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Appendix A -sediment management plans in Scottish 
ROR hydropower schemes 

1.0 Sediment Management Plans in Scottish RoR hydropower schemes
The extent to which existing Run-of-River (RoR) hydropower schemes have been developed with sediment management 
plans to maintain natural sediment transport was evaluated. We were provided with information from NatureScot in the 
form of CAR Licences and a list of 13 schemes known to include sediment information. SEPA were unable to provide any 
further information due to data losses associated with a cyber attack to the organisation’s electronic data. This was the full 
extent of data available for this review of sediment management plans and is a key limitation. Without access to more CAR 
Licences especially, it is difficult to summarise the range of conditions issued by SEPA or the sediment information commonly 
supplied by developers. Current standard conditions used in CAR licenses are outlined in Section 1.1. Only one scheme 
had a sediment management plan. However, 12 out of 13 schemes mentioned sediment in an Environment Statement. 
The Environmental Statement (ES) is part of the planning application process. SEPA would not normally try to control 
sediment management through the ES, but may provide advice to the planning authority that sediment management, 
including the possible need for a sediment management plan, would be required. SEPA control the need for sediment 
management and the way it should be carried out through the CAR licence. A CAR Licence was available for five out of 13 
schemes and 3 of these included conditions relating to sediment management. The CAR Licence for the scheme with the 
sediment management plan was not available. Although it was only possible to review one sediment management plan 
this provided context as clearly, it is uncommon for sediment management plans to be created. This is an important finding 
regarding current practise. For each scheme that was reviewed, Table A.1 summarises the scheme’s capacity, upstream 
catchment characteristics, river type and sediment management information. This information was all extracted from the 
documentation supplied by NatureScot or documentation available via council planning portals, with the exception of 
upstream catchment area which was in some cases extracted from the Flood Estimation Handbook’s catchment descriptors 
database. The documentation for each scheme is described in Section 1.2.

1.1 Standard Conditions

Existing standard conditions included the following statements:

• Sediment removal shall, if required, be carried out only at or immediately upstream of the location of any of the 
Authorised Activities. 

• The volume of sediment removed shall be the minimum necessary to maintain the efficient operation of the Authorised 
Activities. 

• All reasonable steps shall be taken to avoid increased erosion of sediment within the bed or banks of the affected 
surface water, both within the worked stretch and downstream of it, as a result of any sediment management. 

• Sediment management shall not result in the heightening of either bank of the affected surface water.  

• The bed of the channel adjacent to each bank of the affected surface water shall at all times be left undisturbed. 

• All reasonable steps shall be taken to prevent the transport of sediments or other matter disturbed by sediment 
management into waters beyond the worked stretch. 

• No sediment management shall be undertaken during periods in which fish are likely to be spawning in the affected 
surface water nor in the period between any such spawning and the emergence of the juvenile fish without SEPA’s prior 
written approval.

Many of these statements are unclear and these conditions could be revised in line with the recommendations made later in 
this report.
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1.2 Documents Reviewed

Burn of Mar

• Environmental Risk Assessment and Mitigation

• Sediment Management Plan

Slug of Auchrannie

• EIAL_REPORT

• EIAL-VOL_2_Appendices

• Decision Notice

• CAR Licence

Braan

• Environmental Statement Vol 1

• Technical Appendices Part 1

• Decision Notice

• CAR Licence

Camusvrachan

• CAR Licence

• Full Environmental Statement

• Decision Notice

Carie

• ES Volume 2 Part 1

• ES Volume 2 Part 2

Corravachie

• Non-technical summary r1

• Morphology report

• Environmental RA and Mitigation r1

Pirnmill

• Environmental Appraisal Report to Support Planning and CAR Licence Applications

• River Morphology Survey Report

Wester Tullich

• Full Environmental Statement Part 1

• Appendix I – Morphology

• Morphology |Drawing

Ardchullarie

• River Morphology Report

• Environmental Statement

• Decision Notice

Inverhaggernie

• CAR Licence

• Decision Notice
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Anie

• Decision Notice

• River Morphology Report

• Environmental Statement

Kinnaird Weir

• Environmental Statement

• CAR Licence

Grudie

• Scheme Design

• Annex B – Schedule of Mitigation

• Geology/Geomorphology Survey

• Non-technical ES Summary
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2.0 SEPA license conditions relating to sediment management
This review provides background context for the project covering the planning process and existing sediment management 
licence conditions in place for Scottish RoR Hydropower Schemes.

Two main forms of authorisation are required to construct and operate a new RoR hydroelectric power scheme in Scotland. 
First, for hydropower schemes under 50 MW capacity, consent is required from the local planning authority under the 
Planning Scotland Act. In addition, if the scheme is located in a sensitive environment or generates over 500 kW, the 
developer is required to undertake an Environmental Impact Assessment (EIA) under the Town and Country Planning and 
Environmental Impact Assessment (Scotland) Regulations 2011. If an EIA is required, the developer must subsequently 
produce an Environmental Statement (ES) summarising the EIA findings and submit this alongside the planning application. 
The ES and planning application are then both made available for public review (SNH 2015). Second, under the Water 
Environment (Controlled Activities) (Scotland) Regulations 2011 (CAR), all developers of hydropower schemes in 
Scotland must be granted Controlled Activities Regulation (CAR) authorisation from SEPA (Robson 2013, SEPA n.d). CAR 
authorisation was introduced to regulate previously uncontrolled water activities under the Water Environment and Water 
Services (Scotland) Act 2003 (Robson 2013). There are three types of CAR authorisation available which are based on the 
amount of risk an activity presents to the water environment: (i) General Binding Rules (GBRs; low risk)), (ii) Registration 
(moderate risk) and (iii) Licenses (high risk). GBRs do not require an application or registration instead they are a set of 
rules that, if fulfilled, ensures the proposed activity to comply with SEPA regulations. Registrations require the activity to be 
registered with SEPA, providing details of the activity alongside compliance with mandatory rules. Lastly, both simple and 
complex Licences exist depending upon their environmental risk which require an application before authorisation is granted. 
This enables site-specific conditions to be created which will protect the water environment (SEPA 2019b). CAR authorisation 
is necessary for any RoR Hydropower development in Scotland because the scheme will include water abstraction and 
creation of an impoundment, which are high risk activities. All impoundment activities associated with hydropower schemes 
require a simple or complex licence (SEPA 2019b). Within the CAR Licence, a typical hydropower project will be required to 
submit “Form A –Responsible Person Other Contacts and Site Details” and “Form D – Abstractions and Impoundments” 
(SEPA 2019b). 

Before submitting a CAR Licence application for a hydropower scheme, SEPA/NatureScot advises developers to assess 
the suitability of the proposal using the Guidance for Developers of RoR Hydropower Schemes (SEPA, 2015). Checklists 
provided in this guidance are necessary to understand if the scheme will avoid significant detrimental impacts on the water 
environment. CAR authorisation can only be obtained if the checklist criteria is met and submitted with the application. In 
addition, the guidance describes practicable mitigation measures which should be incorporated into all RoR hydropower 
developments to minimise the adverse impacts on the water environment. It is good practise for the developer to assess 
the activities potential impact on sediment continuity, downstream habitat, morphology and erosion (SEPA 2019a). The 
mitigation measures outlined in the guidance include preventing significant disturbance to the downstream sediment 
supply that may occur if sediment accumulates upstream of the intake. Ensuring natural sediment transport continues after 
construction of the impoundment is vital for maintaining river habitats and preventing downstream bed and bank erosion 
(SEPA 2015). The guidance states that to mitigate any adverse impacts, sediments accumulated behind the intake should 
be returned to the river by: designing an intake which allows sediment to be transported naturally over the weir during 
high flows; including and operating scour valves; and/or mechanically excavating and reintroducing accumulated sediment 
downstream. The guidance also outlines the best practise for mechanically returning sediment downstream which should be 
done at a suitable location as close downstream of the intake as possible. Sediment reintroduction should occur:

• during high flow conditions;

• during periods other than those during which fish are likely to be spawning and the period between spawning and 
emergence of the juvenile fish;

• at locations that will not create an accumulation of sediment likely to impede the free passage of migratory fish; and

• as close to within 10 metres downstream of the intake as possible (SEPA 2015).

Sediment management is then included within the CAR Licence application in the impoundment activities section in Form 
D, Section 4. Point 4.16 necessitates a description of maintenance plans during the scheme’s operation. The CAR Licence 
Applicant Guidance denotes that this may include description of the operation of scour valves that are designed to flush 
through sediment accumulated behind the weir. Point 4.17 requires sediment management information; the guidance 
highlights that this section requires a statement denoting if there will be or will not be any sediment management at the 
impoundment (SEPA 2014). Alongside points 4.16 and 4.17, as part of the general requirements, the developer should 
provide photographs of the proposed hydropower scheme location and at least one upstream and downstream view of the 
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affected river reach. These are required for SEPA staff to assess the morphological river type which is important when they 
are issuing a hydropower CAR Licence (SEPA n.d). However, despite it being good practise, the developer is not required to 
include any detailed sediment management proposals within their CAR application. 

Once the application is submitted, the Coordinating Officer at SEPA will determine the outcome. They can aid their decision 
using the Sector Specific Guidance: Hydropower and the Regulations for Impoundments and Abstractions documents. 
The Regulations for Impoundments and Abstractions demonstrates that a CAR application is assessed against several 
tests to conclude if the activity may breach environmental standards. Most hydropower projects will lead to a failure of 
environmental standards of the water environment. However, the socio-economic benefits and mitigation steps if outlined 
in the application, can allow the licence to be granted (SEPA n.d). This is relevant to sediment management conditions as 
the impoundment is likely to have an impact on the water environment with regards to sediment continuity. As part of the 
Environmental Standards tests, there is a Mitigation Test which includes sediment management. The test assess whether the 
application has provided information on sediment continuity and if sediment management has been addressed to minimise 
downstream erosion (SEPA 2019a). Provided an application is successful in passing all the tests, a CAR Licence for the 
hydropower project can then be granted. Otherwise, the socio-economic benefits and justifications must be provided and 
outweigh the environmental impacts for a CAR licence to be granted. Once granted, SEPA will issue a licence document 
with a set of licence conditions to be complied with (SEPA 2018). This includes Sediment Management licence conditions 
where necessary. The appropriate conditions will depend on the outcomes of the environmental standards tests, the size 
and location of the scheme, the impacted river morphology and the impoundment design. Generally, SEPA currently take 
the view that if the impoundment is less than 1m in height, the volume will quickly be filled and allow sediment to pass over 
leading to no significant impacts to sediment continuity. If the impoundment is over 1m then appropriate conditions should 
be issued in the licence (Alasdair Matheson 2021, Personal Communication, 23 April 2021).

If the impoundment is likely to have a significant impact on sediment movement site-specific conditions may be issued. 
Additionally, in cases where the risk to the water environment is high the conditions will specify that a Sediment 
Management Plan is required. The CAR Licence Applicant guidance states that any sediment management plan created 
should include a description of the location, quantity and frequency of sediment removal from the impoundment waters. 
It should also indicate the time of year of removal and describe re-introduction of the sediment (SEPA 2019b). A Sediment 
Management Plan may also be requested by SEPA if site-specific monitoring is needed. The plans should be submitted to 
SEPA within 6 months of an issued licence and may include data returns for the volume of sediment removed (SEPA 2018). 

Finally, sediment management may also be recommended by the EIA report. The EIA includes an analysis of the 
morphological impact of a hydropower scheme on the river and if this is likely to be significant or not. It may recommend a 
Sediment Management Plan is drawn up to mitigate significant impacts on sediment continuity and or downstream erosion.  
Ultimately, sediment management is an activity controlled under CAR though so the regulation of sediment management, 
including the need for and enforcement of a sediment management plan, should be part of the CAR Licence process. 

To conclude, this review has summarised the authorisation required for creating a RoR hydropower scheme and the sediment 
management mitigation measures which should be incorporated into RoR developments and assessed in the pre-application 
stage. It has also reviewed the sediment management licence conditions issued by SEPA when authorising a CAR application 
for a hydropower scheme. It is important to understand that accessing a larger selection of issued CAR Licences was not 
possible and the list of standard conditions may not be exhaustive. From this review, some problems with the existing 
process have been highlighted: 

1. It is unclear what information the developer should supply regarding morphology/sediment management in the 
CAR Licence application. The developer is encouraged to assess the impacts of the scheme on sediment continuity, 
morphology and erosion and incorporate mitigation measures into the scheme as described by the Guidance for 
Developers of RoR Hydropower Schemes. However, a licence application can be submitted with no sediment 
management information supplied by the developer. As described by the CAR Applicant Guidance Notes, the developer 
has to state only if there will or will not be sediment management.

2. The guidance available for SEPA officers regarding when a sediment management plan is required is not clear. The 
diagram within Sector Specific Guidance: Hydropower, shown in Figure 2.1, is not logical. Impoundments less than 
1m high are lower risk than those over 1m high yet the diagram suggests that the higher risk impoundments can be 
dealt with using standard conditions whereas the lower risk impoundments require site specific conditions or a sediment 
management plan. This should be the other way round. The sediment assessment procedure referenced in the right 
hand box on the second row of the diagram also does not exist in the Regulatory Method (WAT-RM-01) (SEPA, 2019a). 
Therefore, it is unclear in which situations a sediment management plan or site-specific licence conditions are necessary 
and when the standard conditions are suitable. 
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Recommendations to address these problems will be made during Objective 6 of this project, to aid the development of a 
clear set of guidance and best practise for sediment management at RoR hydropower schemes in Scotland.
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Appendix B - Upstream and downstream 
characteristics of sediment accumulation

1.0 Upstream and Downstream Characteristics of Sediment Accumulation
The literature analysed prior to producing the review in Section 2 of the main report, and full details of this data is provided 
in Table 1.1 of this appendix. 



21

Ta
bl

e 
B

.1
. K

ey
 m

od
el

lin
g,

 e
xp

er
im

en
ta

l a
nd

 fi
el

d 
st

ud
ie

s 
lit

er
at

ur
e 

in
fo

rm
in

g 
un

de
rs

ta
nd

in
g 

of
 im

pa
ct

s 
re

la
te

d 
to

 R
oR

 H
yd

ro
po

w
er

 P
ro

je
ct

s

W
ei

r 
H

ei
gh

t

(m
)

Im
pa

ct
ed

 
R

ea
ch

 (
m

)
Sl

op
e 

(%
)

Lo
ca

ti
on

G
eo

m
or

ph
ol

og
ic

al
 

Se
tt

in
g

Li
th

ol
og

ic
al

 
Se

tt
in

g
G

ra
in

si
ze

 
(m

m
)

Se
di

m
en

t 
A

cc
um

ul
at

io
n 

be
hi

nd
 R

oR
 

W
ei

r

U
ps

tr
ea

m
 

Ef
fe

ct
s

D
ow

ns
tr

ea
m

 
Ef

fe
ct

s
St

ud
y

Lo
w

 h
ea

d 
im

po
un

dm
en

ts

Ph
ys

ic
al

 S
tu

dy

5 Sc
al

e 
1:

20
N

/A
0.

5
M

ue
rz

 R
iv

er
, 

A
us

tr
ia

M
ed

iu
m

-s
iz

ed
 g

ra
ve

l 
be

d 
riv

er
N

/A
14

 –
 1

20
 (

us
ed

 
in

 s
tu

dy
)

A
ll 

se
di

m
en

t 
lo

ad
s 

ac
cu

m
ul

at
e 

at
 h

ea
d 

of
 

re
se

rv
oi

r. 

D
el

ta
 

Fo
rm

at
io

n.
 

W
at

er
 le

ve
l 

ra
is

ed
.

C
oa

rs
e 

gr
av

el
 

fo
r 

sp
aw

ni
ng

 
fis

h 
po

te
nt

ia
lly

 
lo

ck
ed

 in
 d

el
ta

.

Si
nd

el
ar

 e
t 

al
. 

(2
02

0)

M
od

el
lin

g 
an

d 
Fi

el
d 

St
ud

ie
s

2.
5

N
/A

0.
48

W
hi

te
 C

ra
y 

C
re

ek
 a

nd
 R

ed
 

C
ra

y 
C

re
ek

 
W

at
er

sh
ed

s,
 

N
or

th
er

n 
D

el
w

ar
e 

U
SA

.

A
llu

vi
al

-b
ed

ro
ck

 , 
po

ol
s 

an
d 

rif
fle

s,
 

na
rr

ow
 fl

oo
dp

la
in

s,
 

fo
re

st
ed

 r
ip

ar
ia

n 
zo

ne
s.

C
am

br
ia

n 
an

d 
O

rd
ov

ic
ia

n 
m

et
am

or
ph

ic
 

ro
ck

.

0.
6-

3 
(U

ps
tr

ea
m

 
im

po
un

dm
en

t)

R
es

er
vo

ir 
be

hi
nd

 d
am

 
25

%
 fi

lle
d 

w
ith

 s
an

d 
an

d 
gr

av
el

. 

Se
di

m
en

t 
R

am
p.

La
rg

e 
m

id
-

ch
an

ne
l g

ra
ve

l 
ba

r 
im

m
ed

ia
te

ly
 

do
w

ns
tr

ea
m

 o
f 

da
m

.

Pe
ar

so
n 

an
d 

Pi
zz

ut
o 

(2
01

5)

2.
3,

 1

2 
W

ei
rs

N
/A

-1
.3

-0
.3

R
iv

er
 D

al
lig

an
 

an
d 

R
iv

er
 D

ua
g,

 
Ir

el
an

d.

-C
oa

rs
e 

be
dd

ed
, 

rif
fle

-p
oo

l, 
ou

tc
ro

pp
in

g 
be

dr
oc

k,
 d

en
se

 
ve

ge
ta

tio
n.

-M
ea

nd
er

in
g 

co
bb

le
 

be
d 

st
re

am
.

-O
rd

ov
ic

ia
n 

vo
lc

an
ic

 r
oc

ks
. 

D
ev

on
ia

n 
sa

nd
st

on
es

, 
co

ng
lo

m
er

at
es

, 
m

ud
st

on
es

 a
t 

he
ad

w
at

er
s.

 

-T
ou

rn
ai

si
an

 
lim

es
to

ne
, 

D
ev

on
ia

n 
sa

nd
st

on
es

 a
t 

he
ad

w
at

er
s.

35
-1

64
 (

Tr
ac

er
s 

us
ed

 in
 R

iv
er

 
D

al
lig

an
)

40
-1

15
 (

Tr
ac

er
s 

us
ed

 in
 R

iv
er

 
D

ua
g)

Se
di

m
en

t 
R

am
p

 

Su
pp

ly
-l

im
ite

d 
co

nd
iti

on
s.

 
Be

d 
m

at
er

ia
l 

co
ar

se
ns

.

C
as

se
rly

 e
t 

al
. 

(2
02

0)



22

W
ei

r 
H

ei
gh

t

(m
)

Im
pa

ct
ed

 
R

ea
ch

 (
m

)
Sl

op
e 

(%
)

Lo
ca

ti
on

G
eo

m
or

ph
ol

og
ic

al
 

Se
tt

in
g

Li
th

ol
og

ic
al

 
Se

tt
in

g
G

ra
in

si
ze

 
(m

m
)

Se
di

m
en

t 
A

cc
um

ul
at

io
n 

be
hi

nd
 R

oR
 

W
ei

r

U
ps

tr
ea

m
 

Ef
fe

ct
s

D
ow

ns
tr

ea
m

 
Ef

fe
ct

s
St

ud
y

Fi
el

d 
St

ud
ie

s

1.
2-

2.
3

7 
W

ei
rs

N
/A

2,
 6

Bo
cq

 R
iv

er
, 

W
aa

lo
ni

a 
Be

lg
iu

m

Si
ng

le
 t

hr
ea

d,
 s

in
uo

us
 

ch
an

ne
l, 

po
ol

s 
an

d 
rif

fle
s,

 f
or

es
te

d 
rip

ar
ia

n 
zo

ne
s.

U
nd

er
ly

in
g 

be
dr

oc
k 

U
pp

er
 

D
ev

on
ia

n 
sa

nd
st

on
e,

 
ca

rb
on

ife
ro

us
 

lim
es

to
ne

. 
Pa

tc
he

s 
of

 
O

lig
oc

en
e 

sa
nd

s 
in

 li
m

es
to

ne
 

va
lle

ys
.

73
 (

A
ve

ra
ge

 
tr

ap
pe

d 
in

 t
he

 
re

se
rv

oi
rs

)

25
-5

0%
 o

f 
re

se
rv

oi
rs

 
st

or
ag

e 
ca

pa
ci

ty
 fi

lle
d 

w
ith

 b
ed

lo
ad

. 
C

en
tr

al
 re

se
rv

oi
r 

bi
gg

es
t 

ac
cu

m
ul

at
io

n 
of

 c
oa

rs
er

 
be

dl
oa

d.

Se
di

m
en

t 
R

am
p

Th
e 

co
ar

se
st

 
gr

ai
ns

iz
e 

pa
rt

ic
le

s 
ar

e 
tr

ap
pe

d 
up

st
re

am
 in

 t
he

 
re

se
rv

oi
r.

Pe
et

er
s 

et
 a

l. 
(2

02
0)

1.
5 

– 
5.

1

7 
W

ei
rs

N
//

A
0.

2 
– 

3

U
pp

er
 

C
on

ne
ct

ic
ut

 
w

at
er

sh
ed

, 
U

SA
.

R
iffl

e-
po

ol
s 

an
d 

pl
an

e-
be

d 
un

its
.

C
oa

rs
e 

se
di

m
en

t,
 

ve
ry

 lo
w

 fi
ne

-g
ra

in
ed

 
su

sp
en

de
d 

se
di

m
en

t.

Pa
le

oz
oi

c-
ag

e 
m

et
am

or
ph

ic
 

an
d 

ig
ne

ou
s 

ro
ck

s.

15
-8

1 
(T

ra
ce

rs
 

us
ed

 in
 t

he
 

st
ud

y)

G
ra

ve
l 

te
m

po
ra

ril
y 

de
po

si
te

d 
in

 
re

se
rv

oi
r. 

Se
di

m
en

t 
R

am
p

N
/A

M
ag

ill
ig

an
 e

t 
al

. 
(2

02
1)

1.
8-

3

4 
W

ei
rs

N
/A

0.
01

3-
0.

07

V
er

m
ill

io
n 

R
iv

er
, 

Li
tt

le
 W

ab
as

h,
 

Ye
llo

w
 C

re
ek

. 
R

iv
er

, N
or

th
 

Fo
rk

, I
lli

no
is

 
U

SA
.

V
er

m
ill

io
ni

 R
iv

er
 

va
le

y 
bo

tt
om

 fl
uv

ia
l 

an
d 

gl
ac

io
flu

vi
al

 
de

po
si

ts
 s

an
d 

an
d 

gr
av

el
. S

ur
fic

ia
l 

un
co

ns
ol

id
at

ed
 s

an
d,

 
gr

av
el

 a
nd

 s
an

dy
 t

ill
 

gl
ac

ia
l d

ep
os

its
 o

ve
r 

be
dr

oc
k.

U
nc

on
so

lid
at

ed
 

se
di

m
en

ta
ry

 
gl

ac
ia

l m
at

er
ia

l 
ov

er
ly

in
g 

be
dr

oc
k 

se
di

m
en

ta
ry

 
Si

lu
ria

n,
 

D
ev

on
ia

n,
 

M
is

si
ss

ip
pi

an
 

an
d 

Pe
nn

sy
lv

an
ia

n 
ag

e 
(R

es
ou

rc
es

 
19

99
).

0.
37

-6
4.

3 
(U

ps
tr

ea
m

 
N

or
th

 F
or

k)

1.
39

-4
0.

4 
(U

ps
tr

ea
m

 
V

er
m

ill
io

n)

13
-3

3.
8 

(U
ps

tr
ea

m
 

Ye
llo

w
 C

re
ek

)

9-
49

,6
5 

(U
ps

tr
ea

m
 L

itt
le

 
W

ab
as

h)

M
in

or
 t

ra
pp

in
g 

of
 fi

ne
 

se
di

m
en

t.
N

/A

Be
d 

m
at

er
ia

l 
co

ar
se

ni
ng

.

Fl
us

hi
ng

 o
f 

fin
e 

m
at

er
ia

l.

C
si

ki
 a

nd
 

R
ho

ad
s 

(2
01

4)



23

W
ei

r 
H

ei
gh

t

(m
)

Im
pa

ct
ed

 
R

ea
ch

 (
m

)
Sl

op
e 

(%
)

Lo
ca

ti
on

G
eo

m
or

ph
ol

og
ic

al
 

Se
tt

in
g

Li
th

ol
og

ic
al

 
Se

tt
in

g
G

ra
in

si
ze

 (
m

m
)

Se
di

m
en

t 
A

cc
um

ul
at

io
n 

be
hi

nd
 R

oR
 

W
ei

r

U
ps

tr
ea

m
 

Ef
fe

ct
s

D
ow

ns
tr

ea
m

 
Ef

fe
ct

s
St

ud
y

H
ig

h 
he

ad
 im

po
un

dm
en

ts

M
od

el
lin

g 
St

ud
y

N
/A

N
/A

0.
76

-0
.8

6

U
S 

Pa
ci

fic
 

N
or

th
w

es
t 

an
d 

Br
iti

sh
 

C
ol

um
bi

a.

Be
dr

oc
k,

 b
ou

ld
er

 
up

pe
r 

re
ac

h 
an

d 
al

lu
vi

al
 p

la
ne

. B
ar

 p
oo

l 
do

w
ns

tr
ea

m
 r

ea
ch

.

Pl
ut

on
ic

 a
nd

 
gn

ei
ss

ic
 r

oc
k 

of
 

M
id

dl
e 

Ju
ra

ss
ic

 
to

 E
oc

en
e,

 
m

et
am

or
ph

ic
 

ro
ck

s.
 Y

ou
ng

er
 

m
id

-c
re

ta
ce

ou
s 

ov
er

la
p 

m
id

dl
e 

Ju
ra

ss
ic

 t
hr

ou
gh

 
ea

rly
 c

re
ta

ce
ou

s 
m

ar
in

e 
cl

as
tic

 
ro

ck
s 

(B
us

tin
 e

t 
al

. 2
01

3)
.

23
-6

9 
(S

ed
im

en
t 

pa
ra

m
et

er
s 

in
pu

t 
to

 
m

or
ph

od
yn

am
ic

 
m

od
el

)

A
ss

um
es

 1
00

%
 

of
 b

ed
lo

ad
 

se
di

m
en

t 
is

 
tr

ap
pe

d.
 F

or
 a

 
pe

rio
d 

of
 t

im
e 

be
fo

re
 t

ra
ns

po
rt

 
is

 r
es

um
ed

.

N
/A

Be
d 

m
at

er
ia

l 
co

ar
se

ni
ng

.

Sp
aw

ni
ng

 
gr

av
el

 m
is

si
ng

 
do

w
ns

tr
ea

m
.

Fu
lle

r 
et

 a
l. 

(2
01

6)

Fi
el

d 
St

ud
ie

s

5.
5

37
00

2.
52

H
ai

lin
g 

R
iv

er
, 

N
or

th
er

n 
C

hi
na

La
rg

e,
 m

ou
nt

ai
n 

riv
er

, 
rif

fle
-p

oo
l.

M
es

oz
oi

c 
gr

an
ite

s,
 

C
en

oz
oi

c 
se

di
m

en
ts

.

2-
23

0 
(A

ve
ra

ge
 

up
st

re
am

)
N

/A

C
ob

bl
e 

co
m

po
si

tio
n 

de
cr

ea
se

d,
 s

an
d 

in
cr

ea
se

d.
  L

ow
 

su
sp

en
de

d 
se

di
m

en
t 

lo
ad

. 
Po

or
 h

ab
ita

t 
co

nd
iti

on
s.

 
U

ns
ta

bl
e 

ba
nk

s,
 

po
or

 r
ip

ar
ia

n 
ve

ge
ta

tio
n.

 
M

ac
ro

in
ve

rt
eb

ra
te

 
ef

fe
ct

ed
.

W
an

g 
et

 a
l. 

(2
01

6)



24

W
ei

r 
H

ei
gh

t

(m
)

Im
pa

ct
ed

 
R

ea
ch

 (
m

)
Sl

op
e 

(%
)

Lo
ca

ti
on

G
eo

m
or

ph
ol

og
ic

al
 

Se
tt

in
g

Li
th

ol
og

ic
al

 
Se

tt
in

g
G

ra
in

si
ze

 (
m

m
)

Se
di

m
en

t 
A

cc
um

ul
at

io
n 

be
hi

nd
 R

oR
 

W
ei

r

U
ps

tr
ea

m
 

Ef
fe

ct
s

D
ow

ns
tr

ea
m

 
Ef

fe
ct

s
St

ud
y

Fi
el

d 
St

ud
ie

s

1 
– 

57

15
 W

ei
rs

N
/A

0.
9-

57
Pe

nn
sy

lv
an

ia
 

an
d 

M
ar

yl
an

d

Si
ng

le
 t

hr
ea

d 
co

ar
se

-
gr

ai
ne

d 
riv

er
s 

w
ith

 
fo

re
st

ed
 r

ip
ar

ia
n 

zo
ne

s.
 

Pl
an

ar
, c

ob
bl

e,
 b

ou
ld

er
 

be
ds

, h
al

f 
of

 r
ea

ch
es

 
ha

ve
 e

xp
os

ed
 b

ed
ro

ck
.

A
pp

al
ac

hi
an

 
Pl

at
ea

u.

17
.9

8 

0.
56

4

33
.3

72

15
5.

52
8

9.
99

34
.8

12

22
.3

75

27
.2

19

49
.6

26

77
.0

19

9.
17

6

0.
80

25
.5

63

1.
58

8

18
.2

62

32
.1

68

22
.3

75

39
.7

36

(A
ll 

U
ps

tr
ea

m
)

C
ob

bl
es

 
an

d 
sm

al
le

r 
se

di
m

en
ts

 
tr

ap
pe

d 
in

 
re

se
rv

oi
r.

N
/A

Be
d 

m
at

er
ia

l 
co

ar
se

ns
.

Sk
al

ak
 e

t 
al

. 
(2

00
9)

N
/A

N
/A

3

A
in

 R
iv

er
, 

Bi
en

ne
 R

iv
er

 
an

d 
Fi

er
 r

iv
er

, 
N

or
th

er
n 

Pr
ea

lp
s,

 F
ra

nc
e.

Be
dr

oc
k 

go
rg

es
, 

m
ed

iu
m

 g
ra

ve
l b

ed
, 

be
dr

oc
k 

go
rg

es
 

ca
sc

ad
e.

 

M
id

dl
e 

Ju
ra

ss
ic

 
lim

es
to

ne
, 

H
ol

oc
en

e 
de

po
si

ts
, p

ar
t 

of
 

A
lp

in
e 

fo
re

la
nd

. 

N
/A

R
es

er
vo

ir 
se

di
m

en
ta

tio
n.

M
et

al
 s

ed
im

en
t 

co
nt

am
in

at
io

n.
  

Ec
ot

ox
ic

 r
is

k 
to

 r
es

er
vo

ir 
bi

ot
a 

an
d 

do
w

ns
tr

ea
m

 
sp

ec
ie

s.

N
/A

Fa
nn

y 
et

 a
l. 

(2
01

3)



25

1.1 References in Table B.1
Casserly, C. M., Turner, J. N., O'Sullivan, J. J., Bruen, M., Bullock, C., Atkinson, S. and Kelly-Quinn, M. (2020) Impact of 

low-head dams on bedload transport rates in coarse-bedded streams, Science of the Total Environment, 716, 136908.

Csiki, S. J. C. and Rhoads, B. L. (2014) Influence of four run-of-river dams on channel morphology and sediment 
characteristics in Illinois, USA, Geomorphology, 206, 215-229.

Fanny, C., Virginie, A., Jean-François, F., Jonathan, B., Marie-Claude, R. and Simon, D. (2013) 'Benthic indicators of 
sediment quality associated with run-of-river reservoirs', Hydrobiologia, 703, 149-164.

Fuller, T. K., Venditti, J. G., Nelson, P. A. and Palen, W. J. (2016) Modeling grain size adjustments in the downstream reach 
following run-of-river development, Water Resources Research, 52, 2770-2788.

Magilligan, F. J., Roberts, M. O., Marti, M. and Renshaw, C. E. (2021) The impact of run-of-river dams on sediment 
longitudinal connectivity and downstream channel equilibrium, Geomorphology, 376, 107568.

Pearson, A. J. and Pizzuto, J. (2015) Bedload transport over run-of-river dams, Delaware, U.S.A, Geomorphology, 248, 382-
395

Peeters, A., Houbrechts, G., Hallot, E., Van Campenhout, J., Gob, F. and Petit, F. (2020) Can coarse bedload pass through 
weirs?, Geomorphology, 359, 107131.

Sindelar, C., Gold, T., Reiterer, K., Hauer, C. and Habersack, H. (2020) Experimental Study at the Reservoir Head of Run-of-
River Hydropower Plants in Gravel Bed Rivers. Part I: Delta Formation at Operation Level, Water, 12, 2035.

Skalak, K., Pizzuto, J. and Hart, D. D. (2009) Influence of Small Dams on Downstream Channel Characteristics in 
Pennsylvania and Maryland: Implications for the Long-Term Geomorphic Effects of Dam Removal 1, Journal of the 
American Water Resources Association, 45, 97-109.

Wang, H., Chen, Y., Liu, Z. and Zhu, D. (2016) Effects of the “Run-of-River” hydro scheme on macroinvertebrate 
communities and habitat conditions in a Mountain River of Northeastern China, Water, 8, 31, 1-16. 

1.2 Additional bibliography
Anderson, D., Moggridge, H., Warren, P. and Shucksmith, J. (2015) 'The impacts of ‘run-of-river’ hydropower on the 

physical and ecological condition of rivers', Water and Environment Journal, 29(2), 268-276.

Baumgartner, M. T., Piana, P. A., Baumgartner, G., & Gomes, L. C. (2020). Storage or run-of-river reservoirs: exploring 
the ecological effects of dam operation on stability and species interactions of fish assemblages. Environmental 
management, 65(2), 220-231.

Bilotta, G. S., Burnside, N. G., Gray, J. C., & Orr, H. G. (2016). The effects of run-of-river hydroelectric power schemes on 
fish community composition in temperate streams and rivers. PLoS One, 11(5), e0154271.

Bilotta, G. S., Burnside, N. G., Turley, M. D., Gray, J. C., & Orr, H. G. (2017). The effects of run-of-river hydroelectric power 
schemes on invertebrate community composition in temperate streams and rivers. PloS one, 12(2), e0171634.

Brackley, R. (2016) Interactions between migrating salmonids and low-head hydropower schemes, unpublished thesis 
University of Glasgow.

Brandt, S. A. (2000) 'Classification of geomorphological effects downstream of dams', Catena, 40(4), 375-401

Cantelli, A., Paola, C. and Parker, G. (2004) Experiments on Upstream-Migrating Erosional Narrowing and Widening 
of an Incisional Channel Caused by Dam Removal. Water Resources Research, 40, W03304. https://doi.
org/10.1029/2003WR002940

Casserly, C. M., Turner, J. N., JJ, O. S., Bruen, M., Bullock, C., Atkinson, S. and Kelly-Quinn, M. (2021) 'Effect of low-head 
dams on reach-scale suspended sediment dynamics in coarse-bedded streams', J Environ Manage, 277, 111452.

Casserly, C. M., Turner, J. N., O'Sullivan, J. J., Bruen, M., Bullock, C., Atkinson, S. and Kelly-Quinn, M. (2020) 'Impact of 
low-head dams on bedload transport rates in coarse-bedded streams', Sci Total Environ, 716, 136908.

Csiki, S. and Rhoads, B. L. (2010) 'Hydraulic and geomorphological effects of run-of-river dams', Progress in Physical 
Geography: Earth and Environment, 34(6), 755-780.

https://doi.org/10.1029/2003WR002940
https://doi.org/10.1029/2003WR002940


26

Csiki, S. J. C. and Rhoads, B. L. (2014) 'Influence of four run-of-river dams on channel morphology and sediment 
characteristics in Illinois, USA', Geomorphology, 206, 215-229.

Fanny, C., Virginie, A., Jean-François, F., Jonathan, B., Marie-Claude, R. and Simon, D. (2013) 'Benthic indicators of sediment 
quality associated with run-of-river reservoirs', Hydrobiologia, 703(1), 149-164.

Fencl, J. S., Mather, M. E., Costigan, K. H. and Daniels, M. D. (2015) 'How big of an effect do small dams have? Using 
geomorphological footprints to quantify spatial impact of low-head dams and identify patterns of across-dam 
variation', PLoS One, 10(11), e0141210.

Fuller, T. K., Venditti, J. G., Nelson, P. A. and Palen, W. J. (2016) 'Modeling grain size adjustments in the downstream reach 
following run-of-river development', Water Resources Research, 52(4), 2770-2788.

Gibeau, P., Connors, B. M. and Palen, W. J. (2017) 'Run-of-River hydropower and salmonids: potential effects and 
perspective on future research', Canadian Journal of Fisheries and Aquatic Sciences, 74(7), 1135-1149.

Ibisate, A., Díaz, E., Ollero, A., Acin, V. and Granado, D. (2013) 'Channel response to multiple damming in a meandering 
river, middle and lower Aragón River (Spain)', Hydrobiologia, 712(1), 5-23.

Kondolf, G. M., Gao, Y., Annandale, G. W., Morris, G. L., Jiang, E., Zhang, J., Cao, Y., Carling, P., Fu, K. and Guo, Q. (2014) 
'Sustainable sediment management in reservoirs and regulated rivers: Experiences from five continents', Earth's Future, 
2(5), 256-280.

Magilligan, F. J., Roberts, M. O., Marti, M. and Renshaw, C. E. (2021) 'The impact of run-of-river dams on sediment 
longitudinal connectivity and downstream channel equilibrium', Geomorphology, 376.

Pearson, A. J. and Pizzuto, J. (2015) 'Bedload transport over run-of-river dams, Delaware, U.S.A', Geomorphology, 248, 
382-395.

Peeters, A., Houbrechts, G., Hallot, E., Van Campenhout, J., Gob, F. and Petit, F. (2020) 'Can coarse bedload pass through 
weirs?', Geomorphology, 359, 107131.

Robson, A. L. (2013) Implications of small-scale run-of-river hydropower schemes on fish populations in Scottish streams, 
unpublished thesis University of Hull.

SEPA (2010). Engineering in the water environment: good practice guide - Sediment management. 1st edition, 1-56.

SEPA (2018) Supporting Guidance (WAT-SG-74). Sector-specific Guidance: Hydropower. V3.0, 1-42.

Simons, D. B. and Şentürk, F. (1992) Sediment transport technology: water and sediment dynamics, Water Resources 
Publication.

Sindelar, C., Gold, T., Reiterer, K., Hauer, C. and Habersack, H. (2020) 'Experimental Study at the Reservoir Head of Run-of-
River Hydropower Plants in Gravel Bed Rivers. Part I: Delta Formation at Operation Level', Water, 12(7), 2035.

SNH (2015) Hydroelectric Schemes and the Natural Heritage. v1, 1-28.

Vazquez-Tarrio, D., Tal, M., Camenen, B. and Piegay, H. (2019) 'Effects of continuous embankments and successive run-of-
the-river dams on bedload transport capacities along the Rhone River, France', Sci Total Environ, 658, 1375-1389.

Wang, H., Chen, Y., Liu, Z. and Zhu, D. (2016) 'Effects of the “Run-of-River” hydro scheme on macroinvertebrate 
communities and habitat conditions in a Mountain River of Northeastern China', Water, 8(1), 31



CREW Facilitation Team

Hydro Nation International Centre

James Hutton Institute

Craigiebuckler

Aberdeen AB15 8QH

Scotland UK

Tel: +44 (0)1224 395 395

Email: enquiries@crew.ac.uk

www.crew.ac.uk

CREW is a partnership between the James Hutton Institute and 

Scottish Higher Education Institutes and Research Institutes. 

The Centre is funded by the Scottish Government.


