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Scour and deposition have been measured in two small cobbl e- bedded upl and

streans, for two years. @ids of scour chains were inserted in the bed and

rel ocated after the passage of individual hydrographs. Scour, fill and the

area of the bed affected by these processes were recorded. The relationship

bet ween nean scour or fill and nmaxi numscour or fill is assessed. In

addition, the relationship between the depth of scour and the sedi nent

transport rate as bedl oad is discussed briefly. The followi ng main

Conclusion were deri ved for t he two st udy st reans;

Mean scour was 37.8 nm (s.e. 3.1 mm N=32); maxi numscour was 65.0 mm
(s.e. 7.7 mm N= 32).

Mean deposition was 46.4 mm (s.e. 56 mm N = 32) ; nmaximm deposition
was 95.9 mm (s.e. 14.8 mm N= 32).

Bot h nean and maxi num deposition were correlated with peak di scharge per
nmetre bed width. Scour could not be correlated with di scharge.

At |least 50%of the bed area exhibited scour or fill once a threshold of

0.113 i m?! sec discharge was exceeded.

The depth of nean scour was two fifths of that recorded for a sand-bedded

streamfor an equival ent discharge.

Mean scour or fill was closely correlated with maxi mumscour or fill.
ly a small part of the 'active' bed-1ayer thickness is actually
transported as bedl oad.

The new data presented here are broadly conpatible with other published
scour and fill data for sand/gravel and cobbl e-bedded strearns.
Tentatively, it may be concluded that for fish up to 110 mnmin |ength,
redds were vul nerabl e to washout during 50% of all floods. For fish 185

mmlong, the risk was less ~ 6%



| NTRCDUCTI QN
Al though scour and fill have been described for nmany river gaugi ng
stations these data are frequently of restricted value. In the first

i nstance many gauging stations are sited at narrow natural or artificia
"sem -stabl e’ channel sections which may not be generally representative of
| oose-boundary channel s (Lane & Borl and, 1954). Secondly, nost gaugi ng
stations for which scour data are available are on large rivers; snal
streans commonly are gauged by flumes and weirs so that scour deterninations
are not possible fromgauging data. Finally, some data reflect the passage
of sandwaves (Col by, 1964; Fol ey, 1975, Andrews, 1979) across an ot herw se
stable bed. This report presents scour and fill data fromnatural sections
in tw snall perennial cobble-bedded streans in Teesdale, UK, at an
altitude of 200-400 netres.

Carl Beck and Great Eggl eshope Beck are upland channels in the R ver
Tees system (Fig. 1). Sedinment, catchment and hydrol ogi cal characteristics
have been described previously (Carling & Reader, in press; Carling, in
press; Carling, 1981); only those characteristics pertinent to this report
are presented here. Carl Beck has a catchnent area of 2.18 knf and G eat
Eggl eshope Beck - 11.68 knf, streamwi dths vary between 1-3 mand 5-8 m
stream bed slope is 0.0394 and 0.0100 respectively. Channel banks are in
the main stable and braiding only occurs where there is a local overloadi ng
of bedload in storage in the channel; here gradients are reduced and
anabranch tal wegs are unstabl e.

The bed naterial is poorly sorted coarse sandstone and |inestone
cobbl es and granul es of mean grain-size - 69 nm

Both streans are flashy; hydrographs propagate rapidly consequent to
heavy rainfall. The bed material is in an "active' state frequently and

consi der abl e bedl oad transport has been recorded (Carling, unpublished).



METHCODS

Two grids of scour chains across the full streamw dth of each channe
were installed in straight single-channel reaches well clear of channe
bends and pool -riffle sequences. Chains were 1 mapart. Data were
collected for the water years 1979/80 and 1980/81. To m ni m se di sturbance
of the bed, chains were inplanted vertically with several links left |ying
free on the bed surface using a hollowdriving tube (Fig. 2). After the
passage of a hydrograph the chains were rel ocated using a nmetal detector.

If scour had occurred the increase in the length of chain free at the
surface was a neasure of the depth of scour. Aternatively, the depth of
deposition over the horizontal chain Iength could be nmeasured by caref ul
sectioning of the deposits. Additional length of horizontal chain beneath
the deposits woul d suggest that scour had occurred before deposition.

Data were collected for a total of 12 and 21 fl oods in Eggl eshope Beck
and Carl Beck respectively (Table 1). There was no evi dence of any
definable pattern in cross-sectional variation in scour. Data for each
flood were anal ysed to yield mean depth of scour, naxi mumdepth of scour,
nmean and maxi mrum depth of deposition. In addition, the data for each chain
were taken as being representative of the bed area (approx. 1 nf) around
each chain so that the percentage of the bed area that was subject to scour
or deposition could be ascertai ned.

Data were checked for serial autocorrelation but there was no evidence
of persistence in the data fromspate to spate.

The method al |l ows reasonabl e estimates of scour or deposition at a
section to be nade, but unfortunately it is not possible to relate these
processes to rising or falling stages of a hydrograph. In addition, it is
not known how different areas of the bed respond to the variable hydraulic

conditions during the passage of a hydrograph.



Foll owing the early observations of Leopold & Maddock (1953) that
maxi mum scour coincided with the flood crest, later investigators have
adopted or partially confirmed the a priori assunption that significant
scour or fill should be related to discharge (e.g. Qul bertson & Dawdy, 1964,
Emrett & Leopol d, 1965; H ckey, 1969; Pickup & VWarner, 1976; Andrews,
1979). However, the relationship of discharge with bed I evel fluctuations,
at |least in sand-bedded streans, is conplex (e.g. Col by, 1964; Andrews,
1979) and detail ed observations are needed throughout hydrographs at several
stations, to separate, for exanple, true scour or fill fromfluctuations in
bed | evel ascribable to bedformmgration. In the present report, the peak
nmean daily di scharge and the instantaneous (five mnute integral) peak
di scharge preceding each scour survey, were obtained from continuously
recorded di scharge data at gauging sites adjacent to the scour/fill
sections. No bedforns devel oped in the coarse gravels, so it was considered
reasonable to seek a first order correlation of discharge with scour or
fill. Exploratory analysis indicated that instantaneous peak di scharge
val ues produced better correlations with scour or fill than was the case
usi ng nean daily discharge. Consequently only the former are reported

bel ow.

RESULTS

Scour and deposition

No significant correlation could be obtai ned between naxi mum or nean
scour and the peak discharge per netre of bed-w dth for Eggl eshope or Carl
Beck data. Al though the chains were checked during a range of |ow
di scharges, no scour or deposition was neasured for di scharges |ess than

0.113 P m sec !. This value may be regarded as an effective



threshold for nmeasurabl e scour or deposition.

Emmett & Leopold (1965) found a relationship between the mean scour
depth (h) and di scharge per unit bed-width (Q for an epheneral coarse
sand- bedded streamusi ng scour chain data,

h=ayQ (1)

1 and h is neasured in

where a = 100 mmwith Q neasured in nf m! sec
mm This relationship is shown in Figs. 3 and 4 alongwith the data for the
perenni al gravel - bedded streans, Carl Beck and Eggl eshope Beck. The 32 data
poi nts have a nean val ue for scour of 37.8 mm (s.e. 3.1 mm and a nean
di scharge of 0.83 nf m! sec™. A discharge of this value substituted
into equation (1) gives a predicted scour depth of 91.3 mmin sand. The
ratio 37.8/91.3 = 0.4 indicates that mean scour depth in the coarse gravel
in tenperate Teesdale is about two-fifths of the predicted scour depth in
the arid sand-bedded stream

Maxi mum scour depth had a mean value of 65.0 nm (s.e. 7.7 nm N= 32) .
The ratio 65.0/91.3 =0. 7 indicates that the nean val ue of the nmaxi numscour
depth in gravel is less than three quarters of the mean scour depth in sand
as predicted fromequation (1).

The depth of deposition expressed as the nean or naxi mum depth is

correlated with the peak discharge per nmetre bed width (Figs. 5 and 6).

Mean deposition = 47.38 g-® r2 = 0.33 p < 0.001 (2)

Maxi mum deposi tion = 94. 37 g r?2 = 0.37 p < 0.001 (3)
The nmaxi num deposition data for Eggl eshope Beck delineate an upper bound for
the data plot inFig. 5 and can be expressed;

Maxi num deposition = 156.30 @% r? = 0. 53 p < 0.02 (4)
A though significant, the r? values in equations 2, 3 & 4 are low. The
value of r? x 100 indicates the percentage of variance in the data expl ai ned

by the regression; it does not indicate the degree of confidence that nay be

associated with the regression coefficient . The 95%confidence lints



(Draper & Snith, 1966) on B, + 0.50 in equation (2), + 0.56 in equation (3)
and + 1.67 in (4) include 3=0. (onsequently we cannot reject the
possibility that B might be zero for these data sets.

Scour and deposition data for gravel -bedded rivers are rare. To
ascertai n whether or not the Teesdal e data are representative of other
gravel -bedded rivers and to extend the data range, additional data for |arge
rivers are also included in Figures 3 and 5. Scour and fill data are from
Qul bertson & Dawdy (1964) for streamreaches with beds of mxed sand and
gravel . Additional data for sand-bedded streans are al so included for
conpari son. Discharge values are not necessarily peak val ues but are the
| argest recorded on each survey date during periods of high flow and rapid

scour or fill.

Addi tional data for cobbl e-bedded streans are given by H ckey (1969).
In the latter case discharge is the peak val ue of the Decenber 1964 fl ood
whi ch swept northwestern California. In some of the streans H ckey
investigated, the flood had an estimated recurrence interval of 400 yr
(Helley & La Marche 1968; Brown & Rtter, 1971). Finally tw values for an
upl and Wl sh stream (Sl aymaker, 1972) are al so incl uded.

Qul bertson and Dawdy' s scour data overlie the Teesdal e data. There is
no consistent trend of limted scour in coarse gravel to deep scour in sand,
as one mght have expected. Qulbertson & Dawdy's deposition data overl ap
the Teesdal e data, but exhibit a greater range, w th nost high deposition
val ues associ ated wi th sand-bedded streans. H ckey's data are interesting
in that discharges were high; deposition of cobble-material was greater than
an extrapol ation of the regression line through the Teesdal e data woul d
i ndi cat e.

An equation describing the trend of the 46 data points for scour in
gravel -bed streans (i.e. excluding Qulbertson & Dawdy's sand- bedded streans)

inFig. 3is;



' ' - 2 - o, < o, :
Mean scour = 43,20 Q0’27 r 0.19 p < 0.01 (5)

gimilarly an equation for the 62 points for deposition in Fig., 5 is;

Mean deposition = 54.23 QO'58 r2 = 0,54 p < 0.001 (6)

Area of bed scoured or filled

No correlation was found between'the area of bed subject €0 scour or
£ill and discharge when each was considered independently. However
.considering the area of‘ﬁed which scoured or filled, a significant
relationship was obtained. The relationship for perceﬁtage change in the
active bed area {A) is;
A %(¥) = 76,89 + 12,07 1n Q r2 = 0,22 p < 0,01 (7)
The hypothesis that B is zero was rejected at the 0.1% level, B = 12.07 &
6.33. The Eggleshope data considered alone gave a good correlation;
A %(E) = 61.50 + 27.23Q rZ = 0.78 p < 0.01 (8}
which describes an approximate upper boundary for the maximum area of bed
affected for a given discharge. 'The curve for egquation (%) together with
95% confidence limits for the existing data are presented in Fig. 7. At the

£hreshold for scour Q = 0.113 m3 m | sec” ! some 50% of the bed width

may be expected to scour and fill, rising to 85% at a discharge of 2.0 md

m"1 sec-1; a value close to bankfull. Egquations {7} and (B) are
unsatisfactory in that, when the flow is sub-threshold, extrapolation of the
equations yields a substantial area subject to scour or f£ill. However

fitting a more complex equation to give A % = 0 when Q¢ ~ 0.1 would be

unjustified with such a small scattered data set.

Relationship between maximum scour and mean scour

Colby (1964) believed that the maximum depth of scour recorded using



scour chains is not always indicative of a change in nean bed el evation in
the cross-section. This observation is not applicable to the present
investigation as is explained bel ow.

Prelimnary data anal ysis suggested that both nean scour and maxi num
scour, mean deposition and nmaxi numdeposition are linearly related, with
little variation in the regression slope in both Carl Beck and G eat
Eggl eshope Beck. (Consequently a single relationship was derived by plotting
the ratio of individual scour or fill values (h') over the nmean val ues of
scour or fill (Fig. 8).

Both sanple sets are logarithmcally distributed. Data skewness was

nmade approxi nately normal by taking | ogy,y of each val ue. The | east -
squares equation, in which coefficients are non-di mensional, is;
h' h"
log {2l ] = 0.0124 + 0.6091 log|——T2% (9)
h h
mean max

N= 64 and with an r? value of 0.81 the relationship is statistically
significant at the p < 6.001 | evel. However the equation is not conpletely
determ native; as values on the absci ssa approach zero the ordinate still
has a finite value. As the variance was not significantly reduced by
normal i sing the data sets, it could be argued that an equation using

unt ransf or med val ues m ght be equal |y acceptable (Mtchell, 1974), in which
case the coefficient a= 0.31 and 3 = 0.70. Assum ng the | east-squares
nmethod is robust, an equation with these latter coefficients can be fitted

to the data with a degree of confidence simlar to equation (9).

Thi ckness of active bed-|ayer

Val ues of scour used in this report represent not so much the depth to

which the bed will be lowered permanently after a flood event but rather the



depth to which the gravel is eroded immediately to be refilled subsequently.
Data therefore represent the depth of the active bedl ayer and this nay be
envi saged as a nobil e carpet of material thickening or thinning as the flow
strength i ncreases or decreases. This nodel assunes a constant rate of
sedi ment transport at any one time and the absence of source-dependent
sedi ment supply rates; i.e the bed is the sole source of the bedload (e.g
Einstein, 1944). 1In general, friction has a tendency to |level out the
streanbed. FErosion increases the cross-sectional flow area, current speed
is reduced and erosi on ceases or deposition may occur; i.e., negative
f eedback operates and steady-state is re-established, maintaining a constant
carpet thickness.

For high flows capable of moving the bed material the mean scour depth
may be regarded as indicative of the depth of the active bed-layer (h},
which may be related to the bedload transport rate per metre bed width
(I,).

Ib = h Ub Py {1 = X) 5 | (10)

where ﬁb is the flow velocity in the bedlayer (Einstein, 1960) pé is the
density of the sediment grains and X ig the bed porosity.
For the data presented in this report,

h = 0.55d SR
contrary to the common assumption in sand-bedded streams that h = 2d ( Eimons
& Senturk, 1976, p. 504), where d is the mean grain-size of the bed
material. EQuation_11 implies that large sediment particles are not in
motion or wvexy few are in.motion at a given time. Consequently a process of
selective winnowing of the surface bed-layer can be envisaged with coarser
grains remaining stable‘or settling to a lower equilibrium level. However
scatter about the mean value of scour and the maximum values recorded
indicate that locally scour may be greater, h = 0,94 d i.e.;

max

max L | (hmax + Se.8. = 10056} {12)

jox}
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To solve egquation (10) a value for ﬁh is required. 'The depth averaged

.

ﬁelocity U is known from field surveys and this value represents the current
speed at 0.4 Z. Using an eguation for the velocity distribution over a

hydro-dynamically rough bed U may be estimated;

b

=._X_ +
1n % U, Uz In z0 _ {13)

where Z is the height above the bed, U, is the ghear velocity, x is von
Karman's constant (0.40 in water with only a low suspended sediment
concentration) and ZO ié the roughness length = KB/SO, where KS is the
bed roughness. Ks was estimated from the relationship given by Charlton_
(1977) for British gravel-bedded riverxs.

1.11

KS = 3.67 dSO (14)

Equation (13) can be sclved for U, using U . Consequently Equation {(13)

0.4

can be solved for ﬁb by introducing‘U* into the equation and taking the

height above the bed as the middle of the active layexr i.e. 0.274d.

Alternatively ﬁb can be estimated using the proceduré of Einstein et
al. {1949) reported more recently by Graf (1971, p. 146).

The term h Gb pS {1 - A) was solved for the field data in Great
Eggleshope Beck. Similarly the mean sediment transport rate lIb)
associated with each flood was calculated from a streampower {w) sediment
transport function derived from field data for Great Eggleshope Beck
(Carling, unpubl.);

2.68

I, = 0.0015 r? = 0,93 p < 0.001 (15)

The relationship between Ib and h ;b Pg (1 -~ A} ig shown in Pig. 9. If
all the bedlayer which is disturbed contributed to the bedload, Ib wonld

equal h Gb Py {1 - X}.
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Dl SAUSSI ON

Hydraulic Inplications

The data presented are by no means conclusive. The limted range of
di scharge val ues (only two orders of magnitude) in the Teesdal e streans
coupled with the large variance inherent in data fromscour chains results
in constricted plots and considerable scatter in data. Consequently it is
difficult to achieve precision in statistically defining a non-zero
regression slope, especially if it is likely to be as | ow as that expected
fromEmett & Leopold's analysis i.e. 3 = 0.5 The snall val ues of the
exponents in equations (2) to (6) suggest that scour and deposition of
gravel s have a functional relationship with discharge very sinilar to that
of scour of sand, if B = 0.51is indeed definitive for sand. Because of the
large variance in the data used in this report, equations (2) to (8) are
included only for conparative purposes. It should not be construed that any
confidence is placed in these equations for precise predictive purposes.
The equations, and Figures 3 to 8 may only be used to assess the likely
range of values of scour or fill that mght be expected for a given

di schar ge.

Addi tional evidence is avail able however, to verify that the scour-
chain data from Carl Beck and Eggl eshope are reasonably representative of
the thickness of the active bed-layer. Qtaway et al. (1981) recorded
scour by repeated levelling in the same reach as the scour-chain grids in
G eat Eggl eshope. A maxi mum depth of scour of 200 mm and of deposition,
170 mnmwere recorded. In Carl Beck, Qtaway et al. (1981) buried
artificial colour-coded fish eggs at various depths of up to 130 mm bel ow
the gravel surface. After a season of spates, eggs were rel ocated by

digging the gravel over. Recovery of eggs buried at 120 mm+ was close to
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100% whi | st recovery of eggs buried at 60 nmdepth was very |low - 2%
These data conpare favourably with the nean val ue of maxi num scour depth
obt ai ned fromscour chains - 65.0 mm

Better correlation with discharge was obtained for deposition than was
obtai ned for scour. This nmay be because neasured deposition probably occurs
during the | ast phase of a wani ng hydrograph (e.g. Col by, 1964); deposits
consequent |y are undi sturbed when chains were relocated. In contrast,
chai ns recordi ng scour may have been subject to a degree of infilling during
the falling stage of the hydrograph so that the record is less clear and the
overall pattern blurred. Neverthel ess measurable scour or fill were not

1

recorded at discharges |ess than 0.113 n m! sec™!, which represents a

practical threshold for scour or fill in these two streans.

The percentage of the bed area scoured or filled during the passage of
a hydrograph is only a crude estimate (Fig. 7). Notwithstanding the
approxi nate nature of the data it is clear that at least 50%of the stream
bed area can be expected to be active once the threshold is exceeded.

The sedinment transport rate as indicated by the depth of scour (Fig. 9)
is much greater than the neasured transport rates. Even allowi ng for
experinental error and the assunptions explicit in deriving equation (10),
the discrepancy suggests that nany sediment grains disturbed by the flow are
not actively transported but remain as an unstabl e bedl ayer (Emett &

Leopol d, 1965). @ains close to the threshold of notion nay be envi saged as
vi brating and bouncing in scour hollows in the bed (e.g. Wbonas quoted in
Sinmons & Senturk, 1977, p. 675) whilst slightly larger grains may renain
virtually stationary in an activated bed-l1ayer (MIlhous & Klingeman, 1973).
The data plotted in Fig. 9 only becone coincident with equation (10) at a
sedi ment transport rate (l,) associated w th bankful discharge when the

bedl ayer is presunmably fully activated and all grain-sizes present in the

bed material have been recorded novi ng as bedl oad (Carling, unpubl.).
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Bi ol ogi cal Inplications

A though the bed is active frequently, the discrepancy between the
nmeasured depth of scour and the nmeasured bedl oad transport rate indicated
that nmuch of the bed material, although disturbed, is not violently rolled
downstreamfor any distance. In addition, withinthe limts of the data, it
is apparent that there is no trend to deep scour at high discharges although
the area of bed affected increases with discharge. Consequently
invertebrates are equally vul nerable to displacenent owi ng to grave
di sturbance across a range of discharges. However, many cobbles will remain
relatively stable at the surface providing shelter and | ocal points of

att achment .

The inplications for the washout of salnonid eggs renmain unclarified
owing to the availability of only a few data concerning fish size and the
depth to which the fish bury their eggs. Nevertheless a prelimnary
anal ysis can denonstrate the potential val ue of suitable data when these
becone available. The essential details are summarized in Fig. 10. Qpen
data points are the depth to the base of egg pockets for given fish |engths
(Gtaway et al ., 1981). (O osed data points are unpublished data
representing the depth at whi ch the nean nunber of eggs in a pocket is
|ocated. Horizontal lines are various scour depths (see Fig. 10). dven
adequate data a relationship may be plotted relating the depth of the egg
pocket to fish size. Fromthis one can predict the size range of fish, the
egg pockets of which are vulnerable to various degrees of scour. For
exanple, a provisional linear equation relating h and 1n F1 for the solid
data points in Fig. 10 indicated that the redds of fish upto a length of 11
cmwi | | be washed out by nmean scour and those of fish up to 18 cmby mean

maxi mumscour. It may be inplied fromthe data that no fish dig redds which
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are deep enough to be safe fromscour under any condition. Naturally the
probabi ity of deep scour is less than for nean scour, however deep scour
occurs every year. For exanple in Carl Beck the nmaxi numdepth of scour (160
mm occurred on 2 occasions in a series of 20 floods over two w nter
seasons. Simlarly the mean scour depth (37.8 nm) was exceeded on 8

occasi ons and t he nean naxi num depth (65 mm was exceeded on 3 occasi ons
(Table 1). For the total 32 floods in both streans nean scour was exceeded
on 50%of occasions and nmean maxi num scour was exceeded 6% of the tine.
These figures correspond to fish lengths of 11 and 18.5 cm (Fig. 10).

Consequently the redds of fish up to c. 18 cmare vul nerabl e each year.
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Table 1. Summary scour and fill data and associ ated peak di scharge data

( Carl Beck G. Eggleshope Beck
L, _
Scour (mm) Ii?‘ill {mm) Discharge (m3m-1sec-1) Scour {mm) ' Fill (mm) Discharge (:ﬁ :;[1 ge51 )
Mean(-~) Max({-) Mean?-l-) Max{+) 9 max Mean(-} Max({~) Mean{+) Max(+) . Q@ max
20.00 20 | 26.67 70 0.89 | 46467 60 69.79 180 0.96
20,00 20 - - 0.91 54,10 160 57.00 110 0.85
20,00 20 40.00 40 0.74 43.80 120 25,00 40 0.76
20,00 20 37.50 60 - ' 1.18 : 38,00 100 66.30 160 3.58
28,33 40 60.00 80 1.34 38,60 80 36.70 90 0.76
76.76 160 33.53 60 0.58 41.40 70 © 23.80 50 0.94
40,00 60 30.00 60 0.35 34,29 70 36.36 100 0.52
40,00 80 80.00 180 2414 30,00 40 47.50 110 2453
55,00 ‘60 23.33 40 1.19 35.83 60 52.33 180 "4.60
26.67 40 26,57 50 1.63 96.67 150 196,67 470 4.59
62.50 160 46.00 120 0.79 44.44 90 60.00 110 3.26
40,00 40 17.50 20 0.14 20,00 30 56.88 180 2.53
- - 53.50 100 1.87
26,70 40 65.00 100 0.81
30,00 .40 40.00 60 . 0.21
40.00 “40 20.00 20 0.11
20.00 20 30.00 40 0.16
26,70 49 33.33 60 . 0.80
20,00 .20 40.00 a0 Yo data
45.00 100 30.00 50 No data

27 .50 50 24.00 40 0.63



Fig. 1. Location of study streans in respect to other nmajor rivers and

streans in the area. Mp scale: 1 cmrepresents 2 km
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Fig. 2. Method of inplanting scour chains. A mld-steel machi ne-turned spike
wel ded to a 27 mmlink size chain is threaded into a 28 nm di anet er
driving tube. A short wire hook is attached to retrieve the chain.

A driving cap is used to insert the driving tube into the gravel to
the required depth. The wire hook is "fished out” of the tube and

used to straighten the chain as the driving tube is w thdrawn.
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Fig. 3. Mean scour depth (h) as a function of discharge per metre of bed
width ( Q) . » = G.Eggleshope Beck, X = Carl Beck, O = Culbertson &
Dawdy - sand, A= Culbertson & Dawdy - sand and gravel, =« = Hickey -

cobbles, + = Slaymaker - gravel. Regression line from Emmett &

Leopold (1965) .



1000
imm]

100-

~10-

1 L
001 01 1 10
Q m’m’sec”

Fig. 4. Maximum scour depth (h) as a function of discharge per netre bed
width ( Q) . » = G Eggl eshope Beck, X = Carl Beck. Regression line

fromEmett & Leopold (1965).
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Fig. 5. Mean depth of deposition (h) as a function of discharge per metre bed
width (Q) . e« = G. Eggleshope Beck, X = Carl Beck, 0 = Culbertson &
Dawdy - sand, A = Culbertson & Dawdy - sand and gravel, =« = Hickey -

cobbles, + = Slaymaker - gravel. Regression line and 95% confidence

limits are for Equation (2).
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Fig. 6. Maxinmum depth of deposition as a function of discharge per netre bed

width. ¢ = G Eggl eshope Beck, X - Carl Beck.
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Fig. 7. Percentage of the bed area showi ng scour or deposition (A as a
function of discharge per nmetre bed width (Q . <« = G Eggl eshope

Beck, X = Carl| Beck.
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-Fig. 8. Relationship between non-dimensional mean scour or £il1Y (h. /

mean

h ) and maximm scour or fill (b’ _ /h ). ® = Scour G.
mean mayx max

Eggleshope Beck, 0 = Deposition G. Eggleshope Beck, X = Scour Carl

(9).
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Fig. 9. Relationship between the bedload transport rate, Ib, and the active

layer “transport rate”, h ub ps {1 - X}, BSee text for details.
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Fig. 10. Relationship between female fish fork |Iength, depth of egg pocket and
scour depths. Data for fishlengths greater than 40 cmare for sea

trout/salmn. Remaining data are for brown trout. Open data points
from Otaway et al (1981), closed data points are unpublished data
(present contract phase). The solid horizontal line is the nmean
dept h of scour (h) for 32 floods, the thickness of the line
represents twi ce the standard error of the estimate. The two dashed
lines represent the limts of the standard error about the mnean
val ue of maxi num scour depth (hpn) for 32 floods. The dotted line
represents the maxi mum scour depth recorded. Also shown are the

percentage of artificial fish eggs recovered at given depths by

Otaway; et al. (1981) after a season of fl oods.



