~ Sediment storage, béd.fabﬁc and partlclesfeatures
of two mountain streams at Plynlimon (mid-Wales)
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Abstract

i

i

The report presents the results of a smdy into the effect of sedlment storage.,
-bed fabric and particle characteristics on bedload transport rate and its short
term variations, in two mountain streams. Grain size distribution and particle
shape distribution curves are similar for both streams.. Variations in bedload yicld
seem o depend largely on ditferenm in channel sedimernt: storage and releass,
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This paper is thc first outcome of a two months research visit made by the.
author to ihe Plynlimon catchments monitored by the Institute of Hydrology. The
visit was financially supported by the British Counci! and by the University of
Florence. All the facilities used were provided by the Institute of Hydrology.
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Due to the scarcity of avaﬂable time, the authors attention was concemed with

two small mountain streams representstive of different physlographic and
veostation conditions. The chosen streams belong to the - upstream catchments of
“the Wye and Severn rivers respectively where the Institute of Hydrology has
undertakcn Iong-term studies of basin hydrology and sediment yleld -

The report is concerned with the bedforms and sédiment characteristics of such' e
streams and their relatlons with sedlment transport and its varianons.

The author would .like to thank all the staff at Plynlimon ‘dnd. particularly
Mr John Sinart. ‘The author is grateful to the Director of the Institute . of

Hydrology, DrJames § G McCulloch, for permission. to make the visit.
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" shortferm variations. .« . o o NE T

_'l‘he catchment of the Cytf has an area of 3.776 sq km (Fig. la) and 1t is”hrather .-
029.> The ma:nmum e!evanon is - 698 the - lower 355 31 a.sl The dramage
SBkmkmE e
. The Tanllwyth (Frg lb) has mstead azsmaller basm ofoonly 0931 sq-km. but it

~“circularity ratio“Gf - 035" *Its' maximum elevation 'is’ $549'm asl, ‘and. the” lower 350
m a.sl whereas the drarnage densrty rs 67 krn/km2 | S

- well the. requirementst of such research.as their physiography has been studied:in: " =

“The general physiography of “the Plynlimon catchments ‘has been descnbed by
Newson (1976); - only a: brfer‘ outline of the mam features ofJ the srudied streams
1s reported here SRR _ ’. o _‘ o

The Oyft' and the Tanllwyth are two small mountam streams whrch belong to the
o Wye and Severn headwaters respectively o

1. Introduction

The rate of bedload transport of alluvial channels depends on many factorsf most
of whreh are not very well known and drfﬁcult to muasure in the ﬁeld

A Jot of laboratory flume experiments have been carrred out in order to
investigate the - relations among the parameters involved in bedload transport
processes and many equations have been :proposed to predict -the quantity of bed
material moved during a flood. The suggested hydraulic formulae can be rarely. -
~verified in the -field because of the difficulty of measuring bedload transport of . =
" natural streams.  Unfortunately, ‘the,_application of such’ equations ‘to' rivers, where
reliable ~data on sediment transport  are available, show "that the theoretical
approach to sediment transport is often unsuccessful. In general, factors such as
- the sediment’ storage or .the bed "fabric are  not. considered in:the hydraulic
formulae, but they can probably account for the large” and commonly. unpredrcted
"variations of bedload transport rate which are typrcal of coarse-grained muuntam L

The aim of the present study was to stress the effect if any, of sediment R,

storage, bed fabric and particle eharaetenstrcs on bedload transport rate” and itsj'
The Afon Cyff (Wye basin) and the Nant Tanllwyrh (Severn":‘ basr‘n) match very
detajl ~ (Newson,  1976; Newson and Harrisan, 1978) “and~ many hvdrological
paramete.shave  been ‘monitored “for “a long time by the " Institute “of Hydrology""‘j“.‘
Both streams are equipped with a bed “trap- by ‘which’ integrated measurements of

* bedload yield- are- poss.b!e by ﬂood or during different stages of a single ﬂood |
(Newson. 1980) '

2 Physnography and general settmg
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derwrtv, Sasured on a 110 000 topograplue map (excludmg artrﬁc:al drams). 1s

shape, is similar to that of . the  Cyff with- an elongatron ratio- of  0.34. and . a

kit




Fig.1(a) the Afon Off
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dtfferent and - it probably mekes - the most important distinction between ‘them
“The’ Cyff has “an ~almost natural vegetation ' cover : consisting -mainly -of ‘natural- of’

comfexous afforeststron.
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*Both - catchments - are - mostly “covered - by peaty soils but - their - vegetation - is- quite*

~partly“reseeded  grasstand - whilst - the “Tanliwyth - is - characterized - by arnficial }

to t‘re data reported by Newson~{1976)" for - the- period 19681974 the- o ., -
e gROMAL ratnt'all ‘ranges -from...18889..to. 25012 mm_ with a, yearly mean of 2232 mq-‘,n
- and the tota! “number “of rain: *days (02 mm and over) ranges from. 210 to 2570 TV

A

Fig.1(0) the Nant Tanltwyth,
* Ky
2.1 Channel reaches classrﬁtntion
. Both. the Cyff and the Tan!lwyth arecsteep mountam streams wrth the channcls'
characterized by the occurrence of wide becrock outcrops. Both channels. consist G
of bedrock-hned reaches separatmg sedrment-lmed reaches of vanable lcngth -
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The outcroppmg of bedrock ‘causes . a deﬁ_rdte increase in local gradient ‘and 2~
tumbling flow is.common bedrock reaches even’ at low discharges. Consequently.,
 sedimentation of large particles does not occur in such reaches which are more -
!lkely to supply coarse. bed matenal by bedrock fracture dunng hrgh ﬂoods. L

In sediment-lmed reaches the flow_is" gcnerally subcritrcal at low dischargc. but

* cdn ‘become “supercritical® (Froudc number > 1) during a-flood. ~The bed “of such
4 reach commonly consists ‘entirely” of coarse poorly-sorted 'material *ranging " in- size
_ from large bouiuers (Up to 500 mm in mean diameter) to fine grains,.
For practxcal purposes smce the study was mostly on he sed ent,
-¢lassification’and - mapping - of - the-differerit - types* of ~reaches--was~made. -1t~
_hased solely on' the field survey of the two main streams:whereas their tributaries
"were not (coisidered. .. The classification. adopted. is ‘a_ little different  from
suggested‘a s Newson and Harrison (1978) for the sarne streams. o
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STUDIED REACH NUMBER

TINY CHANNEL REACHES

BEDROCK REACHES '
SEDIMENT REACHES
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Onlythreemaintypesofreachwererecognmd theyare
Bedrock reaches. Thestream bedconsists entirely of bedrock outcrops.

‘Ihe;stream bed consrsts entirely of boulders and
pebbles and it is several times wider than the
1 - largest particle.

‘. Tiny reaches. The stream bed consists entirely of sediment but
L _ its width is of the same order of magnitude as
N themeandiameterofﬂaelargeetpamdes.
f Each reach was considered for mapping only if its length was larger than thd
/ width of the: stream bed at that partieular site. Too short reaches were included

; m the longer ones.

Sediment reaches,

o '\ "From this classrﬁcdtion elght and seven sediment reaches result respectrvely for
/S the, (M’f and the Tanllwyth (Hg. 2) Thcse 15 reaehes were then taken as study
,« e _reaches . | S

r’ ) ‘. . . . i

2.2 Channel morphology

: = o straight mountain stream, The channel path is common, straight and only a few
bends occur. They are generally due to local effects such as those induced by

the’ oblique strike of the bedrock bedding. by the occurrence of ‘a large collapsed

. across .the. channel. In the ttudled reaehes, none . of the bends seem to be due
_to_the interaction between the sediment and the flow. °

Both streams have a small. alluvlal plaln in their very downstream reaches.  More
e T commonly the . channels are entily. eroded into the bedrock and the banks
Ui L eonsist of colluvial deposits In the higher reaches the banks may be cut into
glactal tills (Newson. 1978).

For the sun‘eyed sediment reaches the followrng mtc morphologres were recogruzed

erfles ffi‘hey occur as 2 local increase of the stream bed gradient and
L SN ':.";'have rapld shallow:“flow:" with:. ‘ay steep -water surface. “In- the
“studied " streams riffles are, not necessarily composed of the coafser

“sediment and 'they 'are ‘more common and well developed on

rlfﬂc and pool, sequences. were observed; riffles are spaced about

' r pure!y alluvlal cliannels.

... kentle surface slope.. 'Iherr bed is in general composed of finer
o magerial.,.. In, lhe studred ‘reaches . pools . with .a_coarse . lag . were .
‘;"_‘also observed. o

bank dc\uanng thc ﬂow towards the opposite bank or by a tree_ trunk fallen

channel“wldths“‘wlﬂch is""less** than " that “which" s generally

' Pools” are deeper . than riﬂles and’ watér’ ﬂows ‘more” siowly vnth a"

1

of.'th'e: Oyff and the Tanltwyth is consistent with that of a ‘lk |

i

o
o

" :-,,longer reathes ‘where. bedroclt control is scarce.  Only very few N

U !’ -
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0 staircase like appearance (Whittaker and Davies, 1982); water -
. - flows over groups of boulders arranged in a straight or curved
=~/f/-:,l ~line across the channel and plunges into the downstream pool
7 which may be relatively deep and dissipate the flow energy. The

e bbb i, B

Table 1 shows the frequency of the different site. morphology surveyed for the

for each reach (see Appendix A for details) are reported o R
Y . Tanllwyll
| Sttes IR YR l '|-' o,

Stepped pools ' Stepped pools are a typrcal features of steep 'mountain streams
with very coarse bed material. They are characterized - by a

~steps are generally made of the largest particles available - from
' the bed. Their size may be of the same order as the.channel -
width and during low flow they can locally overhang the water.
The step spacing/channel width ratio ranges from 05 to 1.0. The
value of 1 is.considered here as an. upper limit over which the
site is classified as a pool. . In the studied reaches, stepped pools

- consisting of up to ten eonsecutive step-pool systems were .

observed, _ . ‘

They are rather uncommon on the Cyff and the Tanllwyth and
represent the only ‘bar type observed. Any ‘accumulation of
sediment whose width was at least of the same order as the"
width of the channel was identified as a lateral bar. . : Less
“laterally - extensive - deposits - ‘were - considered as' - parts of “the '
" stream bed emerging at low flow. 1n the studied streams the
lateral - bars are generally elongated and diamond-shaped and
~ always. attached to one of the banks, ‘They ' may be - originated
by common . accretionary processes .as . well . as/ . in. purely '
auuwalchanneisormaybetheprodwofdepoanonmﬂse
wake of a small bedrock prominence Sometimes the material L
coming from bank . failure is + not ~completely - eroded
(probably because the collapse - occurred while the ﬂow was

Lateral bars

and thus gives way ‘to a new lateral bar. .The first type of lateral

- bar- shows- fabric features and -an - areal- distribution of particle size
consistent with the 'downstream - accretion of the bar, whereas the -

~second type generally does not 'as‘ it is largely affected by
locally-induced turbulence. .

studied  streams whereas on Table 2 the numbers of the ‘boulder steps counted o

'Pools ,,,19 s

‘...f',Side bars



Table 2

Number of Boulder Steps
Cyft Tanllwyth
Reach 1 6 9
13 10
3

13

Reach 2
Reach 3

Reh 4 10 . 22

Reach 5 4 6

Reach 6 50 : | 8
‘Rea'ch 7 |
e ow
Total 110 o '“f-'_'._" 2

; . . . C /
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11 arkable difference in the number of riffle sites between the Cyff
:nndT?}:l: '}“aﬁll:z;ltnh can be seen. The lack of riffles in the Tanliwyth may be
. explained. 1. belng due to the strong control  exerted by “the bedrock on the
IR ‘time of ‘bed ¢ ' annel .may be so brief
o Moreovex=. the residence time- of the bed:sediment in the channel may be s
' o g:_affecned":by..particular conditions of local storage that the organization of the
oo ou bed in Eefe and pool sequences cannlo;.il_l‘ac? easily ,-aplﬁevgd. - |

1

esagth *Neithe: % ‘location” nor the slope of the.
h th “Neither .the up. or downstream location nor t
;:ggme;t reuches scem to have any effect on the boulder steps number. It was

v oo the - averZaggRer gradient ofthestreambed incrgases. R
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It seems .that no ',;rg’:lation -exists'-_ belwéc'n_: the. number. of -boulder steps and .the

Bl instead «ollbserved In the- field thatthe” boulder steps spacing: generally decreases as

.sections ‘were spaced from .5 to 10 m, “depending on the
~Tanll - The cross-sections were spaced from .5 to 10 m, d ion th
. ath \ewmgl, a1d.comespond _ta. .the. bankull dicharge,  For_each section the

n
S

o _steam. smamorphology, . the shortness of the. sediment reaches and the high gradient.

"Several - caowsections were - measured. in - the sediment - reaches of the Cyff and the.

. mean. bammkfl_depth was, obtained by averaging the depth values measurcd on

7 atkals smpatd 0 i (e Appendi A for deta). The mean width and depth

n the whole “reach ' length, are reportedonTable .
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- ‘Show theie is/nd it tend in the width and depth of
_ ain. on the trol the bedrock exerts on
Pen J#‘-A both iy su‘mm‘&ff-f,»ms.:;. depends'rI}aB . i pn”_the.“stir‘ong‘ c'on" P T ML BRI L P SR RN 11 .

« the - Charyssmel ;geometry- 80 - that --upstream: reaches. may - be - broader - than .downstream . ...

‘,k‘ . i

e b e it e

~ different from those quoted for purely alluvial streams.

The effects of the sediment storage (tﬁe bed fabric is discussed in the fdllswing o
. short and absoluiely. untouched,  the overall- conditipns'-of'f'se.dimengf‘!sto_rang_g_;_¢gn_:;§_lgc"?--?};;"

- In the sﬁijdj@d ‘rqag'h'qs. the bgd_[sgdimcntf-.ooéu'r'réd [i'.."'i'h;_éf_'difféfe;if; quantities A few
- reaches were overloaded with sediment whereas in others, even: similar in size and -

- big "boulder” step " that hinders the movement. of the.
. accumulaticn of vegetation debris. forming a small we
~volume of ‘ttie bed sediment yielded ‘during 'a flood
"7, the 'persistence " of the  conditions ~that caused the sedime
..., cxample during an ordinary flood the vegetation dam. collapses.an unusual. volume
... of .sediment.. can. be- released- - and - the - bedload - transport - may - be “higher - than
., expected. S R T

.. However, 'some reaches., showed . either.. abundance . or,. scarcity.: of

Table 3

ot Tanliwyth

Mean Width . Mean Depth
(m) -+ (m)

1 3.10 074

 Mean Width Mean Depth
(m) (m)

a0 - 0.65

! .

2 4.10 061 220 - on

3 620 - . 084 220 061
4 360 sl 240 053

R w de

6 | e o Ta00 - 0.50.

3. Sediment storage -

Newson (1980) reports large variations of bedload yield for the Cyff and the
Tanliwyth.  What is more interesting is that remarkable differences were observed
at approximately the same How rate. The causes _are. complex - and - probably _‘

In the present study two of the possible causes were investigated; They. are: - -
- sediment storage and the bed. fabric. AR P L

chapters) on bedload yield could not be monitored during the research visit
‘because . of its brevity,~ Fortunately, as the . Cyff  and the * Tanliwyth ‘are"’_rather"'
& 'i." !

conveniently observed... -

Ao .
ry

gradient, sediment was scarce. This irregularity in. sediment accumulation may -
depend on, different causes. The . sediment, can. be trapped by-a narrowing- of the- .-
channel due to the failure of a bank, by the local deposition  of, an. exceptionall
' bed material .or. by..the

, d. also.on
nt “storage. " "If ‘for

: i . : . e e T Al s S ] 8 Y e v s iy STl okt A e g
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independently . of - visible - focal - causes. The “theory of kinematic" waves - (Langbeir




and beopold 1968) could be a possible explanation for that. In order to verify
the application of this theory several photographs of the studied reaches were
taken. By another photographic survey, after an appropriate span of time (1-2
years depcading on the frequency and magnitude of the floods), it should be
possible to observe the downstream progress of actual sediment waves.

[ .,’

4. ‘Bed sediment survey

‘A few authors believe that sediment fabric and bedforms play an important role

~ in the bedload transport processes of gravel-bed rivers (Laronne and Carson, 1976;

Co Brayshaw et al, 1983; Brayshaw, 1984;
o ' 1985). According to these authors such factors may account for the variations of

- bedload transport rate and for its poor correlation with flow rate.

| Unfortunately. very few data on  this topic are avarlable for steep mountam
R .-.Secondly. a q.u'estion. arlises'abotat the eltiect” of the bedroclt control on the 'bed
o fabric, the occurrence of bedforms and the distribution of the particle size and
S Tl Sh-'lpe- S o . : o
| e Durmg the research visrt it was not posslble to monltor the effect 1f any, of such
features on sediment transport. ‘They weré then surveyed in the field aiming to
_infer their influence through the frequency and ‘the scale of their. occurrence on
... the .studied. reaches. o _ o

shorter ~sites which were identified according to the morphologlcal -classification
,,_deseribed in Chapter 2.2. | -

P _ The bed fabric and bedforms oocurrlns at each Sjte were surveyed by direct
T observation of the stream bed

"‘For a more objective procedure of fleld data gathering, ..a”.survey form, conslsting'

o reach -6, 7-and- 8 of the Afon- Cyff, was -the survey of bed - fabric and bedtorms
.- . not- completed . because . of - a- rather- thick -algal drape covering the stream bed. \. .

. - s : i e LTS i3 . ekt e L W
sl ey T T s e e B o et e e T e S e ek e sl et x e

wtth 'the overall ..rrangement of the bed - particles.

W.F A

m fh

" stre

Reid and Frostick, 1984; Reid et al,

b Every sedtmen. reach of the Cyff and thle Tanlltvyth' vvas subdivlded | mto drfferent _

_of . fixed - ranges .of . frequency --and :a . bedform - classification (sce.- the following
. "¢hapters_ for specific information). was prepared. -’ Fortunately. the- water clanty always
.. allowed 'a detailed . examination - of - the . ‘whole bed and only. for a few sites of

m. 'bed . fabnc s 'used here in_its, more general sense as lt is concemed S

':;-:i‘: Three main aspects were investigated the particie-interloclung. tmbricatton and the e
- bed armouring. IOnly a qualitatwe descnptlon -of - these- important features-of the .. -~
by fol_l wing chapters as the scarcrty of trme drd not’f o

P B

; i
'l

entirely. Thus, any observation, even quahtanve, may be useful in understandingj

the relation between bed fabric© and bedload transport. in coarse-gramed L
poorly-sorted strearns characterized by a strong bedrock control. '

T T .~
‘.....__' -7

i

The observattons made on the Oyff and the Tanllwyth refer just to a speciﬁc e
span of time during which no large. flood .occurred. Repeating such observations
after one or more bankfull floods wou'* it a study of bed fabric evolution in

time and space and rts relation to . draulic parameters. T

,f o ) ) gl "r’

421 Particle rnterlockug : , S oy i

The packing of the bed’ matenal ‘was noted to display different modes which
nevertheless can occur Jomtly - The bed: particles may rest in a non-imbricated
position on their maximum projection plane énd be juxtaposed with several contact
points. This mostly happens if the sediment sorting 15 .good. : In case of very.
poorly-sorted sediment, the finer gravel may interpose among the {arger cobbles
filling any interstice resulttng from their imperfect contact. This lund of particle
arrangement gives way to an ‘open 'pane-bed’ (this term is borrowed ‘from
Brayshaw (1985) who wused it in a different context and regardless of its
* definition, but the bed fabric showed in his. Figure 2 well - matches : the above -~ :
descrtptron) ) _ . L e
The bed at a few sites and the surface of most of the lateral bars consisted =
e, ...  instead of loose non-imbricated particles which displayed a_random  orientation of =
b ‘% .. their longest axis and only occasional contacts.”“On such a bed, named~here as'
- 'loose-particles. bed’, the pebbles can be casily entrained as they are almost
' entrrely exposed to the flow and the effect of the factors opposmg their mcrplent
mntlon rs redured to a minimum.

“any’ siae is lotver. since their intt.rlocltmg prevents them from being easily remo
by the flow SR

On the Cyff and the ‘I'anllwyth these two modes of. particle-mterlocldng seem to
occur regardiess of sediment sorting and grain-stze distribution. = Locally loose. . . -
particles as' well as imbricated pebbles may be clearly located on.an open S
plane-bed. Imbrication is a very well known form of parttcle-rnterlocltmg It is
the most: stable, bed -configuration -as it- results from -the: hydrodynamic . forces and: .
. ,those opposing ‘the, motton acting . jointly.in. pressing.. the..imbricated. pebble.. dow.
“"“onto the bed. On ‘the" ‘studied. ‘'streams - imbrication. was,mot wrdely developed (see»
the followmg chapter for more detalls), and the reasons why different modes of
particle-interlocklng occur. are not clear. at present. . -,;I-rlo : -
is7 needed “on " this" ‘subject "as it too ‘could tell” usf’im h,,
* bedload” transport observed on gravel sbed rivers. e

S 42.2 Pebble rmbncatron

. 4 e e mm e e . e

percentage of the bed surface covered by well-imbricated pebbles.
On average only one tlurd of the Tanllwyth stream bed ‘was taken up by

oo el -imbricated particles"and "no. site showed _an;, rmbncatron""" level  mof: 0
I On the” Cyff, ‘instead, ‘about one” half of ‘the bed pebbles were __‘well i bricated_ and
il fow- srtes displayed imbncation ot‘ the whole bed it :

gL
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Stream& The Cyff has a larger catchment and a lesser gradtent than the
Tanliwyth. Floods have then a longer duration and thus the pebbles are more
likely tO be deposited i-r“rm imbncat..d and consequently more stable position.

On both streams most of the - pebbies :irp upstream at an angle widely variable
from 0 to 90° whereas the " orientation . of  .the iongest axis is generally
_perpendicutar to the main flow direction. Locally, ‘a few elonguted pebbles are
oriented with their longest axis paralle! to the flow. This may depend on a very
high flow welocity or on local turbulence eﬁects tnduced by large boulders and
;" other ‘fough clements of the bed. : | ,

423 .Bed announng

N Both the Cyff and the Tanllwyth showed a distinctive bed armouring. Only in
o very small parts of a few sites was the bed armouring not observed. In all these
S cases some 1local effect of turtbulence due to the upstream occurrence of a very
big boulder or the remains of a collapseti bank was involved.
Armourtng is . then a very common proeess on. steep mountam streams. where
_bedrock com:rol is strong. and represents their most evident srmilanty vnth purely
-alluvial rivers. . . L ot
l j . A
| As reported in the foliowmg chapters. several sediment samples were talten from
v . . .. the armoured layer of the studied streams and grain-size analysis was made. No
'« ... data.on the main-slu distribution : of -the - sub-surface’ material could be gathered.”
‘If ‘in- the futare more information becomes available on the size characteristics ‘of
the sub-surface material, by comparing the grain-size distributions of the armoured
and sub-armomred layers -with that of thesediment collected by. the bedload traps

| the probiem' of btd rtttmourmg and. transport. e

i
A

S " The. stream - beds- of - iie- ”Cyff and the 'f‘anllwyth are distinctwely armoured and
S . consist Of : coarse: gramed ‘poorly-sorted  gravel. On. the bed surface finer sedtment

. of 'sand size OF less s almost absent, being washied away during floods. Bedforms'

_ ; are consequently made up mostiy by coarse materialii
LSS S e g T
_‘..Oniy verys few types 0f: small-scale gravel ‘bedforms  have - been descnbedr in the
- Iiterature' rhejt are. unes, antidunes. pebbie clusters and transverse ribs, - '

';E

clusters-and - transverse ribs. mstead occur quite commonly.. Attentlon was ;oaid to
- them. parttculariy in order 10. mvestigate their influence on . bedload tranSport.
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‘T'hc fortnanon of these Wbedformsﬁ is‘ sttll the obftect of dtscusston among screntlsts
it e £ Srizcath o fave _ubltshed |
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/" alithors dssert " the thréshold ”of “entr nment“i"?for clustered” particles” is  higher ‘than
for the other Mloose grains. -and the bed - may, act as if it consisted of coarser

ikt GI

_gccountlfor temppral ahd: spatial variations .of . bedload transport rate.
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] ‘h it should be possibie to shed some more light on
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reaks. down . several - particies . are . released- and - this- may
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(Newson, 1980) and it was supposed that cluster bedforms were one of the
possible causes for that. Thus the number of pebble ‘clusters occurring on the
bed of the studied streams was surveyed aiming to evaluate the cons:stency of
this hypothesrs. _ "

Transverse ribs have been observed in the field by severai authors. Koster (1978) -
described their characteristics in detail and related them to the' flow. parameters
suggesting transverse ribs are relict antidune bedforms. Very few laboratory
studies have been reported on the formation of transverse ‘ribs which, in the
flume experiinents, seem to form beneath an upstream-migratmg hydraulic jump
(McDonald ars) Day, 1978) or undular jump (Becchi and Marchi, 1973). No data
‘. has been published on the effect of transverse ribs on particle entrainment, but it
TR probably of the same order of magmtude as pebble ciusters. '
L AR, ' .
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L 4.3'”_,” Pt ")ble clusters
Pcbble clusters .ere first t‘ecogmzed in the field by Dal Cin (968). but scientists
~ became more confident about them after the work of Brayshaw (Brayshaw et al,, -
1983; Brayshaw, 1984; Brayshaw, 1985). According to this author 2 pehhie.j
cluster consists of "the obstacle clast, the aecumulatlon of particles on the .
obstacle’s' stoss side and the accretion of grains in ‘the obstacle's downstreami_,, R
wake", Ttus is the more general form of t.iustets. “but a prehmmary tnbpt:LIion
of the bed of the Cyff and the 'I‘anllwyth revealed that “commonly one of the
three components of a cluster may be iacking or show specrfic characteristics, A
classiﬁcatton of cluster bedforms (th.3), based “ also on. the authot\a«,fobservatrons
on a few Italian gravel-bed streams (Billi unpublished data). was then‘adopted
According to this classification the T)rpe A cluster corresponds to a compiete
ctuster with its three components as described by Brayshaw (1984). B

The Type B consists only of the obstacle and stoss particles whrle the wake
Sl'ams are laclttng. v |

~The Type C cluster has instead .no _stoss particles and the.obstacle and ‘the wake
'_ grams only orcur, 'Types B and C are then incomplete clusters. o o
In the Type D “cluster none of the three components as deﬁned above can be
recognized,. 1t consists in general of . three or . more :particles. packed -in- .2
well-imbricated. position . without. a distinctive . obstacle. or..a..fine. wake.. .. Often. in-
these . imbricated clusters, fine - grains can. be deposlted between . adjacent parttcles'-‘
' rarely. the contacts between the. larger imbrtcated particles may .. be iocally |
performed through the finer. grams (Fig.3): - This . poses - some- interesting questrons.
'{duﬁcult to answer at present. abuut thc formation of this type of cluster.w

~ The Type E differs from TYPC A only in the size of the stoss PE“‘“‘:'"s “’h“’h are.
"""anomJtIOUSlY largcr than the obstacle. .

A

g i{'“F“ pen B I B KPR S P P e o

© When two Type A. clusters lie closely on the stream bed” with\. the walte ot‘ the ,
-+ upstream-*cluster - ending by thc stoss of the downstream one, a 'Peﬂodjc Ciuster”
" (Fig.3) finally results. e R A SN s

S The:” h)drodynamrc behavrour of _the . different . types of _ciu_sters;

their effects on’ particle” entrainment and consequentiy on _bedloa
“very:-variable:-For- example;-when -thie obstacie 6 '
, on'Y fine. grains are released (since the stoss clasts
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- For the Tanllwyth the distributions are instead more - variable - -(Fig.5).

' -steep mountain streams whereas a few data have been reported for gravel-bed
| On the rifﬂes of the Tanllwyth the most common cluster type 1 v’ t.
. the Type D frequency results (Fig.5).

“high” percentage ‘of Type B clusters.

- reasonable- to -consider 'I)rpe B - as - relict Type A - clusters whose wake -grains--hav

“declining “flood - flow. *~ The “average ~fiimber "of “pebble “clusters per site~Is™ reported

. bottom velocltylmean shear stress reversal as descnbed by: Keller (1971) and L:sle
: ,(1979) -

stoss particles ure instead entrained if the obstacle off.;tr‘[ype B moves.

The survey of the cluster bedforms was made by inspecting the bed of the
studied streams and recording the number of each type of cluster occurring. The
total number of clusters observed on the Cyff and the Tanll\wth was respecttvely
888 and 236 (the actual number of clusters of the Afon CYff is. very probably a
little larger because their identification was not possible on a few sites whose bed
was covered by a thick algal drape). The catchment of the Cyff is about four
times farger than that of the Tanliwyth and the same ratio s¢ems to exist |
between the cluster numbers. o

On average one cluster every two metres of length occurs on the sediment
reaches and the volume of bed material relative to the total number of clusters
is lower than the variations in bedload yield observed for the Cyff but more for
the Tanliwyth (Newson, 1980). Consequently it seems hard 10 postulate -any large
quantitative effect of pebble clustets on sediment transport.

rtgure _4._ shows the frequency --dtstnbutlons of the dtfferent cluster types for both ,
streams. The clusters of the Cyff consist mostly of the Types A and C while in
the Tanllwyth the modal classes are represented by the Types A and D..
Imbricated clusters are more abundant on the Tanllwyth probably because it has a
higher " ‘gradient and ‘floods have a more flashy character with a steep fallmg 1limb

and a‘ consequent sudden deposition of .bed material. . To obtain more evidence |
of this it may be useful to analyse the cluster types dlstn‘buttons for different site

morphologies (th.S)

On the C}rff the frequency distributlons of the cluster types is apprmdmately the
same for the pools, riffles, stepped pools and lateral bars. .The modal classes are
always represented by Types A and C while Type D is the less common cluster. g u' .
~In* the

pools the Type E clusters are the most common. This may be explained - by the o
abrupt deposition of large particles which, as the flow wanes, are less easily
transported on the pool bed and the impact with another particle, though smaller,
may halt their movement. Such an explanation implies that ‘particles of even very
different. size -may have- the - same - mobility. - There -is- no- field- evidence of - that - for -

rwers (Andrews and Parker, 1985; Btlh and Taocom. 1985)

.vl.t.'

is ’l'ype D
As previously. observed, imbricated clusters seem .to be the mosi: smble on a steep
strecam bed. The Cyff riffles have a low gradlent and. no parttcular increase in .

[ O

. The. cluster dlstnbutton of the stepped pools is almost ldenttcal to tllat of the .

The lateral bars ‘are instead charactenzed by an unusually
Unfortunately vety few data on the
hydrodynamic behaviour of pebble. - '.sters are available, but in_tiis_case it seems

whole stream (.Fxg 4).

t‘;,.w‘

been washed away by transverse ﬂow .commonly occurring on . lateral - bars during

in Table 4. These data show . that,,clustel..>are less .common .. the. pool . sites. of. .
both the: CYff and - the - Tanllwyth. “This’ result - 'is consistent - with “the ‘theory -of :




pool bed during near bankfull discharge. On the other hand, on riffies =
turbulence is less at high discharges, and clusters can form more easily as shown
by the large number of clusters per riffie site of the Cyff (Table 4). This .
o conclusion seems not to be supported by the fow clusters surveyed on the riffie’
) o S TR : .. sites of the Tanllwyth but here riffles are p: .-, developed as on the Cyff.
D VEF . LT .- and their differentiation from stepped pO‘ QPSSR 'W mOfPh°1°81C81 than

P
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Average number of clusters per site i

: N ST ) | Tanllwyth
LEJ " Frequencles of the dff'bmt c!mrer rm-s. ‘the' histograms are based on L L s S R A
- the' cumulative’ data relative ro rhe sxwm sedlmenr readm of both :[13 LR S S e Pool -
.mrdted Streams. Sty } . N p T e |
Steppcd pool
Lateral bar

On both the studied streams periodic clusters are so few .that their influence on. .
the variations - of bedload transport rate observed by Newson (1980) can. be .. ..

dlsregardcd B

' The frequem:y dtstn'buuons of the drt’ferent cluster types were. also reported reaeh
- by reach (sec. Appendix B) but no trend a!ong both the water courses  was

dlscernible.

4.3.2 Transvcrso n‘bs

-~ Transverse ribs are not a very common bedform on the studied streams.  Their: -
~total  number was “90- for - the - Cyff - (for- this  figure“does notrefer” to the whole
_ . stream’ as ‘a few sites were covered by a ‘thick' algal drape and transverse ribs.
o | . e o e e e e could, not be surveyed) -and . 30 for the Tanllwyth, The distribution of -transverse
s roos. 1/ T , ATEnqL BARS N I SR C R AT rrbs per “site wlth different morphology rs reported on’ Table 5. o
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either antidune or hydraulic jump commonly occur, even jointly, thus both the

' conditions considered as necessary for their formation are satisfied. However,

- mothing sup-orts one of the above mentioned hypotheses . about how transverse
rabs are generated.

R Y'Y Smeandshapeehmetemtreeofthebedpamdes |

Many stidies have been published on the gnin-tize and shape characteristics of
thae bed sediment and their variations along alluvial channels Much less is
Jkxaown about such features and thelr vanations on steep mountain streams strongly
eomrolled by bedrock. \

vanable length which give rise to a pamcular system in which the sediment
- chxaracteristics reflect physical conditions different ‘from those occurring on pure!y'
- afRarvigl’ channels. In order to verify this hypothesrs several samples of bed
material were taken and analysed. -

4-4.1 Sampling procedure

Sediment samples were taken from the bed surface of the sediment reaches 1 to
"5 «©f the Cyff and 1 to 6 of the Tanllwyth (Fig. 2). N

The proeedure adopted was the transect sampling. Transverse lines, spaced § to

L0 depending- on the reach length, were set across the thalweg and a pebble
' On a«eragc cmy transect section ©

Ty 20 ‘¢m was ‘taken fre.rp_ ‘_.the bed surface.

"'me Iongest intermediate and shortest axis of each partiele ‘were measured with a
flatness. and shape._ |

| Such data obv:ously refers to the armoured layer and certam drserepanexes with

The data of Table 5 show that transverse ribs/ form mostly on riffles. Here,

T2e Off and the Tanlle'th consrst of altemate.;bodrock and sediment reaches of |

|- ‘aRiper in order to get as'precise as possible values. of mean diameter, sphericity,

thes . -size -and- shape . characteristics. of - the - sediment . captured - by the; bedioad -traps-

o the Cyff and the Tanllwyth_ (Insmute of Hydrelogy, unpublished .data) may be_
- "mpected, A comparison ‘between . the - armour and bedload characteristics could, be
- verv helpful In our understandmg of the sediment transport processes o

44.2 Gram-srze dnstn‘butlon &

E

_-The ‘miean diameter of each partrele was measured by averaging the three mutually N

pcrpendlcular a', 'b'’and 'c' axes (long, intermediate and short, respectively).

.iscale and’ reported as percentage by number on probabdlstre diagrams.

" Fims‘e 6, shows" the grain-slze distribunons regardlng all the surveyed reaches of

the C‘yff and the Tanliwyth. The two curves are very similar although only the

f,{jf‘_‘j;dmmstream reaches “of “the " Cyff -(which is"loniger * than the  Tanllwyth) were
'lnva:hgated
02 NE CYAE L i8

“This “result” may have ‘two ‘main’ erp!anations. The 'sediment” supplied
is’.. probably..coarser... than... that . of .the...Tanllwyth. - and.. this - fact is. -
_ cossastent . with. a. wider . occurrence | L. Plerstoeene glacral and . perigiacial deposrts in
““i‘i‘;,the catchment =~of * the * Cyft." Seeondly, ‘both“stréams ‘are " characterized “by a
" prkEcular morphology consisting of bedrock reaches separatmg 'sediment reaches in

- obtained - values - were ' then- grouped - into- fixed- classss- arranged on- a12 phj I

. L which, the sediment -size: and sorting seem “to"depend on_ local factors.* In’ fact, . .
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~ important source for bed matezial and coarse particles may be delrvered into the

This concluradn pnses the interesting quesnon whether similarities or differences in
the . grainsize ' distributions of . the armoured  layers of different streams are’

o in particle she. Tmx the Tanllwyth, for example, the bed sediment of the nost X
- upstream reach 6 is finer than that of the downstream reach 2 but rather similar . : \ the peies, hut aimost all the bod samples coml

1o that of the: utmost downstream reach 1

o unit. - ‘Such factors <an be’ very important within a reach but their effects seem to
+be largely diminished and: rarely transmitted beyond the bedrock outcrops into

3 Folk; (1970),. According:to. these. authors rouridness  can  be. exp'essed as . tbﬂ ratio.
- between the dameter of curvature of the sharpest corner and thi diameter of the
. largest inscnbed cu'cle of a partrele lying on rts maximum pI‘Oje.’.:th: plane

.-l-'ﬂlt": equency dlstribution of roundness for the he-d pebbles of the qu and'.t“heb'

‘aver'age pebble roundness._ They are commonly very steep and charactenzed by a

the . grain- sfae disteibutions of the bed material reported for eaeh sinsle sedrment.

reach on Figures 7 and 8 (see ‘also Appendix C) show no downstream decrease Another. interesting point came out while measuring the roundness parameters of

so many particles. During such measurement it was clearly evident, just handling -
the pebbles, that almost all the bed samples consisted of two definite populations:
| | A bimodal distribution would
_ : , therefore be expected on Figure 9. The two curves of Figure 9 are however
: guite close to a normal distsibution. The Dobkins and Folk method (i970) is

These dafa suggest  that “‘h sediment reach reacts to external factors as a single .  certainly one of the most precise, but its accuracy seems to decrease when large
: differences .in grain size occur. The operator is in fact subjected to much more

hesitation when looking for the sharpest corner of large boulders where very small
irregularities of their silhouette can be more easily seen and measured. - The
result is that the larger the diameter of the largest inscribed circle the smaller -
may be the diameter of curvature of the sharpest corner. It introduces an error

another sediment resch. I-\rrthermore, the bedrock reaches themselves can be an-

downsmam sedlment reaches. o N |
The be dloa d capl =d. by the traps on the Gfﬁ and the Tanllwyth is far finer o | , | which at present: has not been. determined. This problem needs a review of the
* than the surfice materlal actually surveyed (Newson, 1982, unpublished data) but : | M’able methods and further investigation.
. -the bedload medimmy- <izes of the two -streams are similar and compare well as do 4 44 Sphericity
. the: graln-slze dissributions of the armoured layers. . e o _ . . P . - _ o "
‘ N The Folks index (1958) was used to indicate the particle - sphericity. “rhe

frequency distribution curves relative to the Cyff and the Tanllwyth are again

. repeated in spwce -amd time and what is their relation to the material that moves - e o
as bedioad. Further investigation is needed to answer this question and other O ;ﬂfﬁ“’g:{’m}fﬂ;‘:: P:l‘;?“:fg:c :’: :“3’0 %Pgefé‘::lmbl:ﬁ:l"“mg"f athr:ea?ﬁ:valueﬂ?::::n ¢
. data_coming from streams with different characteristics should be compared with L san vl 0.5 (le half wa 2 a ect sph e) , e
e those of the Cyff and the Tanllwyth. o A e !:; O | 4, ' y to a perfect spher S R e
The standard deviation, skewness and kurtosis were also calculated for each S e e S The ismd“"d streams  are cr:the‘ short and the sortmg processes are. mly
" frequency cuve with the method of moments. These three parameters are quite SV effective (sce the previous chapters); the sphericity of their bed particles is then
consta"t a]on th: twq water coums and no trend xems to exist (see ’ ".-;4%‘\- "/ :"::.{T:fﬂ fo"ﬁ) , N ' larSCIy mﬂuenced bli' the SPhCnClty Of the pmnt matena] on. thc slopcs. Thc
o A dis € a weu P for th mean. size. FhE NVt e x - observation of Figure 13 and 14 leads. to the same conclusion. T‘here is in fact .. . .
ppen ) HS n e g ape e ‘_f.'rmf';-.}' . .,m:'i Sy i Y({ e e Ce l']O trend - Of dowl-lsn-cam lmrease ln sphenc“y as would -be- gxpectcd. o e s
3 '43 Roundness L e S R R - 44.5 Flatness G e RV - P
T gl undness vas measured using the method suggested W"‘D°bk'“s and.. Ty | - " The particle flatness was measured by the Cailleur’s index (1945) The diagrams ~

of * Figure 15 report the -flatness frequency distributions: for the bed :particles of
the Oyff and the Tanllwyth. The curves are rather similar as are the distributions.
relative to the surveyed sediment recaches (Fig. 16 and 17).  Flatness is a

u-}

B ST T " Consequently  the " information’ on™"the ~sediment “dynamics ' in" a'~steep - mountain"

R p) l --'< .!\!’\."-i.wn_- o ,‘ ﬂ‘hw)

| | | | resulting from the analysis . of particle sphericrty The .mean flatness. of . the: ‘bed -

i \ o . S B _material: of the Cyff and the Tanliwyth is around 3.5. A’ discoidal pebbel with
R f s “’3“" is beonsistent W‘th d‘g‘ {‘"Eth aﬁldd t:‘. RR S | " such a Callleux’s flatness index has also a Folk's sphericity: index ‘of about: 05 It

mount ,plsslography o streams but more rounded clasts wo © | corresponds to the average sphencrty found for the studled streams. C e

Fi ure.9 The two curves e almost rdenncal and show

;eXpected on.the CyEE . since . it. is. longer. than the Tanllwyth and since only its

hes vgere s_amgled yevertheless the rou:rdmg processes seem to:. ' .‘ : o ) 446 Oblate-Prolate P

The oblatenprolate rndex (Dobkms & Folk, 1970) is a measure of partrcle shap"”
‘more accurate, than sphericity. ‘In fact, a thick disc and_a thin rod 'may_have_th

*same humerical sphericity value, but they are absolutely’ ifferent - in shape, Shape SR

.is - an. important factor mﬂuencmg the..entrainment and once. in.. motron. :he
travelling ‘distance ~of a partxcle. L T ey

~ The form of a pebble may depend on many factors. “'The | most rmportant of”
-them . is: the - -original - shape - of - the - ~clasts - as . yielded - by ‘bedrock.- jointing - and...

".i’hblhig“' ﬂQW"“hﬂd ‘“’;”mall“‘cascades '0° that pebble breaking occurs evvn in” the""""“‘“ R
weathering processes. The catchments of thef-' fof and the Tanllwyth are

W very similar, as shown by Figure 12. - Only a slight difference occurs -as- a (- '-

morphometric particle property’ which is substantially ' the opposte of ‘sphericity.”

™ - stream ‘which can be obtained from this parameter s comparable with that .
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underlain by similar rock formations. consisting mainly of leumn sha!cs' ” 'd,:--‘«f'u'l
mudsiones (Newson, 1976, Appendix A), and consequently the . shape of” thr- b-.i X
particles of both streams is very similarly distributed (l-‘ng.18). - Elquant pebbles are \.
quits scarce (about only 15%) while the remaining 5% coiisists 1¢f 2lnost eguat J

- proportion of " discs - and - rodlike particlez: Such a' distributior. reﬂects ‘the short

distance travelled by 'the " sediment from the source areas to the stream bed.
Moreover, about one third of the measured pebbles has an O-P index more than

10 or less than - 10 curresponding to an extremly clongated or. thin discoidal.

shape. In a high energy environment like a steep mountain stream such particles
are the less stable and their breakage can comumonly occur, producing in general
more equant smaller particles. The abundance of very prolate and very oblate
particles seems then to support the hypothesis that they represent fresh-formed
material coming in a large proportion from the. catchment, slopes.

RODS | orinee 1. DISCS ] - “
PROLATE ‘B‘.L-ADES OBLATE QEEIg D CYFF ...

{4

*“ TANLLWYTH

i
o i
DR T . !
i
a
.
£
B B I i
) . m it
1 O - "
S
b W
;
D-

10 2

tn A

RV '.,] , . [

{ _”.',..‘udzed streanw. _'

ﬁ.
1] \.- l

Concludmg remarks

(Yo

L
.

: 'Steep\ ﬁ'lounta'ih" streams “have ~ specific 'features different from purely alluvial
. channels, . Bedrock control is. an_important . factor acting. on. the .morphology, .the.
- .sediment - transport--and - the. sediment . characteristics--of - streams -like - the-- Afon - Cyff- -

1kl A LT X




1 th;:Lije“or the Sevem. but they are environmentally very important because it is
© it theedr . scale that most of the physical processes of upland denudation are

perfotmed

The Y1t and the Tanllwytl-. showed a wide range of bedload yield, though with
compmble dixharges. Such variations seem to depend on the variable conditions
.. of chmnnel sediment storage and release more than on the et’fect of bedforms like

" peblle clusters on particle entrainment. -

' The grainesize distr;butions of the armoured layer of both streams are very_sim.lar
‘s we the frequency distribution curves of the. partide shape parameters (namely

:oun M spheneuy, ﬂatness, oblate-prolate)

“svmdied streams are rathe.r small and so ciose to the sediment source areas
it the sizz and shape evolution of the. bed sediment is not enough to
differentiate them - although the Cyff has a larger “catchment than the Tanliwyth
“Hind 8 very different vegetation cover. * Besides, the control-exéried by the bedrock
i posn‘bly 80 slrona as to ‘affect the characteristics of the two streams at a

_‘_;fj‘:’_",highcr degrec than the othcr foctors. T

‘' The amathor ---'isvgreatly ; indebted to M.D. Newson whose critical review has largeiy

_._':improved this paper o

Becchi Is " greatly acknowledged for the stirnulating

)
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Appendix A

Site morphotogy distribution per reach (R)

Riffles
Pools
Stepped pools

Lateral bars’

_Riffles”
Pooia”
- 'Si‘tepp'e'd poo'l_'s 4

Lateral bars.

CYFF

Averﬁge n'u‘mber' of boulder eteps m a stepbed pool
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" Appendix B _
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Cluster type frequency distribution (%) per reach (R) - | | f ;‘g‘ | ;g ] a ;g‘ 1 n

A . Appendix B Fig1 . Prequncy histogams of . the  diferent - cluster - opes ..
S . | © occuming ‘on the bed of the surveyed sediment - reaches : ..

. sy ity
<

1
-

: O
{

e




SERRTY

| Appendix C
Grainize analysis of bed sediment (Phi units)

AT B NP 1 = a8 B TR g

TR e i s S

e

.ﬁﬂ:ﬂ:‘s-‘ﬁug:,"_

wr ey et

e '.‘t.‘ B

All data Re;_ach" 1
568 M =-%%

057 = 8K :»
293 KU

B
PRI

Reach 4
M.' - 5-,46
¢ 13

23

_,..u,,«,,.u,\ ) . | N ‘l - ‘. | . | . .' s et e o e e ‘_ . ’ ,. .‘ .. SK“ 0.22 | ” SK ’

e s L el s e -B;-,,.;,‘.‘,n«._m 2o D _— E T
. A . B L . . iy .
s b Loy i g e L et e o 2 I SFaTes S

e e e

Bt T e e TR A e RO R it T M SRt S i T o A

Tigus 448

Ly s Ry T AT
Greb b e e gt i et

e

el i




. i
Y

Spericity analysis of bed particles
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