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ABSTRACT

This thesis outlines work undertaken on the
bed-load and sediment movement in two small catchments
in Northern England, the Lanehead Catchment (Weardale)
and the Netherhearth Catchment (Teesdale), which are
situated in the Alston Block, the part of the Northern
Pennines most widely described by research workers,

In section one a general description of the
physical features of Northern England is given, with
particular attention paid. to Weardale and Teesdale
within this general contéxt. In this section also, a
-history of previous research into the problems of
sediment movement in Great Britain, Northern America
and Western Europe is outlined.

Section two contains a description of the methods
of field investigation, and the various techniques used
in the analysis of the sediments. Attention is focussed
on the results obtained from the bed, the bank and the
trays. Usihg stone count analysis and the long axis
measurement of material larger than 2 inches, attempt is
made to discover the lithologies of the sediment, and
the capability of these streams to move the coarse as
well as the fine sediment, This section also includes
a brief study of some water samples and an assessment
‘of the material in solution passing a certain point
at a certain time,

. Section three is a discussion of the findings of
the whole study in a form of conclusion,
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SECTION ONE



INTRODUCTION

In many ways the studies of sediment movement 1ih:
streams 1s governed by the economic importance of such
streams, Where streams are vital for agriculture or
provide water for dams and irrigation schemes, studies
of the volumes of sediments carried by such streams are
often of crucial importancé, In the northern Pennines,
with t;zi high rainfall a great many streams are, as yet,
not utilized by man., Possibly the lack of such utilisation
accounts for the very few studies which have been made of
sediment transport in the streams of Northern England. 1In
order to provide some quantitative information on the
nature of bed load and sediment movement two small catch-
ments were chosen for detailed studles. One catchment,
(%he Lanehead catchment)is located in Upper WeardaleJand
the other,(%he Netherhearthcatchment)is situated in Upper
Teesdasle within the Moor House National Nature Reserve,

This study 1s presented in three major sections:i-
Section I _

In this first section the nature of the physical
environment of the Northern Pennines 1s described and more
detailed descriptions are given of the Weardale and
Teesdale Catchments within this general context. This

section also includes a brief review of the previous work



on the étudy of sedimeni movement in Great Britain,
North America and West European Countries.

Also included in this section 15 a deacription of
the Lanehead and the Netherhearthcatchments including
such topics as geology, slopes, végetation cover, and
the characteriqtics of the bed and banks of the streams
during the study period,

Section II :-

This section deécribes the methods of field
investigation and the various techniques used in the
snalysis of the aediments. Several'problems which arose
daring the field and léborétory investigations are
. described. The final part.of this section 18 concerned
with a statistical analysis of the data which were obtained
following laboratory enalysis of material collected from
-the stream bed, stream banks, and from trays placed in the
stream bed, '

Section III :-

Section three includes a comparison between the results
obtained from the Laneﬁead and the Netherheart Catchmenfs
and showing of interrelationsaips between different types

of analysis.

W)



Chapter One

The Physical Background of Northern England w1th Particular
Reference to Weérdale and Teesdale
Introduction:-

This study was carried out in two areas, both of
which are situated in the Alston Block area of the
Northern Pennines(Fig. l.la).

The first area is a small catchment in Weardale and
consists of two smgll peaty tributaries, The other area
which was chosen for comparative purposes 1is the
Netherhearth Catchment in Teesdale, situated within the
Moorhouse Nature Reserve,

a) Position of Weardale in Northern England
The River Wear rises on high land at 2300 feet lying

to the east of the main Cross-Fell range, and is separated
there from the valley of the South Tyne.

At its upper end the Wear Valley is &ivided into
three main valleys. The northernmost is the Killhope Burn,
with the other two being occupied respectively by the Welhope
Burn and the Burnhope Burn. The Wear itself 1s formed by
the union of these three streams,

The Rivek Wear receives numerous small tributaries
from the watershed areas to the north and south, with the

majority of these meeting the main channel almost at right

4






angles,

The area is hounded Qﬁ the-nortb by the catchments
of the River Derwent and the River East Allen; on the
noufh by Teesdale, ahd on the west by the uplands of"
Killhope Law and BurnhopeiSeat.

In general the River Wear fdllowa an easterly
course through a narrow valley with its floor all sbeve
500 feet 0.D., and with the highest parts of the dale
being found on the aouth-Wes£ margin where Burnhope and
Harthope'Fells rise to ?oqo'gnd 2452 feet respectively.
b) Position of Teesdale in Forthern.Eﬁglgnd:-

The River Tees rises on the southern-ahoulder of
"Cross Fell and drains from the AlstonfB;ock in a south-
easterly direction, Thé'fiver valley is one of the most
distinctive of the Penn;né,daleé. It is charaéterised-
by the widespread outcrops of the intrusive Whin Sill
which give the landscape é pattern considerably different
from the limestone dales which surround the area, The _
river head 1s situated amongst the wildest of the Pennine -
moors and draws its watervfrbm the slopes of the highest
summits, _ |

Teesdale, as 1t is genefally referred to, covers,
together with ita tributary valley, an area of some 300
square miles, It is little more than 30 miles long and
some 15 miles in width at its widest point.

P



The Moor House Field Station is situated at the
head of Teesdale, The Nature reserve of the station
covers 10,000 acres of bigh moorland and fell country
in Upper Teesdale and the Westmorland Pennines to the
south of Cross-Fell. The Nature Reserve 1is situated
in the north-east corner of Westmorland and the

northern boundary, along Cro®dundale Beck and the

X

river Tees, 18 also fhe Cqunty boundary between Cumberland
and Westmbrland. At Crook Burn foot on the Tees the <
County boundaries of Cumberlaﬁd, Westmorland and Durham
meet. On the west of the Nature Reserve lies the

Pennine Escarpment, which rises steeply in a series of
benches from the low-lying gfound of the Vale of Eden

and forms the western boundary of the resebve.

The Tees Valley is very wide in the region of the
Nature Reserve and forms a wide amphitheatré near its
head between Hard Hill and Little Dun Fell, A similar,
but wider, amphitheatre occurs in the Trout Beck drainage
area between Knock Ridge,‘Knock Fell, Great Dun Fell and
Hard Hill. The low rounded hills in the Tees Valley at
the eastern and northern margin of the Nature Reserve are
formed of glacial drift and appear td'fepresent drumlin
and moraine-like features.

A, Geology of Northern England :-
The geology of Northern England consists of a gently

«J
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‘warped mass ofﬁCﬁrboniferQus rocks overlain by

Permian and Triassic sediments in the extreme south-
east., The lower’Palaeozoic floor emerges in the
Cross-Fell 1n11éf oﬂ the western margin of the area,

To the north the' farboniferous sediments pass down into
a considerable mass at Upper 0ld Red.Saqutones, except

in the eastern Cheviot region, where thé ‘;rboniferous

base laps over thick‘layefs of lower 0ld Red lavas.

Younger rocks are now restricted to three areas
with the most extensive of these outcrops being in the
south-east, where beyond an irregular line running from
the mouth of the River Tyﬁe to the River Tees below
Barnard Castle the Magnesf%n Limestone is found. Triassic
strata also outcrop in the lowlands at the head of the
Salway round Carlisle, énd'extend south-eastwards up the
Vale of Eden between the Pennine and Lake District high-
lands to Kirkby Stephen( Pig. 1.2.)e Finally, a narrow
fringe of Triassic rocks flanks the western margin of the
Lake District highlands aslong the Coast south of
Whitehaven., The Alston Block is the most important
structural feature of the geology of Northern Pennines,
and is the most northerly of the Pennine domen. It
reaches its highest elevation of 2930 feet at Cross Fell.
In common with all Pennines blocks the western edge 1is

more abrupt and is broken by the great-Pennine Fault Scarp.






Its northern edge 1s defined at its western end by the
east-west Stublick Fault system, while to the south 1t
is separated from the Yorkshire Askrigg Block by the
Stginmore depression. |

The whole of North England presumably once had a
complete cover of Carboniferous rocks although
. §erboniferous sedimentation 4id not apparently begin at
the same time throughout the erea. Quite apart from the gfeat ¢
differences in the amount of Egrboniferous sediments, there
were also considerable differences in thicknesses of
=‘3rbeniferous rocks as originaslly laid down, Daysh and
Symonds, 1953, estimated the general stratigraphy of the
West Durham Carboniferous Serles as follows:-

Approx. average thickness

in feet
Upper Coal Measures ' v over 1000
Middle Coal Measures ;Shales-Sandstones aﬁd about 800
Lower Coal Measures _Coals , 200 to 240

Millstone Grit (Sendstone, Grits and Shales) 350 to 5000

Limestone Group (Limestones, Sandstones and 2000 to 3000
Shales)

- The northern Pennine hills are formed of rocks of
cé;bbnifErous age. The region is structurally a tilted
double fault-block lying between the Tyne Valley and the
Craven Country of West Yorkshire., The rocks exposed in

the Pennine dales are chiefly of lower Garboniferous age
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and the successlons are thin'és eompared with regions
north and south of the'bounding faulté of the block,
Upper Garboniferous depbsits'éééur.aé outliers on the
high watersheds in the wedte?n and central part of the
region and these coalesce eastwards to form a continuous’
outcrop brought in by the'eastérly regional dip. The
faults bounding the Northern Pennine Block were acti&e'
during the deposition of the Ghrboniferous-succession
and the block was not.subﬁerged by the carboniferous
seas until thick sequences of-atrata had beén'laid down
in the surrounding ﬁasiﬁa;' Even 80, between 2000 feet
and 3000 feet 6f’€hrbon1fe£onn deposits are present in
the Northern Pennines.

Several subdivisions of éhrboniferous succession
have been attempted, althbugﬁ.thaf suggested by Dunham,
(1948) for the Alston Block is probably the most widely

accepted.
‘Table: 1,1
Local Millstone Grit
Carboniferous | Upper1L1mestone Group
Limestone Middle Limestone Group
Series Lower Limestone Group

Basement Group

In this succession Dunham stressed that the

lithological variations were largly governed by the 1



sedimentary units. He also summerized the geological

aequencés as follows:-~

Table 1;2

Group ' “Main Strata approx. thicknes
(Local Millstone Coarse grits, Sandstone 275 - 375 feet
Grit and Shales with ganisters
, between the groups
Upper Limestone Coarse grits, Sandstone 580 - 780 *
Group ganisters, thin Cosdls,
Limestone and Shales
Middle Limestone  Rhythmic alternation of 725-850  °®
Group - Limestones, Shales
Sandstone and thin Coal
Lower Limestone Massive Limestone over 300 - 550 %
Group lain by alternating
Limestones, Shales,
Sandstones

I. The Geology of Upper Wéandaie $= |
The dale ranges ih altitude from 2452 feet at Burnhope

Seat in the west to 600 feet at Stanhope in the east,
Within this altitudinal range slope form is largely
governed by the characteristicés of lithology, geological
dip, and superficlal depositas. The flat areas to the east
and west of Killhepe Law just over 2100 feet are simiiarly
develoéed on the Middle and Upper Carboniferous Limestone
Stratum whilst Killhope Law itself (2208 feet) consists
on outlier of the lowest (Millstone Grit) Sandstome.

The geological structure and.litholﬁgy of Upper
Weardale can always be related to the regional geology i2
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of the Alston Block which has long been the site of

detailed investigatiens by:structural geologists and

mineralogists such as Woolacott,(1907) Raistrick,(195f)

Dunham,(lQhB)and JOhnson,(iQS_B')-~
In Upper Weardale, the correspondence of detalled

topography to lithology iR so precise that sometimes,

where a reslstant geoidglcal.horizon has been shifted

by faulting, there is a change in the position of the
topograpbical feature sssociated with i1t., This is well
illustrated in the extreme western part of the dale,
Maling (1955) noticed that there is, however, a series
of extenaive_platforms_¢n the valley sides, Although
these, too, appear to be reléted to resistant beds, it
is possible thét they are éll erosional, for'it can be .
shown that these sheiveé_trahsgres§=the various geological
horizen on which they are defeloped and it 1is belleved
that this may be related td definite stages in the
morphologisal evdlution of the Wear Valley.

The most well known bgds.of the Carboniferous Lime-
stone Series in Weardale are those of the Middle
Limestone group which curréaponés.with the Yordale Series.
The top member of this group is the Great Limestone which
is found outcroping in the dale at 2,000 feet in the
Killhope and Burnhope Valleys, at 900 feet in the quarries

above Stenhope and disappears under the river bed at 530 feet
~3
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near Frosterley.

The Middle Limestone group consists of an alternating
sequence of Shales, Sandstones and Limestones; a complete
cycle presenting the following beds im upward succession @
Limeetqne calcereous shale, ferruginous shale, sandy shale
or shaly sandstone, sandstone, ganiéter or under clay and
coal,

The uppermost limestone outcrop in Weardale is the
Fell Top limestone which is found about L4OO feet above the
Great Limestone. Above this, is a massive coarse sandstone,
the grindstone sill, and thia, in turn, is overlain by the
Millstone grit which in Weardale Caps only the uppermost
ridges. On the northern watershed of Weardale two areas of
erosion can be observed (Atkinson 1968). One site is on
the north of Stanhope, where unconsolidated guartz sands appear
to be residual from the underlying local "Millstone Grit".
Also at Killhope Law a heavy soliflucted debris deposit -
beneath blanket peat appears to be derived from the underlying
shales,

2, The Geology of Moor House Area :- (Teesdale)

The Pennines in this region rise to & maximum of 2930 ft¢.
at Cross-Fell, The basement complex of the Northern Pennine
area consists of intensely folded Ordovicien and Silurian
Shales and Sandstones, which had been extensively eroded

before the deposition of younger sediments occurred(%ig. 1.3),
. Lg;:






An outcrop of this basemehﬁ gomplex exists as an inier
below Couldron Snout, Tbelﬁérboniferous succession,
chiefly the Yardale series; consists of Limestone
interspersed with shales and sandstones and an
occasional coal seém, The_limestones increase in
importance southwards towards the West Riding where
they become the dominant féatures of the topography.
Overlying the limestOan are the Millstone Grits,
remnants of wh;éh may be seen fgrming resistant caps
on the divides throughout the Nature Reserve,

The Taesdale inlier is & small inlier of Lower

* Pal@eozolic rocks 1n'Uppér Tessdale, and lies below

-

Cronkley Scar near the Hamlet of Laﬁgdon Beck., Geographically

‘ the indier is on'ihé:westepn margin of an east-facing

monscline called the Burtreeford Bisfurbance. It is
poorly exposed and conslsts of a belt of soft greenish
and light colourgd highly cleaved slates; It was
ﬁiscovered in the latter part of the last Century by
Dakyns, 1877. '

Overlying these Basal strata is the Garboniferous
basement group. Eastwardsbfrom the Pennlﬂe Escarpment
the Basement Group thins t6 only 140 feet, This group
is not well exposed in the.ReBerve but can be seen_at
Falcon Clints and below ‘Cronkly Scar{ Fig. 1.4 A)e The

unconformable junction between the Lower Palaeozoic
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' SkiddaW slatés and the carboniferous basement haé been

seen in excavations below Cronkley Scar near the Pencil
Mill by Gunn and Clougl, (1878) and by Harry,(1950)-
The most important member of the carboniferous
lower limestone group 1s the Melmerly Scar limestone
which 1s the thickest limestone stratum in the local
carboniferous succession and averages about 125 feet in
thickness on the Reserve area, The top of the Melmerly
Scar Limestone and the overlying beds belonging to the
;ower limestone group outcrop in the River Tees at the
foot of Mattergill Sike(Fig_. l.LL_.B.). The Carboniferous
Middle Limestone Group is &xposed in a broad band along
the Pennine Escarpment and also to the east of the
summit ridge where it forms the surfaée outcrop over
most of the area of the.Reaerve(fig. l.u.G). The Middle
Limestone Groﬁp cén be divided into five mein categories:
The first is the Je® Limestone Cyclothem, this is
about 28 feet in thickness on the Reserve and is composed
of dark grey finely fragmetéldd limestone in thick mawy -
bedded posts with shaly partings. The shale and sandstone
succession above the Je¥ Limestone averages about 35 feet
in thickness, |
The Scar Limestone cyclothem is one of the thicker
limestones of the Middle Limestone Group, and is over

37 feet in thickness on the Reserve. It is composed of



light coloured wa¥ey - bedded finely, fragmental
limestone in rather thin beds and a few small dark
ch@rt nodules are present. Above the Scar Limeatohe
the shale and sandstone succession is variable in
thickness, there are only 18 feet of beds in this
pesition on the western escarpment and as much as 4O
feet on the eastern end of the Eneck Ridge. (Johnson
1963) .

- On the Escarpment the Five Yard Limestone is
22 feet in thickness and divided into two bands by a
bed of Calcareous Shale., It is 20.feet thick on Knock
Fell where the calcareous shale bed 1s missing. The
limestone is dark coloured with even bedded shaly
partings and is fossilifergus.

The three yard limestone 1is rarely seen outcropping
on the Reserve, It is about 11 feet in thickness and
compesed of grey compact Crinoidal Limestone in thick
8lightly sawy-bedded bands. A shale succession about
LO feet in thickness 1a developed above the three yard
limestone. The'overlyiﬁg sandstone is above 40 feet in
thickness and formed of well bedded mediup-grained sand.
The Four-Fathom Limestone, about 21 fget in thickness on
the Reserve is composed of medium grey coloured fine
grained limestone in thick beds with consplicuous Wary
bedding. The top of the .Four Fathom Limestone is shaly

18



and then trends upwérds into a fossiliferous calcareous
shale.

The summit of the Pennine Escarpment at Cross Fell
together with the neighbouring peaks of Little Dun Fell,
Great Dun Fell and Knock Fell form an elongated outlier
of the carboniferous upper limestone group. This group
is divided into two parts by Johnson (1963):-

The Great Limestone cyclothem forms the main part.
The name Great Limestone is due to Forster(1809)and was
given to the thick limestone which outerops as a thick
and characteristic bandéthroughout-the Northern Pennines,
The Limestone is similar to those of the Middle Limestone
Group in being blue grey in colour, fine grained and

tending to occur in beds varying from a few inches to a

few feet in thickness(Fig. l.uD)o'The second 1s the Little

Limestone Group which is thin and seldom exposed in the
Cross-Fell outlier. On the Reserve it is best seen in
Croundundle Beck where abme 2 feet of dark brown impure
Crinoidal Limestone outcrop.

B. The Glaciation of Northern England:-

Rocks of éhrboniferous age outcrop over the greater

- part of Northern England, but are extensively concealed

by an irregular cover of glaecial and other superficlal
deposits,
The detailed pattern of ice movement within this

20



AN

area 1is uncertain, althougn the maximum elevation
attained by the lce plateau in the northeast of
England may be estimated by thé evidence of isolated
erratics and signs of glacial erosion at about 2000
feet around the Cheviots ahd the Cross Fell mass.
These highlend masses therefore, divided the ice flow
over the region with the ice coming principally from
the southern uplands and t@é Laké District. Further
contrel of the movement of the main ice sheets was
provided south of Stainmore by the high Pennine mass
of north-west Yorkshire, and by the Cleveland Hills in
the South-east. |

The final controllihg factor was the impact of
the North Sea ice, deflecting all movement along the
Coastal belt in a southerly direction, '

The Chexiots were an important snowfield in the
earlier and later stage.ga#e.rise to local glaciers.
Throughout the main period of glaciation much of
Central Northumberland was 60Vered gsolely by Cheviot
ice., - The Cross-Fell massif was a smsller center of
distribution. It furnished small glaciers in the
Upper Valley of the South Tyné, in Teesdale and in.
Weardale and at least one small corrie giacier on the
west in the High Cup Nick Valley. The glaciation

history of Northern England has been tabulated by , 9i

\
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Table 1,3

(Trotter and Halliﬁgwortnw 1932) as follows:-

WEST

EAST

T Southern Part
of the Irish

Lake District
and the Solway
Firth

Northumberland
and Durham

Yorkshire

Sea Basin
FIFTH
GLACIAIA
EPISODE
FOURTH
GLACIALA
EPISODE
‘ ?Upper
Boulder- -
Clay of
Liverpool
| District °
Middle Sands*
THIRD gnd Gravels
GLACIALL| ?Lower
EPISODE|| Boulder-
Clay of
Liverpool
| district
SECOND
GLACIA
EPISODE
. Represented
FIRST farther south
GLACIA .
EPISODE

Retreat Phenom-
ena: lakes,
channels, sands
and gravels, and
laminated clays

Scottish Read-
vance Boulder

Clay '

Retreat Phenom-
ena: lakes,
channels, sands
and gravels, and
laminated clays,
(=Middle Sands of
Carlisle).

Boulder-clay of
Lake District-
Edenside Maximum
and N. Pennines

Gravels and
laminated clays

Boulder-clay of
"Early Scottish
Glaciation” (in-
cluding Lake
District Ice).

?Weathered Boul-
der clay of Upper
Caldew Valley

Not represen-
ted

>

Retreat Phen-
omena: lakes,
channels, sands
and gravels

Prismatic
Boulder-Clay
Cheviot and
Scottish Ice
with Western
Ice in theé west

Gravels and
laminated clays

Boulder-clay of
Western Ice.

Gravels

Boulder-clay of
Scottish and
Western Ice

Loess

Scandinavian
Clay

Not represen-
Lted

Retreat,
Phenomena:
lakes,
channels,
sands and
gravels

Hessle Clay
and its
inland
equivalents

Gravels etc.

Upper Purple
Clay

Gravels

Lower Purple
Clay

Basement
(Scandinavian)
Clay




I The Glaciation of Weardale:-

The glacial periods have undoubtedly had a
marked influence on the chakacter and deposition of
superficial deposits in Upper Weardale. Dwerryhouse
(1902) believed that the Alston Block, was only thinly
covered with ice, even during the glacial maxima. He
showed from the distribution of erratics in Northern
England, that the great part of the Upland of the Alston
Block including Weardale nourished only local glaciers.

'Raistrick(}931-33)recognised in Weardale that much
weathered drift occurred at greater altitudes than the
boulder clay of the dale floors, He suggestéd that only
the higher summit of the Cross-Fell massif and the hills
of Upper Weardale had remsined exposed during the
maximum gleciation. On the higher hills of Weardale,
stony clays may bé recognised at considerable altitudes,
and some of them may exist below the peat right to the
summits of the moors, Maling% examinations of these
clays in(l955)has shown that they are sandy in texture
and they are therefore coarser and less cohesive than
the sticky boulder clay of the valley floor.

On the Upland of the West Durham platesu and in
Weardale in particular drift exposures do not suggest
the presence of ice 6n more than one occasion during

the Pleistocene, In Weardsle exposures of glacial sands

P
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are not common., A few sand-hills are situated about
one mile north-west of Wolsingham, but apart from these,
there is no superficial sand or gravel which cannot be
related to terrace development during the late or post
glacial period.

2. Ihe Glaciation of Teesdale:-

There were five main ice masgés 1n Northern England
but only one was of importance in Teesdale area. This
was the ice, which originating in the Lake District, was
fdreed up the Vale of Eden by the south-flowing Scottish
ice maés, and being unable to éross Cross Fell, was
turned east across Stainmore and came by that route to the
lower Tees Valley. Blocked by the Cleveland Hills and
the North Sea ice, these streams mainly passed from the
region through the Northallerton Gap to the Vale of York,

In Teesdale itself ice formed on the high divides,
feeding a Teesdale glacier which flowed eastwards joining
with Stainmore ice and was then deflected South by ice from
the Cheviots and from Scandinavia,

During the gladiation, glacial lakes were thought to
bave been impounded in the valley of the Maize Beck and
in the Valléys of the Lune and Balder against walls of
- 1ce - (2. DWerryhouse 1902)

The extensive studies of Trotter (1929) on the

glacliation of Eastern Edenside covered ground at the 24



Western éxtgemity of the Nature Reserve(Fig. 1.5.)
He found evidence of two major glaciations in this
region followed by a less extensive read¥ance periods.

Mach of the drift gfftue Upper Tees and Tyne
Valleys, in particular, occurs in the form of large
mounds elongated in the géneral line of the valley.
Many might be described as drumlin like in form, but
their more gravelly eomposition suggests that they
may be moré cor:ectly reggﬁded as masses of morains.
C. Peat Growth and Erosion:- | _

Peat is partially'decayedfjlant méterial that
has éccumulated oier a éonsiderable period of time.
It forms under co®l and wet elimatié conditions and
the rate and degree of comﬁosition becomes progressively
poorer as conditioﬁs becomé more ﬁaterlogged. (RaWes
1967).
K After the icé df'theclast-gla¢ial peried had
retreated from northern- England the vegetation was
dominated by birch, but 7,000 years ago, Peat formation
startéed and extended ovér 1argé areas eveéntually
submerging them with a blankét of peat, The moat
dominant peat deposits covering the Upland area of the
Reserve are bog peats and.flush peats('Fig. 1.6.).

Bog peats are widespﬁead 1h.th¢ Pennines as a whole
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and can be divided into two topographic types. Those
found in Concave hollows and old lake basins are called
valley-bog deposits, while those which occur on convex
slopes, ridges and flat benches are called blanket

peat deposits.

Flush peats are also dependent on slope and occur
where water from a higher level drains on to the bog
surface and brings with it supply of minerals in solution,
Eposion is primarily a8 natural phenomenon in which water
and wind are the main agents.

In dry weather dusty.peat 1s blown away from the
eroding peat surface and in wet weather drainage streams
carry away ¥ast quantitiés of peat in suspension. An
important factor also causing peat erosion to start is the
collapse of the uhderground drainage channels. The rate
of peat erosion depends mainly oh climate and relative
exposure of the site, v

Both the detailed study catchments were extensively
covered with blanket peat deposits. .

D,  @eneral Climate of Nerthern England :-

Throughout much of Britain there is conflict between
the influence of the climate genefated by the continental
landmass to the east, and that of the warm offshore
currents which give a mild equable climate with heavy

precipitation. The considerable range of altitude and 28
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marked contrasts 1n degree of exposure to the principal
eir streams that affect the climate of Britain are
responsible for considerable differences of the climate
within North England (Smailes, 1960) |

In the case of North-east England, further
considerations, mainly theriﬁfluenee of the North Sea,
and the shelter from the westerly winds which the
Penninea_range provides, must be taken into account as
well as those factors élready mentioned.

The most striking differences are in precipitation.
In the Lake District we find the wettest part in England,
but round Tees mouth aqd in other plaoes on the east
Coast are found some of the lowest rainfall recordings
in Britain, The average annual rainfall in these areas
is 22 to 25 inches at altitude of less than 200 feet.

The rainfall generally increases to more than

50 inches in the bigher parts of the Pennines and Cheviots;

on Mickle Fell 2591 feet, in Lune Forest on the Crest of
the Pennines it even exceeds 70 inches. Rainfalls on an
average of about 170 dayajih the-jear_in the dry areas,
and on about 220 days in the higher hills, but there is
much variation from year to'year both in the annual
rainfall and the number of days on which it falls.
Temperatures in the Coastal belt of the North-East

generally range between-89C and 25°C and inlend between
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-12°C and 30°C (British Association,1949) They
occasionally rise to 35°C and fail below-8°C even
at the Coast, and within the last twenty years
temperatures of less than-18°C have been recorded at
.8everal 1nland places,

The occasional orographic precipitation on an
easterly wind means that extremely heavy snowfalls are
perhaps more liable to occur on the north-eastern
slopes of the Pennines than any where else 1n Britain.
Snow scarcely lies at all on the West Coast, however,
and on the‘Nerthumberland Coast may be expected to
cover the ground only on 7 or 8 days in the year. At
Alston 1,000.feet_above-3ea level the average period
1s about 4O days, (Smailes 1960), and at Nenthead
500 feet higher, it is 55 days. Around the highest
habitations in Upper Teesdale, above 1,800 feet, snow
lies for about 120 days in the year, and Cross Fell
summit is covered with snow on about 120 days in the
year., What is more important is that the highest fells
of the Lake District, Northern Pennines, and the Cheviots
are all liable to be covered by snow in the aggregate for about

four months of the year,

I TIhe Climatological features of Upper Weardale:-

The striking variations in altitude, exposure and
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land configuration lead to a marked climatic contrast
within Upper Weardale. The characteristics of the
climate of the area west of Durham which includes
Weardale are: @ cool summer, a mild autumn, a rather
prolonged winter and a c¢ool cloudy spring. The mean
temperature of July, the warmest month is about

11° - 12° C in the Pennines. (Daysh and Symonds 1953).
January, the coldest month has a mean temperature of
about O - 1° C, The average.annual rainfall varies
from about 30 inches in the West Durham area, and nearly
60 inches over the Pennine summits(Pig, 1.7.), Figures
for precipitation onlthe highe: fells are scanty, due
prinecipally to difficulties of studlies., Nevertheless
the wettness and. humidity of the upland environment is
emphasised, as is the steady diminution in rainf#ll
eastwards,

The effect of altitude on precipitation is twofold
within the Northern Pennines as a whole (Atkinson,1968).
The direct effect is for méan elevation to be lower as
one moves eastwards. The indirect effect is for
exposure to the predominant westerly air streams to be
correspondingly reduced. The net result is to give a

very close correlation between altitude and precipitation

(Fig. 1.8.).Prec1pitation tends to be evenly distributed
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through the year and rain can be expected on more than

17 days in August and more than 14 days in both July

and September(the wérmest and driest months of the yearJ
An appreciable amount oflthe precipitatidn oceurs

as snow, especlally on the higher parts of the dale.

Heavy snow rarely lies for more than two weeks below

800 feet. The area is liable to have severe frosts both

on the hill ridges and the floors of the valleys. In

the Pennines frost is likely to occur in any mohth of

the year, though it is infrequent in July and August.

The severest frosts generally occur in January, February

‘and March,

2, The Climatological féatures of Moor House (Teesdale)

Moor House at 1840 feet is the highest station in

~the Upland of Britain, at which a contlnuous record of

meteorological observations have been kept'over a long
period. |

Mean annual temperature aﬁ the station 1is about 5.1°C
which is some 3,7°C lower than at Penrith some 1330 feet
below in the Vale of Eden., . The mean maximum and mean
minimum temperature fof the year 1967 are.8.0° and 2,2°C
respectively Fig 1.9.) . . |

In Teesdale total precipitation is considerably

lower than on thé extreme:west of the Pennines, because of
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GRAPHS SHOWING TEMPERATURE AND RAINFALL CHARACTERISTICS OF

MOOR HOUSE 1967
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the rain shadow effect, and it decreases significantly
eastwards(F‘ig. 1.1,0) as the lend decreases 1in altitude.
The area recieves about 74 inéhes of rainfall annually.
(Figure l.gbshows that the highest amount of rainfall
occurs in February and October and the lowest in June
(Data for 1967) A distribution of the number of the
rain days is also included in the same figure.

'At Moor House, snow has been recorded in all months
except June, Juiy, August and September(Fig. l.ll)buttke
nqmber of days with snow lyihg is highest in December,
January, February and March.

Frost increases rapidiy in frequency inland and
katabatic flow makes valley bottoms colder than the
s8lopes at night though warmer during the day. The
histogram 1n(Fig. l.li’shows that in November, December
and January ground frest is more frequent, but in August
it is rare., The same figure also shows that the months
having a highest totals of sunny hours are June, July

and August respedtively.
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Chapter Two

History of Previous Research'in Britain, North America

and West@rn;Eurege

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 thé
exogenous forces, and to a.certain extent théir intensity,
while geology determines the power of the resistance of
the land surface to such exogenous foreces, -

Within the humid temperate region the erosive work
by running water 1s more important than that by other
- agencles, This mede of erésion may be briefly described
in the following manner. The streams erode their bed and
banks and remove the material eroded or supplied. By
these processes the stream beds are lowered and form the
lowést points within a catchment. Only a very sﬁall
percent of this_total area, however, consists of river
bed. The areas between tpe different branches of a
river are unaffected by river erosion and at such points
there prevails instead interfluvial degradation by
rainwash or sheet flood ergsiqn, creep and aolution;

The ability of flowing water to carve a channél,_

‘transport debris and thus ultimately to degrade the 39



landscape, depends baaically-on the gra¥itational
impelling force, and the resistances offered to it.
The effects of lithology and topography on the
ability of flowing water to carve and transport are
exerted principally through thelr relation to the
resisting forces., For these feasons a8 knowledge of
some of these hydraulic}reiations is becoming
increasingly important to the investigat®®as of
landscape evolution,

The fundamental aspeét;of river mechanics is
the 1nterrelatienships between the flow of water, the
movement of sediment and.the-hbbile boundaries., These
relationships are compléxliﬁ detaii and the mechanical
principles governing their bebhaviour are not yet fully
explained.

Sediment movement in rivers is of extreme practical
importance. For example, when soil 1is eroded, land
values are reduced and there 1s an increase in the
amount of sediment transpofted and deposited by streams,
High concentrations of suspended sediment interfere with
the use of stream'ﬁhter:ﬁgqindustrial and domestic 32323“
Excessive concentration also harms fish and wildlife.
Stream sediment is deposité& in reservoirsiand reduces

their capacities, Irfigation canals, and navigable
S 44



streams are often adversely affected by sediment
deposition, _

Because of the obvious economic interest in rivers,
records of flow and sediment movement are far more
extensive than they are for mest other processes of
interest to the geomorphologist.

Although in North America records are rarély longer
than fifty years, and areal coverage is by no means
complete, river discharge 1s relatively well documented
in some areas. Because many research problems in river
morphology require such measurement data,lit is well to
point out that there are available thousands of direct
observations of velocity, width, depth and discharge
at a varlety of river stations., For example there are
more than 7,300 gauging statiens in the Unitkd States
(Leop8ld, et al, 1964) snd a total of 365 gauging
stations in Britain, Wales and Scotland. (Fig. 2.1).
(Water Yearbook 1963£1964). There are, however,
relatively few in the under developed areas of the World.

It should be noted, however, that other parameters
needed for geomorphologifal studies are in short supply.
This applies particularly to measurements of water
surface slope and the size and character of material

comprising river béd load and banks, and other physiographic
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features,
I, Previous research in British Upland Catchments :-

Recently a number of British Catchments have been
sites of various aspects of scientific research, such
as studles of geology, climstology, hydrology and
glaciatioh. Unfortunately, the study of sediment
movement in many of these cases has been to a great
extent neglected.

In spite of the relative paucity of information
concerning sediment movement in Britain, a comprehensive
study was made by Young,(1957)1n the catchment area of
River Strines Sike in Yorkahire(?ig. 2.2.). This catchment
lies in the alternating shales and sandstones of the
Millstone Grit serfes which have a south-easterly dip.
The area is covered partly by moorland, and partly by
mixed deciduous and coniferous plantations. The total
catchment area of the river and its tributary branches
covers 80 million square feet. The average annual rain-
fall of the ecatchment is about 42 inches. The valleys
are directly related to the present streams and have
slopes of over 20°. Much of thé stream bed consists of
bare rock, suggesting that bed material 1s largely
supplied to the stream from the valley sides and by
erosion of its banks,

The river has a very large delta at its mouth, and
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the total volume of sediment which has been deposited

in this delta was estimated as 2,5 million cubic feet.

After considering the rate of erosion and sediment

movement 1t was estimatedlfhat three million cubie

feet of material had been eroded from the catchment

to form this delta,

A study of four small catchments in Upper Tees

drainage basin, varying from 10 to 20 acres in size

and covered by thick blanket peat, has been made by

Conway and Miller,(1962)c These catchments range in

altitude from 1700 feet to 2000 feet(Fig. 2.3.). The

description and details of these catchments have been

tabulated beiow :

Table 2,1

Catchment Situation

and
Welr
N Burnt
Hill
S Syke
Hill
L Long
Hill

@Grida Ref.
100 Kg.

square
NY

752.332

7724333

772,317

773.327

Area Date

in records

acres began

11.9 1954
9.4 1957
21.8 1957
13.5 1954

Nature of
surface, etc.

Severely burnt :
drained partly b
erosion channels
partly by moor
gripping

Drained by moor

gripping, surfac
heathery but wit
fairly abundant

sphagnum,

Surface heathery
but with fairly
abundant sphagnu
Burnt over in
April 1958
Surface heathery

but with abundant sphagnum






In this region a large acreage of the hill land is
covered by blanket peat. At the highest altitudes, the
peat is up to 14 feet 1n.thickness where it is still
intact, but much of it is héa?ily eroded. During dry
Summers, the peat surfacesfexpoaed in the erosion channels
appear dusty'and loose, ané tﬁere may be little or no
flow of water in the chanﬁels. Erosion in this region has
been severe, pnd has leﬂf a.tyﬁe of land surface whose
productivity or usefulness must be negligble from any |
point of viéw. This form of dereliction is even more
severe and very widespread in the Southern Pennines. It
1§ aiso common in Weardale_iﬁ the area of the other
experimental catchmeﬂt.

Although.the Noor House Reserve area is great, the
 cho1ce of catchﬁents for hydrological observations is
restricted by the need to have a reasonably uniform type
of ground cover 1if one is Seekiné_to correlate run-off
behaviour with ground cover. Mdst.of the drainage
chafinels in the area run far back into large erosion
complexes. There are few small catchments not seriously1
affected by erosion, and méstlof those that can be found
are not defined by clearly mafked watersheds.

Estimations of sedimegt movement have been madeiforJ

these catchments and are as follows. The amount of silt
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deposited in the N catchment stilling pool was estimated
at about 400 cubic feet.in.four years, Af G catehmenf
nothing was taken out of the stilling pool while S
catchment was 1ntermediate:1n thls respect witﬂ about

80 cubic feet of so0lid material being removed from it.
This material accumulated-during one year, The amount

in L catchment was quite small.
Some

Ihe history ofprevious research in North America and
Western Burope:-

The laws governing sediment transportation in
rivers are receiving more and more attention from
hydraulic labofatories and hydraulic engineers, as a
knowledge of them 1s fundamental to both river models
and river cénstructibﬂ'Work. 'Thesé require two distinct
applications of the same principles. In river-models a
sediment must be used which will respond to the flew in
such manner that geometrical similarity is maintained,
whereas in river work the cross-sections must be -designed
to sult 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. If nas_now become evident fhat a

knowledge of the prinéiples of sediment transportation




is necessary as observations of natural channels as
well as theoretical considerations have failed to
yield dependable cohclusions, '

The only way out 1s to take the problem into the
laboratory and there to disect 1t under controlled
conditions, Gilbert(l91h) realized this many years aéo,
but in spite of a valiant effort the results of his
work do not give more than a géneral conception of
sediment laws, In his experiments the water-discharge
and the rate of-sand feed were kept constant until a
state of equilibrium of the slope was reached. Then
the bed alope; depth and sand discharge were measured.
In most cases the sﬁrface slope was not recorded and
the duration of the sand measurement was very short-
frequently less'than five minutea. This method allowed
considerable error end it is not sufprising tha£ his
experiments were inconclusive, Other experiments in
Europe took up-tbe work, but they have, for the most
part, worked with sands and gravels of uniform size.

As such only rarely occur ;n nature, this work 1s.not
immediately applicable, as‘it has been &emonstrated

that a mixture will behave quite differently from a sand
of uniform grain size even though the mean grain size
are the same, From the tﬁeorétical ﬁoint of view the

assessment of streams transportation power ané competency
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was dealt with for a long_time. TwenhOfel,(1932)

said that "The material transportéd and deposited

range through wide diﬁensions, with every possible

transition from the minimup to the maximum.

demands that thelr classifgcatiop and the terms which

express dimensions of particles should be en a

Precision

mathematical basis," Several classifications have been

proposed, but that of WentWorth 1922 given be1ow, appears

to be the most satisfadtory one,

Iype of Sediment

Boulder

Cobble

Pebble

Granule

Very Coarse Sandgrain
Coarse Sand grain

' Medium sand grain

" Fine sand grain

Very finé sand grain

Silt particle

Clay particle

Tablg 2,2

Mambi;

256 or above

64 - 256
L - 64
2 -4
1 -2

p TP
]
ok ot nR

-1
256 16

smaller than

Hl

Quirke,(19h5)mentiqned.that "A stream or current

transporting sedimentary'materialé has, for a given

condition, a certain capaclity, a definite load,  and a

1
256



maximum size of debris™. The capacity 1s represented
by the maximum quantity of debris that can be transported
under the given conditions. The load is the sctual
qpantitj of debris that is being carried. :The load may
equal the capacity but usﬁally is smaller, The
maximum size of the debris is a reflection of the
velocity or transporting power of the current. .The
maximum size may be less than the currént could carry, under
given conditions, because larger particles may not be
available, If, however, the largest particle is the
maximum size the current can transport under the given
conditions, 1t is then a measure‘of'the competency of the
current.,

Blackwell's experiments 1n(1857)sbowed a veloclity of
2,25 to 2,50 feet per second to be competent for the
movement by traction of pebble having a diameter of 12,56 mm.
Also in this respect Thiel,(1932)in his study of a small
stream connecting two lakes in Minnesota discovered that
the gpproximate current velocities necessary té move deﬁris
of different sizes as shown below in %Table : 2,3.
No single procedure, whether theoretical or empirical, has
been universally accepted as completely adequate for the
determination of bed load discharge over the wide range of

sediment and hydraulic conditions in nature,
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Table 2,3

Deseription MZ;zgg:am. Degﬁf in Ve::gftx
Coarse Sand o 1.7 0.006 0.34
Fine Gravel . 3.2 0, 026 0.46
Rounded pebbles size of peas shallow 0.61
Fine gravel _ 4.9 0.033 0.65
Fine gravel : . 7.0 0. 066 0, 86
.Gravel - ~ 27.0 shallow 0.97
Gravel 54,0 w 1.62
Boulders | 171.0 " 2,27
Boulders . 323,0 " 3.25
Boulders ‘ 409,0 " 4.87
Boulders 700 - 800 " 11,68

In spite of the difficulty of measuring beﬁ load in
rivers many attempts have been méde 1h North America and
some of th& European Countries to solve the problem in
the laboratories and also in the field,

Generally speaking, two approaches were used in the
field to determine the bedload discharge.

1. The trapping of bedload which passés a certain point
during a given period of time, _
2, The forcing of all of the bedload into suspension by

increased turbulence so that it could be measured with the
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i1

~ usual sampling devices (Lelia#sky 1966). As a rule

the first method is simpler more efficient and feasible
in the field. - _

Recently the radioactive tracer technique was
selected by Sayre and Hubbell,(1965)as the most
suitable methed for studying the transpert and
dispersion of sediment particles along the North Loup
R:I.ver(Nebraska U. S.A) because, with sultable 1nstrumentation,
the distribution of the particles at any time could be
measured in place. °

A site near Purdum in Blaine Cdunty was selected
because 1t was particularly suitablé for the experiment
from both a hydraulic and radiologiéal-health standpoint.“
Specifically the river maintained a.relatively constant #
water discharée for weeks and the bed form was normally
one of large dunes with the bed materlial being sand with
a medium diameter of about 0.29 mm. The test reach was fairly =
stralght and had stable banks, while the channel was narrow
and the depth small.

The post-experimental analysis showed that if the
number of particles that were actually used 1n:the
experiment were uniformly distributed throughout the test
reach to a depth of 1.5 feet, the particle population

density would be 1.98 particles per cubic inch., To insure
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that the tracer particles would not be in suspension
for any significant part of time but that the most
dominant particle size Wpuid be represented, a narrow
particle size range_slightly éoafser than the dominant
size range of the_bed material'wﬁs aelected(fig. 2.h31
The figure shows the size distribution of the mesasured
bed material, -

The mediah'size of the tracer particles is 0,305 mm.
and the assumption that the tracer particles were
spherical and had a specifiﬁ gravity of 2,65 were used
" to calculate the weight of the required number of
tracer particles. The results of this study are
summarized in Table 2.4.

This study concluded that when the streambed was
. composed of dunes and contaminated bed material particles
were transported by the floﬁ, the vertical distribution
of contaminated particlés in the qtréambed varied
considerably from place to place and followed no regular
discernible pattern. The disdhafge of the bed materiail
that is simulated by tracér:particles can be computed
by a &ontinuity-type equation, which states that the
discharge 1s proportienal-to the broduct'of the cross-
sectional area of the bed through which the particles

move and the mean veloclity of the particles. The cross-
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sect16n31 area cén be determined either from longtitudinal
profiles of the bed surface, the area under the
concentration - distribution curve, or core-sampling
measurements, which define the depth of penetration of

the trgcer particles.

Progress has also been made in describing river bed
characteristics at a given stream section, Recent
observations of channel scour and fill over relatively
long reaches of three streams in the Western Unitkd
States has been achieved by Emmett and Leopold(1965) -

The Arroyo de los FriJoles is a sandy ephemeral
channel located about 4 miles north-west of Santa Fe
New Mexico. Normally, flows are the result of runoff
from loecal fhunderstorms during summer months. Peak flow
occurs ;ithin several minutes after the initial flood
wave, Throughout the study'reach, the channel increases
in size from a ¥ill near the watershed divide to a width
of about 100 feet downstream, The bed is composed of
.medium sand and a moderate amount of gravel, The medium
sand grain diameter is about 0,5 mm,

Determination of the amount of scour and fill using
the chain method is a simple procedure. The chains are
buried vertically in the stream bed with the top link at,
or slightly above the bed surface. After a flood, the

. s
elevation of the stream bed was resurveyed and the bed



‘s : o
was dug until the chain is exposed. - If scour has

occeurred, a part 6f the chain will be lying horizontally.
The difference between the previous streambed elevation

and the elevation of the horizontal chain is the depth

of scour. The difference between the existing bed
elevation and the borizontéi_chain is the depth of fill.

If no scour has occurred, thé depth of fill is the

increase in bed elevation,

By (1959) the majority of the chains had been installed
a long the Arroyo. Scour and fill data for a sample flow,
for the year(1962)and for the period(1958-62)are shown on
(Fig. 2.5.S}For each flow on}this figure, the lower dashed
line represents the depth of scour and is plotted against
distance along the'channel. The upper dashed line represents
the depth of fill. The heavy 'solid line represents the net
change in bed elevation after scour and fill, the upper part
of the figure shows the dralnage area studlied and the
general location of the chains by chain number, The
findings of this experiment are summarized on (Fig. 2.6,
deépite considerable scatter among the data, the mean scour
depth appears to be proportional fo the sqguare root of
discherge per unit width of the channel.
The Rio Grande del Ranchos is & small perennial stream

on the west slopes of the Sangre de Cristo Range, about .

7 miles south of Taos, New Mexico. ‘Peak discharges occur
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in the spring and are normally produced by snowmelt.,

The study reach consisted of a straight reach of 250 feet.
The streambed was predominantly gravel and quite uniform
in slze, median ﬁarticle size ranged from 21 to 33 m.m,
High flow discharge was 130 C.F.S. and low flow discharge
was 25 C.F.8, The data cohsisted of 32 cross sections
surveyed during spring high flow and again at low flow

in the succeeding summer.

The Papo Agle River is a larger perennial stream in
Western Wyoming. The studj reach is located one mile
northeast of Hudson, 1t consists of a curved reach of
2,000 feet, followed by a stréight'reach 2,100 feet,

The Peak flow was assoclated with spring snowmelt. The
stream bed was gravel ranging in slze from fine gravel

to large cobbles. The data for the two streams represent
high'stagh measurements obtained during peak flow and
low flow,

Profiles of the streambed and water surfaces were
plotted against distancé along the channel on(Fig. 2.7)
and(Fig. 2.8.). Below these profiles is a plot of the
net changes 1B cross sectional areas of the bed and,
séparately, the cross-sectional areas of flow, Values
are considered scour if the bed elevations at high flow.

are lower than those at low flow., - Thus, a negative area









within this curve represénts the total volume of _
material per foot of length scoured from the streambed,
Positige area represents the total volume of material
brought in from upstream and temporarily deposited a8 & .
fi11.

In(1932)a comprehenéive survey of the sediment in
the Mississippi River Channel, by the U,S5. Waterways |
Experiment Station, furnisned sufficient data to prove
that there is a progressive downstream decrease in the
size of the detritus composing the bed., Over 600 samples
were taken from the channel bed at fairly uniform
distances apart between Cairo and the Gulf of Mexico.

To relate the grain diameter of a sample to the local
currents that transported it, a cholce must be made
between the average diameter, the median diameter, and
the maximum diasmeter. If the sample is well sorted the
choice is usually not difficu;t. This is illustrated in
¥able 2.5 by a sample from the bed of the river on the
Head of Racetrack Tow: Head, 606 miles below Cairo. The
sample was coarse sand containing seme gravel. The
average grain diametef is 0.94 mm, the median.is 0.54 mm,
and 2 percenf of the sample 1is coarser than about 8 mm,
For some 500 miles downriver from Cairo abundant gravel

indicated that velocities greater than 2 miles per hour

<hH
1=




Table 2,5.

MM, Opening Percent on Curmlative Percent threﬁgh
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. 42 0.1 | £ 99.7
0.30 2.2 97.5
0.21 68.9 28.6
0.10 28.4 - 0.2
0.07 0.1 % | 0.1

(Sample 606 miles downriver from Cairo)

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

Another investigation of fluvial sediment of the
Mississippl River at St. Louis, Missouri, was.begun by
Jordan in 1948. The flow of the Mississippil Rivér.at
St. Douis is a composite of the flows from many tributaries
in a drainage area of about 701,000 square miles. An
average of about 45% of the flow at St. Louis is 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 tr .-

Medium gravel 10,0 2.0 6.0 2,0 tr --
Fine gravel 11.0 3.0 2,0 1.0 tr --
Coarse sand 30,0 22,0 9.0 8.0 1.0 --
Medium sand 32,0 50,0 46,0 44,0 26,0 9,0
Fine sand 8.0 18,0 26,0 40,0 68,0 65,0
Very fine sand tr 1.0 2,0 1.0 2,0 4.0
S11t ‘ tr  tr 2,0 1,0- 2,0 10,0
Clay tr tr 1.0 tr 1.0 10,0

(Mississippl River Sediments = 100 to 1000 miles below Cairo)

Missouri Ri#er, which 1s confluent with_the Mississippl
River about 15 miles upstream.from St. Louis.

The sediment was samplgd‘gnd streamflow was measured
at the MacArthur Bridge, 178.9 miles upstfeam from the _
mouth of the Ohio River and_l.l miles downstream from the
water-stage recorder,

Samples of bed material were.obtaingd with a U.S.

BM - 48 ssmpler from May 1951 to 1958 and with a U.S.
BM, - 54 sampler from April 1958 to July 1959. Both
samplers obtalin material from the upper 1 to 1.5 1inches
of the bed.

Because of improved design, the B.M, 54 sampler was
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less likely than the BM - 48 to permif fine material
to be washed out as the sample was faken and raised
to the bridge. The sieve method was used taianalyse
all bed material, samples wére analysed individually,
and the results were averagéd'to'give'the particle
size distribution for the entire cross-section.

The size distribution of bed material was highly
variable with location’ in the cross-séection and was
highly variable with time also. The data for four
sampling points are shoim for 1955-59 in(F1g. 2.9)to
indicate the probable reliability of the(1951-55)data.
A general relation between median diameter and discharge
was suggested by the fact that the discharge was higher
1n(1951-52)than 1n(1953—5§)and was intermediate in
(1957-59). | ) |

A test was made to detérm;ne whether or not the
particle slze was relatgd to_tﬁé discharge for short
periods. Average medianidiamgters were plotted against
mean discharge for one day fo_2 years perioq, and one
year was the shortest period for which a good relat@op
was found. The relation'fer fwo,years was slightly
better than the felation for one year as shown 1n(F1g. 2.10),
It was found also that the mean bed& elevation was not
significantly related to:the instantaneous discharge

mean velocity, shear velecity, mean deptp nor suspended
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sand concentration. The bed elevation and the median
diameter Qf the bed material were fairly closely
related, this was indicated clearly in(Fig. 2.11). The
relation shows that the particle size was partly
dependent on the depth of seour or that the depth of
scour and the particle size are mutually dependent on
the same causes. _ |

The R16 Grande in New Mexico has been'the site of
several 1nvest1gatioﬁs in sedimeﬁt transport. The
observed and computed sediment concentratio?s and size
distributions of bed material were measured by, Nordin
and Beverage(1965)at six sediment stations in down stream
order i~
1, BRio Grande at Oto¥i Bridge, near San Ildefonso
"2, Rio Grande at Cgcﬁiti

3. Rio Grande at San Felipe

| 4., Rio Grande near Bernalillo
5. Rio Grande at Alluguerque.
6. Rio Grande near Belen

From Oto#i Bridge to Cochiti the river is composed
of coarse gravel, cobble, and boutders and appear to be
fairly stable and permanent features of the channel,
Between Cochiti and San Felipe, the channel is braided

and composed of coarse gravél'and cobbles. At San Felipe,

70






the channel is confined by a volcanic talus on the
right bank and stable clay banks on the left, the
maximum width at the measu;iﬁg séction was about
210 feet. The Bernalillo éﬁation has a confined
measuring seétion, and for all discharges more than
about 2000 C.F.S, the flow width Wwas appi-oximately
constant at 270 feet. '

During high flows, the discharge measurements and
samples'were taken from highway bridges for the river |
’ a;:A%buquerque and near Belen., '

The characteristics of bed material in the river
change systematically withidistance dOwhétream from Otowi.,
This systematic variatiop is indicated by the average
size distribution curves piotted in(fig. 2,12). For most
sand bed channels, the éharacteristics of the bed materisal
change slightly with disénarge or with time, and the
bed material characteristics to be used in transport
parameters may often be exp}essed in terms of the median
diameter or of some representative grain size, The
changes with time of the transport rates must be directly
related to the systematic qhanges with time of the
characteristics of the_bedlﬁaterial this was clearly
shown in(Fig. 2.13)in the Rio Grande at Oto¥i Bridge.

This study concluded that the b8d material discharge,
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computed by the modified Einstein method(1942) was
related to simple hydraulic variables for observations
at six sediment stations through a 110 mile reach of
the Rio Grande in New Mexico, ?ransport relations vary
in downstream direction, or with decreasing pafticle

size, and fall into two distinct groups, one group

- representing the confined sections and the other

representing sections without lateral restrictions. At
low flows, greater sediment loads are carried at a wide
sections. This difference feflects the tendency for
the wide sections to aggrade and channellized at low

flows.

Sediment Studies in the Western Europe Countries:- :
: hWas
Most of the work done in France and Germany haxe -
been devoted to 3p§c1f1é,purposes. For example, in -

: t \\Q-s- .
France the work he¥e been of a practical nature,
-~

particularly that concerned with the improvement of

névigable streams,
The German experiments were, and still are,

addressed to the broader subject of river engineering '

"and include within their scope the scientific study of

river shape and channel morphology.
For instance Suchier experiments(1883)in the Rhine

River at Brisbach which showed the competency of the



river to move a certaln size at a certalin velocity

as follow:-

A,

1.

2.

3

k.

5.

3.
L.
5
C.

1,
2.

3.

L.,

Stream bed covered by fine sediment M,

Under action of current alone, no
movement found with bottom velocity at

After being stirred up, the movement of
the sediment began for fragments of the
size of bean, when bottom velocity reached

Fra%ments of the size of hazelnuts, when
bottom velocity reacbed

Fragments of the size of walnuts, when
bottom velocity reached

Pragments of the size of pigeon egg, when
bottom velocity reached

River bottom free from sediment M,

The smallest particles are moved when the
current velocity reaches at the bottom

Pebbles of pea and hazelnut size move freely
with velocity of

With noticeable noise at

Pebbles of walnut size are moved without
stirring, and such of 250 grams welight after
stirring up, with current at

Pebbles of 1,000 grams weight rolled at

General movements of Pebbles:-

Upto the size of pigeons eggs'at

Upto the size of héns eggs at (including
such of 1500 grams)

Pebbles of less than 2500 grams weight are
moved at

All pebbles moved at

Per Sec.
0,694
0.897
0.923
1,062
1,123

Per,Sec,

1,180

1.247
1.300

1.476
1.589

1,800

1.717
1,800

2.063
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Also- the following'table 2.7 shows that a much
greater velocity 1s réquired to start motion than to

continue it after once started:-

Table 2,7 -
Velocity required to Velocity required
Size.of Pebbles move after stirring to start motion
up. '
M, Per.Sec. M, Per.Sec.
Hazelnut size ' 0,923 | 1.35
Walnut size 1. 062 1.39

Pigeon egg size ©o1.123 - 1.45

The following study was carried out by'Hjulstram(1935\ to
give a determination of the degradation of the Fyris river
basin in central Sweden.

The methods which he used implied a calculation of
tpe matter carried by a stream_through a selected pr