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How to set up a dynamic residual flow regime: the example of the River Spél
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Abstract

Profile

Since the year 2000 the artificial floods on the River Spdl have been considered a
model of an ecologically optimized residual flow regime. It had not been possible to
carry out the necessary transformation of residual flow within the permits effective at
the time. The Federal Energy Office and the Governing Council of Grisons canton

Protected area

had to issue non-permanent exceptions. Recently these were replaced by a definitive

regulation, which makes periodic floods a regular feature in the flow regime of the

River Spal.

Residual water degrades the ecological in-
tegrity of rivers

The hydropower of the River Spol — the largest run-
ning water in the Swiss National Park (SNP) —has been
harnessed for electricity production since 1970. To
this end, the River Spdl (Figure 1) has been dammed
directly outside the SNP in the Livigno reservoir and
in the compensating reservoir Ova Spin (Figure 2).
The residual water measured 1 m?/s in annual aver-
age and within just 20 years led to a situation where
the River Spdl turned into a shallow body of water in
the ravine between the two dams, interspersed in many
places with transverse obstructions to form still water
areas where mud and algae collected.

More dynamics through artificial floods

In 1990 the research council of the SNP was able
to demonstrate in a national project (Gerster & Rey
1994) that the ecological conditions can be greatly im-
proved by floods. Thereafter the research council, in
cooperation with power station operator Engadiner
Kraftwerke (EKW), developed a proposal for a new
residual flow regime with annual floods (Scheurer &
Molinari 2003). It started in 2000 and within just a few
years has shown very promising results (Jakob et al.
2003; Mannes et al. 2008; Miirle et al. 2003; Robinson
et al. 2003; Robinson & Uehlinger 2003; Robinson et
al. 2004; Robinson & Uehlinger 2008).

Transformation of the residual flow regime

Prior to the transformation of the residual flow re-
gime, extended negotiations with the power station
operator and the regulating authorities (Swiss federa-
tion and Gris canton) took place. The permit for the
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Figure 1 — View into the deep Spil valley from the Punt dal
Gall dam. Photograph by Hydra. © P. Rey

use of hydropower by the EKW between S-chanf and
Martina regulates the water outtake down to the last
litre, not least because it forms the basis on which wa-
ter interest due to the canton and the municipalities is
calculated. For the artificial floods to be implement-
ed, the agreement of all affected parties was needed,
which took about five years to obtain. From the year
2000, artificial floods were generated in the upper Spol
river, from the Punt dal Gall dam (Figure 3) and in
the lower Spél river from the Ova Spin compensation
reservoir.
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Figure 2 — Map of the project area.
New water balance

The prerequisite for releasing artificial floods was
the agreement of operator EKW. In order to actually
carry out such artificial flooding, it was necessary to
save up water in the reservoirs throughout the sum-
mer (15 May—15 September), which automatically
meant decreasing the residual flow. This also meant
that less electricity was produced because of the re-
duced amount of water for the residual flow turbines
in the dams of Punt dal Gall and in Ova Spin. To
compensate for this loss of production, some of the
residual water kept in the Livigno dam and the Ova
Spin reservoir was given over to the EKW for electric-
ity production. By using this water via the next-higher
power station level with bigger differential, the EKW
were able to produce the same amount of electricity
as before with less water. This production-neutral way
of carrying out the floods was an essential prerequisite
for obtaining the agreement of the EKW to the new
residual flow regime.

Impact on the permit

Changing the distribution of the water outtake
meant a deviation from the terms of the permit. This
required the written consent of, first, the Federal En-
ergy Office, responsible for the permit to use the up-
per Spol, because it also involves using water from
Ttaly for electricity production; second, the Governing
Council of Grisons canton, which is responsible for

the permit to use the lower Spdl; and, third, the af-
fected municipalities. Consent to the new residual flow
regime was given initially for a period of three years
(2000—2002). Thereafter an extension had to be ap-
plied for.

Remediation order

Paragraph 80 of the Swiss Water Protection Act,
amended in 2008, requires an ecological check and, if
necessary, remediation of residual flow stretches. For
the upper Spél, the Federal Energy Office demand-
ed such a check. The check brought to light that the
flooding regime had considerably improved the eco-
logical conditions in the River Sp6l and must be con-
tinued. It also included proposals of further measures,
which were, however, not in the interests of research
(removal of the flow measuring station) or the SNP
(removing tree seedlings from the river bed). In 2011
the Federal Energy Office issued a remediation order
on the upper Spél to make artificial floods a permanent
feature. In this way, artificial floods could be legally in-
tegrated in the energy generation permit without the
need to amend the permit itself. To date no similar
order for the lower Spdl (Ova Spin — confluence with
the River Inn) has been issued by the canton.

More flexibility

One important aim of the new residual flow regime
backed by the remediation order is to achieve greater



flexibility in the residual water outflow. In an agree-
ment, signed in 2012 by EKW, SNP and Research
Council, such flexibility was formally agreed. In future,
both floods and basic outflow can be altered as needed
by the ecological state of the river. Water that is not
needed for flooding the Sp6l can moreover be used
sporadically in other running waters in the region that
are affected by residual water or for larger rinses of
Spél and Inn. In this way the newly gained flexibility
benefits other waters in the region as well. The agree-
ment also includes a provision for monitoring the state
of the water in the River Spdl (Robinson et al. 2011),
a prerequisite for customized planning of the residual
flow regime and the artificial floods.

Mud flow event 2013

For some thirteen years now, the dynamic residual
water regime in the River Spél has regularly mobi-
lized fine sediment and rubble, renewed and improved
habitats for water fauna. A running water trained by
such stresses is also in a better position to cope with
unusual events, such as the mudflow event at the end
of March 2013, which was caused by unexpected sedi-
ment movements in the Livigno reservoir (Figure 4).
Thanks to the regular mobilization of the fine sedi-
ment, there was relatively little fine sediment near the
basic outflow and in the river. Based on several years
of experience with artificial floods, experts were able
to react in a targeted manner to the mud inflow. In
this sense the dynamic residual flow management also
minimizes the ecological risks in the case of technical
accidents.

A global perspective

Since hydro-electric power stations must be regu-
larly checked for functionality, rinses are carried out
occasionally when the dams are emptied. Such tech-
nically required floods are however nowhere near
enough for an ecological improvement of the waters
affected by residual flow. What is needed to improve
the ecological integrity are floods specifically designed
for the benefit of the ecology of the waters in ques-
tion, as these have been applied across the world for-
some years (Konrad et al. 2011). Usually these are one-
off measures, sometimes spectacular ones, which are
repeated as needed. Experiences with the floods in the
Spol have shown that for the water dynamics to be
fundamentally improved, annual floods are needed. To
date and as far as we know, the River Spél is the only
residual flow river with annual artificial flooding. It is
hoped that the positive effects of the floods on the
water ecology will encourage power station operators
everywhere to change their residual flow management
to a dynamic residual flow regime.

Thomas Scheurer

Figure 3 — Punt dal Gall dam and Livigno reservoir. The Punt dal gall dam
is balf in Switzerland and balf in Italy. © SNP, H. Lozza

Figure 4 — River Spol below the Punt dal Gall dam after a mudflow event
at the end of March 2013 caused by nnexpected sediment movements in the
Livigno reservoir. © SNP, H. Lozza

References

Gerster, S. & P. Rey 1994. Okologische Folgen von
Stauraumspilungen. Sehriftenreibe  Unmweltschutz  219.
BUWAL, Bern, Switzetland.

Jakob, C., C.T. Robinson & U. Uehlinger 2003. Lon-
gitudinal effects of experimental floods on stream
benthos downstream from a large dam. Aguatic Sciences
05: 223-231.

Konrad C.P, ].D. Olden, D.A. Lytle, T. Melis, ].C.
Schmidt, E. Bray, M. Freemann, K. Keith Gido, N.
Hemphill, M. Kennard, L. McMullen, M.C. Mims, M.
Pyron, C.T. Robinson, J.G. Williams 2011. Large-scale
flow experiments for managing river systems. BioSe-
ence 61 (12): 948-959.

Mannes, S., C.T. Robinson, U. Uehlinger, T. Scheur-
et, J. Ortlepp, U. Mirle & P. Molinari 2008. Ecological



Management & Policy Issues

effects of a long-term flood program in a flow-regu-
lated river. Journal of Alpine Research 96 (1): 113—134.

Miitle, U, J. Ortlepp & M. Zahner 2003. Effects of
experimental flooding on riverine morphology, struc-
ture an riparian vegetation: The River Spol, Swiss Na-
tional Park. Aguatic Sciences 65: 191-198.

Robinson, C.T. & U. Uehlinger 2003. Using artificial
floos for restoring river integrity. Aquatic Sciences 65:
181-182.

Robinson, C.T., U. Uehlinger, M. T. Monaghan 2003.
Effects of multi-year experimental floods regime
on macro-invertebrates downstream of a reservoir.
Aguatic Sciences 65: 210-222.

Robinson, C.T., P. Molinari, U. Miitle, J. Ortlepp, T.
Scheurer, U. Uehlinger & M. Zahner 2004. Experi-
mental floods to improve the integrity of regulated
rivers. GALA 13 (3): 186-190.

Robinson, C.T. & U. Uehlinger 2008. Experimen-
tal floods cause ecosystem regime shift in a regulated
river. Ecological Applications 18 (2): 511-526.

Robinson, C.T., M. Doering & L. Seelen 2011. Im-
portance of protected areas for freshwater biomoni-
toring — Case studies in Switzetland. eco.mont 3 (2):
13-22.

Scheurer, T. & P. Molinari 2003. Experimental
floods in the River Spdl, Swiss National Park: Frame-
work, objectives, design. Aquatic Sciences 65: 183—190.

Avuthor

Thomas Scheurer

Dr. phil. nat, 1953. Studied Geography, Geology
and Anthopology at the University of Berne. Cur-
rently managing director of the Swiss National Park
Research Council, the Swiss Interacademic Commis-
sion for Alpine Studies, and the International Scien-
tific Committee for Alpine Research.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU (PDF online: Komprimierung auf 200 dpi)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


