varying from - 2*0 0 to - 5.0 0, with more than 
36% of the observations f a l l i n g between - 3.5 0 and 
- k»0 0 and with more than 95$ between - 2.5 0 and - U.5 0» 



Histograms and graphs showing the distribution of the mean particle size, 
sorting and skewness values along the western tributary 
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In the graph showing changes i n mean p a r t i c l e size 
along the stream course i t can be seen that no marked 
trend i s to be noted with the in d i v i d u a l values 
apparently revealing random f l u c t i o n s around an ov e r a l l 
mean value, of somewhere between -3*0 to - k.O 0. No 
obvious changes i n the magnitude of the fluc t u a t i o n s i n 
mean p a r t i c l e size were observed i n t h i s stream. 
Sorting:-

The histogram showing sorting values records a range 
varying from + 0.5 0 to +2.5 0, with more than kh% of the 
observations f a l l i n g between +1.5 0 and+2.0 0, and with 
66% f a l l i n g between + 0.5 0 and + 2.0 0. In t h i s 
d i s t r i b u t i o n a marked ske&hess towards the higher values i s 
to be seen. 

In the graph showing changes i n sorting along the 
stream i t i s seen that the sorting values increase over 
a short distance near the source, then remain at a 
r e l a t i v e l y uniform l e v e l u n t i l j u s t above 1,000 f e e t , and 
f i n a l l y below t h i s point show a marked decrease i n values. 
This tendency i s even more c l e a r l y marked i n t h i s stream 
then i t was i n the eastern t r i b u t a r y . 
Skewness. 

The histogram showing the skeShess values records a 
range from-0.30 0 to +0.U0 0 with 9&% of the readings 

1 7 3 



f a l l i n g between 0.00 0 and *!•> O.kO 0, and with only 
2% l y i n g on the negative side of the histogram. 

In the graph showing changes along the stream 
course no overall trend i s to be discerned, and i n 
t h i s case there does not appear to be a decrease i n 
the magnitude of the changes i n a downstream d i r e c t i o n . 

I n order to discover i f relationships existed 
between mean p a r t i c l e size, sorting and skefflness 
c o r r e l a t i o n and regression analysis was employed, 
follow i n g the p l o t t i n g of these values i n graphical 
form (Fig. 6.5). Marked relationships appeared to 
exist between the variables and i n a l l three cases the 
correl a t i o n c o e f f i c i e n t s were higher than those obtained 
from the eastern t r i b u t a r y . A l l the co r r e l a t i o n 
c o e f f i c i e n t s were tested using a students t test and the 
foll o w i n g results obtained:-

1. Mean values against s o r t i n g values 
t = 8.2U s i g n i f i c a n t at 0.05$ l e v e l . 

2. Mean values against skewness values 
t = 2.91 s i g n i f i c a n t at 0.05$ l e v e l . 

3. Sorting values against skewness values 
t =3.62 s i g n i f i c a n t at 0.05$ l e v e l . 

I t was, therefore, concluded that s i g n i f i c a n t 
relationships existed between mean values and so r t i n g , 

1 7 4 
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between mean values and skewness and between 
sor t i n g and skewness values. 
Netherhearth Catchment:-

Mean p a r t i c l e size;- (See Fig. 6.6 and Appendix 2.C) 
In the case of the Netherhearth Catchment a t o t a l 

of 100 samples of bottom material were used. The 
histogram showing mean p a r t i c l e size recorded a range 
varying from -2.0 0 to ̂-5.0 0 with 7h% of the observations 
f a l l i n g between -3.5 0 and 5 0» More than 90% of 
the observations f e l l between -3.0 0 and -5.0 0. 

In the graph showing changes i n mean p a r t i c l e size 
along the stream i t i s seen that apparently random 
variations occur i n the upper part of the stream channel, 
but that below 2,500 feet there i s a noticeable tendency 
f o r the mean size expressed i n 0 units to increase. This 
is somewhat strange and suggest that the mean p a r t i c l e 
size of the samples i n millimetres i s increasing i n a 
downstream d i r e c t i o n . 
Sorting 

The histogram showing sorting values records a range 
varying from +0.5 0 and + 0.25 0 with 57% of the observation 
f a l l i n g between + 0..1 0 and + 0.15 0* and with 95$ f a l l i n g 
between + 0.5 0 and 0.2 0. 



Hi stograms 

and. graphs 

showing the 

distr i b u t i o n 

of the mean 

p a r t i c l e s i z e , 

sorting and 

skewness values 

along the 

Netherhearth 

stream 

D 
as a S J 1 0 .1" 

KAN NUUfS M PM1 UNITS SONTMQ UM.UCS « Mil UNITS UEWMESS VALUES IN PHI UMtS 

DISTANCE IN FEET 

DISTANCE IN FEET 

.17.7 
04TMKE M PICT 

Pig. 6.6; 



In the graph showing changes i n so r t i n g along the 
stream i t i s seen that the s o r t i n g values are r e l a t i v e l y 
low i n the upper part of the stream and then suddenly 
r i s e to p a r t i c u l a r l y high values at a distance of 
2500 feet above the s t a r t i n g point. Below t h i s point 
the s o r t i n g values show a marked and persistent decrease 
indi c a t i n g that the bedload becomes increasingly better 
sorted i n a downstream d i r e c t i o n . 
Skeiwness: 

The histogram showing the skeffitiess values records 
a range covering from = 0.5 0 to + 0.9 0 with more than 
90% of the observations f a l l i n g i n the positive portion 
of the histogram between 0.00 0 and + 0.5 0» In the graph 
showing changes along the stream i t i s seen that negative 
skeHhess values tend to be concentrated i n the uppermost 
reaches of the stream and that very l i t t l e o v e r a l l 
v a r i a t i o n i n the skeHness occurs downstream of 2800 feet. 

Analysis was also carried out to determine i f there 
was any marked relationship between the mean, sorting 
and skefflhess values. A l l data were graphed and then 
regression lines and correlation c o e f f i c i e n t s calculated 
(Fig. 6.7). A l l the correlation c o e f f i c i e n t s were tested 
using a student's t t e s t and the f o l l o w i n g results 
obtained. 
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1. Mean values against sorting values, 
t = 7.80 s i g n i f i c a n t at 0.05% l e v e l . 

2. Mean values against skewness values. 
t = 0.96 non-significant at 0.05$ l e v e l . 

3. Sorting values against skewness values, 
t = 2.05 s i g n i f i c a n t at 0.05$ l e v e l . 

I t was therefore concluded that s i g n i f i c a n t 
relationships existed between mean values and s o r t i n g , 
and between s o r t i n g values and skewtness values, but not 
between mean values and skemness values. 
Stone Measurements:-

In the detailed p a r t i c l e size analysis of bed load 
samples already described only material of less than 2" 
i n diameter was included. However i n a l l three streams 
bouldefes with diameter commonly exceeding 2" were of 
common occurrence. I n order to get some idea of the 
frequency of occurrence of these larger stones a simple 
sampling scheme was devised (see Chapter 5) i n which a l l 
the stones with long axis of more than 2" were measured 
across the stream wherever a bed-load sample was obtained. 

With t h i s information i t i s possible to construct 
histograms showing the frequency of occurrence of stones 
of more than two inches i n diameter along the three 
stream channels, and so make comparisons between the three 
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small catchments. 
Lanehead Catchmentt-
1. Eastern Stream : (Fig 6.8) 

Along t h i s stream the largest rock encountered i n 
the sampling procedure was 5 feet 11 inches i n diameter, 
and i n a l l a total of about 382 pebbles were measured. 
From Figure 6.8 i t can be seen that the vast majority 

^28o)were less than 12 inches i n diameter and only 25 
were more than 3 feet i n diameter. 
Western Stream;- (Fig 6.9) 

Along t h i s stream the largest stone measured was 
k feet 1 inch i n diameter out of a t o t a l of Ull stones. 
In t h i s case most of the stone8 (333^ere less than 
12 inches i n diameter and only Ik were more than 36 inches 
i n diameter. 
Netherhearth Catchment :- (Fig. 6.10) 

In t h i s Catchment the largest stone measured was 
3 feet 10 inches i n diameter out of a t o t a l of^923^ stones. 
With t h i s p a r t i c u l a r stream the r e l a t i v e proportions of 
stones less than 12 inches i n diameter was even greater 
than i n either of the two Lanehead streams(879) Btones, 
only 9 stones were more than 36 inches i n diameter. 

Although the, general shape of the histograms of 
stone sizes from the three stream channels showed marked 
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Histogram showing the d i s t r i b u t i o n o f m a t e r i a l c o a r s e r 
than two inches measured a t the sampling p o i n t s o f the 
Netherhearth stream 
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v i s u a l s i m i l a r i t i e s , i t fas decided tbat some 
s t a t i s t i c a l measure of the s i m i l a r i t y or otherwise 
was necessary. To achieve t h i s aim the non-parametric 
KolmogoroU - Smirnov tes t was selected. This te s t can 
be used to evaluate the hypothesis that two sample 
cumulative frequency d i s t r i b u t i o n s were drawn from a 
single population ( M i l l e r and Kahn^l962). The test has 
several advantages. I t can be used as a graphical 
procedure, thus reducing computations to minimum, and 
also a large number of samples can be tested against 
each other on the same p l o t . 

The data depicted on the histograms i n Figs 6.8, 
6,9 and 6.10 were converted to cumulative frequency 
d i s t r i b u t i o n s i n order to use the Kolmogorotf - Smirnov 
test (see Appendix 3«A)« 

A n u l l hypothesis was set up that the two sample 
frequency d i s t r i b u t i o n s of stone sizes from the streams 
of the Lanehead Catchment were drawn from populations 
having the same overa l l frequency d i s t r i b u t i o n s . 

S i m i l a r l y the results from the Netherhearth 
Catchment were compared with the resul t s of bot|t the 
east and west t r i b u t a r y streams at Lanehead. (For 
computation d e t a i l s see Appendix 3.B). 

The results indicate that the sample cumulative 



frequency d i s t r i b u t i o n s of the three streams are 
s t a t i s t i c a l l y s i g n i f i c a n t l y d i f f e r e n t from each 
other. This i s interpreted as an Indication of the 
v a r i a b i l i t y of stone sizes w i t h i n the s o l i f l u c t l o n 
deposits from which the majority of these stones were 
obtained rather than owing to any differences i n the 
transportive powers of the three streamsw 
Bank material samples:-

As the vast majority of the material forming the 
bed load of the streams i n the two catchments had been 
derived from erosion and slumping of the stream banks 
rather than by erosion of the stream bed, i t was 
decided to take samples of the banks material f o r 
p a r t i c l e size analysis. 

The majority of the samples obtained (see Chapter 5) 
proved to be of unconsolidated material, c h i e f l y s o l i -
f l u c t i o n deposits. 

The samples were subjected to wet sieving analysis 
and the results tabulated and p l o t t e d i n a simila r manner 
to the bed load samples. The f i n e nature of many of the 
bank material samples made the calculation of the 16th 
percentiles to be impossible i n many cases, and so 
calculations of mean, sor t i n g and skewness values could 
not be attempted. 
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A comparison between the bank material and that 
along the stream channel could, therefore, be made i n 
only a very general way. 

I t was therefore decided to u t i l i s e a simple vi s u a l 
assessment. To achieve t h i s the results of the sample 
analyses of the bed material and bank material were 
p l o t t e d as t o t a l frequency d i s t r i b u t i o n s showing the 
percentages of gravel, sand and s i l t (+ c l a y ) * 
Results:-
Eastern Tributary - Lanehead :-

In the case of the bed load samples from t h i s stream 
channel i t i s seen (Pig 6.1l) (see Appendix l+.A) that more 
than 9k percent of the samples contained 80 percent plus 
of gravel sized material, while i n the majority of cases 
the samples sand content was less than 15 percent. S i l t 
contents i n a l l cases were less than 5 percent. 

In contrast .the analyses of the stream banks material 
indicated much more v a r i a b i l i t y i n the deposits. (See 
Fig. 6.12 and Appendix i+.D) A l l the gravel contents were 
more than 30 percent, but the majority of the samples had 
gravel contents of less than 70 percent. On the other 
hand sand and s i l t contents were i n general considerably 
higher than i n the case of the bed material samples. This 
was p a r t i c u l a r l y w e l l marked i n the s i l t sized range where 
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more than 1.5 percent of the samples had s i l t contents 
of more than 5 percent, and a number of samples had s i l t 
contents of more than 30 percent. 
Western Stream - Lahehead;-

Along t h i s stream a s i m i l a r pattern wasr noted to 
that along the eastern stream. Bed material samples 
shewed high gravel contents with more than 92 percent 
of the samples having more than 80 percent of the t o t a l . 
Almost a l l the sand contents of the i n d i v i d u a l samples 
were less than 20 percent, and once more a l l the s i l t 
contents were less than 5 percent. (See Fig 6.13 and 
Appendix U.B). 

The banks material showed greater v a r i a b i l i t y i n 
i t s p a r t i c l e size d i s t r i b u t i o n s . Some samples had 
gravel contents of less than 30 percent, but none had 
gravel contents of more than 80 percent (See Fig 6.1k 
and Appendix U.E). Sand contents varied absolutely from 
15 to 70 percent although the majority of values were 
concentrated i n the lower part of the range. S i l t contents 
ranged from 5 to kO percent, and along t h i s stream section 
the majority of samples recorded values between 5 and 1+0 
percent. 
Netherhearth Catchment:-

In t h i s catchment exactly the same pattern as was 
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observed i n both the Lanehead Catchments was repeated, 
and owing to the larger number of samples available i s 
more cl e a r l y seen. 

In the case of the bed material, a l l samples 
analysed showed gravel contents of more than 80 percent, 
and sand contents less than 20 percent. Once again a l l 
the s i l t values were less than 5 percent. (See Fig 6.15 
and also Appendix kmC) » 

With the bank material samples i t was again 
discovered that the greatest range of values was to be 
noted i n the gravel sized material with values from 15 
to 90 percent. Sand percentages ranged from 5 to 60 
percent and s i l t percentages from 0 to 50 percent* 
(Fig. 6.16 and Appendix l+.F). 

In both these cases the majority of observations 
were concentrated i n tb;e lower values. 

Yet another simple method to compare the bed material 
samples with the; bank material samples i s i n terms of 
t h e i r median diameters expressed i n phi u n i t s . This i s 
shown i n (Figs. 6.17 and 6.18.)* 

From these figures i t i s immediately seen that the 
median values f o r the bed material of the three streams 
i s very markedly concentrated with the vast majority of 
the values between -3 to -5 phi u n i t s . 
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PERCENTAGES GRAVEL, SAND, AND SILT OF THE WESTERN STREAM BANKS MATERIAL. 
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These comparisons between the bed material samples 
and the bank material samples of the three streams 
c l e a r l y Indicate the differences between the two sample 
types. 

With the bank material samples one i s dealing with 
deposits varying from s o l i d rock to peat, but mostly 
composed of s o l i f l u c t i O n debris possessing often sizeable 
proportions of f i n e r grained material w i t h i n the sand and 
s i l t size ranges. 

In contrast with the bed material samples one i s 
dealing with a much more uniform deposit, which shows 
evidence of having been sorted to a large degree, and 
which possesses a much coarser average p a r t i c l e size with 
the dominance of gravel sized material. 

From t h i s one i s led to conclude that under present 
day environmental conditions the r e l a t i v e l y f i n e grained 
bank material once i t i s eroded and f a l l s i n t o the stream 
i s rapidly sorted by water action. 

The result of t h i s i s that the smaller sized material, 
c h i e f l y the s i l t (+ clay) and the f i n e r grained sand i s 
completely removed from the deposit, possibly i n suspension 
to leave a bed load composed of coarser sand and gravel 
which moves more slowly downstream by the combined 
processes of s a l t a t i o n and t r a c t i o n . 
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Chapter 7 

Stone Counts Analysis 

In order to gain some information concerning the 
l i t h o l o g l e s of the material making up the stream bed 
and banks deposits siijjiple stone counts were attempted. 
Material which remained on the ? inch, f inch and £ inch 
sieves a f t e r analysis formed the sample p a r t i c l e s , and 
these were i d e n t i f i e d i n t o three main groupings sandstone 
(SST); shale (Sh) and Limestone (LST). The r e s u l t s 
were calculated as percentages f o r each sample, and were 
plo t t e d f o r i l l u s t r a t i o n In a series of bar graphs. 
Lanehead Catchment 

Eastern Tributary 
a. Bed material (Pig 7.1 Appendix 5.A)» 

These samples were characterised by high percentages 
of sandstone and shale, and the v i r t u a l absence of 
limestone. 

In the upper part of the stream section shale tended 
to be the dominant l i t h o l o g y . Downstream however the 
shale percentages of the samples decreased while those of 
sandstone tended to increase. Limestone percentages 
varied from 0 percent to 31 percent close to an outcrop 
of limestone i n the stream bed. They d i d not however 
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Bar graphs showing the percentages o f the main l i t h o l o g i c a l 
types o f the e a s t e r n t r i b u t a r y bed m a t e r i a l 
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8how any trend i n a downstream d i r e c t i o n , 

b. Bank M a t e r i a l ( F i g . 7.2 Appendix 5 . B ) . 

These samples were c h a r a c t e r i s e d by extremely 

high percentages of sandstone commonly over 80 percent, 

and r e l a t i v e l y low percentages of shale (wit£ a l l values 

l e s s than 25 p e r c e n t ) . 

Limestone percentages were always low ( l e s s than 

10 p e r c e n t ) , and i n a number of samples no limestone a t 

a l l was present. 

These r e s u l t s suggest t h a t the higher values of 

limestone and s h a l e i n the bed m a t e r i a l are due to present 

day stream erosion of these rock types r a t h e r than mere 

i n c o r p o r a t i o n of s o l i f l u c t e d d e b r i s . 

Western T r i b u t a r y 

a. Bed M a t e r i a l ( P i g 7.3 Appendix 5.C)* 

The samples taken from the stream showed r e l a t i v e l y 

uniform percentages of sandstone v a r y i n g mostly from 

50 - 80 percent and of s h a l e v a r y i n g mostly from 20 to 

60 percent. Limestone v a l u e s were always l e s s than 5 

percent, and the v a s t m a j o r i t y were l e s s than 1 percent. 

No o v e r a l l trend i n the l i t h o l o g l e s was d i s c e r n i b l e along 

the stream. 

b. Bank M a t e r i a l ( F i g 7.U Appendix 5.D)^ 

In c o n t r a s t to the e a s t e r n t r i b u t a r y these samples 

were c h a r a c t e r i s e d by h i g h l y v a r i a b l e sandstone and o n . 



Bar graphs showing the percentages o f the main l i t h o l o g i c a l 
types o f the e a s t e r n t r i b u t a r y bank m a t e r i a l 
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Bar graphs showing the percentages o f the main 
l i t h o l d g i c a l types o f the western t r i b u t a r y bank 
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s h a l e percentages, and the complete absence of any 

limestone. No o v e r a l l trends were observed along the 

stream course. 

Netherhearth Catchment 

a. Bed Ma t e r i a l ( F i g . 7 . 5 j Appendix 5.E)» 

The pebble l l t h o l o g i e s i n the Netherhearth Catchment 

were, as i n Lanehead dominated by high sandstone 

percentages, moderate s h a l e percentages, and very low 

limestone percentages. 

Sandstone values v a r i g d from U5 to 95 percent, and 

reaching t h e i r g r e a t e s t concentrations a t about 500 f e e t 

above the i n i t i a l sampling point. Shale v a l u e s v a r i e d 

from 10 to 55 percent with the lowest v a l u e s c o i n c i d i n g 

with the highest sandstone f i g u r e s . Limestone percentages 

were e x c e p t i o n a l l y low throughout the stream's length. 

Many samples contained no limestone a t a l l and the highest 

recorded v a l u e was l e s s than 1.5 percent. 

b. Bank M a t e r i a l ( F i g . 7.6j Appendix 5.P) • 

The samples of bank m a t e r i a l were dominated by ve r y 

high sandstone v a l u e s , i n many cases of more than 90 

percent, and correspondingly low va l u e s of s h a l e content. 

Limestone v a l u e s were everywhere low and i n a l l c a s e s l e s s 

than 1 percent of the t o t a l sample. 
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Conclusions;-

These stone counts i l l u s t r a t e d the o v e r a l l 

composition i n terms of l l t h o l o g i e s of both bed and 

banks m a t e r i a l , and showed the r e l a t i v e dominance of 

sandstone i n almost a l l of the samples. 

I n general s h a l e percentages d i d not show any 

marked f e a t u r e s except a tendency i n some cases to be 

i n v e r s e l y p r o p o r t i o n a l to sandstone contents. 

Limestone contents were everywhere low, and n e a r l y 

always l e s s than 5 percent. 

Higher limestone percentages i n the bed m a t e r i a l 

samples appeared to be a s s o c i a t e d with bedrock outcrops 

of limestone, suggesting erosion of t h i s l i t h o l o g y under 

present day c o n d i t i o n s . 

The general s i m i l a r i t y between bed m a t e r i a l and the 

bank m a t e r i a l made i t d i f f i c u l t to g e n e r a l i s e to what 

extent present bed load i s produced by e r o s i o n and 

slumping of bank m a t e r i a l i n t o the stream or by water 

e r o s i o n of the stream bed. Subjective, v i s u a l assessment 

would oubjoct that both processes are important depending 

on l o c a l topographic c o n d i t i o n s . 



Chapter 8 

Water Samples A n a l y s i s 

Because of the nature of the g e o l o g i c a l 

invironment of the Lanehead Catchment, the w r i t e r 

thought i t would be i n t e r e s t i n g to make a b r i e f 

a n a l y s i s of a few samples of the stream water to obtain 

some primary raw data concerning the amount and type 

of m a t e r i a l a t present being removed i n s o l u t i o n , 

n e c e s s a r i l y the f o l l o w i n g d e s c r i p t i o n can only be 

regarded as i n t e r i m a f u l l study r e q u i r i n g s e v e r a l 

hundred samples taken throughout the year. The r e s u l t s 

of seven water samples are shown i n T a b l e 8.1. 

I t was thought by the w r i t e r t h a t there might be 

some r e l a t i o n s h i p s between the Sodium, Potassium, Calcium 

and Magnesium and the average d a i l y d ischarge. I n periods 

of r a i n f a l l and consequently high d i s c h a r g e there would be 

a f a i r l y r a p i d d i r e c t run o f f , i n periods of lower 

d i s c h a r g e more water w i l l be base flow and thus more 

d i r e c t l y i n f l u e n c e d by the g e o l o g i c a l invironment. 

F i g u r e (8.1 A? shows the r e l a t i o n s h i p between the 

Sodium, Potassium, Calcium and Magnesium and the average 

d a i l y d i s c h a r g e . Few d i r e c t r e l a t i o n s h i p s are observed. 

Without more d e t a i l e d and long term s t u d i e s the reasons 

of t h i s l a c k of c o r r e l a t i o n must remain doubtful. 
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ylt i s p o s s i b l e , however, <ts t e n t a t i v e l y /suggest ^ 

some of the p o s s i b l e reasons. F i r s t l y i t should be 

r e a l i z e d t h at a t the time when the observation were 

made the area had a c o n s i d e r a b l e snow cover and i t i s , 

t h e r e f o r e , p o s s i b l e t h a t true base flow conditions were 

not reached a g r e a t deal of the discharge being due to 

snow melt. 

Secondly, the i n i t i a l amount of the Sodium, 

Potassium, Calcium and the Magnesium i n the r a i n water 

f a l l i n g on the Catchment was not known. 

Fi g u r e ( 8 . 1 B}; shows the r e l a t i o n s h i p between average 

d a i l y discharge and the PH. content of the water. No 

d i r e c t r e l a t i o n s h i p i s observed, t h i s too, might i n p a r t 

be explained to e x t e n s i v e cover of snow, the melt water 

from which may have produced a b u f f e r i n g e f f e c t on the 

PH v a l u e s which might otherwise have v a r i e d from 

r e l a t i v e l y high PH's during periods of base flow to lower 

PH's with almost d i r e c t run o f f from the a c i d moorland. 

I n order to obtain some data i n d i c a t i n g the t o t a l 

amount of m a t e r i a l l e a v i n g the Catchment i n s o l u t i o n 

samples of waterkevaporated and a c c u r a t e l y weighed. 

(See Chapter 5).'The c a l c u l a t e d v a l u e s was then m u l t i p l i e d 

by the average d a i l y discharge to obtain the t o t a l f i g u r e , 

the r e s u l t s of seven such experiments are shown i n Table 

8.1. 2 1 4 



The r e s u l t s would seem to i n d i c a t e that a 

considerable amount of m a t e r i a l i s being removed 

from the Catchment. I t would perhaps be dangerous to 

make more of such l i m i t e d data. C e r t a i n l y , however, 

a l a r g e area of limestone outcropping w i t h i n the 

Catchment. Such high values were not t o t a l l y unexpected. 
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Chapter 9 

Movement of M a t e r i a l Downstream 
To o b t a i n some measure o f the amount o f m a t e r i a l 

being t r a n s p o r t e d past a f i x e d p o i n t i n the Lanehead 
Catchment, t r a y s were sunk i n the bed o f the stream 
(See Chapter 5) to t r a p moving bed load. The tr a y s 
were v i s i t e d and emptied on a t o t a l o f 20 occasions 
d u r i n g the year of f i e l d work between J u l y 1968 and 
May 1969. 

I n the f o l l o w i n g t a b l e the date of v i s i t i n g the 
s i t e i s shown together w i t h the amount o f m a t e r i a l 
present w i t h i n the t r a y s . 

Table 9.1 
Date o f V i s i t 

18.7.1968 
15.8.1968 
10.9.1968 
2k.9.1968 
3J.0.1968 
28 J. L1968 
5.12.1968 

12J2.1968 

7.1.1969 

M a t e r i a l i n t r a y s 
weight i n Kgs. 

118.700 

No m a t e r i a l present 
it n n 

113.000 

92.900 
122.50 

No m a t e r i a l present 
it » n 

12Zu500 

2 



20.1.1969 72.1+00 
27.1.1969 72.200 

3.2.1969 10.800 

26.2.1969 No m a t e r i a l present 

5.3.1969 it tt n 

1^.3.1969 it n n 

20.3.1969 tt it h 

2.U. 1969 112.000 

16. i u 1969 35U.OOO 

2tuU.1969 No m a t e r i a l present 

8.5.1969 91.0 

T o t a l 128U.0 Kgs. 

I n a l l a t o t a l of 128U.0 Kgs. was c o l l e c t e d from 
the t r a y s d u r i n g the observation p e r i o d . This f i g u r e 
proved to be a minimum value f o r the amount of m a t e r i a l 
i n trans^t^Jby the stream a t t h i s p o i n t as i t was soon 
found o f t e n the i n s t a l l a t i o n o f the t r a y s t h a t they were 
of i n s u f f i c i e n t volume t o deal w i t h the very l a r g e and 
unexpected amounts o f m a t e r i a l which proved to be i n 
movement along the stream channel. 

Having obtained a minimum f i g u r e f o r the amount o f 
m a t e r i a l passing a given p o i n t i n the lower p a r t o f the 
Lanehead Catchment, the second aim o f t h i s p a r t i c u l a r 



experiment was t o discover i f tbe p a r t i c l e size 
c h a r a c t e r i s t i c s o f the m a t e r i a l i n movement was 
s i g n i f i c a n t l y d i f f e r e n t from t h a t which had already 
been observed i n the stream bed load. 

To achieve t h i s studies were made of both the 
coarse and f i n e m a t e r i a l which was trapped by the 
tra y s on each c o l l e c t i o n date. 

For the f i n e p a r t i c l e s i z e a n a l y s i s k grabe 
samples were taken from the m a t e r i a l c o l l e c t e d from 
the t r a y s . These samples were o f about 2 Kgs. i n 
weight and each was subjected to d ry s i e v i n g a n a l y s i s 
i n the normal way. (see Fig. 9 . l ) • 

When the data f o r the sieve a n a l y s i s had been 
completed i t was bulked;together t o o b t a i n an average 
curve f o r the fou r samples which i n t u r n was considered 
r e p r e s e n t a t i v e of a l l the m a t e r i a l w i t h i n the t r a y s on 
the day of c o l l e c t i o n . 

This cumulative frequency curve was then analysed 
i n the normal manner and the median, mean and s o r t i n g 
values c a l c u l a t e d . This procedure was repeated on each 
occasion t h a t the tr a y s were emptied. 

The f o l l o w i n g t a b l e shows p a r t i c l e s i z e a n a l y s i s of 
m a t e r i a l obtained from sampling t r a y s . Average r e s u l t s 
of U samples per sampling date. 
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•Particle size a n a l y s i s of the f i n d material collected 
from the trays 
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' Table 9.2 

Date of 
sampling 

Median 
p h i 

Mean 
phi 

S o r t i n g 
p h i 

18.7.68 - 1.3 - 1.17 + 1.70 
2k.9.68 -tO. 8 - 0.83 + 1.55 
3J-Q68 - 1.6 - 1.83 + 1.75 
28J.L 68 - 1.5 + 1.05 
7.1.69 - 1.6 - 2.10 + 1.85 

20.1.69 - 1.5 - 1.97 + 2.10 

27.1.69 - 1.3 - 1.53 + 2.65 
3.2.69 - 0.5 • - 0.87 + 2.60 

2.U.69 - 3.U - 2. 80 + 1 .30 

16.1+. 69 - 1.1 - 0.97 + 1 .30 

8.5.69 - 0.5 - 0 .30 + 1.1+0 

From t a b l e 9.2 i t can be seen t h a t the median 
s i z e ranged from - 0.5 phi to - 3.1+ p h i ; the mean 
size from - 0.3 p h i t o - 2.80 p h i , and the s o r t i n g 
from + 1.30 p h i t o +2.6$ p h i . 

When these r e s u l t s are compared w i t h the r e s u l t s 
obtained from the bed load samples o f the two streams 
i n the Lanehead Catchment i t i s seen t h a t the samples 
obtained from the t r a y s have i n almost a l l cases much 
lower mean p h i parameters, but s i m i l a r o v e r a l l s o r t i n g 
values. 

...» »•-* - 1 -



This would suggest t h a t d u r i n g the p e r i o d of 
observation (18th J u l y 1968 to the 8 t h of May 1969) 
f l o o d discharges along the stream were not s u f f i c i e n t l y 
great t o be competent t o move the l a r g e r p a r t i c l e s 
found along the stream bed. 

M a t e r i a l coarser than f inches which was found 
i n the t r a y s was analysed i n the f o l l o w i n g manner. 

The long axes o f the stones were measured t o the 
nearest 0.1 o f an inch and a t the same time the weight 
was recorded to the nearest 0.1 o f a gram (These data are 
produced i n Appendix 6. A»B,C,D,E,F,G,H,I, and J . ) -

These data f o r each i n d i v i d u a l c o l l e c t i o n were 
p l o t t e d i n a s e r i e s o f histograms showing the long a x i s 
and the weights. Graphs were also constructed w i t h 
weight p l o t t e d against the long axis (see Figs. 9.2 A, 
B,C,D,E,F,G,H,I,J.). 

I t i s c l e a r from the diagram t h a t samples c o l l e c t e d 
on the f o l l o w i n g dates, 18 .7.68, 24.9.68, 28.11.68, 7.1.69, 
20.1.69 and 2.4*69. Contained l a r g e r q u a n t i t i e s of coarse 
m a t e r i a l than samples c o l l e c t e d on the 3.10.68, 27.1.69, 
3.2.69, and 16.4.69. More than &5% of the m a t e r i a l c o l l e c t e d 
on these l a t e r dates was less than 2mm i n diameter. 
A complete absence o f coarse m a t e r i a l (more than f inches) 
was observed i n the m a t e r i a l c o l l e c t e d on the 8th of May(l969)» 
From the author's observation d u r i n g the c o l l e c t i o n o f these 

samples i t was n o t i c e d t h a t i n the l a t e Autumn of (l968) the 
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t r a y samples contained g r e a t e r q u a n t i t i e s o f coarse 
p a r t i c l e s than d u r i n g the severe w i n t e r o f 1968-69 when 
most of the m a t e r i a l c o l l e c t e d was less than 2mm 
i n diameter. 

This was probably due t o the f a c t t h a t severe 
f r o s t s and snow melt loosened f i n e m a t e r i a l from 
the stream banks causing i t t o f a l l i n t o the stream 
b i d . During high floods t h i s m a t e r i a l was then 
c a r r i e d downstream. 

The q u a n t i t y o f sediment c a r r i e d by the stream 
i s obviously r e l a t e d to stream discharge. The 
i n a b i l i t y o f the author t o empty the t r a y s on a d a i l y 
basis meant however, t h a t d e t a i l e d c o r r e l a t i o n s could 
not be made between sediment q u a n t i t y and water 
discharge. However using i n f o r m a t i o n from a nearby 
stream gauge i t was possible t o o b t a i n the highest water 
discharge which occurred d u r i n g the t r a y sampling 
i n t e r v a l , and then t h i s f i g u r e was p l o t t e d against the 
weight of sediment c o l l e c t e d from the t r a y s . (For 
d e t a i l s see the f o l l o w i n g t a b l e and F i g . 9.3). 

Table 9.3 
Date o f c o l l e c t i o n Weight i n Highest discharge i n 

Kgs cusecs between sampling 
dates 

18.7.1968 118.700 No a v a i l a b l e records f o r 
t h i s p e r i o d 
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15.8.1968 No material present 
10.9.1968 
24. 9.1968 

«- n 

113.000 

n 
No available records 

t h i s period 

3.10.1968 92.900 
28.11.1968 122*50 9.5 

5J2.1968 No material present 0.6 
12J.2.1968 ii n n 0.5 
7.1.1969 124.500 46.8 

20.1.1969 72.400 16.9 
27.1.1969 72.200 14.5 
3.2.1969 10.800 8.2 
26.2.1969 No material present 0.5 
5.3.1969 n n n 0.6 

14. 3.1969 I I it I I 0.5 
20.3.1969 w n n 0.5 
2.4.1969 ' 112.000 25.6 
16.4.1969 354.000 17.0 
24.4. 1969 No material present 2.5 
8.5.1969 91.000 10.5 

Total = 1284.00 Kgs. 

This f i g u r e Indicated that there was a general 
rel a t i o n s h i p between discharge and sediment movement, 
with the largest sediment concentrations being associated 
with the highest discharges. This type of corre l a t i o n 



does, however, suffer from the fact that no estimate 
of the length of time of occurrence of flows of 
d i f f e r e n t magnitude can be made. 

Prom the evidence presented i n Table 9.3 i t can 
i 

be seen that there was apparently no sediment movement 
with maximum flows as high, as 2.5 cusecs but that 
sediment movement was occurring with flows of 8.2 cusecs. 
This would suggest that f o r t h i s p a r t i c u l a r stream there 
i s a threshold value, i n terms of discharge between 
2.5 to 8.2 fusees below which l i t t l e or no sediment 
movement i n terms of bed load takes place. 

In order to gain some idea as to the distance of 
movement of i n d i v i d u a l stone p a r t i c l e s over short time 
in t e r v a l s along the streams. A simple experiment was 
devised. For t h i s pebbles were, used which had been 
caught i n the bed load traps, and which were, therefore, 
known to be i n movement along the stream bed under 
present day environmental conditions. In a l l a t o t a l of 
212 pebbles were selected, mostly of hard sandstones 
and limestones which were best able to withstand corrosion, 
with long axes lengths varying from 1.0 to 5.6 inches, 
and with weights ranging from 9 to 738 grams. 

These stones were obtained from material collected 
i n the trays and removed from stream on September 24th 1968. 
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The c o l l e c t i o n of stones were then divided into two 
sim i l a r groups of 106 stones each, A and B. 

The weight of the i n d i v i d u a l pebbles composing 
group A ranged from 9 to 718 grams, and the long axis 
length ranged from 1.0 to 5.1 inches (see Appendix 7.A). 

In group B the weights of the pebbles ranged from 
9 to 738 grams and the long axis from 1.0 to 5.6 inches 
(Appendix 7. B) 

The pebbles were then painted with yellow marine 
paint to aid i d e n t i f i c a t i o n and each Individual pebble 
in both groups numbered consecutively i n black paint 
from 1 to 106. 

On the 5th December 1968 the two groups of pebbles 
were taken to the Lanehead Catchment and placed i n the 
bed of the streams. Points were selected 2,000 feet 
above the confluence of the two streams and the pebbles 
were placed on the stream bed at these points:-

Group A i n the eastern stream 
Group B i n the western one 

The distance t r a v e l l e d by these marked pebbles was 
measured on 27th January(1969)3and 13th June(l969). 

Unfortunately most of the pebbles used i n t h i s 
experiment were buried during the winter by the material 
f a l l i n g from the banks which made the recovery of most 
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of them d i f f i c u l t . 
Tbe results of t h i s experiment (as i t . i s c l e a r l y 

shown i n Fig. S.k)t revealed that the western t r i b u t a r y 
was more powerful and more capable of moving coarser 
material than i t s eastern counterpart. Also, the f i g u r e 
shows that there i s no d i r e c t relationship between the 
weight of each i n d i v i d u a l pebble and how f a r i t t r a v e l l e d 
downstream. 
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Graphs shoving the r e l a t i o n s h i p between weight and d i s t a n c e 
o f c o a r s e sediment movement along the streams 

DISTANCE IN FEET 

100 

DISTANCE M FEET 13-0-60 (W) 

DISTANCE N FEET 27-WA9 (E) 

100 BOO " 

DISTANCE M FEET 37-1^9 I 

Pig. 9.V 

236 



*0 
CO 
•si 



3" e+ CO e+ H- •3 0 H" Si c+ 4 4 e+ c i - P- 0 H- o 
H 1 p- O 0 3 3 0 H- •3 0 3* *3 0 •3 3 Hi 3 3 H i 

oq CD •3 •3 CD 3 N •3 0 CD H» 0 0 H Hj P. 
3* CO c+ O* Oq CD CD « c+ •d 0 n c+ c+ 
M CD CD a Si CD CD Oq 0 CD P< •d a 0 0 3-
V { P- 1-3 e+ •3 P- 0 4 •3 d P< e+ C H- •3 •3 c+ 0 M 

CO • p r H- H- Hi P - M £2 »3 m CD 3 0 0 0 3 e+ 
CD e+ CD O c+ 3 O 1 c+ CD 0 CD CD 0 Oq 0 3 c+ 0 0q 
>3 »3 3 CD 0 CD 3 •3 0 c+ CO o H- *3 P" 
O CD a * 0 •3 c+ c + H> 0 H« c+ 3 H" O C 0 CO 0 o 0 0 
GO 05 3 CD CD 3 3 c i - O 3 CO >3 0 c i - Ht 0 0 
H" 3 H- P> H- e+ CD 0 H> cr 0 3 9* O Hi e+ 
< CO CO 3 P - H> CD c+ M CD c+ CD C 0 i 3 " 0 C3 Oq D* 
CD 3 0 0 3 3" *< 0 P" p . Hi 3 M »3 0 0 0 0 0 o 0 H i c+ M CD 0 • CD H" V J O c i - 0 M O H- 0 
CD •3 o c+ M 1 CD Hi 0 p- •—1 3 3 
CO CD 3 CD O e+ O 0 0 3 3" e+ »t» P CD •d 3 o H-
•d O . •3 Si 3 3 " • e+ CD H- V J 0 « 0 oq 1—1 0 
CD CO M H- CD 0 o •3 0 0 o O H- « 0 o v j 0 3* 
O c+ 0 P- GO •3 l a . CD P - •3 3" e+ e+ 3 •3 0 m •3 O 
H" H» CO M d CD 0 0 O t-> O O Hi 0 0 H- i 
09 1—1 H- •3 o e+ 3 <<l *i CI e+ 3 •3 3 c i - 3 
M M o Si o e+ O 0 0 0 S CO c+ 0 P . H-
M 3 0 3 3" CD a- c i - 3 " 0 CD *• CO •3 - • 0 0 H-
«<| H- 0 Oq 0 •3 1 CD 3" O O <J 0 3 

3 3 H» VJI P- 0 o c+ ^ H i O 0 
O » •d 3 Oq m • 0 e+ Hi o 3 " CD O a Hj (Bt O* c * 
a (D CO o H- CD e+ o N 3 CD 0 c t 0 3 0 0 3" 

o . Oq a H- o ct- O •d 3 3" 3 Hj O* c+ c+ H-
«< 3 i. p- o •+ S- 3 o c+ 3 CD P> o 0 0 0 0 O O M 

p- 0 0 •+ 
CD e+ 0 3" o •3 •3 9* e+ 0 

3 d c+ V! 0 •s c i -
CD 0 CD CD 0 P- Oq i H- 0 r i 

c + 3 CD o d 3" 0 f— 1 P. c+ CD •3 £ M O 3 p
CO 3 CO 0 P. o c+ CD < 0 0 0 3 O 3 en 

H> c 3 •3 o 0 CD 0 O CD Hi •3 O 0 0 0 c+ 0 
>3 p . M CD d 0 CD •3 c+ M» P. 3. c+ e+ c+ P- P* Hi 

ET M »d 
p . 

O H »3 «< 0 •3 H- •3 3- 0 O 0 0 
CD »3 CD 0 • 0 c+ 0q 0 0 3 o . P« H •d o. 
•3 CO H- X c+ ci - S| CD c+ O CD •3 O H- «<1 •3 <! c+ C+ 
CD e+ a> c+ M> CD CD O 0 M 3 c+ 0 n <• O 0 3" 

03 H »3 M P. M 3 3 . Hi c+ 0 e+ Hj < •3 O 0 
CO 0q 3 CD O c+ 0 o CD P. 0 3 O H- e+ 0 c + 
O CD Oq 3 O 3 c+ 0 0 P. 

c+ 3 o 3 P> tQ O *• 
M 

Oq 
CD P- o 0 H- e+ 3 H- •3 e+ 3 •3 . d 0 

H» 03 O* l~» « •d O O e+ O •3 O* CD O c+ o W » H 
M» 3 CD «<| •d c+ •d 3" i *d 3" O 0 CD 3 c+ £ 3 3 o 3 
M P. O CD H CD O 3 0 O •d H- c+ H- Oq 0 c+ p-
d 0 •d >3 V ) 0 3 " CD *3 (3 3 • 0 3 c+ H- 3 0 
O 0) d o H- •3 0 3 ! «+ c+ c+ H- Oq 0 O c+ 0 »d 
e+ •3 m o O c+ 0 3 e+ H- 3" 3 C oq 0 3 H-
CD CD CD •3 P. O Oq 0 O 3 0 c+ ci - H« c+ »3 c+ C+ c+ 
P. H» m 

• th
e
 

to
 

e
s
 re 

a
n

y
 

e+ O S-
CD 

p r 
Hi 0 

3 

e
a

t 

iv
e
 

0 0 

o 
1 
a 
CO 
M 

o 
3 



cr Pi CD H- c t CO 1 •3 o CO as H) c t O f CO ' CO »3 9 
00 H - H- 03 3" h* o CD o M CD •3 cr o 09 m Pf O CD CO 
3 09 N CD N • •3 o O .CD c e+ 3 CD »3 t~> c t 

s»r CJ CD 3 CD e+ c 00 CD 3 3 O CD < c t 09 CD 
CO 3" O CO Ta. H" V ! 3 ; .P* 3" 3" 3 H> c t •3' 

CO Oft GS •3 c t c t CJ •3 09 Gh c+ > CD 3 . CD CD 3 H? H3 Hi 
09 c+ •3 . 3 P> 3" *t cr c+ 1—1 CD O pr Pi 3 1 CD 09 CO 0q O 3" 09 
3 O Oq P. CD CD CD 00 O CD Pi a 1—1 CD l-i 1 CD 3 P i CO. 

0q 
3 CD h-i 

Pi 3 CD *+> 00 3 
1 o M 09 1—1 c t c t € 00 

CD • c t H* OB 9 1 CO 3 "-j CD c+ •3 o ^ a H> H" 3" CO O 
3" 3 3 • c+ H" o *3 O •3 oq 00 CD CO to 3 C t H« c t O 

3" O CD H" Oft 3 • (0 CO CD c t 09 CD p - CD cr c t 3f. • »3 00 O 
CD O c t M CD Oo CD c t CO CD VJ 3 o o c t 

3f. 
c t 

a P" CD •3 Pi 
• 

CO 00 00 cr cr 3 3* H- >3 
c+ 3 H - CO Oft o • O Pi 

• • 3 co c t CO 3' CD. O CD 00 CO 
•3 c t CO •3 H> o H i 3 o 9 3" CD c t c t • 

D> CO O CD CO e+ •3 P< Pi c •3 CD 00 3 O hi Hi 
V ! 3" 1—1 c . CD e+ C CD f 3 M c+ 09 CD CD O 
m O Oft CO o 09 «« cr •3 P. CD c+ CD 3 3- - • 09 M CD 09 

M> •3 c+ H> CD CD H- * •3 00 CD H> CD 09 3 . M 
Oq H" Oft 03 3 * 0q O • 00 Oq c t 

CD c t CD Q) c+ 3. l-» CD OP H- <D 3 ' n 3 :CT O H- c t O 
< 3" 3 3" 09 CD c t 0q h-i cr H> O cr O 
CD CD 09 H> c t P> 9-= c+ cr 09 3- •3 *< CD 3 CD 3 
on o CT CO CD co 3 1 3 e+ 09 - 09 c t CO •3 
M CO •1 H- •3 c+ c t CD c t o 3" C+ •3 CO cr 3- 9 CD 
CD CD •3 3 H- 3" CD cr c CD CD c t Hi CD CD H> CD •3 
p . P. o 1 CO CO 0B 09 •3 03 CD 3 *3 H- 0q 09 •3 09 H-

H> CD c t H c+ H- 3 c+ 03 H» O 3 c t CD 3 00 
3 c t cr CD 00 O cr CO e+ CD . 1—1 . H- CD 09 3* O 
CD CD •3 CJ c+ M # • H" 3 !-• CD t i l •3 CO CD •3 3 

co 3 CD H- o 3 CO 
# • 

0q O Pi H" 3 , , c t c t 09 09 
c t c+ CD « 00 H> «• 3 cr M> Hi 03 O CD < •3 

CO 3 CD H H 03 CD 3 H- 00 09 •3 CD c t CO 
c+ CD CD 

3 
Mi 3 *d N 3 c t 3 CD H- 3 

3- O c t 3 H 1 O 3 cr c+ M 09 CD 3 CD c t »3 3 O o 
CD O 3- 3 c+ 03 H- O «+ i o CD CO 09 

t—1 CD . c+ P. CD c+ CJ •3 O CD •3 09 »3 00 c t c t M 

P* M 3- H" P< CD 3 - CD P. •3 o CD 3 CD 3 >3 cr Oft 
O CD GO CD O »• ••3 • H» P- 3- P1 CD CD 09 
3 O O 00 H> •3 H- •3 CO CD CD H" CD H- < H- c+ *i 3 c t •3 CD CD o CD M 00 3 c t c t 3 3 00 N CD 
3 CD c t CD CD o M 3 Pi •3 e+ 3" H> o CD >3 
CD p i H- oo P< 3 0Q • H- H- c+. CD O c t H- *i «< 

• 3 
p i 

3 3 H" CD O 3 O < 3 cr 3 c t 03 
c t OQ c+ c t 03 00 P- e+ CO 09 CO CD • Hi 3 CO 

•3 3" 3" •-3 CO e+ 03 CO 3 1 c t 3 Pi H-
c+ o GO CO 00 CD CO •-b cr. cr M • CD H- t~« 3" 0q 0q «< 3 3 •3 e+ a CD CD o •3 CD CD c t 3 

'Cf P> e+ 3* 5 o 3" O 3* 3 r< " , 3 00 3" H-
CD c t H - c+ CD 3 3 H" c+ c t CD r< " CD 3 CD n 
CO 3" 

CD 
a 
M 

3" 
CD P- le 

ea O 

cr 
•3 
03 H 1 

al 

S
S

 

CD 
•3 

3 -
CD P> H-

O 
O CD •3 O •3 3 «< r o 3 .-CD 09 CO 

cr CD 00 00 CD O P> 3 
CD H- •P- P> H> c t 
p< 3 

oq 
CO 

oq 
CO 

-



CD »d o w Is d
o
 

H i 

o
l
 

c r 
CD 

o cs c+ 3 CO 
t-> c r o CD 

a CO CD 0Q 
CD c r c+ 00 O •3 
03 CD H- CD "3 CD 
CO o O CO 
£ O a e+ <J 
»3 o CO c r 1 i—• 
0) CD • 1 CO 
(D> •3 

CD 

e
e
 

m
i 

CO 

CD CD •3 
a 00 a o 

e+ o •3 

a •3 <1 
to CD c+ 

CD e+ CD e+ c r 
H- CD a CD CD 

Oq •3 00 CO 
CT H> c+ c+ 
CD 09 c r 
P> M CD •3 
• •3 c r CD 

O CD H" CD 
o O •3 M P . c r CO 

CT I - 1 hi d -
CD CD CO •3 •S 
00 O € CD CD 
CD rt-

CD 
3 

v
e
 

a
m

 

CD P i CO CO 
a 

P i 
•3 M 

CO H» o CD 
M »3 3 P- CD 

VJ O 
3 

• J 
CO a P" c+ CD 
CD c r 
CO i-b CO c+ 

c r c+ CD 
CO CD CD CQ 
ET •3 e+ c+ 
o e+ CD c r ctr 

»3 

oo 
3 
c+ 

CD P-

CD 
00 § 

c+ 
•3 CD Cr 
CD co •3 
CO CO H- c+ 
e+ 00 

H< 
c r 
CD 

3 Vj4 CO a c+ c f CO 00 
O e+ CD cr cr e+ O 
P i 00 •3 CD 00 CD O H-

oo a CD CO c f 3 P i 
H p i 00 d O CD H -

a •3 f * cr CO O 
O •p- CD 3 00 « e+ 
M c f P i 3 H" O • d 
D H" cr c+ 3 C+ 3 CD 
00 3 CD O* cr CD cr CD oo 01 o CD CD f—1 

cr 3 e+ 00 t—1 a «< 
CD o !2! o CD 
CO P i CD CD o 3 00 CD 

h* <• 00 CD c f f * 0q CO 3 
c+ 3 cr c < 3T CD c+ 00 »3 3T 

cr o to •3 cr CD »3 
•P" H« (-» cr CD CD a O 
ON I - 1 00 a CD 00 CD 3 

CD CO 3 CD CO 3 a 
O CO P . •3 c f O c+ CD 
O 1 H» «• c+ •3 M) 00 3 
09 3 \j* cr CD c+ 
CD * oo £S 00 CO 
•3 c+ H - o a • d c+ 

< cr c+ a CO CO o 00 CD Cf o c f • e+ c+ 
e+ cr a O cr H» CD CTi CD cr CD c+ 
O 00 n> CO 3 o\ cr 3 oo • CD cr CO (D 
00 el- o 3 CD M> 00 

CD c f CD a t ) 
M »3 oo M CO CD »d CD 
00 3 CD a IV} 3 e+ M 3 
V! »3 Q> h* 3 

r « < c f VJ1 M 00 3 H" 
O* oo CD cr VS >3 0q 3 
CD a o f CD • d 00 CD CD 
e+ CD H- 00 CD *d 

cr O •3 CO • d o . a 
CD CD 3 CD c f »3 H» o CD CD CO CO H» CD 3 o a P . c f o 3 CO e+ •3 

CD M P . CD 00 M 
Oo 00 M •3 CD H- a 00 

e+ 00 a CO O 00 a 
00 •3 «< oo € cr P" 
a CD t - i c+ € o CO 
P< CD o* CD CD CD • 

a CD 3 •3 P< c*-
vD e+ CD CD cr e+ 

cr H 1 cr H> cr CD CD 3 00 
3 ' CD CD 00 e+ 
O 3 P< 
cr CD 
00 

o 00 c+ O* f—1 CO *C3 CO •3 
i-b a cr CD c+ CD CD O 

o CD CD a o •3 3 o a c a CD 3 o Pi sr CD 3 O CO CD CD 09 
o e+ 00 CO e+ 3 c+ < cr CO • c+ cr O O ct- O 
00 a o 3 O 00 3 c+ 
3 O cr CD 0q CD cr H - H> a a CO 3 CD CO 
o CD e+ 3 
00 I - 1 3 e+ CO O 
K> e+ cr CD Hb 00 e+ 

a CO CD 00 cr cr •3 CD c+ • d CO 00 CD 
CD CO 00 CD 00 t-> * 

CO c+- 3 00 o c+ 3 CD c r 
H - O p . H" cr Pi CO CD 
03 3 0q 00 CO Pi e+ CD »3 1—1 00 c+- 00 
00 c+ CD (—1 o 3 go 
3 Pi 00 VI < a P. 3 
O CD 3 c+ CD CD Pi CD «+ ^ • H> •3 CO l - i CD CO P. 3 «<S H- cr" O O e+ CD CD 3 00 
•3 c+ oo c+ • d 3 CD 3 

CD O* H* Cr o P. 00 w 9* P. CD CD o c+ CO 
c P. O •3 CO O 
CD H> O H» cr cr 3 o 3 O 00 P> oo CD n 
a- 3 M 3 H» M CO 

n 
o CD O H" CO CD • e+ 

M> M a C+ Cr H" e+ 0 CD ' a •3 5: CD 
e+ CT Pi CO oo H» 00 > CO CD CD c+ c+ cr CO e+ 

»3 Pi O CD C < Cr CO 3 •3 e+ l-b CD •3 
o P. e+ CD h* H> o •3 CD 

d cr 00 O C CD 
CD 00 O 1—1 3 3 

C31 c+ • Pi cr CO 
H- c+ O «+ 

O e+ O P i 0q •3 
H* cr •3 H a cr CD 
e+ H- CD O e+ •3 00 
«< c f • d H - a 

CO CO 01 cr 3 CO 
H" 3 00 0q 
3 M oo CO 00 

00 M c+ •3 
e+ O M c+ cr CD 
cr w cr CD 
CD H -



OS 01 OD O 3 e+ - J 3 3 3 O • d < 
so o s 09 a - • 09 CD 09 CD O CD 09 

a DJ Ot) 00 t d C+ CD e+ 09 O •3 •3 
• d c M CD a e* CD W CD CO H - H-
M c+ «<J «{ CD »3 CO •3 C •3 O 09 
CD CO CD 09 c+ H> H> •3 CO Pi e+ 
09 O H» 3 H - a - a* 09 e+ 0) H" CO H 1 

a 09 c CD CD t-> M 3 s* O 
09 09 t r 3 •3 CD Oq 09 3 
»3 *S CD 

3 
CD o e+ 09 09 »3 3 

CD oo CD c+ 09 a 1 O CD 00 e+ H» P- O* 
»3 •«J 3 H* CD a* 3 CD 

a CD CD CD p. CD 3 0) 00 CD 0q H» c+ 
CD OS CD CD e+ < CD • d 1—1 a • d 3 o O •3 O a* CD 

P- SB CD o O 09 o CD 1—1 09 • d CD 
CD 09 P. • d c+ H 3 00 • d 0q »3 3 
P. 09 a 09 •3 CO 3 09 09 a - O 

H - «+ CO CD 09 H" 09 00 c < c+ 
e+ s a- 09 09 t-J 3 P. M- CD a -

O GO 09 a H» 09 09 CD l-t> M M Pi CD GO Pi d e+ M •3 CD H - H> b 

Pi 3 M» VJ 09 •3 3 o c+ •3 
o c+ O CO O* CD CD Pi a - 09 

so 03 CT 09 3 CD M CO 09 H-
9 3 •3 CD 3 CD Q> CD 00 3 O • c+ 3 
e+ Oq P. a* O* 00 n *< 
H - c+ •CD 03 O P. 1—1 e+ c+ 

Mi a - c+ >d Ml H» CD CD a* • d 
«< CD tO CD a* CD •3 a - a - CD CD 

fS •3 CD e+ e+ et H- CD CD »3 
c+ CO 03 09 CD a - 09 O 09 09 CO H* 
CT e+ 3 oq 09 CD 3 (—1 CD 09 CD O 
CD •3 c+ CD < O 3 3 P. P-CD H> CD CD CD o •3 09 09 H" CO 
»3 00 c+ P« *3 CD 09 < CD C+ M 3 
CD H> 09 09 3 e+ > — * CD < »3 H» CD to 
03 - CD H» OH CD CO CD CD 3 3 
e P> CD 1—1 CD O •3 CD O 09 09 CD c+ P> f-l 03 «< 09 CD CD l-» 3 
c+ H> O P> M 09 > *3 CD CD • d 3 c+ 
CO Pi 09 O 01 > c+ P> CD o a -

• «< H - H» H " a 09 c+ •3 <! CD 
3 09 M c •a • d H» <+ O H - CD 
§ O V! 3 M CD 3 a - a 3 CD 

09 3" «• CD 3 03 3 CD CD 3 
M CD 09 Pi 09 Pi 00 e+ o 3 3 O 

•3 •3 H» 00 H> H " <« e+ e+ ^ 
3 " H - Oq 09 o h* X N h* CD to 
O OD CD O Pi a 

X 
CD 3 09 3 

0 M • a 1 H» P> • - J CO O M CD 
Oq 09 d H> • 09 O o < M 
3" H" •3 3 O > O 09 •3 09 

D Oq 09 H j »3 «< 
3 a - CD C+ 09 CD CO 09 
o H - CD 3 CD 
•3 00 P" P. CD 



w 

H 

i\3 

«\3 



BIBLIOGRAPHY 

Atkinson, K. "An investigation of the pedology of Upper 
.Weardale Co. Durhafc". Unpublished Ph.D. Thesis, 
Durham Univ. 1968. . 

Agar, R. "The g l a c i a l and post g l a c i a l geology of 
Middlesbrough and the Tees Estuary". Proc. 
Yorks. Qeol. Soc., Vol. 29 pp. 237-253. 1954 

Bass, M.A. "Land s l i d e s " Unpublished M.Sc. thesis, 
.Univ. of Sheffield, 1954. 

Bagnold, R.A."An approach to the sediment transport problem 
from general physics" U.S. Geol. Survey 

vProf. paper 422.1. pp. 1-37, 1966. 

Beal, M.A., & "A use of.roundness to determine deposltional 
Shepard, F.P. environments" J. Sed. Petrol. Vol 26, No. 1 

pp. 49-60. 1956. 

Beaumont, P. "A hist o r y of gl a c i a t i o n research i n Northern 
.England from 1860 to the present day". Dept. 
of Geog., Durham Univ. Occ. Paper Series No. 9, 
1968. 

" "The g l a c i a l deposits of Eastern Durham" 
.Unpublished Ph.D. thesis, Durham Univ., 1967. 

Bennet, H.H. "The geographical r e l a t i o n of s o i l erosion to 
the land p r o d u c t i v i t y " . Geog. Rev. Vol. 18 
pp. 579-605., 1928. 

" "The quantitative study of erosion technique 
and some preliminary r e s u l t s " Geog. Rev. 
Vol. 23 pp. 423-432. 1933. . 

Blackwell, T.E. Accounts and Papers (London) Sess. 2. 
Metropolitan drainage, Vol. 36 pp. 167-170., 1857. 

Bowes, P.L. "A contribution to the geomorphology of Weardale" 
Unpublished B.Sc. d i s s e r t a t i o n , Univ. of Leeds. 
1955. 

Brush, L.M. "Drainage basins, channels and flow characteristics 
.of selected streams i n Central Pennsylvania" 
U.S. Geol. Survey Prof. Paper 282 TF, pp. 145-181, 
1961. 



Brush, L»: 

B r i t i s h Assoc. 

"Sediment so r t i n g i n a l l u v i a l channels" 
.Soc. Econ. Paleontologists and Mineralogists. 
Spec. Pub.. 12 pp. 25-33, 1965. 

B r i t i s h association f o r the advancement of 
Science. 1949 P.204. 

B r i t i s h Standards Methods of t e s t i n g s o i l s f o r C i v i l Engineering 
I n s t i t u t i o n purposes. 1961 140 P. 
Carey, W.C. & 
Seller, M.D. 

"Systematic changes i n the beds of a l l u v i a l 
r i v e r s " Proc. Am. Soc. C i v i l Engineering. 
Vol. 83. 

Catchpole, A.J.W."Climatic studies i n East England" 
unpublished Ph.D. thesis, Durham Univ. 1966. 

Carruthers, R.G. "The secret of the g l a c i a l d r i f t s " Proc. Yorks 
.Geol. Soc. Part 1.-2 Vol. 27 pp. 43-58 & 
pp. 129-172. 1947-1948. 

Challinor, J. 

Chang, P.M., . 
Simons, D. B. & 
Richardson, E.V. 
Crisp, J.A.A. 

Cofeby, B.R. 

" On Northern g l a c i a l d r i f t s : some p e c u l i a r i t i e s 
and t h e i r significance" Quart. Journ. Geol. 
Soc. Vol. 95 pp.299-333.1939 

"The curve of stream erosion" Geog. Mag. 
Vol. 67 London, 1930. 

"Total bed material discharge i n a l l u v i a l 
channels" U.S. Geol. Survey Water Supply 
Paper 1498-1 pp. 1-23 1965. 

"Some aspects of the h i s t o r i c a l geography of 
Weardale". Unpublished B.A. d i s s e r t a t i o n 
Durham Univ. 1960. 

"Studies of flow i n a l l u v i a l channels; e f f e c t 
.of depth of flow on discharge of bed material" 
U.S. Geol. Survey Water Supply Paper 1498-D 
pp. 1-12 1961. 

"Discharge of sands and mean v e l o c i t y 
relationships i n sand bed streams" U.S. Geol 
Survey Prof. Papers 462-A pp. 1-47, 1964. 

"Scour and f i l l i n sand bed streams" U.S. 
.Geol. Survey Prof. Paper 462-D pp. 1-32, 
1964 

244 



Conway, W. M. & 
M i l l a r , A. 

Cook, H. L. 

Corn i s h , V. 

C u l l i n g , W.E-.Hi 

"The hydrology of some small peat-covered 
.catchments i n the Northern Pennines" 
Journ. I n s t . Water. Eng., Vol. 14 (6) 
pp. kl5^k2k., 1962. 

" O u t l i n e of the e n e r g e t i c s of stream 
t r a n s p o r t a t i o n of s o l i d s " Am. geophys. 
Union t r a n s . V o l. 16 p a r t 2 pp. 456-463. 
1935. 

" P r o g r e s s i v e Waves i n r i v e r s " Geog. Journ. 
Vol; 29 pp. 23-32. 1907. 

" A n a l y t i c a l theory of e r o s i o n " Journ. Geol. 
.Vol. 68 pp. 336-344, 1960. 

Cuchlaine, A.M.- "Techniques i n geomorphology" 342 P., 1967 

Culbertson, J.K. 
Dawdy, D.R. 

Dakyns, J . R. 

Davis, W-.M-. 

Daysh, G.H.J. & 
Symonds, J.S. 

Demangeon, A. 

Dunham, K.C. 

k"A study of f l u v i a l c h a r a c t e r i s t i c s and 
h y d r a u l i c v a r i a b l e s . Middle Rio Grande 
Mexico." U.S. Geol. Survey Water Supply 
Paper. 1498-F pp. 1-73, 1961*. 

"On the base of the Carboniferous rock i n 
Teesdale" Proc. Yorks. Geol. S0c.-V0l . - 6 
pp.239-242. 1877. 

" S i z e d i s t r i b u t i o n of rock types i n stream 
g r a v e l and g l a c i a l t i l l " Journ. Sed. P e t r o l . 
V o l . 28. 1 pp.-87-94. 1958-

"Sheet floods and stream f l o o d s " B u l l . Am. 
Geol. Sop-. Vol. 49 pp. 1337-1416. 1938 

"The development of C e r t a i n E n g l i s h R i v e r s " 
Geog. Journ. V o l . 5 (2) pp. 127-146. 1895. 

"West Durham" 129 P. 1953 

"The B r i t i s h I s l e s " 230 * \ 1955. 

" S t r u c t u r a l f e a t u r e s of the A l s t o n Block" 
.Geol. Mag. V o l . 70 pp. 241-254. 1933. 

Volume 1 Mem. of the Geol. Surgey H. M. S. 0. 
London 1948. 

'*» 4 5 

http://S0c.-V0l.-6


Dwerryhouse, A.R. 

E i n s t e i n , H.A. 

Emmett, W.W. & 
Leopold, L. B» 

Fahnestock, R. K. 

F a l k , R. 

Palk, R. L. & 
mm, w. c. 

F o r s t e r , W. 

F r a n c i s , • J . L * 

G i l b e r t , G.K. 

"The g l a c i a t i o n of Teesdale, Weardale, 
.and Tyne V a l l e y and t h e i r t r i b u t a r y 
v a l l e y s " Quart. Journ. Geol. Soc. 
London Vol. 58- pp. 572-608. 1902. 

"The bed load f u n c t i o n f o r sediment 
. t r a n s p o r t a t i o n i n open channel flows" 
U.S. Dept. A g r i . tech. B u l l . No. 1026 
pp. 1-70* 1950 

"Formulas f o r t r a n s p o r t a t i o n of bed-load" 
Am. Soc. C i v i l Eng. Trans. Vol; 107, 
pp. 561-597. 1942 

"Downstream p a t t e r n of r i v e r bed scour 
and f i l l " Unit. States'Dept. A g r i . 
Misc. Pub. Vol. 970 pp. 399-409. 1965 

"Morphology and hydrology of a g l a c i a l 
stream" U.S. Geol. Survey Prof. Paper 
422-A pp. 1-70 - 1963. 

"The d i s t i n c t i o n between g r a i n s i z e and 
mineral composition i n sedimentary rock 
nomenclature" Journ. Geol. V o l . 62 
pp. 344-359 .1954 • * 

"Brazos River Bar : a study i n the 
. s i g n i f i c a n c e of g r a i n s i z e parameters" 
Journ. Sed. P e t r o l . V ol. 27' pp. 3-26 
1957 

"A t r e a t i s e on a s e c t i o n of s t r a t a from' 
Newcastle on Tyne to the mountain of 
Cross P e l l i n Cumberland with remarks on 
mineral v e i n s i n g e n e r a l " 1 s t E d i t i o n , 
A lston 1809.• - • 

"Geographical d i s t r i b u t i o n of v e g e t a t i o n 
of the basins of the r i v e r s , Eden, Tees, 
Wear and Tyne". Geog. Journ. Vol. 23 
PP. 313-331, .1904. 

"The t r a n s p o r t a t i o n of d e b r i s by running 
water" U.St Geol.- Survey. Prof. Paper 86 
PP. 1-363 1914. 

G i u s t i , E.V. & 
Schneider, W.J. 

"The d i s t r i b u t i o n of branches i n r i v e r 
networks" U.S. Geol. Survey Prof. Paper 
422-G pp. 1-10. 



Harry, M..H. "Bed forms due to a f l u i d stream" Proc. 
Am. Soc. C i v i l . Eng. 93 Paper 5304 1967 

Hack, J.T. " I n t e r p r e t a t i o n of e r o s i o n a l topography i n 
.humid temperate r e g i o n s " Am. JournI S c i . 
V o l . 258 A pp. 80-97 1960 

" "Studies of l o n g i t u d i n a l stream p r o f i l e s i n 
V i r g i n i a and'Maryland" U.S. Geol. Survey 
Prof. Paper " 294-̂ B pp.45-97 

Hack, J.T. & "Geomorphology and f o r e s t ecology of Mountain 
Goodlett, J.C. region i n the C e n t r a l Appalachians" U.S. 

Geol. Survey Prof. Paper 347 pp. 1-66. 

Harry, W. T. 1 "Basement Carboniferous i n Uijper Teesdale" 
N.York Geol. Mag. Vol . 87 'pp. 297-299 .1950 

Hely, A.G. & "Some r e l a t i o n s between streamflow 
Olmsted, P.H. c h a r a c t e r i s t i c s and environment i n the 

Delaware R i v e r Region" U.S. Geol. Survey 
Prof. Paper 417-B pp. 1-25 1963. 

Hjulstrom, P. "Studi e s of the morphological a c t i v i t y of 
. r i v e r as i l l u s t r a t e d by the r i v e r P y r i s " 
B u l l . Geol. I n s t . Univ. of Uppsala 
V o l . 25 pp. 221-525, 1935. 

Hollingworth, S.E."The r e c o g n i t i o n and c o r r e l a t i o n of high 
l e v e l e r o s i o n s u r f a c e i n B r i t a i n " S t a t i s t i c a l 
Study Quart. Journ. Geol. Soc. Vo l . 94 
pp. 55-84. 1938. 

Hooker, E.H. . "The suspension of s o l i d s i n flow i n g water" 
Am.Soc.Civil Eng. Trans.. Vol. 36 pp. 239-
340 1896. 

Horton, R.E. " E r o s i o n development of streams and t h e i r 
drainage b a s i n s : hydrophysical approach to 
q u a n t i t a t i v e morphology" B u l l . Am. Geol. 
Soc. Vol. 56 1 pp.275r3 :70 1945. 

Humphries, E.E. "The denudation chronology of the lower 
magnesian limestone outcrop between Doncaster 
and Mansfield" Unpublished M. Sc. t h e s i s 
S h e f f i e l d Univ. 1958. 

Huntsberger, D.V. Elements of S t a t i s t i c a l i n f e r e n c e 
248 P; 1964. 247 



Inman, D.L; 

Jones, O.T. 

J o p l i n g , A.V. 

Johnson, G.A.L, 

Jordan, P.R. 

Kalinske, A.A. 

Kennedy, V.C. 

Krumhein, W.C. & 
Ti s d e l , F.W. 

Krumbein, W.C. 

Lake, P. 

Lake, P. & 
H a s t a l l , R.H. 

"Measures f o r d e s c r i b i n g the s i z e 
. d i s t r i b u t i o n of sediments" Journ. Sed. 
P e t r o l . Vol. 22 No.. 3 pp. 125-1*4-5 
1952. 

"The- Upper Towy- drainage system" Quart. 
.Journ. Geol. Soc. London Vol. 80 
pp. 568-609 1924. 

"Laboratory study o f the d i s t r i b u t i o n 
.of g r a i n size i n cross bedded de p o s i t s " 
Soc. Econ. P a l e o n t o l o g i s t s and 
Mi n e r a l o g i s t s , Spec. Pub. 12 pp. 53-65.^1965 

"The Geology of Moor House" H.M.S.O. 182 P. 
.1963 
" P l u v i a l Sediment o f the M i s s i s s i p p i r i v e r 
a t S t i Louis Mi s s o u r i " U.S. Geol. Survey 
Water Supply Paper 1802 pp. 1-89 1965 

"Movement o f sediment as bed-load i n r i v e r " 
.Am. Geophys. Union t r a n s . Vol. 28 1947. . 

"Sediment t r a n s p o r t e d by Georgia streams" 
.U.S. Geol. Survey Water Supply Paper 1668 
pp. 1-101 • 1964. 

"Size d i s t r i b u t i o n s o f source rocks o f 
sediments" Am. Journ. o f Scl. V o l . 238 
PP. 296-305 1940 

"Sampling sediments f o r mechanical a n a l y s i s " 
Am. Journ. of Sci. 5 t h series V o l . 27-28 
pp. 204-214 1934. 
"On h i l l slopes" Geol. Mag. Vol. 65 
pp. 108-116 1928. 
"A t e x t book of geology" Chap. 3. 
pp. 38-57 1922 

Langbein, W.B,et a l "Topographic c h a r a c t e r i s t i c s of drainage 
basins" U.S. Geol. Survey Water Supply 
Paper 968-6 pp. 125-157 1947 

LeliaVsky, S. "An i n t r o d u c t i o n t o f l u v i a l h y d r a u l i c s " 
257 P. 1955. 



L e i g h l y , J.B. 

Li n d l e y , D.V. 
& M i l l e r , J.C.P. 
Leopold, L.B. 

LeopSld, L.B. & 
M i l l e r , J.P. 

Leopold, L.B., 
Wolman, M.G. & 
M i l l e r , J.P. 
Lewis, W.K. 

"Turbulence and the t r a n s p o r t a t i o n 
o f rock de b r i s by streams'* Geog. Rev. 
Vol. 24 pp. 453-464 1934. 

"Cambridge elementary s t a t i s t i c a l t a b l e s " 
pp. 12-13 1964. 

"Downstream change o f v e l o c i t y i n r i v e r s " 
Am. Journ. of Sc i . Vol. 251 No. 8 
pp. 606-624 1953. 

"Ephemeral streams h y d r a u l i c f a c t o r s and 
t h e i r r e l a t i o n t o the drainage net". 
U.S. Geol. Survey Prof. Paper 282-A 
pp 1-37 1956. 

" P l u v i a l Processes i n geomorphology" 
.522 P. 1963 

" I n v e s t i g a t i o n o f r a i n f a l l , r u n o f f , and 
. y i e l d on the Alwen and Brenig Catchments" 
Jourri. I n s t . C i v i l Eng. Vol. 8 Session 
1956-57 pp. 17-52 1957. 

MacDougall, C.H. "Bed-sediment t r a n s p o r t a t i o n i n open channels' 
Am. Geophys. Union t r a n s . V o l . 14 2 
pp. 491-495 1933 

"The geomorphology o f the Wear V a l l e y " 
Unpublished Ph.D. t h e s i s Durham Univ. 1955 

"Concept o f the graded r i v e r " B u l l . Am. 
Geol. Soc. Vol. 59 1 pp. 463-512 1948 

"Observation of snow cover on B r i t i s h 
Mountains" Quart. Journ. R. Met. Soc. 
Vol. 67 pp. 1-4 1941. 

"Climate and the B r i t i s h Scene" 
314 P. 1952 

"Some notes on the cli m a t e o f n o r t h east 
England" Quart.Journ. R. Met. Soc. Vol. 61 
pp. 405-410 

"The climate o f the Northern Pennines, the 
coldest p a r t o f England" Quart. Journ. R. 
Met. Soc. Vol. 62 pp. 103-115. 1936. 

249 

Maling, D.H. 

Mackin, J.H. 

Manley, G. 



Manley, G. 

McConnell, R.B. 

McGee, W.J. 

Menard, H.W. 

Melton, F.A. 

Megoran, M.A. 

M i l l e r , R.L. & 
K<thn, J.S. 
Monckton, H.W. 

Morisawa, M. 

Nevin, C.M.N. 

Nordin, C.F. 

"Further c l i m a t o l o g i c a l averages f o r the 
Northern Penninea, w i t h a note on topographical 
e f f e c t s " Quart. Journ. R. Met. Soc. Vol . 69 
pp. 251r26 l 191+3. 

"Residual erosion surfaces i n mountain ranges" 
Proc. Yorkshire Geol. Soc* Vol. 24 pp.76-98 
1938-1941. 

"Sheet f l o o d erosion" B u l l . Am. Geol. Soc. 
Vol. 8 pp. 87-112 1897 

"Some rat e s of r e g i o n a l erosion" Journ. Geol. 
Vol. 69 2 -pp. 154-161 1 9 6 1 . . 

"An e m p i r i c a l c l a s s i f i c a t i o n of f l o o d p l a i n 
streams" Am. Geog. Rev. Vol. 26 pp. 593-609 
1936 

"Teesdale" Unpublished B.A. d i s s e r t a t i o n 
Durham Univ. 1962 

" S t a t i s t i c a l a n a l y s i s i n the g e o l o g i c a l 
.sciences" 483 P. 1962 

"On some l a n d s l i p s i n boulder c l a y near 
Scarborough" Quart. Journ. Geol. Soc. 
Vol. 57 PP, 293-296 1901. 

"Measurement o f drainage basin o u t l i n e form" 
.Journ. Geol. Vol. 66 pp. 587-591. 1958 

'Streams' 175 P. 1968 

"Competency of moving water to t r a n s p o r t 
d e b r i s " B u l l . Am. Geol. Soc. Vol. 57 2 
pp. 651-674 1946 

"A p r e l i m i n a r y study o f sediment t r a n s p o r t 
parameters Rio Puerco near Bernardo, New 
Mexico". U.S. Geol. Survey Prof. Paper 
462^0 pp. 1-21. 1963 

"Aspects o f f l o w r e s i s t a n c e and sediment 
t r a n s p o r t Rio Grande near B e r n a l i l l o New 
Mexico" Am. Geol. Survey Water Supply Paper 
1498 11 pp. 1-41. 1964 



Nordin, C.P. & 
Beverage, J.P. 

O'Brien, H.P. 

Oldham, R.D. 

Otto, G.H. 

Peel, R.F. 

P e t t i j o h n , F;J. 
Plumley, W.J. 

Poole, D.M. 

Quirke, T. T. 

R a i s t r i c k , A. 
n 

Ramsay, A.C. 

Rama den, D. M. 
Rawes, M. 

"Sediment t r a n s p o r t i n the Rio Grande, 
New Mexico" Am. Geol. Survey Prof. 
Paper 462-F pp. 1-35 1963 

"Review of the theory o f t u r b u l e n t f l o w 
and i t s r e l a t i o n t o sediment t r a n s p o r t a t i o n " 
Am. Geophys. Union t r a n s . Vol. 14 2 
pp. 487-491 1933; 

"On the law t h a t governs the a c t i o n o f 
f l o w i n g streams" Quart. Journ. Geol. Soc. 
Vol. 44 pp. 733-739 1888. 

"The sedimentation u n i t and i t s use i n f i e l d 
sampling" Journ. Geol. Vol. 46 
PP. 569-582. 1938 

"The r i v e r North Tyne"- Geog. Journ. V o l . 98 
pp. 5 - 1 9 1941. 

"Sedimentary Rocks" 718 P. 1957. 

"Black frills t e r r a c e g r a v e l s : A study i n 
Sediment t r a n s p o r t " Jourh. Geol. Vol. 56 
PP. 526-577. 1948. 

"Size a n a l y s i s of sand by a sedimentation 
technique" Journ. Sed. P e t r o l ; Vol. 27 4 
pp. 460-468 1957. 

" V e l o c i t y and load o f stream" Journ. Geol. 
Vol. 53 PP. 125-132 1945 

"The Pennine Dales" 336 p. 1968. 

"The g l a c i a t i o n o f Northumberland and 
Durham" Proc, Geol. Assoc. Vol. 42 
pp. 281^291 1931-33. 

"On the r i v e r courses o f England and Wales" 
Quart. Journ. Geol. Soc. London V o l . 28 
pp. 148-160 1872. 

"Teesdale" 203 P. 1947. 

"Moor House F i e l d S t a t i o n and Nat i o n a l 
.Nature Reserve"- Pamphlet published by 
the s t a t i o n a u t h o r i t y . 1967 

251 



Reynolds, D.H.B. 

Rich, J.L. 

Rittenhouse, G. 

Rubey, W.W. 

Sayre, W.W. & 
Hubbell, D.W. 

Schumth, S.A. 

Shahin, A.A.W. 

Shaw, E.M.D. 

Shen, H.W. 

"The movement o f water i n the middle and 
lower chalk of the r i v e r Dour Catchment 
Journ. I n s t . C i v i l Eng. Vol. 2 . 
pp. 73-109. 1947. 

"Rock resi s t a n c e and i n t e r f l u v i a l 
.degradation as dominant f a c t o r s i n 
geomorpholbgy" B u l l . Am. Geol. Soc. 
Vol. 44 p.97..1933 

" T r a n s p o r t a t i o n and de p o s i t i o n of heavy 
minerals" B u l l . Am. Geol. Soc. Vol. 54 
pp. 1725-1780 1943. 

"The f o r c e r e q u i r e d to move p a r t i c l e s on 
a stream bed" U.S. Geol. Survey. Prof. 
Paper - 189^E pp. 121-170 1938. 

" E q u i l i b r i u m c o n d i t i o n s i n d e b r i s laden 
streams" Am. Geophys. Union t r a n s a c t i o n s 
Vol. 14. 2 pp. 497-505 1939 

"Transport and d i s p e r s i o n of l a b e l l e d bed 
m a t e r i a l " North Loup River, Nebraska" 
U.S. Geol. Survey Prof. Paper 433-C 
pp. 1-48 1965. 

" E v o l u t i o n of drainage systems and slopes 
. i n badlands a t Perth Amboj5 New Jersey 
B u l l . Am. Geol. Soc. Vol* 67 1 pp. 597 -
646 1956. 

"The shape of a l l u v i a l channels i n r e l a t i o n 
t o sediment type" U.S. Geol. Survey Prof. 
Paper 352-B pp. 17-30 1956 

"Morphological study of the area drained by 
the Derbyshire Amber" Unpublished M.A. 
t h e s i s , S h e f f i e l d Univ. 1955 

" R a i n f a l l and r u n o f f ; h y d r o l o g i c a l study 
i n Weardale" Unpublished M.Sc. t h e s i s 
Durham Univ.1955. 

"Development o f bed roughness i n a l l u v i a l 
channels" Journ. Hydrau. D i v i . Vol. 88 

pp. (HY3) 45-58 1962. 

252 



Simons, D.B. "Sedimentary s t r u c t u r e s generated by flo w i n 
a l l u v i a l channels" Soc. Econ. P a l e o n t o l o g i s t s 
and M i n e r a l o g i s t s Spec. Pub. 12 pp. 34-52 
1965. . 

Simons, D.B'. "Some e f f e c t s o f f i n e sediment on f l o w 
Richardson, E.V. & phenomena" Am. Geol. Survey Water Supply 
Haushild, W.L. 
Smailes, A.E. 
Sneed, E.D. & 
Palk, R.L. 

Stamp, L.D. & 
Beaver, S.E. 
S t e i n , R.A. 

S t r a h l e r , A.N. 

Straub, L.G. 

Paper 14984G pp. 1-46 

"North England" 315 P. 
1963. 

1960 

"Pebbles i n the lower Colorado River, Texas: 
A Study i n P a r t i c l e Morphogenesis" Journ. 
Gebl. Vol. 66 pp.. 114-150 1958. • 

"The B r i t i s h i s l e s " 1947 

•Laboratory studies o f t o t a l l oad and , 
apparent bed lo a d " Journ. Geophys. Research 
Vol. 70 (8>y pp. 1831-1842 1965. 

" E q u i l i b r i u m theory of er o s i o n a l slopes 
approached by frequency d i s t r i b u t i o n 
a n a l y s i s " Am. Journ. Sci Vol. 248 1 
pp. 673-696 1950. 

"Dynamic basis o f geomorphology" B u l l . 
Am. Geol. Soc. Vol. 63 1 pp. 923-938 
1952. 

"Hypsometric- 'Area> - A l t i t u d e - 1 a n a l y s i s o f 
er o s i o n a l topography". B u l l . Am. Geol. 
Soc. Vol. 63-2- pp. 1117-1142 1952. 

" Q u a n t i t a t i v e slope a n a l y s i s " B u l l . Am. 
Geol. Soc. Vol. 6 7 - 1 - pp. .571-596 1956. 

"Some observations of s o r t i n g o f r i v e r 
sediments" Am. Geophys. Union t r a n s . 
Vol. 16-2- pp. 463-467 1935. 

Suchier, Die Bewegung der Gesheibe des Oberrhein, Deutsche 
Bauzeitung, No. 56, 1883, p.331 C i t e d by Penck, A., 
Morphologie der Erdoberflache, Vol. 1 P.283; 
Grabau, A. W., t r a n s l a t i o n , P r i n c i p l e s o f S t r a t i g r a p h y 

• pp. 250-251. 

2S3 



Surface Water Year Book of Great B r i t a i n 1961-62 & 
1963-64. 

Swenson, H.A. 

Tator, B.A. 

Taylor, C.H. 

'Thiel, G.A. 

Thomas, M.F. 

T r o t t e r , P.M. 

T r o t t e r , P.M. & 
Hollingworth,S.E. 

Twenhofel, W.H. 
Wentworth, O.K. 

"Sediment i n streams" Journ. s o i l 
and water conservation Vol. 19 - 6 -
1964. 

" V a l l e y widening processes i n the 
Colorado Rockies" B u l l . Am. Geol. 
Soc. Vol. 60 pp. 1771-1784 1949. 

"Relations between geomorphology and 
stream f l o w i n selected New Zealand 
r i v e r Catchments" Journ. Hydr. 
'New Zealand^. V o l . 6 - 2 - pp. 106-112 
1967 

"Giant c u r r e n t r i p p l e s i n coarse f l u v i a l 
g r a v e l " Journ. Geol. Vol. 40 
pp. 452-458 1932 

"River t e r r a c e s and drainage development 
i n the Reading area". Froc. Geol. Assoc. 
London V o l . 72 - 4 - pp. 415-436 

"The t e r t i a r y u p l i f t and r e s u l t a n t 
drainage o f the A l s t o n Block and adjacent 
areas" Proc. York. Geol. Soc. Vol. 21 
1927, . 

"The g l a c i a t i o n of Eastern Edenside, the 
Alst o n Block and the C a r l i s l e P l a i n " 
Quart. Journ. Geol. Soc. Vol. 85. 
pp. 558-612 1928. 

"The A l s t o n Block" Geol. Mag. Vol. 65 
pp. 433-448 1928 

" C o r r e l a t i o n of Northern d r i f t s " 
.Geol. Mag. Vol . 69 pp. 374-380, 1932 

" T r e a t i s e on sedimentation" 926 P. 1932 

"A l a b o r a t o r y and f i e l d study o f cobble^ 
abrasion" Journ. Geol. Vol. 27 
PP. 507-521. 1919. 



Wentworth, O.K. 

White, CM. 

White, S.E. 

Wi l l i a m s , P. 

Woodford, A. 

Woolacott, D. 

Woolacott, D. 

Wooldridge, S.W. 
Kerkaldy, J.P. 

Wright, R.L. 

Young, A. 

"Grade and class terms f o r c l a s t i c 
sediments". Journ. Geol. Vol. 30 
pp. 377-392 1922. 

"The e q u i l i b r i u m o f grains on the bed 
of a-stream" Proc* R. Soc. London. 
Series A Vol. 174 pp. 322-338 1940 

"Processes of erosion on the steep 
slopes of Oohu, Hawaii" Am. Journ. 

pp. Sci. Vol. 247 168-186. 1949 

"Human Problems i n Weardale" unpublished 
. B.A. d i s s e r t a t i o n , Durham Univ. 1962 

"Stream Gradients and Monterey Sea V a l l e y " 
B u l l . Am. Geol. Soc. Vol. 62 - 2 -
pp. 799-852. 1951 

"The g l a c i a t i o n h i s t o r y of the Tyne, Wear 
and associated streams" Proc. Univ.Durham 
Phil.-Soc. Vol. 11 pp. 121-131. 1900 

"The s u p e r f i c i a l deposits and p r e - g l a c i a l 
.valleys o f Northumberland and Durham 
C o a l f i e l d " Quart. Journ. Geol. 
Vol. 61 pp. 64-96. 1905. 

Soc. 

"The o r i g i n and i n f l u e n c e of the c h i e f 
physical- f e a t u r e s o f Northumberland and 
Durham" Geol. Journ. 
pp. 36-54 1907. 

V o l . 30 

& "River P r o f i l e s and denudation chronology 
i n Southern England" Geol. Mag. Vol. 73 
pp. 1-16. 

"An i n v e s t i g a t i o n i n t o the denudation 
chronology of pa r t s o f Teesdale and 
Weardale". Unpublished M. Sc. t h e s i s 
S h e f f i e l d Univ. 1955. 

"A record of the r a t e of erosion on 
M i l l s t o n e G r i t " Proc. Yorks Geol. Soc. 
Vol. 31-2- No..6. pp. 149-156 1957-58. 

o =; ^ 
ht ..: -J 



APPENDICES 

255 



APPENDIX I A 
P a r t i c l e s i z e data obtained from the.eastern stream-bed 

material "Lanehead" (See Pig. 6lA) 

Sieves R a n d o m S a m p 1 i n g N u m b e r s 
No. 
4 

11 15. 
M 

11 90 152 m 188 207 304 

3 : _ 9.75 — 
mm ** 

* • 3.32 - 2.60 - - 24.53 - 22.61 

13.68 26.71 17.39 22.78 12.27 40.34 8.71 27.94 6.21 
I . 
4 • 26.83 50.28 41.97 46.70 34.95 57.31 34.61 42.86 30.83 
1 
2 

41.56 64.80 56.28 62.26 51.16 70.97 23.13 53.25 53.00 

i 51.99 73.34 64.49 70.15 61.33 77.02 33.31 6 l . 6 l 63.OO 

I 
65.87 82.74 76.79 79.53 76.43 84.02 43.74 72.81 75.84 

75.37 87.76 82.61 85.15 84.90 88.34 60.22 78.31 82.80 

1 
8 84.62 93.16 89.42 91.15 92.08 92.77 67.63 85.21 89.37 
8 91.34 96.74 94.09 95.29 95.97 96.07 77.50 90.69 94.18 

14 • 95.12 98.32 96.77 97.63 97.91 97.91 84.79 93.72 96.88 

25 97.98 99.34 98.38 98.90 99.18 98.94 89.20 95.97 98.40 

36 98.47 99.27 98.67 99.13 99.36 99.12 93.34 96.51 98.73 

52 98.84 99.39 98.91 99.31 99.52 99.28 94.41 97.06 '99.01 

72 99.15 99.50 99.13 99.48 99.68 99.43 95.45 97.57 99.30 

100 99.39 '99.60 99.33 99.63 99.80 99.57 96.29 98.00 99.54 

150 99.57. 99.69 99.50 99.76 99.86 99.69 96.94 98.38 99.72 

200 99.69 99.76 99.64 99.83 99.89 99.77 97.40 98.68 99.81 

240 99.75 99.80 99.73 99.86 99.92 99.81 97.65 98.84 99.85 

IOOJS 99.97 99.97 100.00 100.00 99.97 99.98 97.94 100.00 99.96 
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APPENDIX IA (Contd.) 
P a r t i c l e s i z e data obtained from the eastern stream-bed 

material "Lanehead" (See F i g . 6lA) 

Sieves 
No. 
4 

361 
R a n 
364 
'mm 

d o m 
449 

S a m p 
450 
M 

l i n g 
579 

N u m b e r ; 
588 641 

3 
otL 
2̂ 

_ 
** 

_ 

A 6.42 34-.-48 7.38 - . 6.94 27.37 4.61 

33.96 28.85 27.47 10.05 20.09 47.19 19.48 

1 
4 
1 
2 

1 
8 

66.23 
77.41 

82.12 

53.35 
63.07 

70.19 

40.68 
50.89 

55.21 

27.85 
56.08 

69.92 

40.90 
52.07 

59.23 

70.34 
78.55 

82.57 

43.91 
•55.83 

59.94 
1 
4 86.83 79.17 64.97 76.22 67.77 87.19 69.48 

& 89.34 • 83.85 71.42 84.21 72.79 89.87 75.13 
1 
8 92.16 89.77 79.81 88.73 78.95 92.62 82.51 

8 95.01 94.06 86.62 93.12 84.11 95.01 88.49 

14 96.66 96.68 91.30 95.70 87.95 96.78 92.73 

25 97.99 98.37 95.46 97.40 91.88 98.29 95.61 

36 98.29 98.69 96.43 98.57 93.06 98.65 96.19 

52 98.58 98.95 97.33 99.82 94.36 99.01 

72 98.87 99.18 98.^- 99.07 95.75 99.32 97.10 

100 99.15 99.38 98.64 99.36 97.03 99.56 97.44 

150 99.37 99.55 99.06 99.54 98.17 99.72 97.68 

200 99.52 99.65 99.28 99.71 98.78 99.81 97.84 

240 99.60 99.70 99.38 99.80 99.01 99.85 97.92 

100$ 99.98 • 99.94 99.84 99.91 99.92 99.96 98.26 

671 m 

8.61 4.94 

23.99 33.98 

47.62 44.11 
56.84 53.73 

61.52 59.41 

67.84 67.65 

71.99 73.62 

78.05 81.89 

84.35 88.63 

89.07 92.98 

93.51 96.31 

94.69 97.05 

95.90 97,73 

97.06 98.32 

98.02 98.80 

98.75 99.16 

99.13 99.38 

99.27 99.48 
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APPENDIX IA (Contd.) • 
Particle size data obtained from the eastern stream-bed 

material "Lanehead" (See Fig. 6-1A) 
Sieves 
No. 
4 

872 
R a n 
891 

d o m 
996 

S a m p 
2m 

l i n g 
1055 

N u m 
N1163 

"b e r s 
1218 1244 1323 

3 
2̂ : - . - - - - - - -

14.96 23.27 18.43 10.60 7.28 - 18.28 11.82 -
i 36.93 40.25 • 28.53 20.25 22.63 18.35 32.47 20.71 26.48 

1 
4 

'52.25 58.06 41.01 35.91 39.24 39.27 61.00 41.62 50.78 
2 64.51 •67.28 49.89 49.02 52.03 50.71 67.83 55.17 63.91 

71.10 72.82 56.44 56.14 60.23 57.89 73.41 62.97 71.54 
l 
4 80.31 80.67 65.43 65.86 70.43 66.81 79.83 74.04 79.40 

& 84.83 84.99 71.70 72..38 76.09 72.76 83.03 80.46 83.93 
1 
8 90.09 90.40 79.12 79.92 82.61 80.43 87.67 87.66 89.11 

8 93.86 94.01 85.60 86.23 87.91 86.72 91.35 92.77'. 93.04 

14 96.15 96.25 90.94 91.14 91.40 90.93 93.73 96.13 95.20 

25 97.69 .97.40 95.62 95.51 94.85 94.58 95.96 98.34 96.87 

36 98.04 98.30 96.56 96.53 95.84 95.53 96.57 98.74 97.25 
52 98.47 98.63 97.41 97.41 96.80 96.52 97.11 99.04 97.63 

72 98.90 98.93 98.16 98.21 97.60 97.46 97.54 99.30 97.97 
100 99*25 99.20 98.74 98.78 98.33 98.19 97.92 99.52 98.30 

150 99.49 99.44 99.24 99.22 98.90 98.76 98.35 99.69 98.71 

200 99.62 99.59 . 99.49 99.46 99.22 99.11 98.75 99.78 99.08 

240 99.68 99.66 99.59 99.57 99.35 99.27 98.93 99.82 99.23 

100$ 99.95 99.97 99.92 99.95 99.86 99.98 100.00 99.95 99.99 
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APPENDIX IA (Contd.) 
Particle size data obtained from the eastern stream-bed 

material "Lanehead" (See Pig. 6lA) 

Sieves 
No. 
4 
3 

1344 
R a n 

1403 
d o m 

1424 
S a m p 

1609 
l i n g 

1623 
N u m b 
1727 

e r s 
1772 1843 1940 

^2 

4.67 5.99 8.35 5.83 : 17.72 6.51 

28.12 21.77 18.28 26.65 4.22 7.56 44.82 8.81 27.86 
I 
4 55.87 36.77 26.54 50.39 35.94 27.84 78.31 16.85 48.20 
1 
2 64.93 47.39 36.40 67.20 45.19 54.45 87.56 24.05 56.98 

I 
8 69.10 52.26 43.48 72.96 52.17 64.55 90.24 28.54 62.25 
1 
4 75.89 62.44 57.19 81.64 63.32 70.59 94.15 36.71 68.90 

i 80.66 70.34 64.71 86.46 70.20 78.54 96.13 44.18 73.79 

1 
8 86.67 78.85 74.14 91.22 78.96 83.04 97.67 56.25 80.20 

8 91.60 86.34 82.57 94.71 85.90 88.33 98.89 68.81 86.29 

34 94.87 92.05 88.59 . 96.97 90.72 92.84 99.32 79.44 90.84 

25 97.44 96.35 93.49 98.18 94.61 95.50 99.55 88.67 95.05 

36 97.94 97.21 94.55 98.44 95.48 97.48 .99,61 90.66 96.04 

52 98.37 97.94 95.50 98.72 96.34 97.95 99.67 92.63 96.91 

72 98.73 98.61 96.34 99.05 97.19 98.35 99.73 94.47 97.67 

100 99.02 99.09 97.04 99.30 97.90 98.69 99.80 95.99 98.27 

150 99.25 99.42 97.60 99.55 98.41 98.97 99.86 97.17 98.71 

200 99.40 99.60 98.04 99.70 98.74 99,13 99.90 97.82 98.99 

240 99.48 99.69 98,31 99.76 98.92 99,19 99.92 98.17 99.12 

100# 99.95 100.00 99.95 99.93 99.97 99.58 99.98 99.94 100.00 
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APPENDIX IA (Contd.) 
Particle size data obtained from the eastern stream-bed 

material "Lanehead" (See Pig. 6lA) 

Sieves 
No. 

4 

1965 
R a n d 

1985 
o m S 

1996 
a m p 1 
2017 

i n g 
2026 

N u m 
2104 

b e r 
2215 2243 2517 

3 

^2 - - - - - - - mm 

6.73 10.96 - 9.39 3.69 - 20.43 - 43.26 

4 19.48 47.16 8.66 29.26 25.65 . 43.31 15.19 52.63 

1 
4 

33.08 64.72 28.59 55.63 56.59 3.38 63.16 43.41 65.53 
1 
2 

43.08 70.89 43.90 69.59 71.63 . 6.68 74.30 59.57 74.03 

1 
8 

49.65 76.22 52.62 75.66 79.84 11.19 80.43 67.46 78.53 

1 
4 58.94 82.67 64.85 83.46 87.80 25.64 86.25 76.94 83.86 

is ' 66.21 86.33 72.22 87.73 •91.54 37.62 89.82 82.12 86.71 

1 
8 75.36 90.50 79.98 90.55 94.79 53.38 93.02 87.73 89.88 

8 83.09 93.53 85.84 94.58 96.75 66.49 95.49 92.01 92.58 

14 88.40 95.54 90.45 96.24 98.02 76.47 97.04 94.70 94.97 

25 92.98 97.09 94.76 97.59 98.86 85.86 98.23 96.65 97.09 

36 94.13 97.50 95.91 97.96 99.05 88.41 98.51 97.12 97.65 

52 95.18 97.91 96.89 98.34 99.23 90.80 98.76 97.57 98.15 

72 96.14 98.34 97.78 98.70 99.39 93.08 98.97 98.06 98.58 

100 96.95 98.73 98.42 99.01 99.57 94.64 99.17 98.49 98.92 

150 97.61 99.04 98.89 99.26 99.72 95.87 99.37 98.84 99.19 

200 98.07 99.24 99.20 99.43 99.80 96.62 99.55 99.06 99.38 

240 98.30 99.34 99.35 99.52 99.84 97.03 99.63 99.19 99.49 

100?S 99.94 99.97 99.97 99.96 99-96 99.92 99.94 99,95 99.97 
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APPENDIX IA (Contd.) 
Particle size data obtained from the eastern stream-bed 

material "Lanehead" (See Fig. 6lA) 

Sieve 
No. 
4 

R a n 
2320 

d o m S 
2342 

a m p 1 i 
2471 

n g N u 
24J2 

m b e r ! 
2604 

3 

^2 

— 

24.74 23.03 16.73 

37.67 37.37 4.84 3.24 47.83 

1 
4 

53.27 53.47 19.79 9.88 65.92 
1 
2 63.35 65.80 29.70 21.34 74.82 

I 
8 67.96 71.24 ^ 39.10 31.12 79.62 

1 
4 75.72 78.28 53.07 47.23 85.07 

i _ 
16 80.19 82.66 61.10 56.05 87.91 

1 
8 85.47 87.91 71.45 67.73 91.35 

8 89.90 91.84 80.33 77.29 94.09 

14 93.11 94.36 86.96 84.14 95.84 

25 95.83 96.27 92.60 90.28 97.32 

36 96.53 96.76 94.00 91.94 97.73 

52 97.16 97.22 95.26 93.47 98.14 

72 97.71 97.64 96.37 94.82 98.53 

100 9 8 . ^ 98.00 97.19 95.88 98.84 

150 98.49 98.33 97.78 96.74 99.10 

200 98.76 98.62 98.17 97.32 99.28 

240 98.91 98.80 98.39 97.61 99.39 

100$ 99.97 99.97 99.90 99.96 99.97 



APPENDIX IB 
Particle size data obtained from the western stream-bed 

material "Lanehead" (See Fig..6lB) 
Sieves R a n d o m S a m p 1 i n g N u m b e r s 
No. i2 M 95. 101 282 318 320 
4. 
•z 

— — — — — - — — -
o± 
^2 

-
mm •* mm 

mm - - -• - -
3.80 3.68 - - 9.43 ' 12.00 7.93 mm -

19.10 27.75 22.24 8.96 24.79 38.99 37.75 4.08 1.94 

61.67 4 61.67 52.49 44.48 29.83 49.03 60.17 59.00 19.70 14.62 
2 75.40 65.93 56.52 55.59 61.63 73.35 73.30 30.79 24.29 
3 
8 80.02 73.36 64.11 68.80 67.77 79.74 78.98 38.79 33.75 

1 
4 86.08 82.23 74.40 74.79 75.12 86.24 86.52 51.87 48.22 

i _ 
16 89.38 86.64 80.08 83.04 . 80.06 89.92 90.27 59.64 57.62 
1 
8 93.11 91.62 87.56 87.06 86.65 93.71 94.61 70.33 70.77 

8 96.17 95.21 92.93 91.58 92.38 96.48 97.31 79.54 80.20 

14 97.85 97.27 96.08 94.85 95.79 98.18 98.65 86.20 86.53 

25 99.02 98.64 98.13 96.97 98.44 99.20 99.27 92.59 92.55 

36 99.25 98.91 98.53 98.44 98.88 99.37 • 99.37 94.20 94.13 
52 99.43 99.15 98.85 .98.75 99.18 99.49 99.46 95.70 95.66 

72 99.58 99.37 99.12 99.01 99.40 99.59 99.55 97.10 97.14 

100 99.71 99.55 99.33 99.26 99.57 99.68 99.64 98.16 98.20 

150 99.79 99.68 99.48 99.46 99.69 99.76 99.69 98.82 98.87 

200 99.84 99.76 99.60 99.61 99.77 99.82 99.79 99.34 99.20 

240 99.87 99.80 99.66 99.71 99.81 99.85 99.83 99.28 99.36 

100$ 100.008 100.00 99.99 99.94 100.00 100.00 99.99 99.95 99.42 
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1PPENDIX I B (Contd.) 
P a r t i c l e s i ze data obtained from the western stream-bed mater ia l 

"Lanehead" (See P i g . 6lB) 
Sieves R a n d o m S a m p l i n g N u m b e r s 
No. 
h 

593 668 719 746 789 859 • m 879 

3 - - - - - - - - - • 

^2 - - - - - - - -

- 14.57 - 10.89 17.04 - - - 8.32 

6.81 24.65 15.06 18.23 34.20 12.30 20.53 17.39 15.65 

1 
4 19.78 52.42 39.26 42.62 48.32 36.20 36.48 38.58 46.30 
1 
2 29.25 63.25 49.61 57.23 60.51 51.07 49.32 49.42 57.55 

I 35.26 69.31 57.10 65.88 67.47 56.62 55.61 56.16 62.79 

1 
4 46.50 77.61 67.85 77.03 75.25 66.39 64.20 64.67 70.40 

i _ 
80.56 16 54.51 82.72 74.84 83-35 80.56 72.78 69.54 69.52 75.05 

1 
8 65.56 88.68 83.44 90.16 86.75 81.79 76.28 75.79 80.90 

8 75.42 93.15 90.43 94.98 91.97 88.70 82.85 81.79 86.24 

14 83.46 95.96 94.56 97.48 95.50 93.40 88.35 87.14 90.68 

25 91.15 97.97 97.42 98.82 97.91 97.09 93.80 93.27. 95.12 

36 93..17 98.38 98.01 99.04 98.38 98.82 95.16 94.99 96.22 

52 95.15 98.73 98.48 99.21 98.78 98.37 96.39 96.48 9?.32 

72 97.02 99.04 98.90 99.36 99.10 99.79 97.49 97.78 98.25 

100 98.34 99.28 99.24 99.49 99.32. 99.08 98.30 98.65 98.91 

150 99.04 99.44 99.46 99.59 99.48 99.29 98.79 99.12 ( 99.30 

200 99.42 99.60 99.60 99.67 99.61 99.43 99.09 99.37 99.49 

240 99.62 '99.61 99.67 99.71 99.68 99-52 99.23' 99.48 99.59 

100$ 100.00 99.90 99.96 99.94 99.95 99.96 99.96 99.96 99.94 
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APPENDIX I B ( c o n t d . ) 

P a r t i c l e s i z e data ob ta ined f r o m the western stream-bed m a t e r i a l 
"Lanehead" (See F i g . 61B) 

Sieves 
No. 

4 

946 
R a n 

1004 
d o m 

1024 
S a m p 

1118 
l i n g 

1295 
N u m 

1308 
b e r s 
1371 1428 1551 

3 

2% 

-
— 

- -

23 .01 8 .41 7.82 - - 14.12 9.84 25.14 11.57 

37.02 20 .11 17.27 15.27 7.24 30.25 17.39 29.89 24.32 

3 
4 55.14 32.32 35 .41 29.69 23.58 53.90 35.36 52.43 46.99 

1 
2 65.23 42.28 46.17 40 .11 31.96 64.47 42.68 62.71 60.40 

3 
8 70.36 48.43 52.64 46.66 37.95 69.52 47.39 67.84 68.78 

1 
4 79.46 57.85 61.59 54.88 46.94 76.84 58.15 76 .01 80.30 

3 
16 84.22 64.63 67.52 61.07 53.75 80.62 65 .11 80.39 86.05 

1 
8 89.58 73.97 75.77 69.44 63.57 85.83 75.49 85.72 90.92 

8 93.65 82.15 83.35 77.89 73.10 90.42 84.36 90.35 94.61 

14 96.24 88.17 88.84 85.13 80.92 93.92 90.95 93.91 97.20 

25 98.06 93.74 94.20 92.12 89.73 97.02 96 .21 97.04 98.75 

36 98.45 95.13 95.47 93.88 92.18 97.74 97 .31 9"7.74 98.98 

52 98.73 96.35 96.75 95 .61 94.47 98.34 98.08 98.34 99.16 

72 98.94 97.50 97 .91 97.18 96.50 98.84 98.63 98.83 99.31 

100 99.10 98.31 98.73 98.28 97.89 99.18 98.97 99.14 99.45 

150 99.20 98.82 99.16 98 .91 98.63 99.38 99.22 99.34 99.57 

200 99 .31 99.10 99.40 99.22 99.01 99.54 99.39 99.49 99.67 

240 99.36 99.24 99.51 99.37 99.24 99.61 99.47 99.57 99.73 

100% 99.61 99.96 99.94 99.96 99.96 99.94 99.94 99.93 100.00 
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APPENDIX IB (Coh td . ) 

P a r t i c l e s i z e data ob ta ined f rom the western stream-bed m a t e r i a l 
"Lanehead" (See F i g . 61B) 

Sieves 
No. 

4 

1558 
R a n d 

1575 
o m 

1616 
S a m p 

1634 
l i n g 

1746 
N u m 

1751 
b e r s 
1789 1801 1859 

3 

2k 

- - - - - - -• - -

if - - 12.01 9.62 22.26 13.73 10.79 - 24.89 

12.74 23.45 30.65 16.66 44.35 29.38 26.03 - 32.09 

3 
4 29.29 64.29 78.04 34.68 55 .11 44.63 36.10 6.73 41.95 

% 37.73 74.44 90.94 42 .11 59.86 54.97 43.63 20.69 48.59 

3 
8 43.68 79.54 94.36 45.75 63.87 60.94 49.16 31 .71 53.84 

1 
4 56.26 86.74 97.75 54.17 69.58 70.87 59.39 38.20 62.17 

3 
16 63.62 90.22 98.70 60.23 74.02 76.74 66.31 50.49 67.93 

1 
8 73.63 94.15 99.30 70.35 80.52 83.77 76 .31 59 .41 76.34 

8 82.44 96.62 99.59 79.68 87.08 89.55 84.78 71.24 84.10 

14 88.87 98.08 99.70 86.59 91.79 93.58 90.78 81.07 89.89 

25 94.77 98.84 99.76 93.48 96.05 96.42 95.96 87.93 95.29 

36 96.11 98.99 99.77 95.04 97.01 97.43 97.05 93.63 96.52 

52 97.19 99.14 99.78 96.34 97.76 98.07 97.91 94.98 96.62 

72 98.03 99.31 99.80 97.48 98.37 98.65 98.55 96.22 97.48 

100 98.66 99.48 99.83 98.28 98.82 99.07 98.99 97.06 98.03 

150 99.04 99.62 99.85 98.74 99.09 99.32 99.21 97.56 98.32 

200 99.27 99.72 99.89 99.07 99 .31 99.49 99.43 97.85 98.54 

240 99.94 99.77 99.90 99.23 99.41 99.58 99.63 97.98 98.66 

100% 99.96 100.00 99.96 99.95 99.94 99.95 99,95 98.69 99.03 

266 



APPENDIX IB 

P a r t i c l e s i z e data ob ta ined f rom the western stream-bed 
m a t e r i a l "Lanehead" (See F i g . 61B) 

Sieves 
No. 

4 

1920 
R 

2309 
a n d o m 

2394 
S a m 

2464 
p 1 i : . n 
2639 

g N u 
2,649 

m b e r 
2696 

s 
2759 2783 

3 

2% 

- - - — -
16.98 14.14 

— -

- - 21.73 4.86 11.58 21.15 16.22 8.89 -
16.55 18.42 33.86 32.46 16.99 23.97 22.16 18.21 27.26 

3 
4 35.13 41.97 48 .71 • 51.01 32.63 40.55 39.38 28.30 36.29 

h 39.42 55.75 57.70 63.92 43.79 50.15 52.24 36.44 42.69 

3 
8 44.15 63.22 63.79 69.40 51.03 56.57 59.59 43.60 47.07 

1 
4 52 .41 . 72.09 72.76 76.49 60.80 66.46 71.68 56.18 56.94 

3 
16 58.87 78.02 78.83 80.35 66.82 72.79 77.85 . 63.70 63.72 

1 
8 69.13 84.87 85.62 85.64 74.87 80.17 85.07 73 .31 73.14 

8 79.19 90.50 90.90 90.32 82.37 86.88 90.37 81.45 82 .11 

14 86.20 94.11 94.20 93.67 88.29 91.65 93.84 87.76 88.63 

25 92.89 96.79 96.86 96.79 94.09 96.02 96.84 93.70 94.76 

36 94.54 97.42 97.48 97.54 95.49 97.06 97.56 95.13 96.14 

52 95.99 98.00 98.03 98.16 96.67 97.90 98.21 96.38 97.26 

72 97.30 98.55 98.57 98.66 97.72 98.59 98.77 97.49 98.20 

100 98.21 99.00 99.02 99.06 98.49 99.07 99.19 98.29 98.81 

150 98.70 99.28 99.23 99.32 98.98 99.31 99.42 98.78 99.14 

200 99.06 99.47 99.43 99.50 99.23 99.51 99.57 99.11 99.37 

240 99.23 99.55 99.52 99.60 99.35 99.59 99.67 99.27 99.48 

100% 99.95 99.96 99.91 100.00 99.98 99.98 99.94 99.95 99.95 
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APPENDIX IB 

P a r t i c l e s i z e data ob ta ined f rom the wes tern stream-bed 
m a t e r i a l "Lanehead" (See F i g . 61B) 

Sieves 
No. 

R a 
2815 

n d o m 
2832 

S a m p l i n g 
2907 

N u m b e 
29.49 

r s 
2993 

4 - - - - -
3 - r - - - -
2% - - - - -

6.53 28 .11 14.00 7.45 36.00 

24.54 4-5.52 36 .81 22.08 50.63 

3 
4 41.32 68.01 51.93 40.55 66.37 

% 54.95 73.99 64.10 51.65 74.52 

3 
8 66.06 78.84 70.00 58.44 80.04 

1 
4 

76 .11 84.77 78.25 70.15 86.20 

3 
16 81.66 88 .11 82.87 75.78 89.66 

1 
8 88.23 92.10 88.00 83.08 93.16 

8 93.16 95.11 92.22 88.95 95.72 

14 96.34 97.13 .95.09 92.85 97 .41 

25 98 .31 98.57 97.49 96.24 98.59 

36 98.68 98.89 .98.06 96.99 98.87 

52 98.95 99.15 .98.55 97.72 99.11 

72 99.17 99.37 .98.96 98.39 99.35 

100 99.34 99.54 99.26 98.91 99.55 

150 99.45 99.66 99.41 99.25 99.66 

200 99.57 99.74 99.56 99.44 99.76 

240 99.63 99.78 99.62 99.52 99.81 

100% 99.99 99.96 99.93 99.95 99.99 
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APPENDIX IC 

P a r t i c l e s i z e data ob ta ined f rom the NetherheartVbed m a t e r i a l 
Teesdale (See F i g . 6 . 1 C ) 

R a n d o m S a m p 1 i n g N u m b e r s 

Sieves 
No. 

4 

23 25 26 21 95 141 219 221 312 

3 

2% 

- -
; ; ; 

— 

19.03 - - 44.47 29.28 4 .74 6.57 7.06 -
27.64 16.34 - 60.27 51.49 17.17 28.75 29.17 33.47 

3 
4 

57.67 42 .61 12.75 78.04 68.49 37.37 53.66 61.52 63.66 

h 75.86 65.08 29.36 87.58 
f 

80.90 47.55 69.07 75.35 80.65 

3 
8 84.68 78.56 60.05 92.17 86.07 55.64 77.44 82.30 88.04 

1 
4 91.43 90.88 78.06 96.96 93.63 67.55 87.12 89.32 95.41 

3 
16 94.66 94.96 85.92 98.53 96.45 75.30 91.76 92.80 97.77 

1 
8 97.52 98.12 93.54 99.56 98.61 84.00 95.75 96.03 99.13 

8 98.98 99.53 96.41 99.89 99.49 90.68 97.94 97.93 99.68 

14 99.59 99.87 98.52 99.95 99.73 94.68 98.87 98.85 99.84 

25 99.83 99.93 99.60 99.96 99.84 98.04 99.20 99.48 99.91 

36 99.86 99.94 99.86 99.97 99.87 98.69 99.56 99.60 99.92 

52 99.88 99.95 99.91 99.98 99.89 99.13 99.66 99.70 99.93 

72 99.90 99.96 99.92 99.99 99.91 99 .41 99.75 99.78 99.94 

100 99.92 99.97 99.93 100 99.93 99 .61 99.83 99.85 99.96 

150 99.94 99.98 99.94 100 99.94 99.74 99.89 99.90 99.98 

200 99.95 99.99 99.95 100 99.95 99.81 99.92 99.93 99.99 

240 99.96 99.99 99.96 100 99.96 99.84 99.93 99.95 100 

100% 99.97 100 99.97 100 99.97 99.96 99.97 99.98 100 
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APPENDIX IG (Contd . ) 

P a r t i c l e s i ze data ob ta ined f rom the Netherhear tkbed m a t e r i a l 
Teesdale (See F i g . 6.1C) 

R a n d o m S a m p l i n g N u m b e r s 

Sieves 
No. 

4 

336 348, 390 394 409 410 454 461 465 

3 - - -
; ; ; 

- - -

- 5.23 - 8.06 19.69 - 7.27 .7 .64 15.50 

21.02 43.56 - 42.73 35.75 33.64 22.90 22.67 40.54 

3 
4 60 .11 74.05 31.45 60.09 63.34 69.34 43.78 60.98 88.09 

h 77.33 86.13 72.78 73.52 78.20 86.47 54.77 73.49 94 .91 

3 
8 86.03 89.80 86.95 79 .61 84.33 91.99 63.34 79.74 97.22 

1 
4 90.66 94.88 92.25 86.97 90.87 96.98 74 .11 88.07 98.87 

3 
16 95.60 96.83 96.19 91.35 93.98 98.27 81.36 92.25 99.35 

1 
8 97.55 98.38 97.49 95.01 96.74 99.30 89.82 96.22 99.73 

8 98.74 99.21 98.55 97.22 98.15 99.73 95.22 98.19 99.85 

14 99.41 99.58 99.12 98 .51 98.82 99.87 97.59 99.07 99.89 

25 99.68 99.81 99.42 99.41 99.33 99.91 99.09 99.62 99.91 

36 99.85 99.86 99.68 99.59 99.48 99.92 99.38 99.74 99.92 

52 99.89 99.89 99.74 99.71 99.60 99.93 99.58 99.82 99.93 

72 99.92 99.91 99.80 99.79 99.71 99.94 99.72 99.87 99.94 

100 99.94 99.93 99.85 99.87 99.82 99.95 99.82 99.91 99.95 

150 99.96 99.95 99.91 99.92 99.90 99.96 99.88 99.94 99.96 

200 99.97 99.96 99.95 99.94 99.94 99.97 99.91 99.95 99.97 

240 99.98 99.97 99.97 99.95 99.95 99.98 99.93 99.96 99.98 

100% 99.99 99.98 99.99 99.98 99.98 99.99 99.98 99.97 99.99 

270 



APPENDIX 1C (Contd . ) 

P a r t i c l e s i z e data ob ta ined f rom the Netherhear tkbed m a t e r i a l 
Teesdale (See F i g . 6.1C) 

R a n d o m S a m p l i n g N u m b e r s 

Sieves 
No." 477 498 516 543 550 57 4 705 706 719 

l | 8 .11 6.83 7.34 - - 5.90 10.64 4.33 7.22 

1- | 10.48 18.69 45.00 45.90 20.05 16.97 31.12 15.82 20.07 

3 
8 
1 
4 
3_ 
18 
1 
8 

26.66 48.03 63.47 80.39 49,17 47.23 55.36 31 .01 53.88 

42.23 61.03 78 .21 90.39 61.40 68.62 77.35 50.72 70;71 

55.75 69.52 85.09 94.32 70.10 78.13 84 .61 61.32 77.36 

73.19 79.46 92.15 97.40 81.78 86.57 94.14 75.35 85.37 

81.89 85.37 94.78 98.66 87.06 90.09 97.53 82.53 89 .71 

88.56 90.75 97.08 99.43 93.16 93.87 99.37 89.84 93.86 

8 92 .51 94.68 98.59 99.73 96.92 96.77 99.79 94.55 96.74 

14 94.89 . 97.01 99.29 99.83 98.60 98.39 99.85 97.29 98.28 

25 97.08 98.67 99.64 99.88 99.37 99.30 99.87 98.84 99.14 

36 97.70 99.02 99 .71 99.89 99.50 99.47 99.88 99.14 99.32 

52 98 .31 99.30 99.76 99.90 99.60 99.59 99.89 99.37 99.46 

72 . 98.84 99.52 99 .81 99.92 99.68 99.69 99.90 99.54 99.57 

100 99.26 99.69 99.86 99.94 99.78 99.80 99.92 99.69 99.70 

150 99.54 99 .81 99.90 99.96 99.86 99.89 99.94 99.80 99 .81 

200 99.69 99.87 99.93 99.97 99.90 99.93 99.95 99.86 99.86 

240 99.75 99.90 99.94 99.98 99.92 99.95 99.96 99.88 99.89 

100% 99.94 99.96 99.96 99.99 99.97 99.99 99.97 99.95 99.95 

a n 



APPENDIX 1C ( C o n t d . ) 

P a r t i c l e s i z e data ob ta ined f rom the Netherheart t tbed m a t e r i a l 
Teesdale (See F i g . 6.1C) 

R a n d o m S a m p 1 i n g N u m b e r s 

Sieves 
No.. . 

4 

733 742 767 814 819 905 994 996 1060 

3 

2% ; ; ; ; ; 
- -

4 10.68 12.06 - 6.59 3.04 - - - 4.92 

4 36.59 31.59 9.08 15.25 35.94 38.45 34.11 19.91 37.95 

3 
4 53.62 55.77 37.17 36.59 62.35 66.37 . 64.73 45.44 57.10 

h 69.07 71.50 56.00 52.17 75.90 77.43 . 84.23 62.90 67.64 

3 
8 77.56 78.75 67.82 61.88 82.70 83.91 90.85 74.50 74.02 

1 
4 ' 85.77 87.39 81.40 73.92 89.97 91.05 96.79 85.16 81.09 

3 
16 90.27 92.01 87.99 80.53 93.29 94.28 98.26 90.05 85.49 

1 
8 94.51 96.17 93.51 87.42 96.10 96.85 99.24 94.00 90.19 

8 97.22 98.03 96.64 92.31 97.59 98.21 99.66 96.57 93.58 

14 98.69 98.93 98.16 95.78 98.50 98.96 99.78 98.14 95.95 

25 99.49 99.51 99.12 98.40 99.25 99.46 99.83 99.28 98.12 

36 99.62 99.64 99.34 98.95 99.47 99.59 99.84 99.48 98.60 

52 99.71 99.74 99.51 99.30 99.63 99.70 99.85 99.62 98.97 

72 99.77 99.81 99.63 99.53 99.74 99.79 99.87 99.73 99.30 

ioo 99.83 99.88 99.74 99.70 99.83 99.88 99*89 99.83 99.59 

150 99.88 99.92 99.82 99.81 99.89 99.93 99.92 99.89 99.78 

200 99.91 99.94 99.86 99.86 99.92 99.96 99.93 99.92 99.87 

240 99.92 99.95 99.88 99.88 99.93 99.97 99.94 99.93 99.91 

100% 99.96 99.97 99.96 99.96 99.96 99.99 99.95 99.96 99.98 

272 



APPENDIX 1G (Con td . ) 

P a r t i c l e s i z e data ob ta ined f rom the Netherhearthbed m a t e r i a l 
Teesdale (See F i g . 6.1C) 

R a n d o m S a m p 1 i n g N u m b e r s 

Sieves 
No. 

4 

1086 1127 1224 1247 1254 1341 1345 1358 14.85 

3 

2% ; ; ; 
- - - - -

4 4 . 9 1 - 15.99 - - 7.09 - 14.41 -

4 14.94 4.28 24.08 18.25 23.26 27.76 18.73 26.45 41.68 

3 
4 54.59 30.42 45.17 43.25 45.88 50.11 43.92 42.29 62.33 

h 74.65 46.46 63.00 58.99 60.62 67.64 57.43 58.08 73.47 

3 
8 81.45 60.41 70.49 67.79 72,08 74.68 65.88 68.78 79.59 

1 
4 88.87 68.43 79.87 79.03 83.45 83.69 79.45 83 .01 88.59 

3 
16 92.57 80 .01 85.23 85.92 89.15 88.77 85.76 90.18 93.30 

1 
8 95.20 84.96 89.93 90.97 93.74 93.17 92.56 96.19 96.93 

8 97.13 90.12 93.29 94.24 96.42 95.92 96.66 98.88 98.93 

14 98.35 93.75 95.53 96.32 98.00 97,35 98.37 99.66 99.59 

25 99.22 96,05 97.82 98.50 99.19 98.50 99.18 99.82 99.82 

36 99.39 98.30 98.44 98.99 99.46 98.86 99.37 99.85 99.85 

52 99.54 98.90 98.93 99.37 99.64 99.19 99.53 99.87 99.88 

72 99.66 99.33 99.29 99.61 99.75 99.45 99.66 99.89 99.91 

100 99.78 99.59 99.57 99.77 99.84 99.67 99.77 99.92 99.94 

150 99.87 99.77 99.74 99.86 99.90 99.81 99.85 99.95 99.96 

200 99 .91 99.87 99.82 99.91 99.93 99.87 99.89 99.97 99.97 

240 99.93 99.89 99.85 99.93 99.94 99.89 99.91 99.98 99.98 

1007. 99.97 99.94 99.96 99.97 99.97 99.95 99.97 100 99.99 

Z? 3 



APPENDIX 1C (Con td . ) 

P a r t i c l e s i z e data ob ta ined f rom the Netherheart l ibed m a t e r i a l 
Teesdale (See F i g . 6.1C) 

R a n d o m S a m p l i n g N u m b e r s 

Sieves 
No. 

4 

1499 1504 1559 1569 1578 1672 1726 1733 1742. 

3 

2% 

- - - - - - - - -

10.80 - - ' 5.73 9.23 18.22 - 21 .91 -
33.56 12.63 14.75 15.56 34.08 41.15 21.29 34.50 12.92 

3 
4 54.58 32.27 36.60 39.55 50.49 60.01 43.55 58.84 37.90 

h 64.27 64.05 54.90 59.06 62.47 72 .71 58.69 69.64 51.88 

3 
8 71 .51 72.87 65.46 69.00 70.86 78.84 66.11 76.18 60.48 

1 
4 80.94 84.97 79.58 81.36 81.36 86,17. 75 .21 81.62 74.24 

3 
16 86.69 91.00 87.79 87 .21 87.83 89.06 80.86 84.83 80.22 

1 
8 92.25 95.63 94.82 92.30 94.29 92 .21 86 .51 88.20 87.24 

8 95 .91 97.57 98.51 94.47 98.00 94.90 91.01 91 .41 92 .71 

14 97.83 98.33 99.53 95.11 99.28 96.96 94.48 94.26 96.24 

25 98.96 98.88 99.74 95.22 99.68 98.61 97.37 97.19 98.42 

36 99.25 99.02 99.76 95.24 99.74 98.94 98.02 97.92 98.82 

52 99.48 99.17 99.78 95.25 99.78 99.21 98.55 98.51 99.13 

72 99.65 99.31 99.80 95.27 99.82 99.45 98.97 99 -Oo 99.37 

100 99.79 99.43 99.84 95.30 99.87 99.65 99.35 99.40 99.58 

150 99.87 99 .51 99.88 95.33 99.91 99.79 99.62 99.67 99.74 

200 99 .91 99.54 99.90 95.34 99.93 99.86 99.75 99.79 99.83 

240 99.93 99.55 99.91 95.35 99.94 99.89 99.80 99.84 99.86 

100% 99.97 99.57 99.93 95.38 99.97 99.97 99.97 99.97 99.97 



APPENDIX 1C (Con td . ) 

P a r t i c l e s i z e data ob t a ined f r o m the Netherhear t^bed m a t e r i a l 
Teesdale (See F i g . 6.1C) 

• R a n d o m S a m p 1 i n g N u m b e r s 

Sieves 
No. 

4 

1747 1759 1802 1827 1854 1888 1929 2030 2033 

3 

2% 

- - - - - -

- - - - 6.94 - - 6.83 33.29 

4 12.66 23.41 4.50 25.37 32.62 9.29 6.87 15.38 51.50 

3 
4 

24.96 44.99 37.16 52.10 53.09 27.88 20.10 32.93 62.29 

% 41.36 57.36 52.66 67.25 64.37 40.62 30.64 50.52 69.76 

3 
8 56.60 65.39 61.19 74.04 71.63 52.64 40.83 57.79 74.92 

1 
4 . 64.95 75.20 71.88 83.42 81 .91 67.96 56.46 69.87 81.53 

3 
16 77 .54 80.47 77.62 87 .55 87.14 76.37 66.18 76.70 85.55 

1 
8 86.02 85.74 83.67 92.36 92.34 83.88 76.43 83.46 89 .41 

8 92.98 90.00 88.39 95.79 95.77 88.94 83.50 89.27 92.94 

14 95.62 93.31 91.85 97.99 97.39 92.31 89.18 93.45 95.68 

25 97.44 96.56 96.13 99.21 98.84 95.46 94.35 96.80 98.02 

36 97.76 97.46 97.18 99/41 99.13 96.46 95 .71 97.53 98.55 

52 98.04 98.27 98.07 99.56 99.36 97.49 97.03 98.15 98.95 

72 98.26 98.93 98.80 . 99.68 99.55 98.52 98.17 98.66 99.26 

100 98.45 99.32 99.30 99.79 99.71 99.15 98.92 99.14 99.53 

150 98.59 99.64 99.62 99.87 99.83 99.54 99.44 99.48 99.71 

200 98.67 99.76 99.76 99.91 99.89 99.72 99.67 99.64 99.80 

240 98.70 99 .81 99.82 99.93 99.91 99.79 99.76 99.71 99.84 

100% 98.80 99.97 99.97 99.98 99.96 99.96 99.96 99.95 99.96 

2-5 



APPENDIX 1C (Con td . ) 

P a r t i c l e s i z e data o b t a i n e d f r o m the Netherheartfebed m a t e r i a l 
Teesdale (See F i g . 6.1C) 

R a n d o m S a m p l i n g N u m b e r s 

Sieves 
No. 

4 

2146 2229 2232 2235 2260 2301 2378 2391 2401~ 

3 

2% 15.32 

-
— 

- - -

29.27 14.27 16.76 - „ - - 7.56 4.52 10.44 

39.77 25.46 41.78 7.67 11.56 7.40 18.64 7.25 16.40 

3 
4 56.84 . 44.55 62.45 33.56 25.20 24.47 35.57 22.86 34.96 

h 67.28 58.98 70.60 50.08 37.19 35.74 53.24 34 .71 46 .41 

3 
8 73.59 67.07 75.54 60.72 ' 45.46 45.09 59.98 44.82 54.63 

1 
4 81.03 76.50 82.32 69.15 58.52 56.67 72.42 62.01 66.60 

3 
16 85.03 81.86 86.19 78.35 65.48 64.87 79.34 70.83 73.43 

1 
8 90.00 87.46 90.26 83.06 74 .31 73.95 85.69 78.96 80.77 

8 93.45 92.18 93.41 88.20 82.18 81.74 90.32 84.70 86.69 

14 95.60 95.70 95.83 92.43 87.60 87.17 93.05 88.62 90.79 

25 98,08 98.16 97.93 95.58 94.02 91.50 96.55 92.80 95.50 

36 98.60 98.66 98.43 98.03 95.68 93.07 97.48 94.37 96.46 

52 99.04 99.04 98.85 98.52 97.09 94.50 98.30 96.20 97.46 

72 99.34 99.33 99.20 98.92 98.19 95.78 98.96 97 .91 98.49 

100 99.60 99.56 99.49 99.25 98.95 96.46 99.42 98.82 99.09 

150 99.77 99.72 99.69 99.51 99.44 96.91 99.69 99.41 99.50 

200 99.85 99.81 99.79 99.61 99.66 97.10 99.81 99.66 99.70 

240 99.88 99.85 99.84 99.65 99.74 97.20 99.86 99.76 99.79 

100% 99.96 99.96 99.97 99.76 99.96 97.39 99.96 99.99 100 

2/6 



APPENDIX IC (Contd.) 

Particle size data obtained from the Netherheartfcbed material 
Teesdale ('See Pig. 6.1C) 

Sieves 
No. 
4 
3 

2405 
R a 

2520 
n d o m 

2524 
S a m 
2557 

p 1 i n 
25i8 

g N u 
2597 

m b e r 
2622 

s 
2624 2633 

-I 6.66 16.30 22.35 6.87 7.21 

-
4.95 

4 22.40 28.15 32.67 20.12 28.13 10.66 29.06 7.14 14.78 

1 
4 

41.25 42.32 53.76 38.46 45.36 36.78 50.30 38.32 37.39 
1 
2 56.11 52.83 70.37 55.19 59.38 59.53 66.02 58.67 59.32 

i 63.33 60.79 77.29 63.37 67.71 71.94 78.62 71.19 73.34 

i 
4 74.03 72.46 86.42 76.85 77.61 85.17 89.67 83.44 84.32 

h 79.43 79.04 90.42 82.85 83.00 90.07 92,77 88.75 88.92 
1 
8 85.54 85.45 94.21 88.62 88.51 93.82 95.01 93.37 92.17 

8 90.10 89.93 96.31 92.71 92.88 95.84 96.30 95.45 93.98 

14 93.37 92.92 97.60 95.73 95.95 96.81 97.00 96.51 94.98 

25 96.53 95.70 98.92 98.10 98.17 97.75 97.81 97.61 96.41 

36 97.40 96.54 99.26 98.64 98.60 98.12 98.14 97.99 96.98 

52 98.24 97.42 99.50 99.05 98.97 98.55 98.54 98.46 97.69 

72 98.77 98.27 99.66 99.32 99.28 99.03 98.98 98.98 98.51 

100 99.27 98.94 99.78 99.54 99.54 99.44 99.37 99.38 99.15 

150 99.58 99.36 99.86 99.70 99.72 99.72 99.65 99.66 99.59 

200 99.73 99.55 99.90 99.79 99.84 99.85 99.79 99.80 99.79 

240 99.79 99.63 99.92 99.83 99.85 99.90 99.85 99.85 99.87 

100# 99.95 99.96 99.96 99.97 99.96 100.00 99.98 99.98 100.00 

27? 



APPENDIX IC ( C o n t d . ) 

P a r t i c l e s ize data ob ta ined f r o m the NetherheartVibed m a t e r i a l 
Teesdale (See F i g . 6.1C) 

Sieves 
No. 
4 

2654 
% a 

2714 
n d o m 

2731 
S a m 
2820 

p 1 1 n 
2823 

g N u 
2859 

m h e r 
2912 3001 

3 
^2 — _ _ — _ 10.86 

— 

_ 

4 5.23 - 8.50 - 3.30 - 17.38 16.58 15.15 

4 15.20 , - 27.56 13.25 12.21 15.74 47.24 27.09 17.13 

1 
4 37.87 19.31 47.46 41.72 45.95 38.08 62.38 47 ."80 38.07 
1 
2 51.22 65.52 63.72 57.15 65.29 54.78 78.44 68.06 55.56 

2 
8 

63.21 84.74 75.51 70.97 76.92 69.95 85.66 78.59 67.17 

1 
4 . 77.55 91.79 86.57 83.46 88.16 86.16 93.96 88.93 83.59 

1_ 
16 84.27 96.53 91.78 88.83 92.84 . 91.78 96.66 92.96 90.37 
1 
8 89.84 98.22 94.61 92.66 96.11 95.81 98.31 96.16 95.13 

8 92.78 98.89 96.18 94.56 97.55 97.54 98.93 97.76 97.01 

14 94.40 . 99.19 _96.96 95.61 98.12 98.33 99.20 98.46 97.84 

25 96.11 99.34 97.89 9&83 98.65 98.,84 99.42 98.96 98.48 

36 96.75 99.48 98.24 97.32 99.86 99*02 99.50 99.13 98.72 

52 97.53 99.54 98.64 97.92 99.10 99.23 99.60 99.32 99.00 

72 98.35 99.62 99.06 98.58 99.36 99.46 99.71 99.52 99.29 

100 98.99 99.70 99.44 99.34. 99.59 99.67 99.82 99.70 99.56 

150 99.44 99.81 99.71 99.52 99.76 99.82 99.89 99.83 99.75 

200 99.65 99.89 99.84 99.70 99.85 99.89 99.93 99.89 99.84 

240 99.73 99.93 99.89 99.77 99.89 99.92 99.94 99.91 99.88 

100$ 99.92 99.96 100.00 99.96 99.98 99.98 99.97 99.97 99.97 



APPENDIX IC (Contd.) 

Part ic le size data obtained from the Netherheartfcbed material 
Teesdale (See Pig. 6.1C) 

Sieves 
No. 

4 
3 

3030 
R 

3079 
a n d o 

3158 
m S a 

3170 
u p 1 i 

3233 
n g N 

3236 
u Q b e 

3353 
r s 

3354 3375 

^2 

-I 8.40 8.40 5.43 6.55 4.22 7.45 9.34 

32.79 18.01 22.49 14.22 15.57 10.86 11.52 12.53 -
I 
4 

56.17 39.61 51.30 30.43 42.18 23.30 32.98 31.28 17.66 
1 
2 71.98 57.46 69.38 49.38 58.16 39.40 47.46 50.61 31.10 

8 80.60 69.06 79.09 63.51 68.69 52.94 58.62 61.42 42.52 

1 
4 

90.06 83.00 88.23 79.26 81.72 73.20 75.82 77.37 62.81 

h 93.80 88.70 92.25 88.07 87.87 83.76 83.45 85.22 76.19 

1 
8 96.44 93.19 95.33 93.71 92.96 92.13 91.54 91.91 87.55 

8 97.81 95.24 97.15 95.73 95.62 95.62 95.40 95.22 93.65 

34 98.46 96.32 98.03 96.46 96.78 96.78 96.87 96.66 96.00 

25 98.90 97.30 98.65 97.65 97.85 97.85 97.90 97.80 97.45 

36 99.05 97.70 98.88 98.07 98.22 98.20 98.25 98.19 97.90 

52 99.24 98.20 99.13 98.54 98.63 98.63 98.66 98.64 98.39 

72 99.44 98.74 99.39 99.00 99.07 99.00 99.06 99.11 98.90 

100 99.64 99.19 99.64 99.41 99.42 99.47 99.46 99.45 99.37 

150 99.79 99.52 99.81 99.68 99.66 99.73 99.72 99.69 99.68 

200 99.86 99.68 99.89 99.80 99.78 99.85 99.84 99.80 99.81 

240 99.89. 99.74 99.92 99.85 99.83 99.90 . 99.88 99.85 99.86 

10C#v. ..." 7 99.97 99.95 100.00 99.96 .-99.-96 100.00 99.98 99.96 99.96 

279 



APPENDIX IC (Contd.) 
Particle size data obtained from the NetherheartVibed material 

Teesdale (See F i g . 6.1C) 

Sieve Random Sampling Number 
No. 3U9 
4 - • 

3 
pi. 

1? 7.23 

I T 39.47 

1 
4 
2 

1 
4 

66.71 

81.76 

i 
8 88.60 

93.37 

96.30 

g 98.28 

8 99.31 

14 99.72 

25 99.86 

36 99.88 

52 99.90 

72 99.92 

100 99.94 

150 99.96 

200 99.97 

240 99,98 

100$ 99.99 



APPENDIX ID 
Particle size data obtained from the eastern stream bank 

material "Lanehead" (See Pig. 6 . iP) 

Sieves R a n d o m S a m p l i n g N u m b e r s 
No. 
4 

99 184 382 903 1105 1233 1303 1374 1466 

3 _ _ _ 
pi 12.36 - - - mm - - - • -

i 18.97 - - 15.9 - 16.84 - - -
4 38.00 12.91 - 38.23 11.20 21.40 7.54 18.02 8.67 

1 
4 44.30 29.69 1.26 61.17. 23.37 41.28 36.75 - 14.58 
1 
2 52.84 47.25 7.09 73.97 .32.78 55.34 48.63 20.58 18.15 

I 
8 

56.74 56.44 12.16 77.19 38.99 61.57 55.91 23.97 20.11 

1 
4 63.97 66.46 19.39 80.96 45.53 67.53 64.13 3 ° . 29 23.49 

i 
16 

68.85 72.61 24.36 83.62 50.55 71.45 69.55 34.24 25.58 

1 
8 74.84 77.99 30.5-6 86.57 56.308 76.15 75.57 39.71 28.26 

8 81.43 82.26 36.28 89.14 61.83 80.52 80.77 45.20 30.72 

14- 86.80 85.42 41.44 91.42 66.77 84.53 85.16 50.30 33.35 

25 91.71 88.37 47.17 93.33 73.11 89.07 89.77 56.56 36.77 

36 92.86 89.39 49.06 93.89 75.40 90.43 91.07 58.86 38.14 

52 94.00 90.69 51.66 94.55 78.13 91.84 92.42 62.39 40.07 

72 95-14 92.47 56.54 95-39 81.83 93.32 94.05 68.26 44.06 

100 96.23 94.34 61.34 96.20 85.77 94.81 95.36 75.48 48.40 

150 97.03 , 96.02 67.08 96.96 89.63 96.08 96.47 82.11 54.04 

200 97.43 96.84 70.87 97.40 " 91.79 96.78 97.06 85.36 57.65 

240 97.58 97.11 72.42 97.55 92.60 97.01 97.26 86.61 58.81 

lOOjg 97.68 97.25 73.17 97.70 93.10 97.20 97.41 87.38 59.03 

281 



APPENDIX ID (Contd.) 
Particle size data obtained from the eastern stream bank 

material "Lanehead" (See Pig. 6.ID) 

Sieve R a n d 0 m S a m p 1 i n g N o 
No. 1600 1610 2207 2525. 

4 - - - - -
3 - - - - -
p± - - - - -
A 39.16 29.66 - . - -

4 - - 18.88 4.13 -
1 
4 

41.53 34.03 20.63 16.20 7.66 

1 
2 49.08 45.18 21.33 18.94 18.82 

1 
8 

53.39 49.81 23.30 22.62 25.18 

1 
4 

58.21 54.49 27.96 26.96 33.-23 

JL 
16 61.34 57.17 31.22 29.77 39.63 

1 
8 65.26 61.18 35.66 33.26 47.39 

8 69.00 65.15 39.49 36.71 55.58 

14 72.40 69.01 43.16 39.95 63.20 

25 76.46 73.40 47.93 44.12 73.65 

36 78.15 75.07 49.84 45.62 76.97 

52 80.36 77.55 52.29 47.45 80.54 

72 83.22 80.94 55.62 50.16 84.44 

100 86.50 84.20 59.90 54.08 87-93 

150 89.54 87.40 64.81 60.22 ' 90*86 

200 91.11 89.14 68.17 65.88 92.38 

240 91.67 89.77 69.65 68.15 92.91 

100$ 92.05 90.13 70.15 69.21 93.24 



APPENDIX I E 
Partic le Size data obtained from the western stream banks material 

"Lanehead" (See F i g . 6 . IE) 

Sieves R a n d o m S a m p l i n g N u m b e r s 
No. 193 U l 508 546 641 720 770 845 881 

2fr -

l | - 28.42 12.30 - - 31.14 

4 - - - - 18.70 mm 9.26 41.88 •18.81 

1 
4 

2.80 - 15.48 51.60 27.90 13.25 26.12 49.53 32.20 

2 4.24 3.08 29.00 54.90 35.33 . 25.63 37.07 55.48 41.90 

1 
8 

7.10 7.73 35.36 56.76 39.72 29.76 43.14 59.73 47.20 

1 
4 13.06 15.53 43.13 59.16 47.94 41.40 51.95 65.72 56.76 

& 19.20 22.37 48.06 61.22 53.40 48.18 57.14 69.03 61.32 
1 
8 25.65 31.32 56.99 63.23 59.74 55.69 62.67 73.14 67.43 

8 31.66 41.00 65.36 65.09 64.97 62.74 68.48 76.75 72.25 

14 36.64 49.82 71.43 66.99 69.37 ,69.05 73.80 80.19 76.00 

25 44.19 62.46 78.90 70.60 75.56 77.54 79.92 84.55 81.25 

36 46.21 66.54 80.88 72.23 77.69 79.86 81.97 86.05 82.84 

52 '49.23 70.97 82.99 74.14 80.41 82.47 84.27 87.71 84.81 

72 53.42 75.41 85.28 76.96 85.02 85.89 87.08 89.58 87.32 

100 57.41 78.43 86.90 80,13 87.62 88.27 89.73 91.42 89.37 

150 62.08 81.83 88.67 83.27 9.0.18 90.53 91.90 92.94 91.35 

200 64.82 84.28 89.95 85.19 91.66 92.78 93.21 93.80 92.51 

240 65.73 85.60 90.63 85.86 92.42 93.35 93.78 94.18 93.06 

100$ 66.51 86.35 91.19 86.33 92.88 93.89 94.39 94.35 93.50 

283 



Appendix I E (Contd.) 
Part ic le Size data obtained from the western stream banks material 

"Lan.ehead" (See Pig . 6.1E) 

Sieves 
No. " 904 1005 1070 1299 1413 1504 
4 - - - - - -
3 
^ 2 — _ 

- - - - 21.83 -
I 

3-4 - - - - - 5.66 

1 
4 8.40 - 25.03 11.67 
1 
2 28.20 4.42 1.64 2.51 30.34 12.61 

I 
8 40.55 7.47 5.39 3.46 32,12 34.97 

1 
4 50.45 12..89 13.29 5.54 35.19 18.90 

& 55.82 17.34 18.57 7.96 38.00 21.81 

1 
8 61.99 22.59 28.52 11.99 42.23 27.13 

8 67.15 27.56 34.05 17.01 47.44 33.26 

14 72.14 32.88 42.27 24.02 53.04 39.40 

25 '72.68 39.69 51.93 35.70 59.93 49.85 

36 73.66 42.09 55.19 40.73 62.59 53.18 

52 75.35 45.31 59.60 48.21 66.20 57.75 

72 77.50 49.44 68.09 59.13 71.68 .66,74 

100 79.20 54.15 71.59 69.87 77.29 72.81 

150 80.95 59.25 76.16 77.77 81.62 77.79 

200 81.99 62.43 79.07 81.97 83.97 80.51 

240 82.44 63.95 80.65 83.57 85.05 81.68 

100$ 82.79 65.29 82.15 84.82 86.04 82.37 
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APEENDIX I F 
Part ic le size data obtained from Netherheartkbanks material 

(Teesdale) (See Pig. 6.1?) 
Sieves 
No. 
4 

82 98 290 3J1 471 804 847 

3 
^ 2 — — 23.67 — - - 24.21 - -

- 29.63 37.69 - - - 56.39 54.64 -
30.19 38.89 47.99 19.90 - 25.16 59.10 60.85 -

i 
4 

54.22 53.25 '57.53 • 25.73 11.22 40.44 66.23 75.46 9.01 
1 
2 67.54 59.72 67.97 28.̂ 2,- '2.6.24 50..233 69.65 80.37 21.63 

I 
8 

73.11 63.36 72.77 29.56 36.90 56.65 71.95 83.75 29.19 

1 
4 79.25 69.76 79.23 31.04 48.22 65.29 75.19 86.81 40.41 

JL 
16 

81.97 73.85 82.69 31.93 54.58 69.70 77.34 88.16 45.96 

1 
8 84.73 78.90 86.84 33.60 61.55 74.65 79.26 89.81 51.97 

8 87.28 83.05 90.71 35.84 66.74 79.40 80.84 91.13 57.03 

14 89.90 86.67 93.60 39.20 70.11 83.66 82.64 92.46 62.69 

25 92.72 91.06 96.24 47.01 74.69 88.55 85.28 94.23 72.85 

36 93.66 92.74 96.88 51.28 76.61 90.07 86.41 94.89 76.93 

52 94.73 94.19 97.39 57.31 78.72 91.55 87.60 95.64 81.27 

72 95.92 95.46 97.77 65.56 80.95 92.91 88.87 96.42 85.45 

100 97.10 96.61 98.07 74.10 83.30 94.00 90.05 97.21 89.30 

150 97.95 97.43 98.27 81.08 85.51 94.92 91.12 97.86 92.12 

200 98.34 97.85 98.36 84.46 86.60 95.34 91.67 98.18 93.40 

240 98.48 98.00 98.39 85.61 86.96 95.47 91.83 98.29 93.77 

100$ 98.55 98.12 98.42 86.19 87.30 95.60 91.96 98.37 93.96 
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APPENDIX IF (Contd.) 
Particle size data obtained from Netherheart\»banks material 

r (Teesdale) (See Pig. 6 . I F ) 
Sieves 
No. 
4 
3 
^ 2 

867 889 995 1114 1192 1245 1470 1497 1591 
Sieves 
No. 
4 
3 
^ 2 

- -r - ' - - - - 57.38 -

- - - - 27.92 35.65 14.46 - -

4 - 15.20 9.48 18.10 44.82 - 18.81 62.40 -
3 
4 3.92 20.88 10.60 39.57 61.35 42.06 34.25 71.86 15.80 
1 
2 4.68 30.28 16.21 48.36 71.01 "45.60 38.37 75.70 33.47 
I 
8 

5.26 38.17 20.79 . 53.01 75.14 46.76 41.79 77.71 41.34 
1. 
4 6.71 49.04 27.83 59.47 79.35 49.05 47.61 81*22 49.67 

9.59 55.82 31.73 62.17 81.42 50.47 50.41 83.24 54.64 

1 
8 13.24 63.28 35.70 64.86 83.70 52.06 53.72 85.38 59.79 

8 18.00 70.10 39.79 66.93 85.37 53.3.7 57.08 87.27 63.92 

14 25.42 77.29 46.75 69.36 87.29 55.40 61.16 89.44 68,09 

25 29.44:. 86,03 62.91 72.99 91.19 58.09 68.57 92.79 74.27 

36 35.88 88.42 69.52 74.50 92.83 59.52 71.69 93.91 77.05 

52 47.53 90.79 76.74 76.56 94.27 61.68 75.11 94.99 86.76 

72 59.95 92.83 83.3.9 79.34 95.44 65.29 79.24 96.02 85.4? 

100 71.30 94.49 88.53 82.31 96.46 70.51 83.42 97.03 89.99 

150 76.65 95.74 91.71 85.41 97.23 76.80 86.92 97.82 93.17 

200 78.30 96.37 92.94 87.20 97.62 80.82 88.58 98.20 94.46 

240 78.39 96.61 93.36 87.86 97.74 82.29 89.11 98.36 94.90 

100$ 78.94 96.83 93.71 88.22 97.84 82.88 89.31 98.48 95.19 
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APPENDIX IP (Contd.) 

Part ic le size data obtained from Netherheartk banks material 
(Teesdale) (See Pig. 6.1 P) 

Sieve 
No. 1677 1693 1776 1847 1861 1964 
4 - - - - -
3 
2-L — — _ . 

A 13.13 8.50 - 23.15 27.33 

A 23.80 . 9.50 15.59 6.96 39.45 -
2 
4 34.81 30.51 31.72 19.22 49.41 35.31 
1 
2 45.01 44.70 36.89 26.99 53.92 43.29 

2 
8 

49.61. 52.51 40.78 29.60 56.60 47.94 

1 
4 56.63 61.64 45.27 34.34 60.02 53.64 

i . 
16 

61.01 66.86 47.98 36.70 62.15 56.83 

1 
8 66.33 72.47 51.01 40.93 65.51 61.04 

8 71.51 76.79 54.13 46.56 69.48 64.81 

14 76.23 80.42 57.69 53.82 74.91 68.79 

25 81.80 84.45 62.19 • 65.39 82.68 75.94 

36 83.68 85.85 63.81 69.14 85.22 79.01 

52 85.96 87.33 65.53 73.36 87.82 82.72 

72 88.68 89.06 67.32 78.04 90.32 86.77 

100 9.1.40 91.04 69.17 83.18 92.64 90.06 

150 93.58 92.83 70.67 87.60 94.36 92.76 

200 94.59 93.76 71.43 89.81 95.18 94.03 

240 94.93 94.13 71.70 90.53 95.40 94.44 

100$ 95.21 94.45 71.87 90.86 95.60 94.74 
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APPENDIX 2JL 
S ta t i s t i ca l analysis of part ic le size distribution curves 

of the eastern tributary Lanehead 

(#16 + 050 +0 84) (0 84 - 0 1 6 ) (Mean*- Median0) 
3 2 • (Sorting^) 

Random 
No-.. 

Mean 
Phi 

Sorting 
Phi • 

Skewnesi 
Phi 

1 11 - 3.23 + 1..6 + 0.04 
2 15 - 3.93 + 1.4 + 0.19 

3 79 - 3.67 + 1.45 + 0.16 
4 90 - 3.4 + 2.0 + 0.2 

5 151 - 3.63 + 1.7 + 0.04 
6 172 - 4.47 + 1.2 + 0.11 

7 188 - 3.03" + 1.9 + 0.04 
8 207 - 3.67 + 1.9 + 0.07 
9 304 - 3.48 + 1.23 + 0,18 

10 361 -r 4.2 + 1.05 + 0.29 
11 364 - 3.9 + 1.55 + 0.26 
12 449 - 3.3 + 1.95 + 0.15 
13 450 - 4.05 + 1.28 + 0.20 

24 579 - 3.23 + 2.0 + 0.24 

15 588 - 4.48 + 1.28 + 0.33 
16 641 - 3.5 + 1.75 + 0.29 

17 671 - 3.45 + 2.03 + 0.32 
18 723 - 3.47 + 1.85 + 0.23 

19 872 - 3.97 + 1.5 + 0.22 

20 891 - 4.08 + 1.6 + 0.23 
21 996 - 3.37 + 2.15 + 0.11 
22 1033 - 3.3 + 2.0 + 0.1 

23 1055 - 3.75 + 1.78 + 0.53 
24 1163 - 3.3 + 1.9 + 0.21 

25 1218 - 3.95 + 1.7 + 0.29 
26 1244 -3.65 + 1.63 + 0.15 

27 1323 - 3.85 + 1.45 + 0.28 

28 1344 - 3.77 + 1.65 + 0.38 

29 1403 - 3.2 + 1.9 + 0.11 
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APPENDIX 2-A (Contd.) 
Random Mean Sorting Skewness 

No. Phi Phi . Phi 

30 1424 - 2.97 + 2.08 + 0.01 
31 1609 - 3.77 + 1.55 + 0.28 
32 1623 - 3.02 + 1.63 + 0.17 
33 1727 - 3.83 + 1.5 + 0.31 
34 1772 - 4.67 + 0.8 + 0.16 

35 1843 - 1.97 + 2.0 - 0.04 
36 •1940 - 3.43 + 2.0 + 0.34 
37 1965 - 2.7 + 2.05 + 0.24 
38 1985 - 4.18 + 1.45 + 0.46 

39 1996 - 3.03 + 1.7 + 0.16 
40 2017 - 4.02 + 1.35 + 0.24 

41 2026 - 4.12 + 1.1 + 0.21 

42 2104 - 1.3 + l . l + 0.36 

43 2215 - 4.33 + 1.25 + 0.30 

44 2243 - 3.63 + 1.45 + 0.26 

45 2317 - 4.4 + 1.5 + 0.4 
46 2320 - 3.87 + 1.85 + 0.23 

47 2342 - 4.0 + I .65 + 0.18 

48 2471 - 2.57 + 1.95 • + 0.12 

49 2472 -' 2.13 + 1.9 + 0.14 
50 2604 - 4.35 + 1.3 + 0.38 



APPENDIX 2B 
S t a t i s t i c a l analysis of particle s i 

curves of the western tributa 

( ?16 + ^50 +084) 
3 

Random Mean 
No. Phi 

1 32 - 4.07 
2 45 - 3.95 

3 49 - 3.67 

4 95 - 4.33 

5 103 - 3.75 
6 282 - 4.17 

7 318 - 4.27 
8 320 - 2.49 

9 336 - 2.4 
10 593 - 2.28 

11 668 - 3.93 
12 719 - 3.37 

13 746 - 3.63 

14 789 - 3.87 

15 859 - 3.28 

16 877 - 3,13 

17 879 - 3.15 
18 935 - 3.4 

19 946 - 4.03 
20 1004 - 2.97 
21 1024 - 3.13 
22 1118 - 2.75 

23 1295 - 2.4 

24 1308 - 3.8 

25 1371 - 3.07 
26 1428 - 3.85 

27 1551 - 3.85 
28 1558 - 2.83 

29 1575 - 4.1 

30 1616 - 4.65 

e distribution 
y Lanehead 

(084 - 0 1 6 ) (Mean 0 - Median 0 ) 
2 (Sorting 4> ) 

Sarting Skewness 
Phi Phi 

+ 1.1 + 0.3 
+ 1.38 + 0.28 

+ 1.6 + 0.21 
+ .85 - 0.04 
+ 1.63 + 0.28 

+ 1.2 - 0.28 
+ 1.2 + 0.28 

+ 1.99 + 0.11 
+ 1.85 + 0.05 
-fc- 2.18 + 0.06 
+ 1.5 + 0.18 

+ 1.73 + 0.16 

+ 1.45 + 0.12 
+ 1.7 + 0.19 
+ 1,68 + 0.19 
+ 2.15 + 0.17 
+ 2.03 + 0.22 

+ 1.8 + 0.33 
+ 1.65 + 0.22 

+ 2.1 + 0.06 
+ 2.0 + 0.14 
+ 2.38 + 0.11 
+ 2.1 0.00 

+ 1.75 + 0.29 
+ 1.95 + 0.02 

+ 1.88 + 0.19 
+ 1.45 + 0.14 
+ 2.0 + 0.04 
+ 1.25 + 0.24 
+ 0.65 0.00 
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APPENDIX 2B (Contd.) 

Random 
No. 

Mean 
Phi 

Sorting 
Phi 

Skewness 
. Phi 

31 1634 - 2.83 + 2.2 + 0.03 
32 1746 - 3.77 + 2.1 + 0.35 
33 1751 - 3.6 + 1.85 + 0.16 

34 1789 - 3.22 + 2.05 + 0.03 
35 1801 - 2.57 + 1.85 + 0.02 
36 1859 - 3.37 + 2.3 + 0.06 

37 1920 - 2.73 + 2.3 + 0.03 
38 2309 - 3.53 + 1.65 + 0.22 

39 2394 3.8 + 1.85 + 0.16 
40 2464 - 3.9 + 1.85 + 0.27 
41 2639 - 3.03 + 2.1 + 0.13 
42 2649 - 3.6 + 2.4 0.00 

43 2696 - 3.6 + 1.85 + 0.05 

44 2759 - 2.88 + 2.18 + 0.01 

45 2783 - 3.05 + 2.25 0.00 

46 2815 - 3.63 + 1.55 + 0.11 

47 2832 - 4.30 + 1.45 + 0.34 
48 2907 - 3.9 + 1.6 + 0.25 

49 2949 - 3.42 + 1.83 + 0.21 

50 2993 - 4.45 + 1.4 + 0.36 
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APPENDIX. 2C 

S t a t i s t i c a l analysis of particl i 
curves of the Netherhearth 

(4 16 +050 + 084) 
3 

Random Mean 
No. Phi 

1 23 . - 4.32 
2 25 - 4.02 

3 26 . ™ 4.37 
4 91 - 4.93 
5 95 - 4.65 
6 141 - 3.35 
7 219 - 4.05 
8 ' 221 - 4.23 

9 312 - 4.43 
10 336 - 4.72 

11 348 - 4.57 
12 390 - 4.57 

13 394 - 4.27 

1U 409 - 4.4 

15 410 - 4.62 

16 454 - 3.7 
17 461 - 4.17 
18 465 - 4.82 

19 477 - 3.37 
20 498 - 3.8 
21 516 - 4.43 
22 534 - 4.78 

23 . 550 , - 3.9 
24 574 - 4.02 

25 705 - 4.27 
26 706 - 3.57 

27 719 - 4.02 

28 733 - 4.12 

29 742 - 4.18 

size distribution 
stream 1 

(084 - 616) (Mean # - Median 0 ) 
2 Sorting ^ 

Sorting Skewness 
Phi. Phi 

+ 1.1 + 0.03 
+ 0.98 + 0.08 
+ 1.0 • +0.13 
+ 0.9 + 0.3 
+ 1.1 + 0.27 

+ 1.73 + 0.09 
+ 1.18 • + 0.21 

+ 1.03 + 0.21 

+ 0.98 + 0.12 

+ 0.85 + 0.39 

+ 0.75 + 0.31 
. + 0.75 + 0.04 

+ 1.1 + 0.3 
+ 1.1 + 0.18 

+ 0.73 - 0.03 

+ 1.5 + 0.13 

+ 1.1 + 0.3 

+ 0.5 . + 0.06 

+ 1.25 + 0.02 

+ 1.35 + 0.22 

+ 0.95 + 0.39 
+ 0.75 + 0.09 

' + 1.35 + 0.22 

+ 1.05 + 0.12 

+ 1.0 + 0.13 

+ 1.45 + 0.02 
+ 1.18 + 0.24 
+ 1.28 • + 0.22 
+ 1.18 + 0.19 



APPENDIX 2C (.Contd.) 

Random Mean Sarting Skewness 
No. Phi Phi Phi 

30 767 - 3.63 + 1.15 + 0.15 

31 814 - 3.53 + 1.45 + 0.12 

32 819 - 4.32 + 1.03 + 0.27 

33 9.05 - 4,42 + 1.13 + 0.16 

34 994 - 4.52 + 0.9 + 0.03 

35 996 - 3.93 + 1. 25 • + 0.14 

36 1060 - 4.03 + 1.45 + 0.39 
37 1086 - 4.07 + 0.95 + 0.24 

38 1127 - 3.97 + 1.63 + 0.05 

39 1224 - 3.88 + 1.5 + 0.11 

40 1247 - 3.8 + 1.3 + 0.15 

41 12:54 - 3.9 + 1.35 + 0.07 
42 1341 - 4.0 + 1.3 + 0.15 

43 1345 - 4.3 . + 1.3 + 0.31 
44 1358 - 3.87 + 1.35 + 0.02 

45 1485 - 4.38 + 1.35 + 0.2 

46 1499 - 4.0 + 1.4 + 0.29 

47 1504 - 3.78 + 1.13 + 0.11 

48 1559 - 3.47 + 1.6 + 0.21 

49 1569 - 3.75 + 1.28 + 0.12 

50 1578 - 3.97 + 1.35 + 0.17 

51 1672 - 4.27 + 1.3 + 0.-25 

52 1726 - 3.7 + 1.55 + 0.19 

53 1733 - 4.03 + 1.55 + 0.24 

54 1742 - 3.47 + 1.55 + 0.15 

55 1747 - 3.8 + 1.45 + 0.07 
56 1759 - 3.7 + 1.65 + 0.18 

57 1802 - 3.37 + 1.6 + 0.21 

58 1827 - 4.03 + 1.3 + 0.21 

59 1854 - 4.0 + 1.35 + 0.22 

60 1888 - 3.17 + 1.5 + 0.09 

61 1929 - 2.73 + 1.7 + 0.04 

62 2030 - 3.33 + 1.7 + 0.16 

63 2033 - 4.33 + 1.6 + 0.42 



APPENDIX 2C (Contd.) 
Random Mean . Sorting Skewne s s 

No. . Phi Phi Phi 

64 2146 - 4.2 + 1.75 + 0.17 

65 2229 - 3.82 + 1.6 + 0.14 
66 2232 - 4.12 + 1.48 + 0.32 

67 2235 - 3.83 + 1.55 + 0.24 
68 2260 - 2.8 + 2.0 + 0.1 

69 2301 - 2.77 + 1.85 + 0.12 

70 2378 - 3.52 + 1.62 + 0.11 

71 2391 - 2.9 + 1.7 + 0.09 
72 2401 - 3.17 + 1.85 + 0.12 

73 24-05 - 3.58 + 1.65 + 0.16 

74 •2520 - 3.28 + 2.33 + 0.22 

75 2524 - 3>57 + 0.85 - 0*2 

76 2537 - 3.6 + 1.5 + 0.13 

77 2568 - 3.77 + 1.45 + 0.16 

78 2597 - 3.77 + 1.1 + 0.12 

79 2622 - 4.17 + 1.15 + G.03 

80 2624 - 3.73 + 1.15 + 0.15 
81 2633 - 3.8 + 1.15 + 0.09 

82 2654 - 3.63 + 1.3 + O.O5 

83 2714 - 4.37 + 0.7 + 0.19 

84 2731 - 3.95 + 1.05 + 0.19 

85 2820 - 3.45 + 0.68 + 0.81 

86 2823 - 3.96 + 1.05 + 0.20 

87 2859 - 3.17 + 0.65 - 0.35 

88 2912 - 4.5 + 1.05 + 0.29 

89 2939 - 4.17 + 1.18 - 0.02 

90 3001 - 3.83 + 1.35 - 0.02 

91 3030 - 4.23 + 1.05 + 0.16 

92 3079 - 3.9 + 1,1 0.0 

93 3138 * 4.07 + 1.09 + 0.17 

94 3170 - 3.55 + 1.23 - 0 .04 

95 3233 - 3,47 + 1.7 + 0.31 

96 3236 - 3.38 + 1.18 - 0.07 



APPENDIX 2C (Contd.) 

97 3353 - 3.62 + 1.03 - 0.12 
98 3354 - 3.58 + 1.28 + 0.02 
99 3375 - 3.22 + 1.03 - 0.21 

100 3419 . - 4.4 + 0.9 + 0.22 
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APPENDIX 3-A 
Data showing the Kolmogerev-Smirnov test results of the eastern 

and western streams at Lanehead catchment. 

Eastern Stream (Lanehead) Western stream 
Class Cumulative max. Cumulative Max. Max. Deviation 
interval Frequency- Deviation Frequency Deviation Eastern-
i n inches Distribution Distribution Western % 

2 - 4 78 20.47 118 28.85 8.38 
4 - 6 131 34.38 188 45.97 11.59 
6 - 8 182 47.77 257 62.84 15.07 
8 - 1 0 261 68.50 312 76.28 7.78 

10 - 12 279 73.23 332 81.17 7.94 
1 2 - 3 4 299 78.48 351 85.82 7.34 
1 4 - 1 6 310 81.36 360 88.02 6.66 
16 - 18 318 83.46 365 ' 89.24 5.78 
18 - 20 324 85.04 370 90.46 5.42 
20*- 22 329 86.35 373 91.20 4.85 
2 2 - 2 4 332 87.34 374 91.44 4.30 
2 4 - 2 6 345 90.55 383 93.64 3.09 
26 - 28 351 92.13 387 94.62 2.49 
28 - 30 352 92.39 391 95.60 3.21 
30 - 32 354 92.91 392 • 95.84 2.93 . 
32 - 34 356 93.44* 393 96.09 2.65 
34 - 36 356 93.44 395 96.58 3.14 
36 - 38 368 96.59 403 98.53 1.94 
3 8 - 4 0 368 96.59 408 99.76 3.17 
4 0 - 4 2 373 97.90 408 99.76 1.81 

4 2 - 4 4 373 97.90 408 99*76 1.86 
4 4 - 4 6 375 98.43 408 99.76 1.33 
46 - 48 375 98.43 408 99.76 1.33 
4 8 - 5 0 378 99.21 409 100.00 0.79 
50 - 52 378 99.21 - 100.00 0.79 
5 2 - 5 4 379 99.48 - 100.00 0.52 
54 - 56 380 99.74 100.00 0.26 
56 - 58 380 99.74 — 100.00 0.26 
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APPENDIX 3-A (Contd.) 

Ea st ern Stream (Lanehead) 

Class Cumulative Max* 
Interval frequency Deviation 
i n inches Distribution % 

58 - 60 

60 - 62 

62 - 64 

64 - 66 

66 - 68 

68 - 70 

380 

380 

380 

380 

380 

381 

99.74 

99.74 

99.74 

99.74 

99.74 

100.00 

Western stream 
Lanehead 

Cumulative 
Frequency-
Distribution 

Max. Max. Deviation 
Deviation Eastern-
% Western % 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

0.26 

0.26 

0.26 

0.26 

0.26 

D.00 

N = 
(x + Y) . 

N = 581 x 409 
381 + 409 155829 

709 
= 219.7870 
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APPENDIX 3B 

Data obtained from the Kolmogerev-Smirnov test of the 
Netherhearth against the eastern and western 

streams at Lanehead 
' Catchment 

Class Cumulative Max.. Max. of the Nether-
Interval Frequency Deviation hearth against the eastern and 
i n inches Distribution of of the the western .stream. Lanehead 

Netherheart Netherhearth Neth-Eastern 
* ' 

Neth-western 
% 

2 - 4 436 41.92 21.45 13.07 

4 - 6 645 62.02 27.64 16.05 
6 - 8 817 78.56 30.79 15.72 
8 - 10 963 92.60 24.10 16.32 

10 - 12 988 95.00 21.77 13.83 
12 - 1U 994 95.56 17.08 9.74 
.14 — 16 1000 96.15 1 .̂ 79 8.13 
16 - 18 1006 96.73 1.3.27 7.49 
18 - 20 1010 97.12 12.08 6.66 
20 = 22 1020 98.08 12.11 6.88 
22 - 24 1024 98.46 11.32 7.02 

24 - 26 1027 98.75 8.20 5.11 
26 - 28 1028 98.85 6.72 4.23 
28 - 30 1031 99.13 6.74 3.53 
30 - 32 1032 99.23 6.32 3.39 
32 34 1033 99.33 5.89 3.24 

34 - 36 1033 99.33 5.89 2.75 
36 - 38 103.6 99.62 3.03 1.D9 
38 - 40 1037 99.71 3.12 0.05 
40 - 42 1037 99.71 1.81 0.05 
42 - 44 1038 99.81 1.11 0.05 
44 - 46 1040 100.00 1.57 0.24 
46 - 48 - 100.00 1.57 -
48 - 50 - 100.00 0.79 -
50 52 - 100.00 0.79 -
52 — 54 100.00 . 0.52 mm 



APPENDIX 3B 

Class 
Interval 
i n inches 

Cumulative 
Frequency-
Distribution of' 
NetherhearHi 

Max. 
Deviation 
of the 
Netherhearth 

Max. dev. of the Wether-
hearth against the eastern and 
the western stream. Lanehead 
Neth-Eastern Neth-western 

54 r- 56 
56 - 58 
•58 - 60 
60 .- 62 
62 - 64 
.64 66 
66 - 68 
68 - 70 

100.00 
100.00 
100.00 

100.00-
100.00 
100.00 
100.00 
100.00 

0.26 
0.26 
0.26 
0.26 
0.26 
0.26 

1 

0.26 
00.00 

( l ) Netherhearth against the eastern stream. 

w 1040 x 381 296240 9 7 o Q 1 C-PO 
N = 1040 + 381 = ^421 = 278-84588 

(2) Netherhearth against the western stream. 

N _ 1040 x 409 _ 425360 _ 2 9 3 > 5 5 4 1 7 

" 1040 + 409 " 1449 

= 1.5% 



APPENDIX 4A 

Percentages Gravel, Sand and S i l t of the eastern stream 
bed material - .Lanehead ._ 

P e r c e n t a g e s 
Sample No. G-ravel Sand S i l t 

11 91 8.7 0.3 

15 97 2.9 0.1 

79 93 6.8 0.2 

90 95.5 4.0 0.5 

151 96 3.9 0.1 

172 96 3.8 0.2 

188 85.5 13.5 1.0 

207 91 8 1.0 

304 94 5.9 0.1 

361 95 4.5 0.5 

364 94.5 5 0.5 

• 449 87.1 11.9 1.0 

450 97 2.9 0.1 

579 84.5 15.1 0.4 

588 95 4.7 0.3 

641 88.5 10.1 1.4 

671 84.4 13.2 2.4 

723 89.6 8 2.4 

872 94.4 4.6 1.0 

891 94 5.6 0.4 

996 86 13.7 0.3 

1033 8.6 12.2 1.8 

1055 88 10 2.0 
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APPENDIX 4A (Contd.) 
P e r c e n t a g e s 

Sample No. trave l Sand S i l t 

1163 87 10 3.0 

1218 91 8.9 0.1 

1244 93 6.8 0.2 

1323 93 6.2 0.8 

1344 92 6.0 2.0 

1403 87 12.0 1.0 

1424. 84 13 3 

1609 95 4.9 0.1 

1623 86 12 2 

1727 94 5 .1 

1772 98 1.5 0.5 

1843 69 2.9 2.0 -

1940 86 13 1.0 

1965 84.5 14 1.5 

1985 94.5 5 0.5 

1996 86 13 1.0 

2017 95 4.5 0.5 

2026 96 3.9 0.1 

2104 66 3.1 4 

2215 95 4.7 0.3 

2243 93.2 6.7 0.1 

2317 93 6 1.0 

2320 90 9 1.0 

2342 92.5 7 0.5 

2471 80 . 18 2 

2472' 78 21 1 
2604 93 6.tf 0.4 
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APPENDIX 4B 
t 

Percentages grave, Sand and s i l t of the western stream 
bed material - Lanehead 

P e r c e n t a g e s 
Sample No. Gravel Sand S i l t 

32 96 3 1.0 

45 95 .4 1.0 

49 . .93.5 5.5 1.0 

95 95 . 4 1.0 

103 92.5 6.5 1.0 
282 96.5 2.5 1.0 
318 97 2 1.0 
320 90 9 1.0 
336 90.5 9 0.5 
593 76 23 1.0 
668 93 5.5 0.5 
719 90 8 2,0 

746 95 4.5 0.5 
789 93 6 1.0 

859 89 10.5 0.5 

877 83 16 ,1.0 

879 82 17 1.0 

935 86 13.5 0.5 
946 94 5 1.0 

1004 82.5 17 0.5 

1024 83.7 16 0.3 
1118 78 21 1.0 

1295 74 24 2.0 

1308 90.5 9 0.5 

1371 85 34 1.0 

1428 90.6 9 0.4 

1551 95 4 1.0 

1558 , 83 16.5 0.5 

1575 97 2.8 0.2 

1616 99 0.9 0.1 



APPENDIX 4B (Contd.) 

P e r c e n t a g e s 
Sample No* &ravel Sand S i l t 

1654 81 18 1.0 
1746 87 12 1.0 

1751 90.5 9 0.5 
1789 86 13.3 0.7 
1801 82 17 1.0 

1859 84 15.6 0.4 
1920 79 . 20 1 

2309 92 6.5 1.5 
2394 92 7.6 0.4 
2464 90 9 1.0 

2639 83 16.5 0.5 
2649 88 11.5 0.5 
2696 90.2 8.8 1.0 

2759 82 17.4 0.6 

2783' 83 16.7 0.3 
2815 94 5 1.0 
2832 96 3.9 0.1 

2907 92 7.4 0.6 

2949 89 10.8 .0.2 

2993 96.5 3 0.5 



Percentages gravel, 
APPENDIX 4C 

sand and s i l t 
bed material 

of the Nether.heiarth 

P e r c e n t a g e s 
Sample No. Gravel Sand S i l t 

23 99 0.5 0.5 

25 99 °-7 0.3 
26 99 0.4 0.6 

91 99 0.5 0.5 
95 99 0.8 0.2 

141 91 8.9 - 0.1 

219 98 1.6 0.4 
221 98 • 1.4 0.6 

312 99 0.9 0.1 

• 336 99 0.8 0.2 

34-8 99 0.7 0.3 
390 99 0.5 0.5 

394 97 2.8 0.2 

409 98 1.6 0.4 

410 99 0.8 0.2 

454 95 3.9 1.1 

461 98 1.9 0,1 

465 99 0,7 0.3 

477 93 6.8 0*2 

498 95 4.9 0.1 

516 99 ' 0.8 0.2 

534 99 0.7 0.3 

550 97 2.7 0.3 

574 97 2.9 0.1 

705 99 0.8 0.2 

706 95 4.7 0.3 

719 96 3.2 0.8 

733 97 2.4 0.6 

742 98 1.5 0.5 

767 97 2.4 0.6 

814 92 7.6 0.4 304 



APPENDIX 4-C Contd. 
Percentages grave, sand and s i l t of 

bed material 
the Netherhearth 

P e r c e n t a . g e s 
Sample No. G-ravel Sand S i l t 

819 98 1.7 0.3 
905 98 1.4 0.6 
994 99 . 0.7 0.3 
996' 97 2.9 0.1 

1060 94.5 5.2 0.3 
1086 97 2.7 0.3 
1127 94 5.9 0.1 
1224 93 6*8 0.2 

1247 94 5.7 0.3 
1254 96.5 2.5 1.0 

1341 96 3.2 0.8 

1345 98 1.9 0.1 
1358 99 0.9 0.1 

3J485 99 0.7 0.3 
3499 96 3.8 0.2 

15°4 98 1.6 0.4 

1599 99 0.8 0.2 

1569 95 4.6 0.4 
1578 98 1.7 0.3 
1672 95.4 3.5 1.1 
1726 91 8.7 0.3 

1733 91 8.5 0.5 
1742 93 6.8 0.2 

1747 96 3,8 0.2 

1759 90 9.7 0.3. 
1802 88 11.6 0.4 

1827 . 96 3.5 0.5 

1854 97 2.9 0.1 

1888 89 10.5 0.5 

1929 84 15.9 0.1 

2030 89 10.4 0.6 



.'APPENDIX 4C (Cpntd.) 

inrple No* Gravel Sand S i l t 

2033 93 6.4 0.6 
2046 93.5 5.2 1.3 
2229 92 7.6 0.4 
2232 93 6.4 0.6 
2235 92 7.4 0.6 
2260 92.6 6.9 0.5 
2301 82 17.3 0.7 
2378 90 9.3 0.7 
2391 85 14.6 0.4 
2401 87 12.8 0.2 
24O5 90 9.7 0.3 
2520 90 8 - 9 „ 1.1 
2524 • 96 3.7 0.3 
2537 93 6.8 0.2 
2568 93 6.9 0.1 
2597 96 3.7 0.3 
2622 96 3.6 0.4 
2624 95 4-9 0.1 
2633 94 5.2 0.8 

2654 93 6.4 0.6 
2734 99 0.6 0.4 
2731 96 ' 3.4 0.6 
2820 95 4.5 0.5 
2823 98 1.7 0.3 
2859 98 1.1 0.9 
2912 99 0.5 0.5 
2939 98 1.8 0.2 
3001 97 2.6 0.4 
3030 98.5 1.2 0.3 
3079 95 4.9 0.1 
3138 97 2.8 0.2 



APPENDIX 4C(Contd.) 

Sample No. G-ravel Sand S i l t 

3170 96 3.8 0.2 

3233 96 3.5 0.5 
3236 96 3.7 0.3 

3353 95 4.4 D.6 

3354 95 4.1 0.9 

3375 94 5.2 0.8 

3419 99 0.6 0.4 

30? 



APPENDIX 1+D 
Percentages gravel, sand, s i l t of the eastern stream 

"banks material 

P e r c e n t a g e s 
Sample No, Gravel Sand S i l t 

99 81 18 1.0 
184 82 15 3.0 
382 36 35 29 
903 89 9 2.0 

1105 62 30 8.0 
1233 82 15 3.0 
1303 82 14 4.0 

1374 45 41 14 
1466 31 28 41 
1502 69 22 9 
1600 35 40 25 
1610 39 30 31 
2207 37 31 32 

2525 57 35 8.0 



APPENDIX 4E 

Percentages gravel, sand and s i l t of the western 
stream hanks material ° . .. 

P e r c e n t a g e s 
Samples,No. &ravel Sand • S i l t 

193 32 34 34 
411 41 43 16 
508 65 26 9 
54-6 65 20 15 
641 66 26 8 
720 64 29 7 
770 69 25 6 

845 77 17 6 
881 73 20 7 
904 • 67 25 8 

1005 28 35 37 
1070 34 44 22 

1299 17 66 17 
3413 47 38 15 
1504 33 48 19 



APPENDIX 4F 
Percentages grave, sand.and s i l t of 

banks material 
the Netherhearth 

P e r c e n t a g e s 
Samples No. Gravel Sand S i l t 

82 87 10 3.0 
98 53 33 15 
290 67 18 15 
315 37 48 15 
323 55 21 24 
333 79 16 5.0 
471 82 10 8.0 
804 36 18 46 
847 57 36 7.0 
867 18 60 22 
889 70 26 4.0 

995 40 53 7.0 
1114 67 21 12 
1192 85 13 2.0 

1245 53 29 18 
1470 57 32 11 
1497 30 • 35 35 
1591 64 30 6.0 

1677 72 22 6.0 

1693 77 16 7.0 

1776 55 15 30 
1861 69 26 5.0 

1847 47 43 10 

1964 66 28 6.0 



APPENDIX 5A 
s 

Stone count data obtained from the Lanehead eastern 
tributary bed material (Percentages) 

LSI SH SST Total 9&LST fSE 9SSST 
1 ". • 11 11 197 • 263 471 2.34 41.83 55.84 
2 15 1 242 378 621 0.16 38.97 60.87 
3 79 27 217 370 614 4.40 35.34 60.26 
4 90 38 128 436 602 6.31 21.26 72.43 
5 151 17 241 355 613 2.77 39.31 •57.91 
6 172 U 149 227 387 2.84 38.50 58.66 
7 188 1 369 183 553 0.18 66.73 33.09 
8 207 • - 466 71 537 - 86.78 13.22 
9 304 12 153 612 .777 1.54 19.69 78.76 

10 361 11 160 258 429 2.56 37.30 66.43 
11 364 17 161 318 496 3.43 32.46 64.11 
12 449 10 77 447 534 1.87 14.42 83.71 
13 450 15 209 452 676 2.22 30.92 66.86 
14 579 9 56 452 517 1.74 10.83 87.43 
15 588 2 19 231 252 0.79 7.54 91.17 
16 641 14 179 434 627 . 2.23 28.55 69.22 

17 671 3 80 283 366 0.82 21.86 ' 77.32 
18 723 - 188 416 604 - 31.13 68.87 
19 872 8 58 443 509 1.57 11.39 87.03 
20 891 4 70 295 369 1.08 18.97 79.95 
21 996 4 73 219 296 1.35 24.66 73.99 
22 1033 54 117 210 381 14.17 30.71 55.12 
23 1055 28 102 459 ' 589 4.75 17.32 77.93 
24 1163- 22 59 232 313 7,03 18.85 74.12 

25 .1218 97 18 201 316 30.70 • 5.70 63.61 
26 1244 18 397 638 1053 1.71 37.70 60.59 
27 1323 18 188 337 543 3.31 34.62 62.06 
28 1344 3 175 142 320 0.94 54.69 44.38 

29 1403" 17 161 244 422 4.03 38.15 57.82 

30 1424 — 289 144 433 - 66.74 33.26 



APPENDIX 5A (Contd.) 

LST SH SST TOTAL 7&.ST 2&3H #SST 

31 1609 12 80 421 513 2.34 15.59 82.07 
32 1623 7 219 242 468 1.50 46.79 51.71 
33 1727 27 112 230 369 7.32 30.35 62.33 
34 1772 2 132 117 251 0.80 52.59 46.61 

35 1843 - 207 104 311 - 66.56 33.44 
36 1940 - 135 151 286 - 47.20 52.80 
37 1965 - 368 132 500 - 73.60 26.40 
38 1985 - 311 174 485 . - 64.12 35.88 

39 1996 — 540 90 630 85.71 14.29 
40 2017 - 288 211 499 - 57.72 42.28 

41 2026 39 233 394 666 5,86 34.98 59.16 
42 2104 2 638 191 831 O.24 76.77 22.98 

43 2215 16 121 173 310 5.16 39.03 55.81 

44 .2243 7 228 311 546 1.28 41.76 56.96 

45 2317 29 409 152 590 4.92 69.32 25.76 
46 2320 1 433 47 481 ' 0.21 90.02 9.77 
47 2342 - 515 75 590 -- 87.29 •12.71 
48 2471 - 105 410 515'' - 20.39 79.61 

49 2472 1 559 44 604 0.17 92.55 7.28 

50 2604 10 493 14 517 1.93 95-36 2.70 

312 



APPENDIX 5-B 
Stone Counts data obtained from the Lanehead eastern 

t r i b u t a r y .Banks mate r ia l . 

Random LST SST To ta l #SH 9SSST 

1 99 8 16 206 230 3.48 6.96 89.57 
2 184 17 5 189 211 8.06 2.37 89.57 
3 382 - 10 161 171 - 5.85 94.15 
4 785 S a n d S t o n e P r a g m e n t s 

4 903 5 16 87 108 4.63 14.81 80.56 
5 1105 - 31 118 149 - 20.81 79.19 
6 1233 2 10 151 163 1.23 6.13 92.64 
7 1303 3 15 213 231 1.30 6.49 92.21 
8 1374 2 8 84 94 2.13 8.51 89.36 

9 1466 - 7 4V 51 - 13.73 86.27 
10 1502 - 12 89 101 - 11.88 88.12 

11 1600 - 8 99 107. - 7.48 92.52 
12 1610 1 18 61 80 1.25 22.50 76.25 

13 2207 - 20 109 129 - 15.50 84.50 

14 2525 12 18 148 178 6.74 10.11 83.15 

3:3 



APPENDIX 5-G 

Stone Counts data obtained from the Lanehead western stream bed 
mate r ia l . 

Percentages 
LST SH SST TOTAL % LST % SH % SST 

1 32 - 103 218 321 - 32.09 67.91 
2 4-5 1 307 280 588 0.17 52.21 47.62 

3 49 1 222 366 589 0.17 37.69 . 62.14 
4 95 1 131 254 386 0.26 33.94 65.8O 

. 5 103 1 153 122 276 O.36 55.43 44.20 
6 282 - 140 305 • 445 - 31.46 68.54 
7 318 3 182 246 431 0.70 42.23 57.08 

8 320 112 352 464 - 24.14 75.86 

9 336 - 255 320 • 575 - 44.35 55.65 
10 593 1 311 275 587 0.17 52.98 46.85 
11 668 155 295 450 - 34.44 65.56 
12 719 1 134 210 325 0.31 35.08 64.62 

13 746 1 323 433 757 0.13 42.67 57.20 

14 789 - 165 232 397 - 41.56 58.44 

15 . 859 - 223 313 536 - 41.60 58.40 

16 877 - 147 285 432 - 34.03 65.97 

17 879 - 121 262 383 - 31.59 68.41 
18 935 - 94 254 348 - 27.01 72.99 

19 946 - 214 266 480 - .. 44.58 55.42 

20 1004 - 235 220 455 - 51.65 48.35 
21 1024 - 179 198 377 - 47.48 52.52 

22 1118 - 98 . 309 407 - 24.O8 75.92 

23 1295 1 316 198 515 0.19 61.36 38.45 

24 1308 1 113 172 286 0.35 39.51 60.14 

25 1371 233 248 481 •- 48.44 51.56 

26 1428 6 263 320 589 1.02 44.65 54.33 

27 1551 1 212 285 498 0.20 42.57 57.23 

28 1558 1 337 283 621 0.16 54.27 45.57 

29 1575 4 192 220 416 0.96 46.15 52.88 

30 1616 11 85 151 247 4.45 34.41 61.13 

3 1.4 



APPENDIX 5-C (Contd.) 

L.ST SH SST TOTAL % LST % SH % SST 

31 1634 5 159 239 403 . 1.24 39.45 59.31 
32 1746 - 197 167 364 - 54.12 45.88 

33 1751 - 162 382 544 - 29.78 70.22 

34 1789 - 179 218 397 - 45.09 54.91 
35 1801 - • 210 357 567 - 37.04 62.96 
36 1859 - 124 441 565 - 21.95 78.05 
37 1920 - 112 209 321 34.89 65.11 
38 2309 1 129 263 393 ' 0.25 32.82 66.92 

39 2394 - 149 332 481 - 37.91. 69.02 

¥> 2464 - 124 232 356 - 34.83 65.17 
41 26.39 - 185 213 398 *• 46.48 53.52 

42 2649 - 131 222 353 - 37.11 62.89 

43 2696 - 162 335 497 - 32.60 67.40 

44 2759 - 197 287 484 - 40.70 59.30 

45 2783 1 217 220 438 0.23 49.54 50.23 
46 2815 - 125 254 379 - 32.98 67.02 

47 2832 - 97 214 311 - 31.19 68.81 

48 2907 - 132 252 384 - 34.38 65.63 

49 2949 - 225 278 503 - 44.73 55.27 
50 2993 1 .168 239 408 0.25 41.18 58.58 



APPENDIX 5-rD 

Stone counts data obtained from the Lanehead western stream-

banks mater ia l 

LST SH .SST TOTAL 
Percentages 

% LST % SH % SST 

1 193 - 60 39 99 60.61 39.39 
2 . 411 - 2 136 138 1.45 98.55 

3 508 - 11 176 187 5.88 94.12 

4 546 M 51 28 79 64.56 35.44 

5 641 M 141 76 217 64.98 35.02 

6 720 - 172 88 260 66.15 33.85 

7 770 - 131 72 203 64.53 35.47 
8 845 - 94 84 178 52.81 47.19 

9 881 - 117 95 212 55.19 44.81 

10 904 - 280 21 301 93.02 6.98 

11 1005 - 114 8 122 93.44 6.56 

12 1070 - 19 154 173 10.98 89.02 

13 1299 - 12 21 33 36.06 63.63 

14 1413 - 13 69 82 15.85 84.15 

15 1504 - 17 57 74 22.97 77.03 

316 



APPENDIX 5-E: 
Stone counts data obtained from the Netherhearth bed 

mater ia l 
Percentages 

LST SH .SST TOTAL %LST #SH % SST 

1 23 1 181 273 455 0.22 39.78 60 
2 25 - 230 • 276 506 - 45.45 54.54 
3 26 - 161 188 349 - 46.13 53.87 
4 91 - 152 ^ l 323 • - 47.06 52.94 
5 95 1 ' 161 182 344 0.29 46.80 52.91 
6 141 - - 140 305 445 - 31.46 68.54 
7 219 1 110 380 49.1 0.20. 22.40 77.39 
8 221 - 61 282 343 - 17.78 " 82.22; 

9 312 - 46 451 497 9.26 90.74 
10 336 115 150 265 - 43.40 56.60 
11 348 - 81 168 249 - 32.53 67.47 
12 390 - 95 156 251 - 37.85 62.15 

13 394 - 133 195 328 - 40.55 59.45 
14 409 - 84 307 391 - 21.48 78.52 

15 410 - 107 270 377 - 28.38 71.62 

16 454 - 216 214 430 - 50.23 49.77 

17 461 - 172 226 398 - 43.22 56.78 
18 465 - 12 102 114 - 10.53 89*47 

19 477 - 240 335 689 - 34.83 48.62 

20 498 - 64 363 427 - 14.99 85.01 

21 516 - 27 268 '295 - 9.15 90.85 
22 534 - 28 205 233 - 12.02 87.98 

23 550 - 54 307 361 - 14.96 85.04 

24 574 "- 55 322 377 - 14.59 85.41 

25 705 1 ' 71 378 450 0.22 15.78 84.00 

26 706 1 67 388 456 0.22 14.69 85.09 

27 719 - 55 388 393 - 13.99 86.01 

28 733 - n o . 202 312 - 35.26 64.74 

29 742 - 140 272 412 - 33.98 66.02 

30 . 767 2 152 344 498 0.40 30.52 69.08 

317 



APPENDIX 5-E (Contd.) 

LST SH SST 

31 814 3 305 280 
32- 819 1 203 251 
33 905 - 180 249 
34 994 1 15 293 
35 996 1 311 428 

36 1060 - 166 207 
37 1086 1 11 71 
38 1127 2 201 220 

39 1224 - 95 247 
40 1247 - 169 233 

41 1254 1 193 281 

42 1341 1 126 324 

43 1345 252 309 

44 1358 1 178 343 
45 1485 1 193 244 
46 1499 143 137 

47 1504 - 305 337 
48 1559 1 177 311 
49 1569 - 266 283 

30 1578 . - 141 246 

51 1672 103 .'258 

52 1726 - 188 230 

53 1733 - - 85 168 

54 1742 1 147 277 

55 1747 - 344 283 

56 1759 1 267 210 

56 1759 1 267 210 

57 1802 - 289 316 

58 1827 1 115 287 

59 1854 1 116 278 

60 1888 262 295 

61 1929 1 304 332 

62 2030 - 219 273 

63 2033 - 105 183 

Percentages 
TOTAL % LST % SH % SST 

588 0.51 51.87 47.62 

455 0.22 44.62 55.16 

429 - 41.96 58.04 
307 0.33 4.23 95.44 
740 0.14 42.03 57.84 

373 - 44.50 55.50 

83 1.20 13.25 85*54 
423 0.47 47.52 52.01 

342 - 27.78 72.22 
402 - 42.04 57.96 

475 0.21 ' 40.63 59.16 

451 0.22 27.94 71.84 
561 - 44.92 55.08 
522 0.19 34.10 65.71-
438 0.23 44.06 55.71 
280 - 51.07 48.93 
642 mm 47.51 52.49 
489 0.20 36.20 63.60 

549 - 48.45 51.55 
387 - 36.43 63,57 
361 - 28.53 71.47 
418 44*98 55.02 

253 - 33.60 66.40 

425 0.24 34.59 65.18 

627 - 54.86 45.14 
478 0.21 55.86 43,93 
478 0.21 55.86 43.93 

605 - 47.77 52.23 

403 0.25 28.54 71.22 

395 0..25 29.37 70.38 

557 47.04 52.96 

637 0.16 47.72 52.12 

492 - 44.51 55.49 
288 - 36.46 63.54 

• 3:3 



APPENDIX 5-E (Contd.) 

LST SH SST TOTAL % LST &SH % SST 

64 2146 - 133 251 . 384 - 34.64 65.36 
65 2229 1 177 226 404 0.25 43.81 55.94 
66 2232 1 136 177 314 0.32 43.31 56.37 
67 2235 - 165 238 403 - 40.94 59.06 
68 2260 - 207 235 442 - 46.83 53.17 
69 2301 - 265 319 584 - 45.38 54.62 
70 2378 - 213 258 471 - 45*22 54.78 
71 2391 1 .180 288 469 0.21 38.38 61.41 
72 2401 - 205 363 568 - 36.09 63.91 
73 24Q5 2 268 304 574 0.35 46.69 52.96 

74 2520 3 288 293 584 0.51 49.32. 50.17 
75 2524 - 165 244 409 - 40.34 . 59:66 
76 2537 - 226 319 545 - 41.47 • 58.53 
77 2568 - 210 274 484 mm 43.39 • 65.61 

78 2597 - 193 359 552 - 34.96 65.04 
79 2622 - 176 . 323 499 - 35.27 64.73 
80 2624 1 241 367 609 0.16 39.57 60.26 
81 2633 mm 244 398 642 - 38.01 61.99 
82 2654 - 284 283 567 mm 50.09 49.91 

83 2734 . - 146 197 343 - . 42.56 57.43 

84 2731 1 378 307 686 0.15 55.10 44.75 

85 2820 - •239 325 564 - 42.38 57.62 

86 2823 1 278 317 596 0.17 46.64 53.19 

87 2859 mm 297 555 852 - 34.86 65.14 
88 2912 - 217 295 512 - 42.38 57.62 

89 2939 - 275 365 640 - 42.97 57.03 

90 3001 1 311 398 710 0.14 43.80 56.06 

91 3030 - 195 183 378 - 51.59 48.41 

92 3079 3 213 386 602 0.50 35.38 64.12 

93 3138 1 121 370 492 0.20 24.59 75.20 

94 3170 1 153 356 .510 0.20 30.0 69.80 

95 3233 1 213 373 587 0.17 36.29 63.54 
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APPENDIX 5-E (Contd.) 

LST SH SST TOTAL 9?. LST % SH % SST 

96 3236 _ 273 366 639 — 42.72 57.28 

97 • 3353 - 188 234 422 - 4t .55 55.45 

98 3354 3 . 264 386 653 0.46 40.43 59.11 

99 3375 - ;249 370 619 - 40.23 59.77 

100 3419 — 64 193 257 - 24.90 75.10 

320 



APPENDIX 5-F 
Stone Counts data obtained from the Netherhearth banks mater ia l 

LST SH .SST TOTAL % LST % SH % SST 

1 • 82 - 1 166 167 - 00*60 99.46 
2 98 - - 81 227 308 - 26.30 73.70 

3 290 - 122 132 254 - 48.03 51.97 
4 315 - 121 144 265 45.66 54.34 
5 323 • - 39 67 106 ~ ) 36.79 63.21 

6 333 - 78 139 217 35.94 64.06 

7 471 - 72 82 154 - 46.75 53.25 
8 804 1 7 105 113 00.88 6.19 92.92 

9 847 1 i 6 241 258 00.39 6.20 93.41 
10 867- - 28 351 379 - 7.39 92.61 

11 889 - 16 274 290 - 5.52 94.48 
12 995 1 10 267 278 00.36 3.60 96.04 

13 1114 -? 171 184 - 7.07 92.93 

LV 1192 mm 7 147 154 - 4.55 95.45 

15 1245 - 10 62 72 - 13.89 86.11 

16 3470 - 6 136 142 mm 4.23 95.77 

17 1471 
18 1497 - 14 137 151 - 9.27 90.73 

19 1591 1 3 165 169 00.59 1.78 97.63 

20 1605 
21 1677 - 19 206 225 - 8.44 91.56 

22 1693 - 7 214 221 - 3.17 96.83 

23 1776 12 168 180 - 6.67 93.33 

24 1847 - 2 81 83 * - 2.41 J 97.59 

25 1861 mm 16 172 188 - 8.51 91.49 

26 1964 — 69 128 197 - 35.03 64.97 
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APPENDIX 6-A 

Mater ia l coarser than 3/4 inch co l lec ted 

Long axis weight Long axis Weight 
i n inches i n grams i n inches i n grams 

4.0 412 3.2 43 
4.5 222 2.3 82 

2.9 576 2.2 48 

3.0 176 2.0 70 

3.3 216 2 .1 38 

3.5 178 2.6 82 

3.2 207 - 1.9 52 
3.0 151 2.0 43 
3.4 210 2 .1 46 
3.2 168 2 .1 43 
2.8 242 2.0 66 
3.0 155 2.3 35 
3.0 120 1.9 44 

• 2.5 206 1.8 51 
2 .2 137 2.2 ' 41 

2.7 94 1.9 28 

3.2 100 2 .1 43 
2.8 104 1,8 38 

2.7 91 1.6 29 
% 2.7 105 2.0 28 

2.8 92 1.6' 50 
2.6 98 1.5 37 

2.4 49 •'• 2..0 41 

2.5 66 . 1.8 37 
2.8 58 1.6 22 

2.9 99 1.7 44 
2.6 98 2 .1 36 

3.0 65 1.8 40 

2.4 87 2.7 41 

2.5 76 2.2 52 

2.3 66 2.7 53 
2.6 95 2.4 53 

from the t rays on 18th Ju ly , 1968 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

1.9 25 2.0 26 
1.8 38 2 .1 20 
1.6 39 1.6 26 
1.8 20 1.8 19 
1.7 25 1.1 26 

2.4 35. 1.5 29 

1.9 24 1.3 '26 

1.7 28 1.9 20 
1.8 27 1.6 23 
1,6 25 1.7 19 
1.-8' •37 1.7 21 

l.<6, 30 1.3 20 

1.5 30 1.5 17 
1.6' 43 1.6 25 

1.4 26 1.3 20 

1.4 24 1.5 16 

1.5 37 1.3 •22 
1.6 23 1.2 18 

l i 6 & 1.4 19 
2.0 '20 1.3 ..'17 
1.4 31 1.4 14 
1.8 - 37 1..6 25 
1.2 32 1.3 20 

1.8 27 1.2 28 

2 .1 13 1.5 28 
2 .1 14 1.6 19 

1.7 27 1.6 21 

1.6 20 1.6 19 
2.0 16 1.4 20 

1.9 27 1.8 23 

1.7 20 1.8 13 
1.7 - 21 1.7 21 
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APPENDIX 6-A (Contd.K 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n grams i n inches i n grains 

2.5 97 2.0 22 1.5 17 1.7 16 

1.9 23 1.9 23 1.7 18 1.1 10 

1.1 21 .1.4 14 1.3 12 1.5 14 
1.8 22 1.4 17 1.3 10 1.3 15 
1.5 17 2.0 12 1.4 13 1.5 16 
1.8 30 1.9 15 1.3 13 1.3 16 

1.3 23 2.4 17 1.1 10 1.3 14 
1.4 04 1.5 21 1.2 9 1.2 15 
1.3 12 1.4 12 1.1 12 1.2 10 

1.8 21 1.7 14 1.1 11 1.5 17 

1.5 16 1.-5 13 1.1 11 1.4 11 

1.2 18 1.6 18 1.1 14 1.2 11 

2.2 16 1.5 15 1.0 10 1.2 14 
2.0 21 1.5 13 1.1 11 1.1 10 

1.6 26 1.8 11 1.2 •11 1.2 9 
1.6 14 1.5 13 1.3 21 1.4 11 

1.8 27 . 1.6 13 1.4 29 1.2 . 12 
1.6 15 1.3 15 1.3 11 1.4 11 

1.6 19 1.2 14 1.3 11 1.4 12 

1.6 18 1.3 18 l . l 15 1.5 12 

1.6 22 1.5 18 1.7 17 1.4 12 

1.1 15 1.8 13 1.7 20 1.0 10 

1.6. 20 1.4 17 1.5 12 1.1 9 

1.3 15 2.0 14 1.7 7 1.2 13 

1.6 18 1.2 16 1.5 10 1.1 10 

1.2 18 1.3 15 1.4 16 1.4 16 

1.2 15 1.2 23 1.3 . • 12 1.3 13 

1.3 20 1.1 13 1.2 14 1.3 14 

1.3 20 1.7 .15 1.3 18 1.5 21 

1.3 26 1.9 21 1.4 28 1.2 15 

1.3 19 1.3 13 1.4 19 1.1 13 

1.4 16 1.5 16 1.2 14 1.2 U 

1.5 18 1.5 12 1.1 15 1.1 8 
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. APPENDIX 6-A (Contd. 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

1.2 13 1.3 1.3 
1.4 15 1.1 6 

1.3 8 1.5 •1& 
1.4 13 1.3 10 

1.5 16 1.2 11 

1.4 11 1.1 6 

1.1 10 1.0 9 

1.3 16 1.0 11 

1.3 11 1.2 10 

1.7 12 1.1 10 

1.7 15 1.0 6 

1.6 12 1.5 10 

1.3 9 1.2 11 

1.0 12 1.3 14 
1.2 10 1.1 10 

1.0 11 • 1.2 11 

1.4 10 1.1 8 

1.3 10 1.4 12 

1.3 10 1.2 9 

1.3 13 1.1 10 

1.1 9 1.3 7 
1.1 8 1.3 10 

1.0 10 1.0 9 
1.1 7. 1.1 4 
1.2 5 1.0 9 

1.1 13 1.0 10 

) 
Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

1.2 11 1.1 16 

1.5 12 1.1 8 

1.4 6 1.4 17 
1.1 10 1.3 11 

1.3 13 1.0 10 
1.0 11 1.8 13 
1-3 8 1.3 8 
1.0 10 1.3 9 
1.0 9 1.3 21 

1.0 10 " 1.4 13 
1.0 11 1.4 12 

1.1 13 1.3 8 

1.1 13 1.3 12 

1.0 6 1.2 12 
1.2 12 1.0 7 
1.0 6 1.5 8 

0.9 9 1.1 9 
1.1 12 1.2 12 

0.9 7 1.1 14 
1.2 15 1.2 8 

1.3 8 1.4 9 
1.5 9 1.0 4. 

1.1 18 1.1 7 
1.0 6 1.1 11 

0.9 7 1.2 7 
— a. 
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APPENDIX 6-B 

Mater ia l coarser than 3/4 inch co l lec ted from the trays on 24th 
September, 1968 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n grams i n inches i n grams 

5.0 746 2.6 74 1.3 12 1.1 13 
5.6 416 2.4 44 1.1 16 1.1 9 
4.7 475 2 .1 44 1.9 24 1.4 21 
5.2 481 2.2 63 1.3 17 1.4 11 

6.4 541 1.5 52 1.5 11 1.6 9 
3 .1 721 2.0 68 1.2 14 1.2 15 
3.6 294 2.0 52 1.3 15 1.2 10 
3.8 343 2.0 36 1.4 17 1.3 6 

3.9 232 2 .1 55 1.4 15 1.1 11 

5.3 203 1.6 70 1.1 6 0.9 9 
6.0 350 1.0 12 1.1 I t 0.9 8 

4.5 189 1.4 24 1.6 15 1.0 8 

3.7 245 0.9 11 1.8 30 1.1 7 
4.4 157 3.4 165 3.0 133 1.3 9 

4 . 1 160 2.3 98 2.0 67 1.0 9 

2.5 165 2.0 50 2.3 47 1.0 10 

2.4 211 2.3 34 1.9 25 2.0 64 
3.8 99 2.2 26 2.3 26 1.3 16 

4.8 146 2.3 59 1.3 20 2.3 43 

2.5 119 2 .1 20 1.4 15 1.6 28 

3.0 74 2.0 25 1.5 18 1.3- 13 
2.2 84 2.3 29 1.5 14 1.7 33 
2.8 66 1.7 24 1.4 14 1.7 28 

1.8 59 1.5 , 35 1.5 15 1.6 26 

2.9 82 1.9 24 1.3 14 1.2 16 

2 .1 71 2.0 29 1.3 9 1.4 17 

1.6 47 1.7 21 1.6 19 1.7 13 

2.3 35 1.9 17 1.2 12 1.2 11 

1.9 38 1.3 14 1.0 11 2.8 106 

1.5 28 1.4 15 1.4 18 1.8 50 

1.8 35 1.0 8 1.5 27 1.8 31 
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APPENDIX 6-B (Contd.) 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n grams i n inches i n grams 

1.6 23 1.0 19 1.5 7 2.0 28 

1.1 25 1.2 18 2.1 18 1.5 24 
1.6 16 1.5 19 1.0 7 1.3 14 
2.8 135 2.4 58 1.4 20 1.3 17 
2 .1 44 2,9 139 1.2 9 1.6 40 

1.9 13 2.2 64 1.6 13 1.4 19 

1.4 7 2.3 97 1.2 17 1.7 22 

2 .1 20 2.2 68 1.7 28 1.9 25 
1.8 23 2.0 49 1.2 11 0.9 10 

1.5 24 1.8 . 39 1.6 26 1*3 14 
1.6 30 2.2 58 1.1 13 2.8 136 

1.5 21 1.8 28 1.5 17 2.0| 44 
1.2 17 1.9 41 1.1 7 1.7 25 
1.8 21 1.9 36 1.6 25 2.3 95 

1.1 19 1.7 11 1.3 18 2.5 72 

1.5 24 1.2 13 1.5 6 1.9 50 

1.5 17 1.8 17 3.5 193 2.3 61 

1.2 34 1.7 28 3.0 176 2 .1 54 

1.9 22 2.3 31 2.2 76 2.4 30 

1.3 15 1.6 29 1.9 56 1.7 22 

1.5 27 1.0 25 3.0 109 1.4 23 

1.4 12 1.5 14 3.7 120 1.7 22 

1.1 34 1.6 28 2.3 82 l . l 14 

1.3 20 1.3 19 2.8 60 1.5 40 

1.7 27 1.7 13 2.2 33 2.0 17 
1.2 12 1.7 28 2 .1 49 1.6 12 

1.0 10 1.7 29 2.4 15 1.8 11 

1-5 9 1.7 32 1.5 18 1.7 13 

1.7 13 1.2 10 1.3 5 1.4 16 

1.2 10 1.5 8 1.4 13 1.1 11 

1.0 9 l . l 7 2.7 40 1.3 20 

1.0 6 1.0 8 ' i . 9 40 1.4 14 
1.2 9 1.6 14 1.8 46 1.7 25 

2.0 44 1.2 11 1.5 13 1.2 13 
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APPENDIX 6-B (Contd.) 
Long axis Weight 
i n inches i n grams 

2.8 57 
0.9 9 
1.0 9 
1.0 11 

1.0 11 
1.2 12 

1.1 12 
2 .1 36 

1.7 28 

1.4 23 
2.0 73 
1.5 18 

1.5 34 
1.6 19 
1.9 7 
1.3 . 12 
1.4 16 

1.1 10 
1.1 10 

1.5 10 

1.5 14 

1.3 13 
1.7 12 

1.5 18 

1.4 7 
1.2 11 

1.1 12 

1.1 7 
1.1 8 

1.3 10 

1.2 6 

1.5 19 
1.6 12 
1.2 9 

1.4 15 

Long axis Weight 
i n inches i n grams 

1.2 20 

1.3 33 
1.0 11 
1.1 7 

1.5 14 
1.6 8 

1.5 18 

1.3 15 
3.0 93 

3.3 172 
2.2 56 
2 .1 21 

2.5 30 
1.8 51 

1.7 22 
1.2 11 

1.6 8 
1.6 8 
1.6 16 
2 .1 20 
1.8 21 

1.4 16 

1.4 16 

1.3 11 

1.5 12 

1.4 9 

1.5 16 

1.3 12 

1.4 14 
1.2 13 
1.2 9 
1.0 12 

1.5 8 
1.0 10 
1.2 23 

Long axis Weight 
i n inches i n grams 

1.4 33 
1.0 5 
1.2 13 
1.3 9 
1.1 34 
1.2 18 
1.8 51 
1.4 29 
1.9 32 

1.4 34 
1.3 34 
l i 6 31 
1.7 21 
2 .1 24 

1.5 30 

1.7 33 
1.5 24 
1.2 11 

1.4 24 

1.3 16 

1.9 24 
2.0 24 
2.0 30 

1.3 25 
1.8 43 

1.3 15 
1.4 12 
1.6 19 

1.5 18 

1.7 21 

1.2 34 

1.7 21 

1.0 11 

1.7 28 

1.5 17 

Long axis Weight 
i n inches i n grams 

1.0 13 
1.5 25 
1.2 13 
1.5 12 

1.5 8 
1.2 6 

1.3 10 
1.6 14 
1.2 7 
1.2 17 
1.1 10 
1.0 10 

1.4 10 

1.3 11 

1.5 10 

1.4 19 
1.2 12 

1.1 10 
2.0 16 
1.8 25 
1.1 9 
1.6 12 
1.6 25 
1.4 12 
1.2 34 
1.3 18 

1.6 12 
1.2 10 
1.2 12 
1.2 7 

1.3 12 
1.2 • 9 
1.8 24 
1.8 33 
1.6 19 



APPENDIX 6-B (Conti 
Long axis Weight Long axis Weight 
i n inches i n grams i q inches i n grams 

1.8 42 1.4 7 
1.4 19 1.7 16 

1.4 14 1.0 4 
1.5 18 i.o 9 
1.1 13 1.0 6 

1.1 10 1.2 21 

1.1 12 2.1 52 
1.2 8 1.6 7 
1.1 8 1.4 22 

1.1 8 1.5 22 

1.1 6 1.3 13 
1.2 7 1.4 15 
1.2 10 1.2 15 
1.1 5 1.2 10 

1.5 10 1.4 11 

1.1 6 1.1 12 

1.1 5 1.4 12 
1.2 7 1.2 15 
1.1 12 1.3 18 

1.2 8 1.5 19 
1.1 6 1.2 19 
1.0 10 1.2 15 
1.0 6 1.5 14-
1.0 7 1.4 9 
1.0 5 1.2 12 
1.0 10 1.3 12 

1.0 5 1.1 10 

1.0 8 1.2 8 

1.0 7 1.2 7 
1.0 6 2.2 22 

1.0 10 1.8 15 
1.0 4 1.2 12 

1.0 3 1.4 04 
1.0 9 1,6 6 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 1 

1.2 13 1.3 20 
1.0 12 1.2 • 15 
1.0 8 1.7 8 
1.0 7 1.5 6 
1.0 5 1.1 9 
1.0 5 2.2 8 

1.5 9 1.5 8 
1.0 9 1.2 14 
1.0 7 2.1 9 
1.1 9 1.5 14 
1.0 9 1.6 6 

1.5 11 1.4 8 
1.0 9 . 1.2 8 
1.0 12 1.2 13 
1.1 13 1.0 10 
1.0 - 7 1.2 7 
1.0 9 1.2 9 
1.0 6 1.2 13 
1.3 19 1.4 7 
1.0 6 1.1 10 
1.0 9 1.0 8 

1.0 6 1.0 11 

1.1 7 1.1 9 
1.0 7 1.1 7 
1.0 9 1.5 6 
1.0 10 1.2 12 

1.4 12 1.0 10 

1.0 5 1.2 . 9 
1.2 11 1.1 9 
1.2 11 1.3 10 

1.5 7 l.O 10 

1.0 6 - -
1.0 6 mm ' -

1.0 8 — — 
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APPENDIX 6-B (Contd.) 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

2.0 • 15 1.0 13 
1.8 19 1.1 12 

1.7 24 1.0 11 
1.0 11 1.1 10 

0.9 8 1.3 12 

1.8 26 1.8 30 

•1.5 20 1.4, 12 

1.0 11 1.2 13 
2.1 23 , 1.3 12 
1.1 8 1.3 9 
1.3 9 1.2. 9 
1.3 11 1.0 9 
1.6 12 1.1 10 
1.0 8 1.5 17 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

1.3 9 1.3 13 
1.7 30 0.9 8 

1.7 22 1.4 23 
1.0 10 1.4 14 
1.8 23 1.5 18 

1.4 8 1.8 7 
1.4 9 1.7 26 
1.6 12 1.4 10 
1.5 10 1.2 18 
1.2 11 1.5 16 

1.5 9 1.1 12 
1.0 8 0.9 7 
1.1 15 1.1 4 
1.2 6 — _ 
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APPENDIX 6-C 

Material coarser than 3/4 inches collected from the trays on 3rd October, 1968 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n grams i n inches i n grams 

2,6 52 1.6 22 1.5 21 1.4 17 

1.1 14 1.5 16 1.4 11 12 9 
1.5 10 1.2 10 1.4 U 1.4 21 
l . i 10 1,2 6 1.3 5 1.5 16 

X 1.3 10. 1.2 6 1.2 9 1.2 13 
1.1 14 1.0 15 1.2 14 1.1 10 
1.1 . 8 1.0 7 1.1 8 . 1.2 11 
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APPENDIX 6-D 
Material coarser than 3/4 inch collected from the trays on 28th November, 1968 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n grams i n inches i n grams 

3,0 95 1.9 24 1.1 15 2.0 49 
2.4 35 1.6 26 1.0 9 1.8 23 
1.3 18 1.6 27 1.1 11 2.2 18 
1.9 47 1.2 12 1.2 15 1.2 14 
2.4 33 1.5 29 2.0 27 1.4 16 

1.7 26 1.6 34 1.2 17 2.0 20 
1.5 23 1.3 8 1.6 11 1.5 13 
1.9 16 1.5 20 1.2 12 1.6 • 8 
1.8 23 1.8 18 1.9 . 9 1.5 11 
1.7 62 1.5 45 1.0 4 1.7 10 
2.0 22 1.8 15 1.0 7 1.2 18 
1.9 20 1.5 15 1.0 7 1.4 15 
1.5 15 1.5 17 1.0 7 1.5 11 

1.5 8 1.1 9 1.0 9 1.2 34 
1.7 3.0 1.6 17 1.0 6 1.2 18 

1.4 14 1.5 10 1.2 7 1.4 8 
1..6 18 1.2 10 6 1..2 4 
1.2 10 1.1 10 1.1 16 1.3 10 

1.4 8 1.4 15 1.5 11 1.5 10 

1.3 17 2.0 21 1.0 10 1.1 12 
1.3 14 1.7 35 1.0 8 1.2 7 
1.0 7 2.0 47 1.0' 14 1.3 6 
1.0 9 2.4 37 1.2 9 1.6 10 
1.2 6 1.8 12 1.3 11 1.3 9 
1.6 20 1.5 24 . 1.0 10 1.2 11 

1.2 9 1.6 25 1.6 • 7 1.1 9 
1.0 8 1.8 22 1.7 16 1.2 14 
2.0 37 1.2 15 1.2 11 1.2 18 

2.0 52 1.6 15 1.3 12 1.2 14 

1.9 38 1.8 12 1.4 18 1.5 9 

1.9 79 1.9 21 1.0 11 1.3 11 
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APPENDIX 6-E 
Material coarser than 3/4 inch collected from the 

Long axis Weight Long axis Weight Long axis 
i n inches i n grams i n inches i n grams i n inches 

4.2 288 2.1 61 1.2 
4.0 302 1.8 92 1.0 

3.5 193 2.4 62 1.0 

2.7 258 2.0 44 1.0 
4.6 347 2.0 46 1.0 

3.5 364 2.1 40 1.0 
3.0 183 1.5 36 1.0 

2.8 167 1.8 37 1.3 
3.2' 119 2.0 28 1.2 

3.8 277 1.6 58 2.0 
2.8 167 2.2 66 1.4 
2.2 84 2.0 28 1.6 

3.0 125 2.8 35 1.2 
2.8 178 1.5 47 1.8 

4.4 675 2.6 35 1.5 
3.2 184 1.8 24 1.2 
3.0 109 2.0 20 1.2 

3.1 88 2.1 18 1.5 
3.5 155 1.9 60 1.5 
3.0 109 1.5 35 1.9 
3.9 111 1.4 41 1.2 

2.1 65 1.9 33 1.4 

2.5 79 1.4 38 1.3 

3.5 182 1.0 7 1.1 
2.2 84 1.0 10 1.2 

2.4 55 1.0 10 1.2 

3.0 90 1.0 10 1.4 
2.1 72 1.0 6 1.1 

2.5 51 1.0 8 1.1 
2.2 84 1.7 21 1.2 

2.5 77 1.6 23 1.4 

2.0 68 1.3 17 
t 

1.5 
3.0 87 2.0 32 1.3 

trays on the 7th January, 1969 
Weight Long axis Weight 
i n grams i n inches i n grams 

18 0.9 9 
10 1.0 14 
8 l . l 9 
8 1*4 12 
6 1.0 17 
6 1.2 5 

11 1.0 8 
18 1.6 11 

13 1.0 10 

13 1.1 \ 
11 

23 4.5 236 
13 4.0 129 
16 3.5 279 
20 2.2 86 

24 2.5 109 
20 2.1 33 
13 2.1 46 

17 1.6 21 

14 2.0 35 
19 2.0 49 
13 2.8 73 
17 4.9 189 
16 2.0 95 
21 2.8 115 
8 2.5 111 

9 2.3 90 
8 3.0 129 

9 2.9 110 

7 2.2 80 

9 2.0 46 

7 2.1 108 

9 2.6 42 
11 2.0 59 
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APPENDIX 6-E (Contd.) 

Long axis Weight Long axis Weight. Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n grams i n inches i n grams 

1.8 118 1.6 12 1.3 12 2.5 142 
2.0 66 1.9 24 1.2 7 2.4 153 
2.1 50 1.3 11 1.3 7 1.6 34 

1.7 64 1.6 12 1.3 11 2.5 84 
1.6 59 1.1 17 1.0 9 2.1 25 
1.8 40 1.1 17 1.0 9 2.0 ' 54 
2.1 60 1.0 17 1.4 9 1.6 48 
2.0 34 1.4 8 1.2 8 1.8 44 
1.6 27 1.5 12 4.0 182 2.0 38 

2.1 35 1.6 14 3.0 186 2.1 68 

1.5 21 1.8 10 3.5 272 2.3 19 
1.8 17 1.4 10 4.1 125 1.7 66 

1.2 18 1.3 15 3.0 206 2.0 36 

1.7 23 1.1 18 ' 3.0 116 2.3 65 
2.0 14 1.5 16 2.0 46 2.0 38 

2.0 11 1.5 14 2.1 52. 2.3 62 

1.2 20 1.4 9 2.5 65 1.8 • 33 

1.5 15 1.5 19 3.0 70 2.8 18 

2.0 17 1.4 16 2.5 110 2.1 58 

1.3 14 1.7 24 2.8 102 2.2 50 

1.6 19 1.4 8 2.1 a 1.8 . 19 

1.7 25 1.5 8 2.5 63 1.4 . 30 

1.0 7 1.8 11 2.5 138 1.3 28 

1.0 8 1.6 8 2.2 96 2.0 21 

1.0 7 1.3 5 3.3 129 1.8 49 

1.0 10 1.1 12 2.2 67 1.5 36 

1.0 9 1.-2 16 2.2 64 1.6 17 

1.0 11 1.5 10 2.3 .40 2.0 18 

1.0 . 7 1.3 
'Jl.3 

2.3 
. . 2.2 " J 

1.6 
1.3 

22 

•' 1Z Iro 0 i.o • 7 2.4 130 . 1.3 26 

i . i 13 1.0 ' 11 2.5 95 1.6 18 

1.2 14 1.2 12 2.1 37 1.8 19 

1.5 26 1.7 9 5.2 755 2.0 19 
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APPENDIX 6-E (Contd.) 
Long axis Weight 
in inches i n grams 

1.5 17 
1.5 14 

1.3 13 
1.5 16 
1.0 11 
1.0 6 
1.0 . 15 
l . l 11 
1.2 11 

1.3 14 
1.6 27 
1.4 9 
1.5 22 
1.4 11 
2.0 18 
1.8 ' 10 
1.6 12 
2.0 13 
1.6 19 
1.7 22 

1.4 12 

1.3 12 

1.0 10 
1.0 8 i 
1.0 9 
1.0 7 
1.0 9 
1.4 20 

1.5 10 

1.5 10 

1.1 18 

1.1 16 

1.4 11 

1.5 12 

Long axis Weight 
i n inches i n grams 

2.0 18 

1.3 11 

1.5 12 

1.5 23 
1.3 14 
1.7 10 
1.6 16 
2.0 14 
1.8 18 
1.8 13 
1.3 14 
1.1 9 
1.3 11 
1.6 8 
1.2 13 
1.4 7 
1.2 15 
1.2 21 
1.2 13 

l . l 13 
1.0 10 

1.1 16 

l . l 17 
l . l 8 

l . l 14 
1.0 11 
1.2 15 
1.2 9 
1.0 13 
1.9 30 
2.0 38 

1.9 28 

3.2 145 
40 447 

Long axis Weight 
i n inches i n grams 

4.8 204 
3.8 756 
4.0 459 
2.6 99 
3.0 68 

4.5 388 
3.0 111 

3.4 125 
3.2 127 
4.0 233 
3.8 208 

3.5 74 
2.8 .116 

3.0 244 
2.8 81 

2.5 46 
2.0 38 
1.2 22 
1.8 25 
2.2 58 

2.4 63 
2.2 72 

2.9 40 
2.8 171 
3.0 173 
1.5 120 
1.6 37 
2.0 63 
1.7 34 
2.1 41 

2.5 •39 
1.5 32 

2.5 62 

2.0 66 

Long axis Weight 
i n inches i n grams 

1.8 29 
1.6 27 
1.6 22 
2.0 39 
1.8 35 
1.5 29 
1.4 24 
2.1 18 

1.5 22 

1.1 9 
1.2 9 
1.2 7 
1.0 16 
1.0 9 
1.0 6 
1.0 6 
1.2 9 
1.4 14 
1.4 15 
1.7 19 
1.4 7 
1.5 13 
1.7 33 
1.5 15 
1.0 21 
1.6 17 
2.0 15 
1.5 24 
1.4 30 

1.3 18 

1.4 17 
1.3 21 
1.2 13 
1-3 11 
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APPENDIX 6-E ( °ontd . ) 

Long axis Weight 
i n inches i n grams 

1.1 11 

1.5 7 
i . 5 26 
1,0 5 
1*2 28 
1.2 15 
1.3 12 
1.2 20 

1.4 13 
1.4 10 

1.5 19 
1.1 14-
1.1 20 

1.3 13 
1.0 18 

1.1 7 
1.3 7 
1.6 5 
1.2 • 12 
1.2 9 
1.3 18 
1.2 5 
1.0 17 
1.2 9 
1.5 12 
1.0 9 
1.0 10 
4.0 337 
3.0 114 
3.0 178 

4.1 272 

2.0 61 

.2.1 71 
2.2 29 

Long axis Weight 
i n inches xn grams 

3.1 299 
3.0 239 
2.0 45 
2.0 67 
2.2 58 
4,0 283 
3.5 158 

2 .8 158 

2.3 85 
2.0 53 
2.9 76 

1.5 90 
2.0 65 
3.0 315 
3.0 112 

2.3 135 
2.9 130 
2.1 70 
3.0 104 
2.5 72. 
2.0 74 
3.0 • 88 
2.2 58 

2.5 80 
2.2 33 
3.5 460 
2.0 129 
2.2 31 
3.0 96 

2.3 39 
2.3 16 

1.3 22 

1.7 30 

1.5 28 

Long axis Weight 
i n inches i n grams 

2.6 37 
2.5 66 
2.1 58 
2.0 52 
2.0 21 
2.0 23 
1.6 9 
2,1, 14 
1.9 31 
1.9 45 
1.7 95 
1.7 26 
2.0 33 
2.2 45 
2.0 53 
1.6 20 

1,8 19 
2.0 11 

1.2 30 
1.2 16 
1.6 15 
1.3 22 
1.6 29 
1.6 22 

1.5 26 

1.4 21 

1.5 21 

1.5 13 
1.5 9 
1.5 19 
1.5 15 
1.2 9 

1.4 7 
1.5 10 

Long axis Weight 
i n inches i n grams 

1.4 16 
1.1 16 
1.1 8 

1.5 15 
1.1 13 
1.1 8 
1.0 6 
1.0 9 
1.3 14 
1.0 10 
1.1 11 

0.9 6 
0.6 4 

0.7 .5 
1.1 4 
3.9 204 
3.7 301 
3.0 224 
4.1 388 
4.0 531 
2.9 62 

3.7 451 
34 119 
3.1 196 

3.5 352 
2.8 140 

3.1 152 

2.5 80 

2.9 39 
2,1 92 
2.2 31 
1.0 8 

0.9 9 
1.0 11 
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APPENDIX 6-E ( u ontd.) 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

2.0 26 1.5 32 
2.0 61 1.4 23 
1.9 84 1.5 30 

2.3 114 1.6 20 
1.8 56 1.7 18 

2.0 68 1.5 18 

4.5 109 ^ 24 

2.5 84 1.6 21 

2.9 81 1.5 22 
1.8 38 1.2 20 

2.0 40 1.7 23 
1.8 34 1.4 18 

2.2 55 1.9 - 14 
1.8 30 1,2 23 
2.0 41 1.5 26 
2.0 39 1.2 20 
2.0 40 1.2 26 

'5 1.9 12 1.5 12 
1.8 16 1.8 20 

1.6 17 1.3 11 

1.4 31 1.2 23 
2.1 35 1.0 11 
1.8 19 1.1 15 
1.7 21 1.4 22 

1.9 39 1.5 13 

1.7 22 1.5 13 
2.2 24 1.6 12 

1.5 24 1.2 26 

1.2 14 1.2 11 

1.6 38 1.4 18 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

1.7 14 1.5 16 

0.5 6 1.0 .9 
1.0 12 1.0 12 
1.1 11 1.3 4 
1.2 11 1.4 11 

0.7 5 1.0 6 
0.7 6 1.3 11 

0.9 12 1.5 8 
1.0 6 1.0 9 
1.0 9 1.0 7 
1.0 7 1.2 7 
1.4 9 1.2 4 
1.1 8 1.0 7 
1.2 12 1.0 10 

1.4 20 0.5 6 
1.0 15 1.4. 6 

1.3 8 1.0 11 

0.9 11 1.0 16 
1.0 8 1.3 9 
1.0 7 1.0 5 
0.9 6 1.0 8 

1.0 7 1.0 4 
1.0 10 1.1 .10 

1.1. 8 0.9 8 

1.5 u 1.2 7 
0.9 7 1.0 7 
0.7 7 1.0 6 
1.0 7 0.8 9 
1.2 10 1.0 6 

1.3 12 — -



APPENDIX 
Material coarser than 3/4 inch collect* 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

4.5 775 2*5 74 
4.0 582 3.0 94 
4.0 492 2.9 79 
2.8 240 2.6 120 
4.2 405 2.2 80 

3.5 130 2.7 89 
3.5 629 2.1 103 
4.9 302 2.0 86 
3.2 469 2.4 98 

3.3 198 • 1.8 94 
3.2 528 1.9 60 
2.8 117 2.1 • 42 
2.6 224 1.9 51 
3.0 119 2.0 59 
3.0 177 1.8 51 
4.0 88 1.6 47 
3.6 75 2.0 40 

2.5 72 2.1 47 
2.9 104 2.3 23 
6.0 681 2.5 37 
6.0 509 2.6 65 
4.2 235 2.8 61 

4.2 199 2.2 70 
3.8 278 2.1 77 
4.6 239 2.5 64 
3.6 531 2.2 45 

4.9 233 1.6 46 
3.2 218 2.0 35 

3.5 428 2.0 26 

2.4 125 1.9 49 

2.5 183 2.0 19 

6-F 
d from the trays on the 20th January, 1969 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

1.9 38 1.8 43 
2.3 45 1.4 18 
1.8 36 1.6 27 
2.3 40 1.6 10 
1.6 31 2.0 46 
1.6 22 1.9 21 

2.4 58 1.8 41 
1.9 35 2.6 31 
2.1 55 2.2 43 
1.6 30 1.4 39 
2.0 52 2.4 24 
1.6 27 2.0 35 
1.6 26 1.7 30 
2.0 43 2.0 36 

1.7 29 2.2 60 
2.0 23 1.5 20 

1*8 38 1.8 20 

1.9 69 1.6 17 
2.0 50 2.0 13 

1.9 37 1.5 13 
1.9 25 1.6 25 

1.4 51 1.7 8 

1.9 48 1.4 35 
1.1 18 1.5 20 

1.5 19 1.8 33 
1.9 12 1.9 17 

1.5 23 1.6 36 

1.5 18 1.2 17 
1.5 14 1.5 30 

1.5 17 1.6 19 

1.4 29 1.2 23 
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APPENDIX 6-1 (Contd.) 
Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

3.0 218 2.0 . 29 

2.5 155 1.5 27 
1.2 17 1.9 18 
1.2 19 l . l 19 

1.3 23 1.1 10 

1.2 10 1.0 7 
1.3 17 1.1 10 

1.2 14 1.5 11 

1.5 8 1.1 12 

1.5 11 1.5 12 

1.7 29 1.6 18 

1.2 16 1.1 16 

1.4 23 1.5 13 

1.4 22 1.1 16 

1.1 18 1.3 11 
1.2 21 1.1 17 

1.5 11 1.1 16 

1.5 12 1.5 16 

1.2 10 1.5 20 

2.0 17 1.4 12 

1.8 22 1.8 12 

1.4 19 " 1.7 16 

1.1 14 1-5 18 

1.4 16 1.4 11 

1.6 25 1.3 14 

1.3 10 l . l 13 
1.6 18 1.5 9 

1.4 21 1.1 16 

1.1 . 16 — 

Long axis Weight Long axis Weight 
i n inche.s i n grams i n inches i n grams 

1.8 13 1.3 24 
1.6 26 1.7 13 
1.1 19 1.2 8 
1.1 11 1.2 9 
1.2 14 1.1 7 
1.1 13 1.0 7 
1.0 13 1.1 8 

1.2 9 1.0 8 

1.0 8 1.0 11 

1.1 9 1.5 13 
1.0 10 1.5 13 
1.0 10 1.0 9 
1.1 10 1.2 19 

1.5 6 1.4 20 

1.4 7 0.9 10 

1.0 9 1.4 19 
1.2 12 1.3 . 17 
1.1 13 1.1 13 
1.2 10 1.2 19 
1.3 16 1.3 16 

1.3 8 1.1 12 

1.4 10 1.3 15 
1.6 . 17 1.4 23 
1.2 9 1.3 13 
1.0 11 1.9 8 

1.0 13 i .3 12 

1.1 10 1.0 9 
1.2 11 1.3 17 
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APPENDIX 6-G-

Material coarser than 3/4 inch collected from the trays on the 27 January 1969 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n ..grams i n inches i n grams 

3.2 136 1.2 13 4.1 217 1.1 15 
3.5 174 1.0 12 2.5 83 1.1 12 
2.6 80 1.0 11 2.4 96 1.2 14 
2.4 .27 1.1 10 1.9 17 1.1 8 
1.8 20 1.5 6 1.6 32 1.1 6 

2.0 52 1.1 11 2.0 68 1.2 6 

1.4 21 1.0 4 1.8 40 1.0 7 

1.7 20 1.0 9 1.5 14 1.0 9 

1.4 18 l i 6 22 1.5 24 1.4 22 

2.0 25 1.3 17 1.4 20 1.1 17 
1.2 9 1.5 21" 1.6 12 1.0 9 

1.5 11 1.5 14 * 1.3 13 1.1 16 

1.2 8 mm **• - -
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APPENDIX 6-H 

Material coarser than 3/4 inch collected from the trays on 3r& February 1969 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n grams i n inches i n grams 

4.6 377 3.8 247 2.6 83 2.4 117 
2.3 35 2.7 58 1.9 42 1.5 29 

1.5 16 1.2 17 1.6 11 1.0 12 

1.1 12 1.2 11 1.1 9 — 
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APPENDIX 6-1 
Material coarser than 3/4 inch collected from the trays on 2nd A p r i l , 1969 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams i n inches i n grams i n inches i n grams 

1.7 35 3.3 57 1.9 30 1.0 9 
1.5 40 1.6 50 1.3 21 2.3 . 24 
1.8 48 1.4 21 2.1 34 3.2 49 
2.2 52 1.2 36 3.0 51 3.0 73 
2.5 60 3.1 52 3.2 36 2.1 u 
3.0 78 2.2 78 1.7 17 1.7 39 
3.1 22 2.3 38 1.8 22 1.8 29 
1.4 56 1.9 29 1.0 20 1.9 53 
2.9 71 2.9 36 1.0 11 2.6 28 
2.1 81 1.4 82 . 1.0 8 2.8 41 
1.9 49 3.1 91 2.1 28 1.7 36 

1.5 23 2.1- 63 1.8 17 1.1 22 
1.6 32 1.1 22 1.6 29 1.0 9 
1.9 42 1.0 20 1.9 33 1.0 7 
2.0 21 1.0 11 1.1 9 1.0 8 

1.5 18 1.0 10 1.1 6 2.3 44 
1.6 12 2.1 36 1.1 5 2.4 72 

1.9 12 2.2 42 • 3.1 50 2.6 49 

2.3 75 2.4 33 2.4 90 1.7 30 
1.2 66 3.1 41 2.5 29 1.2 25 
1.4 24 3.1 72 1.6 19 1.5 18 

1.3 51 3.0 78 2.6 24 2.5 37 
2.6 57 1.1 19 1.2 37 3.6 99 
1.8 82 1.2 14 1.1 31 2.2 28 
1.7 33 2.1 79 1.0 13 1.3 21 

2.1 36 2.2 80 1.3 19 1.4 34 
3.2 25 3.0 93 1.7 26 2.6 39 

1.9 36 1.8 88 2.8 34 1.9 22 

1.1 21 1.6 28 3*1 38 1.7 23 
t 

1.0 9 1.3 33 16 26 
< 

1.6 :17 

2.3 66 1.1 14 1.7 21 2.8 25 
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APPENDIX 6*1 ( u ontd.) 

Long axis Weight Long axis Weight Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams in_ inches i n grams i n inches i n grams 

1.1 45 1.2 16 1.2 22 1.2 36 
1.4 21 2.2 36 1.1 11 2.2 40 
1.1 19 1.0 5 2.1 29 3.1 44 
1.1 21 1.0 9 2.0 30 2.1 36 
2.1 36 1.0 8 2.5 43 1.1 25 
1.1 12 2.1 33 1.5 33 2.1 36 
2.2 22 1.1 9 1.7 19 1.1 42 
1.0 9 1.4 15 1.5 17 2.1 37 
1.0 5 2.3 34 1.6 21 1.7 28 
1.0 6 1.1 12 2.1 26 1.8 19 
3.0 92 1.0 10 2.2 41 1.3 41 
2:1 63 1.0 9 1.1 21 1*4 17 
2.2 66 1.0 11 1.0 6 1.4 29 
2.8 71 1.0 13 l.'O 9 3.1 38 
1.9 44 1.0 23 1.1 11 1.5 22 
1.6 33 3*0 70 2.1 29 1.6 51 
2.1 21 2.6 49 2.3 30 2.1 47 
1.8 81 1.6 36 1.4 38 1.7 31 
3.0 77 1*4 22 1.6 27 1.8 18 
2.6 61 1.3 19 1.9 35 1.2 12 

1.5 36 2.1 39 2.8 44 2.2 20 

2.5 45 1.1 17 3.6 101 1.3 24 
2.1 39 1.1. 19 1.2 31 1.4 30 

1.1 23 1.6 12 1.1 5 1*6 33 

1.0 11 1.3 18 1.4 15 1.0 10 

1.0 13 1.2 9 2.1 29 1.0 12 

1.0 16 1.2 16 2.2 52 1.0 4 

1.5 31 2;1 13 1.6 18 1.0 7 

1.7 22 1,6 20 3.0 74 2.1 63 
1.8 37 3.1 69 2.0 50 3.1 88 

2.2 24 2.9 59 2.1 29 1.1 17 

1.9 36 1.7 22 1.1 20 1.1 31 
3.6 91 1.8 30 1.6 26 2.1 21 

2.1 71 2.2 36 1.9 36 1.1 17 
j • .2 



APPENDIX 6-1 (Contd.) 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

2.3 55 1.1 9 
1.1 14 1.0 5 
1.0 6 1.0 9 
2.2 52 1.8 37 
1.0 11 1.0 10 

2.5 43 1.6 26 
1.1 23 1.4 17 
2,1 •25 1.8 21 

Lding axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

2.8 45 2.0 40 
2.1 33 11 18 

1.0 11 3.0 68 
2.6 36 1.7 22 

1-5 19 2.6 31 
3.1 95 1.2 31 
3.9 59 2.9 33 
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APPENDIX 6-J 

Mater ia l coarser than 3/4 inch co l l ec t 

Long axis Weight Long axis Weight 
• i n inches i n grams i n inches i n grams 

2.3 186 1.2 8 
1.6 30 1.0 9 
2.0 35 1.0 10 
1.8 17 1.1 9 
1.5 32 1.0 8 
1.2 20 1.3 6 

1.6 16 1.5 6 
1.8 34 1.2 18 

1.5 34 1.1 7 
1.7 20 1.5 9 

1.4- 34 1.6 6 

1.5 8 1.3 8 
1.2 12 1.0 8 
1.2 16 1.0. 6 

1.4 5 1.0 7 
1.8 • 10 1.0 8 

1.3 8 1*1 11 

L from the trays on 16th A p r i l 1969 

Long axis Weight Long axis Weight 
i n inches i n grams i n inches i n grams 

1.0 4 1.3 14 
1.0 5 1.0 8 
1.0 8 1.5 12 

1.0 7 1.0 4 
1.0 3 1.2 16 

1.5 6 1.0 7 
1.0 5 1.3 18 
1.1 "6 1.0 5 
1.0 7 1.1 11 

1.1 12 1.1 7 
1.0 8 1.3 11 
1.0 10 1.2 7 
1.1 10 1.2 7 
1.5 15 1.0 8 
1.2 16 1.0 6 

1.1 9 1.1 9 
1.2 10 1.0 6 
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APPENDIX 7A 
Date: 13.6.69 

Long ax i s , weight and distanced moved by the yellow stones i n the 
eastern t r i b u t a r y "Lanehead1* 

No. Long axis Weight Distance 
i n inches i n grams i n f ee t 

1 1.1 13 -
2 1.0 11 ** 

3 1.0 12 -
4 1.1 15 8 

5 1.0 13 -
6 1.2 12 -
7 1.0 10 -
8 1.1 13 19 
9 2.0 14 -

10 1.0 10 *• 

11 i . i 15 -
12 1.1 13 -
13 1.1 13 -
14 2.0 14 -
15 2.2 17 -
16 2.0 12 -
17 1.3 17 -
18 1.4 16 -
19 2.0 19 -
20 1.3 H4 -
21 2.4 26 -
22 1.0 12 -
23 1.0 12 -
24 2.1 18 -
25 1*3 16 -
26 1.9 ^ -
27 2 .1 16 22 

28 2.4 24 28 

29 2.0 19 -
30 2.3 23 ' - 345. 



APPENDIX 7-A (Contd.) 
No. Long axis Weight Distance 

i n . inches i n grams i n f ee t 

31 1.0 15 
32 1.3 20 -
33 1.3 27 51 
34- 1.9 26 — 

35 1.4 20 — 

36 1.4 27 
37 2 .1 23 -
38 1.1 18 — 

39 1.9 24 — 

40 2 .1 21 _ 

4-1 2 .1 24 -
42 2.1 33 -
4-3 2.2 34 11 
44 1.9 34 -
4-5 2 .1 24 -
46 2.3 30 -
47 1.9 25 19 
48 2.9 35 -
49 1.6 28 -
50 1.6 24 33 
51 2.2 32 -
52 1.4 19 
53 1.3 19 -
54 2 .1 20 47 
55 2.2 23 -
56 24 -
57 1.5 27 -
58 1.5 27 3° 
59 2.3 19 -
60 2.9 46 -
61 1.8 28 — 

62 1.7 28 -
63 2.7 39 
64 1.8 22 -• 
65 1.9 " 39 m 



Bate: 13.6.69 
APPENDIX 7-A (Contd.) 

No. Long axis Weight Distance 
. i n inches i n grams i n fee t 

66 2.9 50 

67 2.8 55 27 
68 3 .1 67 

69 2.4 51 -
70 2.2 60 15" 

71 3.6 51. -
72 2.1 30 -
73 2.2 33 

74 2.2 36 30 

75 1.9 30 -
76 2.6 47 -
77 1.8 44 i d 

78 • 1.9 57 -
79 2.4 50 

1 80 2.6 44 1 

81 2.8 63 -
82 1.2 58 -
83 2.3 52 8 

84 1.6 73 -
85 1.4 72 17 
86 2.3 62 -
87 2.2 74 00 

88 3 .1 82 -
89 3.1 105 -
90 3.3 135 -
91 2.4 74 2 

92 2.4 81 3 

93 3.2 133 30 

94 2.7 95 -
95 3.0 120 35 

96 2.9 98 9 

97 3.1 171 17 

98 2.9 66 -
99 3.4 175 -
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Pate: 13.6.69 
APPENDIX 7-A (Contd.) 

No. Long axis Weight Distance 
i n inches i n grams i n f ee t 

100 3.0 192 
101 2.9 291 6 

102 3.1 165 10 

103 • 4 . 1 171 23 

104 3.3 155 

105 3.7 344 
106 5.1 718 00 



APPENDIX 7-A (Contd.) 
Date: 27.1.69 

No. Long axis Weight Distance 
i n inches i n grams i n fee t 

1 1.1 13 -
2 1.0 11 -
3 1.0 12 71 
4 1.1 15 -
5 1.0 13 40 
6 1.2 12 -
7 1.0 10 -
8 1.1 13 19 
9 .2.0 14 - -

10 1.0 10 -
11 1.1 15 27 
12 1.1 13 -
13 1.1 13 -
14 2,0 14 -
15 2.2 17 20 
16 2.0 12 -
17 1.3 17 57 
18 1.4 16 51 
19 2.0 19 -
20 1.3 14 14 
21 2.4 26 -
22 1.0 12 -
23 1.0 12 -
24 2 .1 18 8 

25 1.3 16 -
26 1.9 19 26 

27 2 .1 16 41 
28 2.4 24 -
29 2.0 19 51 
30 2.3 23 60 

31 1.0 15 -
32 1.3 20 -
33 1.3 27 -

349 



APPENDIX 7-A (Cbntd.) 
Date: 27.1.69 

No. Long axis Weight Distance 
i n inches i n grams i n f ee t 

34 1.9 26 28 

35 1.4 20 7 
36 1.4 27 67 

37 2 .1 23 36' 

38 1.1 18 -
39 1.9 24 3 
40 2 .1 21 -
41 2.1 24 40 

42 2 .1 33 21 

43 2.2 34 3 

.44 1.9 34 -
45 2 .1 24 14 

46 2.3 30 52 

47 1.9 25 27 

48 2.9 35 -
49 1.6 28 -
50 1.6 24 4 

51 2.2 32 6 

52 1.4 19 -
53 1.3 19 -
54 2 .1 20 -
•55 2.2 23 -
56 1.3 24 -
57 1.5 27 -
58 1.5 27 19 

59 2.3 19 -
60 2.9 46 59 

61 1.8 28 11 

62 1.7 28 51 

63 2.7 39 18 

64 • 1.8 22 -
65 1.9 39 67 

66 2,9 50 36 350 



APPENDIX 7-A (Contd.) 
Date: 27.1.69 

No. Long axis Weight Distance 
i n inches i n grams i n f ee t 

67 2.8 55 -
68 3.1 67 -
69 2.4 51 -
70 1.2 60 43 
71 3.6 51 -
72 2 .1 30 -
73 2.2 33 -
74 2.2 36 21 
75 1.9 30 -
76 2.6 47 21 
77 1.8 . 44 20 
78 1.9 57 26 
79 2.4 50 46 
80 2.6 44 22 
81 .2.8 63 58 
82 1.2 58 4 
83 2.3 52 40 
84 1.6 73 -
85 1.4 72 68 
86 2.3 62 35 
87 2.2 74 35 
88 3 .1 82 44 
89 3 .1 105 22 
90 3.3 • 135 22 

91 2.4 74 28 
92 2.4 81 -
93 3.2 133 22 

94 2.7 95 • 59 
95 3.0 120 25 
96 2.9 98. 20 

97 3.1 171 19 
98 2.9 66 5 

99 3.4 175 67 351 



APPENDIX 7-A (Contd.) 
Date: 27.1.69 

No. Long axis Weight Distance 
i n inches i n grams i n f e e t 

100 3 192 19 
101 2.9 291 22 
102 3 .1 165 6 
103 4 . 1 471 24 
104 3.3 155 •5 
105 3.7 344 13 
106 5.1 718 54 



APPENDIX 7-B _ , , , f t 

• Date: 13.6.69 
Long ax i s , weight and distance moved "by the Yellow stones i n the 

western stream "Lanehead" 
No. Long axis Weight Distance 
_____ i n inches i n grams i n f ee t 

1 1.2 16 -
2 1.0 34 -
3 1.0 • 11 -
4 1.0 10 -
5 1.1 12 -
6 1.0 9 -
7 1.1 11 -
8 1.4 11 -
9 1.3 15 -

10 1.1 11 100 

11 1.5 16 -
12 1.0 12 -
13 1.2 15 -

2.0 16 -
15 1.5 12 -
16 1.3 12 -
17 1.3 12 250 

18 1.8 13 -
19 1.1 23 
20 1.3 25 -
21 1.3 21 -
22 1.1 10 -
23 1.1 18' -
24 2.0 21 -
25 1.7 14 -
26 1.3 18 -
27 1.1 18 -
28 1.3 24 80 

29 1.7 27 -
30 1.1 16 -
31 1.6 22 -
32 1.5 23 - 353 

i 



Long 

APPENDIX 7-B (Contd.) 

ax i s , weight and distance moved by the 
i n the western stream "Lanehead" 

Date: 13.6.69 
Yellow stones 

No. Long axis Weight Distance 
i n inches i n grams i n fee t 

33 1.7 25 -
34 1.4 17 -
35 1.5 26 -
36 1.1 18 -
37 1.3 22 

38 1.1 19 -
39 1.2 16 MB 

40 1.4 27 ' -
41 2 .1 28 -
42 1.9 28 -
43 2.1 43 -
44 2.2 25 -
45 1.0 11 mm 

46 1.3 30 -
47 1.9 40 -
48 2 .1 22 mm 

49 1.3 35 -
50 1.7 21 -
51 1.7 28 -
52 1.6 25 -
53 2.0 16 -
54 1.2 19 256 

55 1.6 28 -
56 1.4 31 -
57 1-3 30 -
58 1.4 39 -
59 1.6 22 -
60 1.5 44 -
61 1.2 30 -
62 1.1 32 -
63 1.8 28 -
64 1.6 40 30 

65 2 .1 33 -



APPENDIX 7-B (Gontd,) D a t e ; ^ 

No. Long axis Weight Distance 
i n inches i n . grams i n f e e t 

66 1.9 49 ** 

67 2.0 56 -
68 1.4 43 -
69 2 .1 50 -
70 ' 1.6 43 11 

71 1.4 43 -
72 1.2 29 82 

73 2.0 36 -
74 2.2 29 -
75 1.9 37 -
76 2.3 66 — 

77 2 .1 30 -
78 ' 1.5 60 ** 

79 1.9 47 -
80 2 ,1 41 137 
81 1.8 57 -
82 1.9 55 -
83 2.3 71 -
84 2.7 70 -
85 1.8 . 72 -
86 2 .1 55 . mm 

87 1.7 56 60 

88 ' 2.8 85 40 

89 1.9 95 -
90 3.1 135 -
91 3.0 96 77 

92 2.9 109 -
93 1.5 93 -
94 3.3 211 3 

95 2.2 119 -
96 2.9 142 -
97 3*2 160 3 

98 2.9 202 20 



APPENDIX 7-B (Contd.) 
' Date: 13.6*6$ 

No. Long axis Weight Distance 
i n inches i n grams i n f ee t 

99 3.7 230 — 

100 3.1 243 30 
101 2.4 158 — 

102 3.2 188 18 
103 3.3 301 00 
104 4 . 1 477 18 
105 4.9 536 7 
106 5.6 738 



APPENDIX 7-'-B (Contd.) 

Date: 27.1.1969 

No. . Long axis Weight Distance 
___ i n inches i n grams in . f eet 

1 1.2 16 -
2 1.0 14 -
3 1.0 11 -
4 1.0 10 -
5 1.1 12 -
6 1.0 9 -
7 1.1 11 -
8 1.4 H 63 
9 1.3 15 ,38 

10 1.1 11 -
11 1.5 16 -
12 1.0 12 -
13 1.2 15 -
14 2.0 16 -
15 1.5 12 -
16 1.3 12 -
17 1.3 12 -
18 1.8 13 -
19 1.1 23 -
20 1.3 25 -
21 1.3 21 -
22 1.1 10 -
23 1.1 18 68 

24 2.0 • 21 256 

25 1.7 14 -
26 1.3 18 105 

27 ! • ! 18 -
28 1.3 24 -
29 1-7 27 • 271 

30 - 1.1 16 -
31 1.6 22 -
32 1.5 23 59 

33 1.7 25 -



APPENDIX 7-B (Contd.) 
Date: 27.1.69 

No. Long axis Weight Distance 
i n inches i n grams i n f eet 

34 1.4 17 -
35 1.5 26 76 
36 1.1 18 -
37 1.3 22 -
38 1.1 19 -
39 1.2 16 -
40 1.4 27 51 
41 2 . 1 .28 17 
42 1.9 28 -
43 2.1 43 -
44 2.2 25 -
45 1.0 11 106 
46 1.3 30 -
47 1.9 40 98 
48 2 .1 22 124 
49 . 1.3 35 -
50 i - 7 21 68 
51 1.7 28 -
52 1.6 25 -
53 2.0 16 54 
54 1.2 19 -
55 1.6 28 63 
56 1.4 31 7 
57 1.3 30 72 
58 1.4 39 78 

59 1.6 22 44 
60 1.5 44 1 -
61 1.2 30 -
62 - 1.1 32 90 

63 1.8 28 -
64 1.6 40 72 

65 2 .1 33 127 
66 1.9 49 _ 



APPENDIX 7-B (Contd.) 
Date: 27.1.69 

No. Long axis Weight Distar 
i n inches i n grams i n fe« 

67 2.0 56 -
68 . 1.4 43 113 

69 2 .1 50 -
70 1.6 43 

71 1.4 43 -
72 1.2 29 -
73 2.0 36 -
74 2.2 29 

75 1.9 37 . 133 

76 2.3 66 51 

77 2 .1 30 30 

78 1.5 60 -
79 1.9 47 68 

80 2 .1 41 -
81 1.8 57 -
82 1.9 55 8 

83 2.3 71 -
84 2.7 70 134 

85 1.8 72 -
86 2 .1 55 -
87 1.7 56 -
88 2.8 85 -
89 1.9 95 -
90 3 .1 135 48 

91 3.0 96 -
92 2.9 109 -
93 1.5 93 

94 3.3 211 24 

95 2.2 119 33 

96 2.9 142 -
97 3.2 160 32 

98 2.9 202 23 

99 3.7 230 17 



APPENDIX 7-B (Contd.) 
Date: 27.1.69 

No. Long axis 
i n inches . 

Weight 
i n grams 

Distance 
i n feet 

100 3.1 243 9 
101 2.4 158 10 
102 3.2 188 -
103 3.3 301 46 
104 4.1 477 -
105 4.9 536 7 
106 5.6 738 12 

§ 6 0 


