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Annex 11.4.4-Hydromorphological Catchment Assessment-159

| Catchment No.

| 159

| Catchment Name

| R

Channel Nature ‘Nature of water course Natural
‘Size of water course Minor
a itative Spatial Catchment Area (km?) 0.3
1 Average slope in catchment (°) 5
% Catchment over 750m (for snow melt risk) 0
Water, flows and levels Good
WED classification Physical condition Good
Overall ecological status Good

Toch Laggan Psammite formation-

gY

Majority Bedrock (see Drawing 11.4.4.1 a and b Catchment 159)

Psammite, Micaeous

resistant to weathering, impermeable

Is an alluvial fan present at or near the crossing? No

Envir | Ramsar No
(see SAC No

Drawing 11.4.4.1¢, |pp No
Catchment 159) SSSI No

Sediment source and

supply - Catchment Scale

Changes in slope and channel confinement

See Drawing 11..

4.4.2, Catchment 159

Is peat present in the catchment? Yes In former glacial metlwater channel
Is there a bog burst risk? Yes
Current valley side or terrace erosion No
Potential valley side or terrace erosion No
Hill slope failures (including peat slides and debris flows and slides) No
Hill slope failures coupled to channel No
Vertical incision present in catchment No
Channel seems to wander across
midcatchment slope in Google and
Bank erosion/lateral migration Yes ArcGIS imagery
Unvegetated bars No
Some scrub woodland and deciduous
Wooded/forested areas in catchment Yes woodaland
Ruins of Upper Raitts settlement. No
Infrastructure type (see Drawing 11.4.4.1 d, Catchment 159) Yes impact on channel

Comment on sediment source potential in catchment

Limited. Potential for bog burst but unlikely to reach crossing

Comment on sediment supply potential to crossing

Limited. Potential for bog burst but unlikely to reach crossing

Reach upstream of
crossing

Morphology and Process-

Channel morphology Not visible
Predominant sediment size Not visible
Unvegetated bars Not visible
Vertical incision Not visible
Deposition Not visible
Lateral migration/bank erosion Not visible
Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment

159 Not visible
Impact of infrastructure Not visible

Small body of standing water shown
¢.80m u/s of crossing in 1903 mapping

Channel realignment Yes no longer exists
Channel morphology Engineered
Predominant sediment size - None visible
Morphology and Process- Unvgget'ate'd‘ bars No
At crossing Vertlcavl‘lnmsmn None
Deposition None
Lateral migration/bank erosion None
Damaged/unstable drains or armouring No
Appears to re-enter culvert
immediately under farmyard and track
until emerging into meandering
channel ¢.180m d/s of crossing on d/s
Channel morphology Engineered side of B9152
Predominant sediment size Not visible
Unvegetated bars No
Vertical incision Assumed not, not visible though
Morphology and Process- Deposition Assumed not, not visible though
Reach down.stream of Lateral migration/bank erosion Assumed not, not visible though
crossing Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment Channel culverted under farmyard and
159 Yes minor road for c.180m
Channel confined in culvert for
substantial distance. Significant
disruption required for any
Impact of infrastructure Yes improvement d/s of crossing
See comments on enclosure in culvert
Channel realignment Yes above.

Summary behaviour

Limited activity in this catchment. Limited realignment u/s of crossing. Seems stable and vegetated. D/s of crossing realigned, probably during railway
construction to take flow from this and other channels through just one point along the railway embankment.
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Annex 11.4.4-Hydromorphological Catchment Assessment-161

| Catchment No.

[ 161

| Catchment Name

Channel Nature |Nature of water course Drain I
|Size of water course Minor ]
2
Quantitative Spatial Catchment Are'a (km?) 07
1 Average slope in catchment (°) 6.3
% Catchment over 750m (for snow melt risk) 0
Water, flows and levels Good
WFD classification Physical condition Good
Overall ecological status Good

Majority Bedrock (see Drawing 11.4.4.1 a and b Catchment 161)

TOCh Laggan Psammite rormation-
Psammite, Micaeous

resistant to weathering, impermeable

Is an alluvial fan present at or near the crossing? No

Envi | Ramsar No

d ions (see Drawing|SAC No
11.4.4.1 c, Catchment |SPA No
161) SSSI No

Sediment source and
supply - Catchment Scale

Changes in slope and channel confinement

See Drawing 11.4.4.2, Catchment 161

Is peat present in the catchment? Yes Lower catchment only
Is there a bog burst risk? No

Current valley side or terrace erosion No

Potential valley side or terrace erosion No

Hill slope failures (including peat slides and debris flows and slides) No

Hill slope failures coupled to channel No

Vertical incision present in catchment No

Bank erosion/lateral migration No

Unvegetated bars No

Scrubwoodland and planations in mid

Wooded/forested areas in catchment Yes and lower catchment
Infrastructure type (see Drawing 11.4.4.1 d, Catchment 161) No

Comment on sediment source potential in catchment

Very limited

Comment on sediment supply potential to crossing

Very limited, little channelisation. Channels of intermittent continuity as upper
channel disappears into sink, probaly to become subsurface flow (note the flush)

Channel morphology Engineered Drain
Predominant sediment size -
Unvegetated bars No
Vertical incision None
Morpk and Process- —
Deposition None
Reach upst.ream of Lateral migration/bank erosion None
crossing Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment
161 None
Impact of infrastructure None
Channel realignment Yes Road parallel drain
Channel morphology Engineered Pipe culvert in concrete structure
Predominant sediment size -
Unvegetated bars No
Morpk and Process- o
At crossing Vertlce.xlvlnusmn None
Deposition Low
Lateral migration/bank erosion None
Damaged/unstable drains or armouring No
Channel morphology No photos
Predominant sediment size No photos
Unvegetated bars No photos
Vertical incision No photos
Deposition No photos
Lateral migration/bank erosion No photos
Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment
Morphology and Process- [ 161 Yes Farm buildings and minor road
Reach downstream of Channel likely culverted for significant
crossing Impact of infrastructure Yes distances
Significant realignment likely to have
occurred d/s of road to take channel in
culvert. Not confirmed by any photos or
the map but suspect this channel has a
confluence with 159 somewhere under
Channel realignment Yes the road.

Summary behaviour

Limited activity in this catchment. Limited realignment u/s of crossing. Seems stable and vegetated. D/s of crossing realigned, probably during railway
construction to take flow from this and other channels through just one point along the railway embankment.
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Annex 11.4.4 ical C:

T 162

[ Catchment No.
<

Raitts Burn

Channel Nature

[Nature of water course

I Natural

[Size of water course

| Major

patial

[catchment Area (km?)

[ 12

Elements

|Average slope in catchment (*)

| 7.8

% Catchment over 750m (for snow melt risk)

I 26

Water, flows and levels

High

Physical condition

Good

Overall ecological status

Moderate

Geology

Majority Bedrock (see Drawing 11.4.4.1a and b Catchment 162]
Is an alluvial fan present at or near the crossiny

ToCh Caggan Psam
Psammite, Micaeous
Yes

resistant to weathering, impermeable
Risk of avulsion

Environmental

11.4.4.1 ¢, Catchment
162)

designations (see Drawing

Ramsar

River Spey - Insh Marshes
Breeding birds, wetlands, freshwater
habitats, trophic range

Swan

SAC

Insh Marshes

Alder woodland on floodplains, clear-
water lakes or lochs with aquatic
vegetation and poor to moderate
nutrient levels, Otter, very we mires
often identified by an unstable quaking
surface

River Spey

Atlantic salmon, freshwater pearl
mussel, otter, sea lamprey

sPA

River Spey - Insh Marshes

Hen Harrier, Osprey breeding, Spotted
Crake breeding, Whooper swan, Wigeon
breeding, Wood Sandpiper

sssi

River Spey - Insh Marshes

Arctic charr, breeding bird assemblage,
flood plain fen, invertebrate
assemblage, mesotrophic loch, Osprey
breeding, Otter, vascular plant

Yes assemblage, Whooper swan

Sediment source and
supply - Catchment Scale

Changes in slope and channel

See Drawing 11.4.4.2, Catchment 162

Is peat present in the catchment?

Visible in GoogleEarth in upper
catchment and in BGS 1:50k superficials
mapping

I there a bog burst risk?

Some valley and watershed mire
deposits which look potentially deep.
Evidence of peat hagging. Extensive
blanket bog deposits which may fail as
peat slides, but scars small and limited
to upper catchment. Possibly slope
angles limit likelihood of failures

Current valley side or terrace erosion

>7km

Potential valley side or terrace erosion

.7km of unconfined channel

Hill slope failures (including peat slides and debris flows and slides)

Limited scars in upper

Hill slope failures coupled to channel

Not visible other than terrace/valleyside|
erosion

Vertical incision present in catchment

Presumably but difficult to see on
GoogleEarth and no photos sufficiently
far upstream

Bank erosion/lateral migration

Lengthy sections of unconfined channel
where floodplain has developed in
valley bottom and wandering channel
has developed

Principally in the flatter mid-section of
the catchment

areas in catchment

Lower catchment wooded, including
adiacent to river.

tvpe (see Drawing 11.4.4.1d, Catchment 162)

Access track to upper catchment

Comment on sediment source potential in catchment

Sediment source potential is VERY HIGH. Very obvious eroding valley
sides/terrace bluffs in mid catchment, mobile bars and channel is likely incising
in the c. 1-2km u/s of the channel - according to BGS 1:50k mapping, there are

extensive deposits of loose rock fragments (scree) moved downslope from freezel
thaw processes.

Comment on sediment supply potential to crossing

Evidence from site photos indicates that large volumes of coarse sediment are
supplied to the crossing. This is unsurprising given the sources of sediment
present. It is unlikely that coarse sediment will travel all the way from the upper
catchment to the lower catchment in all but the most extreme events, but
coarse sediment deposited in the flood plain in earlier flood events and terrace
and scree deposits in the mid to lower catchment would probably to reach the
crossing in moderately large events.

Morphology and Process-

Channel morphology Plane bed
ediment si Gravel and Cobbles
bars No
Vertical incision Low
Morphology and Process- | Deposition Low
Reach upstream of | Lateral erosion Medium
crossing Presence and nature of infrastructure (see Drawing 11.4.4.1d, Catchment Mains of Ballavil Bridge 150m u/s of
Yes crossing
Impact of Possibl
Channel follows course shown in 1899
Channel realignment No s map
Plane bed Mobile bed - bridge crossing, no culvert

Channel morphology.
P ediment si

Gravel-cobble

Small unvegetated bar d/s of crossing,

At crossing bars Yes on right bank
Vertical incision Low
Deposition Medium
Lateral erosion Low
Damaged/unstable drains or armouring No Structures at crossing seem intact
Plane bed

Channel morphology
P ediment si

Gravel-cobble

Large in-channel gravel-cobble bar

bars Yes deposited
Vertical incision None
Deposition High
Morphology and Process- |, ;) erosion None
Reach f
crossing Presence and nature of infrastructure (see Drawing 11.4.4.1d, Catchment 89152 road bridge, Railway Bridge,
16 Yes Levees ds of railway bridge
Road and railway crossing heavily
restricts passage of sediment, water and|
Impact of Yes woody debris, leading to deposition of
05 mapping, but levees have been
constructed d/s of railway and dredging
Channel realignment No appears to have occurred.

Summary behaviour

Limited activity in this catchment. Limited realignment u/s of crossing. Seems stable and vegetated. D/s of crossing realigned, probably during railway
construction to take flow from this and other channels through just one point along the railway embankment.
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Annex 11.4.4-Hydromorphological Catchment Assessment-165

| C; No.

| 165

| Catchment Name

Channel Nature [ Nature of water course I Drain |
[Size of water course | Minor |
a itative Spatial Catchment Area lkmz) 0.2
N Average slope in catchment (°) 7.5
% Catchment over 750m (for snow melt risk) 0
Water, flows and levels Good
WFD Physical condition Good
Overall ecological status Good
TOCh Laggan Psammite Tormation-
Geology Majority Bedrock (see Drawing 11.4.4.1 a and b Catchment 165) | Psammite, Micaeous |resistant to weathering, impermeable |
[Is an alluvial fan present at or near the crossing? | No |
River Spey - Insh Marshes
Breeding birds, wetlands, freshwater
habitats, trophic range river/stream,
Ramsar Yes Whooper Swan
Insh Marshes
Alder woodland on floodplains, clear-
water lakes or lochs with aquatic
vegetation and poor to moderate
Environmental nutrient levels, Otter, very we mires
designations (see often identified by an unstable quaking
g
Drawing 11.4.4.1¢c, :{lij\;fearC:pey
Catchment 165) Atlantic salmon, freshwater pearl
SAC Yes mussel, otter, sea lamprey
SPA Yes Hen Harrier, Osprey breeding, Spotted
River Spey - Insh Marshes
Arctic charr, breeding bird assemblage,
flood plain fen, invertebrate
assemblage, mesotrophic loch, Osprey
breeding, Otter, vascular plant
SsSI Yes assemblage, Whooper swan

Sediment source and
supply - Catchment Scale

Changes in slope and channel

See Drawing 11.4.4.2, Catchment 165

Floodplain mire deposits d/s/ of road

Is peat present in the ? Yes on spey
Is there a bog burst risk? No D/s of road on flat ground.
Current valley side or terrace erosion No
Potential valley side or terrace erosion No
Hill slope failures (including peat slides and debris flows and slides) No
Hill slope failures coupled to channel No
Vertical incision present in catchment No
Bank erosion/lateral migration No
Unvegetated bars No
Extensive woodland in upper
Wooded/forested areas in catchment Yes catchment
Infrastructure type (see Drawing 11.4.4.1 d, Catchment 165) Yes B9152 and Railway d/s of A9

Comment on sediment source potential in catchment

Limited. Talus deposits present as are glacio fluvial sands and gravels, but these

are not exposed and a flowing channel in upper catchment is very limited
therefore transport of sediment to crossing unlikely

Reach

Comment on sediment supply potential to crossing See above
Channel morphology Plane bed
difficult to see as channel completely
Predominant sediment size Fines vegetated
Unvegetated bars No
Vertical incision None
Morphology and Process- probably deposition of fines in
of Depositi Low vegetated channel

crossing Lateral migration/bank erosion None
Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment 0S Mapping shows track u/s of road,
165 Yes probably crosses channel at a ford.

Impact of infrastructure

None evident

Channel not shown u/s of road on 1899

Channel realignment No map
Channel morphology Engineered Pipe culvert
Predominant sediment size Fines
Unvegetated bars No
Morphology and Process- _E ——
N Vertical incision None
At crossing —

Deposition Low
Lateral migration/bank erosion None
Damaged/unstable drains or armouring No

Channel morphology

Not known, photos only show culvert
exit

Not known, photos only show culvert

Predominant sediment size exit
Not known, photos only show culvert
Unvegetated bars exit

Not known, photos only show culvert

Vertical incision exit
and Process- Notk ot o et
Reach downstream of - ot known, photos only show culvert
. Deposition exit
crossing
Not known, photos only show culvert
Lateral migration/bank erosion exit
Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment Not known, photos only show culvert
165 exit

Not known, photos only show culvert

Impact of infrastructure exit
Not known, photos only show culvert
Channel realignment exit

Summary behaviour

Limited activity in this catchment. Limited realignment u/s of crossing. Seems stable and vegetated. D/s of crossing realigned, probably during railway
construction to take flow from this and other channels through just one point along the railway embankment.
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Annex 11.4.4-Hyd hol,

166

Catchment No.

166

Catchment Name

Channel Nature | Nature of water course [ Drain |
[ size of water course [ Minor |
3
Spatial |Catchment Area (km’) 04
Elements Average slope in catchment (*) 7
% Catchment over 750m (for snow melt risk) 0
Water, flows and levels Good
WFD classification
Physical condition Good
Overall ecological status Good

Geology

‘Major\( Bedrock (see Drawing 11.4.4.1 a and b Catchment 166)

TOCh [aggan Psammite Tormation-

Psammite, Micaeous ‘res\s(ant to

[Is an alluvial fan present at or near the crossing?

No

Environmental
designations (see
Drawing 11.4.4.1 ¢,
Catchment 166)

Ramsar

River Spey - Insh Marshes

Breeding birds, wetlands, freshwater
habitats, trophic range
river/stream,Whooper Swan

SAC

Insh Marshes
Alder woodland on floodplains, clear-
water lakes o lochs with aquatic
vegetation and poor to moderate
nutrient levels, Otter, very we mires
often identified by an unstable quaking
surface

River Spey

Atlantic salmon, freshwater pearl
mussel, otter, sea lamprey.

SPA

River Spey - Insh Marshes
Hen Harrier, Osprey breeding, Spotted
Crake breeding, Whooper swan, Wigeon|
breeding, Wood Sandpiper

sssl

River Spey - Insh Marshes

Arctic charr, breeding bird assemblage,
flood plain fen, invertebrate
assemblage, mesotrophic loch, Osprey
breeding, Otter, vascular plant

Yes assemblage, Whooper swan

Sediment source and
supply - Catchment Scale

Changes in slope and channel

See Drawing 11.4.4.2, Catchment 166

Floodplain mire in very lowest extent of

Is peat present in the catchment? Yes catchment
Floodplain mire in very lowest extent of
Is there a bog burst risk? No catchment - d/s of road
Current valley side or terrace erosion No
Potential valley side or terrace erosion No
Hill slope failures (including peat slides and debris flows and slides) No
Hill slope failures coupled to channel No
Vertical incision present in catchment No
Bank erosion/lateral migration No
L bars No
Wooded/forested areas in catchment No
Croftcarnoch farm - distant from
Infrastructure type (see Drawing 11.4.4.1 d, Catchment 166) Yes watercourse

Comment on sediment source potential in catchment

Limited. Well vegetated catchment

Comment on sediment supply potential to crossing

Low gradient area between steep upper catchment and crossing, and little
channel development means limited opportunity for sediment supply to crossing.

No Photos (notes say photos are /s but
flow of water is out of culvert towards
camera) but OS indicates channel u/s of
Channel morpholog, slope is a cut drain.
No Photos (notes say photos are u/s but
flow of water is out of culvert towards
sediment size No data camera)
No Photos (notes say photos are u/s but
flow of water is out of culvert towards
[ bars No data camera)
No Photos (notes say photos are u/s but
Morphology and Process- B flow of water is out of culvert towards
Reach upstream of Vertical incision No data camera)
crossing No Photos (notes say photos are u/s but
flow of water is out of culvert towards
Deposition No data camera)
No Photos (notes say photos are u/s but
flow of water is out of culvert towards
Lateral migration/bank erosion No data camera)
No Photos (notes say photos are u/s but
Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment flow of water is out of culvert towards
166 No data camera)
Impact of No data flow of water is out of culvert towards
No Photos (notes say photos are u/s but
flow of water is out of culvert towards
Channel No data camera)
Channel morpholog; Pipe culvert
sediment size N/a
and Process- e bars No
At crossing Vertical incision Low
Deposition Low
Lateral migration/bank erosion Low
Damaged/unstable drains or armouring No
Channel morpholog, Cascade
sediment size No data
L bars No data
Vertical incision No data
Deposition No data
and Process- | Lateral migration/bank erosion No data
Reach downstream of | Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment
crossing 166 Yes Fence across channel, B9152, Railway
Fence will restrict flow and passage of
Impact of infrastructure Yes sediment
Channel straightening u/s of road pre-
dates road construction (visible on 1899
Channel realignment No 05 Map)

Summary behaviour

Limited activity in this catchment. Limited realignment u/s of crossing. Seems stable and vegetated. D/s of crossing realigned, probably during railway
construction to take flow from this and other channels through just one point along the railway embankment.
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Annex 11.4.4-Hydromorphologi h A 168
| Catchment No. [ 168
| Catchment Name | -
Channel Nature |Nature of water course ] NaFuraI
|S\ze of water course \ Minor
2
Quantitative Spatial _|Catchment Area (km’) _ 0.9
Elements Average slope in catchment (°) ; 8.2
% Catchment over 750m (for snow melt risk) 0
Water, flows and levels Good
WFD classification
Physical condition Good
Overall ecological status Good
Toch taggan Tormation-

Geology

|Maj0r'\ty Bedrock (see Drawing 11.4.4.1 a and b Catchment 168)

|

Psammite, Micaeous

| resistant to weathering, impermeable

|Is an alluvial fan present at or near the crossing?

|

No |

Environmental
designations (see
Drawing 11.4.4.1¢,
Catchment 168)

Ramsar

River Spey - Insh Marshes

Breeding birds, wetlands, freshwater
habitats, trophic range

Yes river/stream,Whooper Swan

SAC

Insh Marshes

Alder woodland on floodplains, clear-
water lakes or lochs with aquatic
vegetation and poor to moderate
nutrient levels, Otter, very we mires
often identified by an unstable quaking
surface

River Spey

Atlantic salmon, freshwater pear|

Yes mussel, otter, sea lamprey

SPA

River Spey - Insh Marshes

Hen Harrier, Osprey breeding, Spotted
Crake breeding, Whooper swan,

Yes Wigeon breeding, Wood dpil

SSSI

River Spey - Insh Marshes

Avrctic charr, breeding bird assemblage,
flood plain fen, invertebrate
assemblage, mesotrophic loch, Osprey
breeding, Otter, vascular plant

Yes assemblage, Whooper swan

Sediment source and
supply - Catchment Scale

Changes in slope and channel confinement

See Drawing 11.4.4.2, Catchment 168

Is peat present in the catchment? No
Is there a bog burst risk? No
Current valley side or terrace erosion No
Potential valley side or terrace erosion No
Hill slope failures (including peat slides and debris flows and slides) No
Hill slope failures coupled to channel No
Vertical incision present in catchment No
Bank erosion/lateral migration No
Unvegetated bars No
Some foresty in middle catchment so
Wooded/forested areas in catchment Yes somall risk of blockage of culvert

Infrastructure type (see Drawing 11.4.4.1 d, Catchment 168)

Railway downstream of crossing

Comment on sediment source potential in catchment

Little sediment visiable from imagery

Comment on sediment supply potential to crossing

Little sediment visiable from imagery

Morphology and Process-

Channel morphology

Engineered

Predominant sediment size

Not visiable in data

Unvegetated bars

Not visiable in data

Vertical incision

Not visiable in data

Deposition

Not visiable in data

Reach up: of
crossing

Lateral migration/bank erosion

Not visiable in data

168

Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment

Drop cl

hamber upstream end of

crossing

Impact of infrastructure

Not visiable in data

Channel realignment

Not visiable in data

Morphology and Process-
At crossing

Channel morphology Engineered

Predominant sediment size Not visiable in data

Unvegetated bars None

Vertical incision None

Deposition None

Lateral migration/bank erosion Yes Now

Landslide has occured on embankment
and has been remediated with granular
fill and large boulders (see

crossing

Damaged/unstable drains or armouring photographs)

Channel morphology Plane bed

Predominant sediment size Gravel

Unvegetated bars None
Morphology and Process- VEFUCG?\.\I’\C\SIOH None

Deposition None

Reach downstream of - - -
Lateral migration/bank erosion None

168

Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment

Broad crossing (2 pipe culverts) and
Railway bridge downstream

Impact of infrastructure

Will reduce downstream flood flows

Channel realignment

Yes

Summary behaviour

Catchment appears relatively stable, but a landslide on the embankment has occurred and the crossing and section directly downstream has been replaced
with granular fill, and a boulder lined channel.
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Annex 11.4.4-Hydromorphological Catchment Assessment-170

[ Catchment No.

[ 170

Catch Name

|Nature of water course Natural

Channel Nature
|Size of water course Minor

2
o itative Spatial Catchment Are.a (km?) 1.4
1 Average slope in catchment (°) 6.5
% Catchment over 750m (for snow melt risk) 0
Water, flows and levels Good
WFD classification

Physical condition Good
Overall ecological status Good

Geology

Majority Bedrock (see Drawing 11.4.4.1 a and b Catchment 170)

Tocnh Laggan pPsammn
Psammite, Micaeous

Tormation-
resistant to weathering, impermeable

Is an alluvial fan present at or near the crossing?

No

Environmental

designations (see Drawing

11.4.4.1 ¢, Catchment
170)

Ramsar

River Spey - Insh Marshes

Breeding birds, wetlands, freshwater
habitats, trophic range
river/stream,Whooper Swan

SAC

Insh Marshes

Alder woodland on floodplains, clear-
water lakes or lochs with aquatic
vegetation and poor to moderate
nutrient levels, Otter, very we mires
often identified by an unstable quaking
surface

River Spey

Atlantic salmon, freshwater pearl
mussel, otter, sea lamprey

SPA

River Spey - Insh Marshes

Hen Harrier, Osprey breeding, Spotted
Crake breeding, Whooper swan,
Wigeon breeding, Wood Sandpiper

SSSI

River Spey - Insh Marshes

Arctic charr, breeding bird assemblage,
flood plain fen, invertebrate
assemblage, mesotrophic loch, Osprey
breeding, Otter, vascular plant
assemblage, Whooper swan

supply - C

Changes in slope and channel confinement

See Drawing 11.4.4.2, Catchment 170

Is peat present in the catchment? Yes
Is there a bog burst risk? No
Current valley side or terrace erosion No
Potential valley side or terrace erosion No
Hill slope failures (including peat slides and debris flows and slides) No
Hill slope failures coupled to channel No
Vertical incision present in catchment No
Sediment source and
Scale |Bank erosion/lateral migration No
Unvegetated bars No
Wooded/forested areas in catchment No
Infrastructure type (see Drawing 11.4.4.1 d, Catchment 170) No

Comment on sediment source potential in catchment

Limited. Well vegetated catchment.

Comment on sediment supply potential to crossing

Low gradient area between upper catchment and crossing, limited opportunity
for sediment supply to crossing.

Channel morphology Engineered
Predominant sediment size No data
Unvegetated bars No data
Vertical incision No data
and Process- —
Reach of Deposition No data
erossin Lateral migration/bank erosion No data
8 Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment
170 No data
Impact of infrastructure No data
Channel realignment No data
Channel morphology Engineered Pipe culvert
Predominant sediment size N/a
hology and Process- Unv.egetvate.dv bars No
< Vertical incision Low
At crossing —
Deposition Low
Lateral migration/bank erosion Low
Damaged/unstable drains or armouring No
Channel morphology No data
Predominant sediment size No data
Unvegetated bars No data
Vertical incision No data
and Process- —
Deposition No data
Reach of P -
crossing Lateral migration/bank erosion No data
Presence and nature of infrastructure (see Drawing 11.4.4.1 d, Catchment
170 Yes
Impact of infrastructure Yes
Channel realignment No

Summary behaviour

Limited activity in this catchment. Limited realignment u/s of crossing. Seems stable and vegetated.
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A9 Dualling — Crubenmore to Kincraig DMRB Stage 3 Environmental Impact Assessment

Annex 11.4.5

EIA Hydromorphological Assessment Tables
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1146.1

11.4.6.2

11.4.6.3

114.6.4

11.4.6.5

Background

This note is intended to provide a summary of geomorphological information on the
characteristics of different River Types found in the UK. This information is intended to provide
guidance to the engineering team to aid in the design of sustainable channel realignments, with
suitable morphology for the river setting.

Fluvial concepts theory

The established conceptual model of river system operation suggests that their key driving
variables are the inputs of water and sediment. These independents interact with boundary
characteristics (slope/ topography, bed and bank materials, and riparian vegetation) to generate
the channel form (e.g. Knighton, 1998; Sear & Newson, 2010). As a consequence of these
interactions a variety of channel forms (geometric characters) exist. These are described across a
number of planes of adjustment, within which there are a number of representative parameters.
Knighton (1998) classifies these broadly as:

. Cross-sectional form (size and shape parameters, e.g. width, depth, area etc.);
. Bed configuration (e.g. sand or gravel beds);
. Channel pattern (form of channel as viewed from above, e.g. straight, meandering or

braided; descriptive parameters include sinuosity, meander arc length etc.);
° Channel bed slope (i.e. gradient, which is related to channel pattern).

The adjustment of these channel geometry parameters and that of the shorter-term variations of
flow geometry, are interdependent; therefore a change in one parameter may manifest a
response in others such that a river channel can perform its function, i.e. the transference of
energy and matter, ideally in dynamic equilibrium (if conditions permit). Variations result in
complex patterns of form, flow, and materials across both space and time.

This conceptual basis is important, as it establishes that channel design has to take into
consideration the complexities of the river environment, and that by understanding these
principles, more effective channels may be designed to work with nature.

Planform type

Mean valley slope and design bankfull discharge can be used to determine the most likely/
desirable channel planform type (Figure 11.4.6.1 and Table 11.4.6.1).
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Figure 11.4.6.1 Longitudinal, cross sectional and plan views of major stream types (Rosgen, 1994)

Table 11.4.6.1 Channel characteristics based on Rosgen, 1994.

Characteristics

General Very steep, deeply Steep, entrenched, Moderately Low gradient,
entrenched, debris step- pool streams, entrenched, moderate | meandering, point bar,
transport streams high energy gradient, riffle riffle/pool, alluvial

dominated channel channel with broad
with infrequent pools, floodplain
stable planform and
long profile
Entrenchment ratio (width <1.4 <1.4 1.4-2.2 >2.2

of flood prone
area/bankfull channel

width)

Width/depth ratio <12 <12 >12 >12
Sinuosity 1.0-1.1 1.0-1.2 >1.2 >1.4
Slope (m/m) >0.1 0.04-0.1 0.02-0.039 <0.02
Slope (%) >10 4-10 2-3.9 <2
Meander width ratio N/A 1-3 2-8 4-20

(beltwidth /bankfull width)

Bed morphology

11.4.6.6 Channel bed slope is a major driver of channel bed form (Rosgen, 1994); hence bed slope,
planform and bed morphology are highly interrelated in natural channels. In order to best
account for this association, mean channel bed slope and proposed planform information can be
used in association with the literature (Figure 11.4.6.2 and Table 11.4.6.2) to suggest appropriate
channel bed morphology.
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Figure 11.4.6.2 Slope distribution for different channel reaches (Montgomery and Buffington, 1997)

Table 11.4.6.2 River Types (based on SEPA, 2011)

Geology | Slope | Sinuosity | Type
Bedrock Any Any Bedrock, Cascade
Not Bedrock >0.1 Any Cascade

>0.03 <0.1 Any Step-pool, Plane Bed
>0.005 <0.03 <11 Step-pool, Plane Bed
>1.1 Plane-riffle, Braided,
Wandering
>0.001 <0.005 Any Plane-riffle, Braided,
Wandering
>0.0005 <0.001 <1.4 Plane-riffle, Braided,
Wandering
>1.4 Actively Meandering
>0.0001 <0.0005 Any Actively Meandering
<0.0001 Any Low Gradient Passive
Meandering

Characteristics of Cascade morphology

11.4.6.7 The channel should typically have the characteristics outlined below and in Figures 11.4.6.3,
11.4.6.4 and 11.4.6.5 (Montgomery and Buffington, 1997):
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° Tumbling flow around large clasts

. Steep slopes (over 0.1 m/m)

. Confined channel by valley sides

. Low sinuosity

. Lack of in channel storage

. Bed dominated by large particle size
. Supply limited channels

Figure 11.4.6.4. Example cascade planform (Montgomery and Buffington, 1997)
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Fast, shallow flow over large
Turbulent pools irregular clasts

Figure 11.4.6.5. Example cascade long profile (Montgomery and Buffington, 1997)

Characteristics of Step-Pool bed morphology

11.4.6.8 These channel types form on steep slopes, with energy dissipation through tumbling flow over
and around large clasts (cobbles and boulders) (Figure 11.4.6.6). Bed material is a mix of stable
coarse casts, and finer material that gets trapped around the coarse material, and mobilised
during flood flows (Montgomery and Buffington, 1997). These systems have a high transport
capacity relative to sediment supply and will rapidly supply sediment downstream in the event
that is available (i.e. supply limited system).

11.4.6.9 The channel should typically have the characteristics outlined below and in Figures 11.4.6.7,
11.4.6.8 and 11.4.6.9 (Knighton, 1998, and Montgomery and Buffington, 1997):

. Pools and alternating bands of channel-spanning flow obstructions typically occur at a
spacing of every 1-4 channel widths;

. Typical gradients of 0.03-0.1 m/m

. Low sinuosity
° Fast water at steps/falls and chutes, slow water at pools.
° Step spacing increasing with decreasing channel bed slope, with L=0.31s1% where

s=mean slope m/m and L=Step wavelength parallel to mean slope

° Step height is controlled by the largest particle, and pool scour (with approximately 1/3 of
the mean step height due to pool scour)

. Pool width approximately 20% greater than steps (Thomas et al, 2000)

° Boulders, interlocked with each other and the bed, and arranged in a broad v-shape, with
the apex of the weir pointing upstream to prevent bank erosion
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Figure 11.4.6.6. Example of a step pool channel (Montgomery and Buffington, 1997)

Reverse slope in pools Stable key stanes (mabile in floods with a

Irmbricated gravels recurrence interval of 50 years ar aver)

\ /

Turbulent flowve: Super-critical over step but

not exceeding bed entrainment velocities

Pool: Sub-critical flow

Figure 11.4.6.7 Example long profile of step —pool channel (based on Montgomery and Buffington, 1997)
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Stable key stonss forming step

FPoal

Figure 11.4.6.8 Example planform for a step —pool channel (based on Montgomery and Buffington, 1997)

a a-a Pool cross section

p b-b Step cross section

Clasts interlocking
with the underlying
maperial and each
other

Figure 11.4.6.9 Example cross sections for a step- pool channel

11.4.6.10 Longitudinal spacing of step and pool sections is important for stability and function of the
channel. Step crest wavelength (L) (Figure 11.4.6.10) can be calculated by L=0.31s° where
(s=mean slope m/m). The shape and size of the transition between each step and pool also needs
to be carefully considered.
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Figure 11.4.6.10. Example positioning of steps and pools (Knighton, 1998)

Characteristics of Plane bed

11.4.6.11 The channel should typically have the characteristics outlined below and in Figures 11.4.6.11,
11.4.6.12 and 11.4.6.13 (Montgomery and Buffington, 1997):

. Large values of relative roughness (90th percentile grain size to bankfull flow depth)
o Lack of discreet bars and bed forms
° Straight channels

. Moderate to high slopes

. Dominated by cobble and gravel bed

Figure 11.4.6.11. Example of a plane bed channel (Montgomery and Buffington, 1997)
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To

Figure 11.4.6.12. Example of a plane bed channel planfrom (Montgomery and Buffington, 1997)

Figure 11.4.6.13. Example of a plane bed channel long profile (Montgomery and Buffington, 1997)

Characteristics of Plane-Riffle bed morphology

11.4.6.12 Plane - riffle bed channels have characteristics that fall between pool-riffle and plane bed types
(SEPA, 2011). Typically, this will include deposition on the inside of bends forming small point
bars and poorly defined shallow pools on the outside of bends. These will then be separated by
both riffles and plane bed extents, at inflexion locations between the bends (Figures 11.4.6.14,
11.4.6.15 and 11.4.6.16). More detailed characteristics of pools and riffles are outlined in Table 3;
however it should be noted that this information originates form research on pool-riffle channels,
not plane- riffle channels, and therefore should only be used with this in mind. Other
characteristics will fit with the proposed Type A planform, of width/depth ratios less than 12 and
sinuosity between 1 and 1.2 (Table 11.4.6.1).

11.4.6.13  Plane —riffle bed morphology will require a collection of cross sections. Bends will need greater
cross sectional asymmetry (Figure 11.4.6.16) to create small pools on the outside of bends and
bars on the inside; with wider, shallower straighter sections, to form riffles and plane bed units.

11.4.6.14 Shields (1996) recommends:

. Outer banks of bends should have slopes of 1V [V= vertical]: 2H [H= horizontal] or steeper
to cause convergence of high flows;

. Inner banks, where point bars may develop should have bank slopes of 1V: 3H or less;

° Inflexion points are shallower and more symmetrical in shape.

Annex 11.4.6 - Geomorphological Channel Design
ch2m: RS T e



A9 Dualling — Crubenmore to Kincraig DMRB Stage 3 Environmental Impact Assessment

Riffle

Poorly defined pool

Figure 11.4.6.14 Example long profile of a plane — riffle channel (SEPA, 2011)

Riffle

Figure 11.4.6.15 Example planform of a plane — riffle channel

ﬂ
— a-a. Straight cross section

b-b. Bend cross section

Figure 11.4.6.16 Example cross sections for plane- riffle channels
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Table 11.4.6.3 Recommendations for the reinstatement of pools and riffles, focussing on key geomorphic
attributes (Thorne et al., 2010; Brookes & Sear, 1996)

Feature Characteristic Recommendation

Pool Size e Occupy over 50% of the river length
® 25% narrower than associated riffles
e Atleast 0.3 m below the mean bed elevation

e Maximum scour depths typically don’t exceed 4 times the depth in the approach
channel upstream

Shape * Asymmetrical cross sections

e Shallow progressively downstream to the next riffle, with the deepest point within the
upstream half of the pool’s length

Location ® |ocated at bends in the meander planform (around and downstream of a bend apex)

Sedimentology e Bed composed of loose and un-compacted mixed gravels (and coarser), overlain by
fines during low flows

Riffle Size e Collectively occupy 30-40% of river length
* 0.3 to 0.5m above mean bed level
® 25% wider than associated pools

Shape e Near symmetrical cross sections
e Variable planform geometries

Location ® |ocally steep, shallow section of the channel profile
® Silopes typically 0.005 to 0.200 m/m
® At cross over points in the meander planform

Long_itudinal rifle | e 3 to 10 times the bankfull channel width between riffle crests (1 wavelength), but more
spacing typically 5 to 7 widths apart. Although some variability in spacing would be natural

e Shorter spacing where bed slopes are higher
® |n straight reaches they are found in alternate channel side locations

Sedimentology ® Coarse armour, overlying mixed gravel substrate. This may be created by flow winnowing
away some fines

® Avoid uniform size gradations and over-large substrate

® Size gravels according to that in similar undisturbed reaches, or within the floodplain or
palaeochannels

® High proportion of angular gravels to permit particle interlocking. But avoid excessive
imbrication as this limits their ecological benefits

® |deally locally derived substrate

Riffle stability * In the absence of coarse sediment supply from upstream material should be static under
all flows or replaced periodically

11.4.6.15 The location and sequencing of these cross sections is important to achieving the required
planform and long-profile morphology. In planform there is a need for the asymmetrical bend
cross sections to alternate between the right and left bank side of the channel, with the deeper
section always on the outer bank side (OB), and the shallower bank on the inner bank (IB) (Figure
11.4.6.17). These bend sections then join the straight sections via a transitional section, that flairs
smoothly between the two which have differing side slope angles (Figure 11.4.6.17). The spacing
of the morphological units (cross sections) is also important to create a suitable long profile
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(Figure 11.4.6.14). The straighter sections (riffles/ planes) should be located at inflexion locations
between bends (pools).

—.—» Pool

OB OB
IB S Riffle

IR B
OB

W straight
[l Transition

.Bend

Figure 11.4.6.17 Example locations of plane - riffle cross sections
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