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Strategy 1. Increase nutrient uptake in the riparian zone

Suitability of strategy: most suitable where surface stormwater flows into or through the riparian zone; where a significant
amount of groundwater flows laterally from the catchment to the stream; and/or where the floodplain is well-developed.
Most effective where nutrient pollution occurs via overland or groundwater flow (e.g. septic tanks, golf course).

Explanation Conditions where action is most Other Guidelines for
likely to be suitable andeffective references implementation
recommending
action
1a. See all actions The riparian zone is a naturally See Repairing riparian function: [1-5] See associated
in Repairing important nutrient filter: it cleans what to do at the site factsheet, factsheet
riparian surface and subsurface water Strategy 3, actions 3a-3m.
function: what flowing laterally from the catchment
to do at the towards the stream, as well as water
site factsheet, that flows from the stream overbank
Strategy 3 into riparian land and associated
wetlands.

Strategy 2. Increase nutrient processing in the hyporheic zone

Suitability of strategy: most suitable where natural bed material is highly porous (e.g. gravel, to a lesser extent sand) and
where the climate creates periods of low flow.

Explanation Conditions where action is most Other Guidelines for
likely to be suitable andeffective references implementation
recommending
action
2a. Remove Impermeable channel lining (e.g. Where natural material surrounding [5, 6]
impermeable concrete) on an urban drain/ the concrete channel is porous.
channel lining stream prevents interaction
or daylight pipe of surface water with shallow
groundwater, thus limiting
hyporheic activity.
2b. Reduce the Stream water is more likely to See Repairing flow: what to do at [4,6-10] See associated
velocity of downwell into the hyporheic the site factsheet, Strategy 2, for factsheet
instream flow zone' when flows are relatively the suitability and effectiveness of
slow. individual actions.
See Repairing
flow: what to
do at the site
factsheet,
Strategy 2, for
specific actions
'The wetted area among the sediments below and alongside rivers, inhabited by many animals (Boulton and Brock, 1999) Page 70
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Reduce flow
volume

See Repairing
flow: what to
do at the site
factsheet,
Strategy 1,
actions 1a -1g

Explanation

As the volume of water in

the channel gets smaller, a
proportionally larger proportion
of it will pass through the
hyporheic zone and be exposed
to nutrient transformation.

Conditions where action is most
likely to be suitable andeffective

See Repairing flow: what to do at the
site factsheet, Strategy 1, actions 1a-
1g for the suitability and effectiveness
of individual actions.

Other
references
recommending
action

[6]

Guidelines for
implementation

See associated
factsheet

2c. Reconfigure
the channel
toimprove
sinuosity?

Reconfiguring the channel to
increase sinuosity will slow flow
(as per action 2b) and increase
instream hydraulic diversity -
both of which will promote the
vertical exchange of water.

Where channel form is stable. Where
bed material is highly porous. Where
there is enough land around the
stream for channel redesign. Where
earthworks don’t pose a significant
risk to the existing riparian vegetation.

ml

[12-17] See also
RVR Meander
tool

small habitat
patches of 2e
and 2f, rather
than a few large
patches

occurs at the downwelling end of
hyporheic flow paths. Therefore
reach-scale nutrient processing
will be enhanced by many small
patches rather than a few large
patches.

(i.e. denitrification) occur within short
subsurface flow paths. This action
may not be appropriate where long
subsurface flow paths are required
for denitrification (e.g. highly porous
bed sediments, high velocity flows).

2d. Establish a Increases variation in hydraulic Where bed material is highly porous. [10, 11,18-20] [14]
pool-riffle head to stimulate vertical Where stream depth is relatively
sequence exchange of water. shallow. Where the stream channel
is stable such that riffles won’t get
washed away. Where sedimentation is
low, such that riffles won’t be buried.
Where climate creates periods of low
flow as the slower flows increase the
capacity of the hyporheic zone to
process nutrients.
2e. Install boulders Boulders and LWD increase Where logs and/or boulders would [9,11,20] [14,17,21-26]
and large instream hydraulic diversity and naturally have occurred but are now
woody debris promote downwelling into the rare. Where bed material is highly
(LWD) hyporheic zone. Debris dams (i.e. | porous. Where stream depth is
concentrations of leaves) often relatively shallow such that boulders
form around logs and boulders, and LWD will create marked hydraulic
creating carbon-rich anoxic diversity that will promote up/
environments that are hotspots downwelling.
for denitrification. The carbon
from debris dams also supports
microbial transformation of
nutrients in the hyporheic zone.
2f. Create many Nutrient processing typically Streams where anoxic conditions [27]

2g. Plant native
trees in stream-
side zone

Eucalypt leaves break down at
a slower rate than non-native
species. This allows carbon to
persist in the system for longer
and act as a source of C for
microbial nutrient processingin
the hyporheic zone.

Where the riparian vegetation has
been cleared.

m]

[25] See
associated
factsheet

2The extent of meandering of a body of water (Boulton and Brock, 1999)
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2h. Add coarse
sediment (i.e.
gravel) to the
stream bed

Explanation

Adding coarse sediment will
increase the porosity of the
stream bed and facilitate
hyporheic exchange, which can
promote denitrification if flow
paths are long enough such
that water becomes oxygen
depleted.

Conditions where action is most
likely to be suitable andeffective

At high value locations. In systems
where bed material has low
permeability. Where peak streamflow
will not wash away the coarse
sediment. Where the coarse
sediment will not be filled in by fine
sediment (i.e. covered by silt or sand).
In most locations repairing sources
or coarse sediment (See Repairing
Geomorphology: what to do at the site
and catchment factsheet, Actions 2c
and 2d) and allowing the channel to
naturally adjust will be more effective
over the longer term.

Other
references
recommending
action

ml

Guidelines for
implementation

Gravel can
be addedin
one location
and flow can
naturally
redistribute it
[28]

2i. Use flushing
flows to clean
gravel beds
and other
permeable bed
material

Flushing flows remove fine
sediment from gravel beds,
increase the porosity of the
stream bed and promote
hyporheic exchange.

In depositional areas of the stream
where fine sedimentationis a
problem. Most readily implemented
where an upstream flow control
structure (dam, weir) allows
manipulation of flow.

[29, 30]

2j. Promote the
presence of
bioturbating
fauna

Animals that burrow into the

bed sediment (e.g. chironomids,

worms, mussels) create small
channels that promote the
downward movement of water
into the hyporheic zone.

Where bioturbating fauna are
abundant. Care should be taken

not to promote a midge outbreak,
particularly in still backwater habitats.

[6]

Strategy 3. Increase nutrient processing instream
(excl. hyporheic)

Suitability of strategy: most suitable where the channel’s surface area to volume ratio is relatively high (i.e. small channel as
opposed to a large river).

Action

3a. Reduce the
velocity of
instream flow

See Repairing
flow: what to
do at the site
factsheet,
Strategy 2

Explanation

The ability of biofilms to take up
nutrients increases when water
flows more slowly, because
itincreases the contact time
between nutrients in the water
column and the biofilm.

Conditions where action is most
likely to be suitable andeffective

Where the site has a small catchment
- i.e. where catchment-scale
stormwater management is feasible.
Where the waterway contains (or will
contain) hard surfaces that biofilms
establish on (e.g. cobbles, logs,
leaves). See Repairing flow: what to
do at the site factsheet, Strategy 2,
for the suitability of specific actions.

Other
references
recommending
action

[5,31]

Guidelines for
implementation

See associated
factsheet
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Explanation

Conditions where action is most
likely to be suitable andeffective

Other
references
recommending
action

Guidelines for
implementation

3b. Reduce flow Reducing the volume of water Where the site has a small catchment | [4,5,7] See associated
volume in the waterway increases the - i.e. where catchment-scale factsheet
proportion of the water that is stormwater management is feasible.
See Repairing in contact with surface biofilms
flow: what to - thus a proportionally larger
do at the site amount of water can be cleaned
factsheet, by biofilms as waterway volume
Strategy 1, decreases.
actions 1a-1g
3c. Increase Carbon is essential for microbial Most sites, particularly small streams | [4, 9,11, 20]
hotspots of processing of nutrients, thus it that naturally have high inputs
microbial isimportant to create instream of leaves - i.e. forested small- to
processing structures that trap leaves. This medium-sized streams.
(i.e. create can be supported by adding logs
debris dams, or boulders or creating low-flow
backwaters, backwater areas.
add LWD)
3d. Establish Macrophytes can be very efficient | Where channel form is stable such [32,33] [34, 35]
macrophyte at taking up nutrients from stream | that macrophyte beds won’t get
beds water, as well as bed and bank washed away. Where scouring urban
sediments. Note, nutrients will be flows have been managed. Sedges
recycled within the system (i.e.no | are most likely to survive if planted in
net loss) unless macrophytes are low-velocity areas such as the inside
periodically harvested. of meander bends.
3e. Add clays Clays have a strong ionic charge At high value locations. In systems [36, 37] [36, 37]
that bind and can bond to charged where phosphorus is a management
phosphorous dissolved nutrients, such as priority (P-limited). Lowland sites
PO4 taking nutrients out of where water velocity over sediments
solution. Natural clays or specially | islow -i.e. clay won't just be washed
designed clay (e.g. Phoslock) can downstream.
be used.
3f. Install floating Floating add P-binding clays In deep slow-flowing water (e.g. [38, 39] [38, 39]
wetlands wetlands take up inorganic lowland river sites, weir pools). In
nutrients (NOX, PO4) from the highly modified systems only.
river water.
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Strategy 4. Minimise nutrient release from stream bed and bank
sediments

Suitability of strategy: most suitable where fine sediments are abundant and rich in nutrients, and where the nutrients
stored in sediments are bioavailable.

Action Explanation Conditions where action is most Other Guidelines for
likely to be suitable andeffective references implementation
recommending
action
4a. Increase Increasing the oxygen In high value locations where oxygen | [40, 41] Aerator [42]
the oxygen concentration of instream levels are prone to crash (e.g. low Riffles [14, 43]
concentration water is beneficial because it flows during warmer months,
of the water promotes nutrient processing in history of algal blooms, high levels
using natural general. It also creates oxidative of dissolved organic carbon). Riffles
(e.g.riffles, conditions (high pH) that promote | are appropriate if water depth in

plants/algae)
or engineered
approaches

(e.g. aerators)

the binding of phosphorus to
sediments.

the site is relatively shallow (i.e. a
riffle can be constructed). Aerators
are appropriate where the water is
deeper.

4b. Stabilise fine

Fine sediments, particularly clays,

Where the water is shallow and clear

sediments store large quantities of nutrients | enough so that macrophytes can
on the bed - particularly phosphorus. establish. Where scouring urban
and bank of Stabilising sediments instream flows will not wash them away.
the waterway and on the stream bank by using Where common carp or goldfish
using plants macrophytes and by controlling or other non-native bioturbating
and controlling bioturbating fish species (e.g. species are present.

unwanted common carp) can reduce the

bioturbating release of nutrients into the water

fish species column.

This factsheet [25]

Page 74

CRC for Water Sensitive Cities Ltd. © Level1, 8 Scenic Blvd Monash University, Clayton VIC 3800, Australia X info@crcwsc.org.au ® www.watersensitivecities.org.au




@ 04

CRC for
Water Sensitive Cities

Supporting documents

1. Gift, D.M., et al. (2010) Denitrification potential, root biomass, and organic matter in degraded and restored urban riparian zones. Restoration Ecology, 18:
p. 113-120.

Groffman, P.M., et al. (2003) Down by the riverside: urban riparian ecology. Frontiers in Ecology and the Environment, 1: p. 315-321.
Groffman, P.M. and M.K. Crawford (2003) Denitrification potential in urban riparian zones. Journal of Environmental Quality, 32: p. 1144-1149.
Craig, L.S., et al. (2008) Stream restoration strategies for reducing river nitrogen loads. Frontiers in Ecology and the Environment, 6: p. 529-538.

Newcomer Johnson, T., et al. (2016) Nutrient retention in restored streams and rivers: a global review and synthesis. Water, 8: p. 116.

o o s N

Lawrence, J.E., et al. (2013) Hyporheic zone in urban streams: a review and opportunities for enhancing water quality and improving aquatic habitat by
active management. Environmental Engineering Science, 30: p. 480-501.

~N

Grimm, N.B., et al. (2005) N retention and transformation in urban streams. Journal of the North American Benthological Society, 24: p. 626-642.
8. Kaushal, S.S., et al. (2008) Effects of stream restoration on denitrification in an urbanizing watershed. Ecological Applications, 18: p. 789-804.

9. Mayer, P.M,, et al. (2010) Nitrogen dynamics at the groundwater-surface water interface of a degraded urban stream. Journal of Environmental Quality, 39:
p. 810-823.

10. Batchelor, C. and C. Gu (2014) Hyporheic exchange and nutrient uptake in a forested and urban stream in the southern Appalachians. Environment and
Natural Resources Research, 4: p. 56-66.

1. Hester, E.T. and M.N. Gooseff (2010) Moving beyond the banks: hyporheic restoration is fundamental to restoring ecological services and functions of
streams. Environmental Science and Technology, 44: p. 1521-1525.

12. Brookes, A. (1987) Restoring the sinuosity of artificially straightened stream channels. Environmental Geology and Water Sciences, 10: p. 33-41.

13. Environmental Agency (2010) Remeandering straightened rivers. Design guidance 2010; Available from: http://evidence.environment-agency.gov.uk/
FCERM/en/SC060065/MeasuresList/M5/M5T2.aspx?pagenum=2.

14. Rutherford, I.D., et al. (2000) A rehabilitation manual for Australian streams: volume 2. Cooperative Research Centre for Catchment Hydrology. Land and
Water Resources Research and Development Corporation. Available from: http://www.engr.colostate.edu/~bbledsoe/CIVE413/Rehabilitation_Manual _for_
Australian_Streams_vol2.pdf.

15. Sardi-Caromile, K., et al. (2004) Stream habitat restoration guidelines: ginal draft. Co-published by the Washington Department of Fish and Wildlife and
Ecology and the U.S. Fish and Wildlife Service. Olympia, Washington. Available from: http://wdfw.wa.gov/publications/00043/wdfw00043.pdf.

16. WDF (2004) Channel modification, In: Stream habitat restoration guidelines, K. Saldi-Caromile, et al., Editors. Washington Department of Forestry,
Olympia, Washington, US. Available from: https://www.wou.edu/las/physci/taylor/g407/restoration/WA_Dept_Forestory_2004_Channel_Modification_
Techniques.pdf.

17. Erskine, W., et al. (2007) River restoration based on natural channel characteristics: how to develop restoration designs for different rivers and riparian
plant communities. 5th Australian Stream Management Conference, Thurgoona, NSW: p. 85-90. Available from: https://www.csu.edu.au/__data/assets/
pdf_file/0006/748311/Erskine_Wayne_85.pdf

18. Brunke, M. and T.0.M. Gonser (1997) The ecological significance of exchange processes between rivers and groundwater. Freshwater Biology, 37: p. 1-33.

19. Kasahara, T. and A.R. Hill (2006) Hyporheic exchange flows induced by constructed riffles and steps in lowland streams in southern ontario, canada.
Hydrological Processes, 20: p. 4287-4305.

20. Groffman, P.M., et al. (2005) N processing within geomorphic structures in urban streams. Journal of the North American Benthological Society, 24: p. 613-
625.

21. Treadwell, S., et al. (2007) Wood and other aquatic habitat. Available from: https://arrc.com.au/wp-content/uploads/2015/08/Wood%20and%20other%20
aquatic%20habitat.pdf.

22. Brooks, A.P,, et al. (2006) Design guideline for the reintroduction of wood into Australian streams. Land & Water Australia Canberra. Available from: https://
arrc.com.au/wp-content/uploads/2015/08/Design%20guideline %20for%20the %20reintroduction%200f%20wood %20into%20Australian%20streams.
pdf.

23. Wohl, E., et al. (2016) Management of large wood in streams: an overview and proposed framework for hazard evaluation. JAWRA Journal of the American
Water Resources Association, 52: p. 315-335.

24. Rafferty, M. (2017) Computational design tool for evaluating the stability of large wood structures. Department of Agriculture, National Stream and
Aquatic Ecology Centre. Fort Collins, Colorado, USA. Available from: https://www.fs.fed.us/biology/nsaec/assets/rafferty_usfs_nsaec_tn-103-2_
stabilitylargewoodstructurestool.pdf.

25. Beesley, L., et al. (2017) Riparian design guidelines to inform the repair urban waterways. Cooperative Research Centre for Water Sensitive Cities.
Melbourne Australia.

Page 75

CRC for Water Sensitive Cities Ltd. © Level1, 8 Scenic Blvd Monash University, Clayton VIC 3800, Australia X info@crcwsc.org.au ® www.watersensitivecities.org.au




@ 04

CRC for
Water Sensitive Cities

26. Shields, J., F Douglas, et al. (2000) Large woody debris structures for incised channel rehabilitation. In: Joint conference of Water Resources Engineering
and Water Resources Planning and Management. Minneapolis, USA.

27. Malard, F., et al. (2002) A landscape perspective of surface-subsurface hydrological exchanges in river corridors. Freshwater Biology, 47: p. 621-640.

28. Houshmand, A. and G. Vietz (2016) Testing the feasibility of sediment replenishment from stormwater systems to urban streams. In: 8th Australian Stream
Management Conference. Blue Mountains, NSW.

29. Meyer, E.I, et al. (2008) An experimental assessment of the effectiveness of gravel cleaning operations in improving hyporheic water quality in potential
salmonid spawning areas. River Research and Applications, 24: p. 119-131.

30. Boulton, A.J. (2007) Hyporheic rehabilitation in rivers: restoring vertical connectivity. Freshwater Biology, 52: p. 632-650.

31. Bernal, S., et al. (2015) Riparian and in-stream controls on nutrient concentrations and fluxes in a headwater forested stream. Biogeosciences, 12: p. 1941-
1954.

32. Bentrup, G. (2008) Conservation buffers — design guidelines for buffers, corridors, and greenways. Available from: https://treesearch.fs.fed.us/
pubs/33522.

33. O'Toole, P. (2014) The functionality of riparian zones in flat sandy catchments. School of Veterninary and Life Sciences. PhD Thesis, Murdoch University,
Western Australia.

34. MWLC (2014) Vegetation guidelines for stormwater biofilters in the south-west of Western Australia. Monash Water for Liveability Centre. Melbourne,
Victoria, Australia.

35. Deletic, A., et al. (2015) Adoption guidelines for stormwater biofiltration systems. Available from: https://watersensitivecities.org.au/content/stormwater-
biofilter-design/.

36. Groves, S. (2017) Lake restoration and reservoir management. Phoslock Water Solutions Ltd. Available from: http://www.phoslock.com.au/irm/content/
scientificreport/genbrochureSara.pdf.

37. PWS (2012) Phoslock in ponds and small lakes. Phoslock Water Solutions Ltd. Available from: http://www.phoslock.com.au/irm/content/scientificreport/
PhoslockPondsSmall.pdf.

38. Stewart, F.M,, et al. (2008) Floating islands as an alternative to constructed wetlands for treatment of excess nutrients from agricultural and municipal
wastes-results of laboratory-scale tests. Land Contamination and Reclamation, 16: p. 25.

39. Tanner, C.C. and T.R. Headley (2011) Components of floating emergent macrophyte treatment wetlands influencing removal of stormwater pollutants.
Ecological Engineering, 37: p. 474-486.

40. Wang, S., et al. (2008) Effects of dissolved oxygen supply level on phosphorus release from lake sediments. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 316: p. 245-252.

41. DoW (2000) Oxygenating the Swan and Canning Rivers. Western Australian Departmet of Water. Perth, WA. Available from: https://www.water.wa.gov.
au/__data/assets/pdf_file/0016/3265/45460.pdf.

42. Greenop, B., et al. (2001) The use of artificial oxygenation to reduce nutrient availability in the Canning River, Western Australia. Water science and
technology, 43: p.133-144.

43. WRC (2005). River restoration manual. Water and Rivers Commission, Perth, Western Australia. Available from: http://www.water.wa.gov.au/water-topics/
waterways/managing-our-waterways2/river-restoration-manual.

44. Bouton, A.J and Brock, M.A. (1999). Australian freshwater ecology: processes and management. Gleneagles Publishing, Adelaide, Australia.
Other useful tools

Abad, J.D. and M.H. Garcia (2006) RVR meander: a toolbox for re-meandering of channelized streams. Computers & Geosciences, 32(1): p. 92-101.

Page 76

CRC for Water Sensitive Cities Ltd. © Level1, 8 Scenic Blvd Monash University, Clayton VIC 3800, Australia B info@crcwsc.org.au ® www.watersensitivecities.org.au




Reducing nutrients:
what to do at the site

Strategy 1. Increase nutrient uptake in the
riparian zone

Strategy 2. Increase nutrient processing in
the hyporheic zone

Strategy 3. Increase nutrient processing
instream (excl. hyporheic)

Belinda Quinton

Strategy 4. Minimise nutrient release from add P-bind

: ing
sediments clays

add boulders /
create debris establish

dams & : macrophytes
backwaters use flushing
flows to unclog

gravel
promote bioturbating

bioturbating

..l ' hyporheic zone
establish a pool-riffle / nutrient processing

sequence

riparian

)

zone ‘v {
, v
706,
VIR 4
y plant native
7 trees streamside
— v stabilise fine ‘ :
bank sediments
N

floating

WEHERLS allochthonous
inputs

aquatic
macrophytes

nutrient

. transformation

water table
.0.0.
..... ®
nutrients
storedin
para-fluvial
y sediment

>
\
| |
1
1
1
|

el

»

anthropogenic '

sources
“'
~
= ...- ;"
€ 4
) o@




