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Foreword

The aim of this project has been to thoroughly inspect and document the
dismantling of the Alvkarleby test dam, hoping that this would reveal
some final details and insights of its construction and function after nearly
5 years of experiments.

This project was carried out within Energiforsks research and development
programme for dam safety, which is focused on contributing to the strategic and
ongoing work with dam safety to strengthen the long-term development of Swedish
hydropower.

The authors of the report are Johan Lagerlund and Saima Riaz from Vattenfall R&D.
The reference group consisted of Johanna Sipola Aija from Vattenfall, Jonas
Hammarson from Fortum, Carl-Oscar Nilsson and Andreas Rick from Uniper,
Henrik Arver from Vattenregleringsforetagen and Maria Bartsch from Svenska
kraftnat.

The authors of the report are responsible for all results and conclusions in the report.

The picture of the cover was provided by the authors.



Summary

The Alvkarleby test dam was built in 2019 and served as a national and
international test bed until the fall of 2024. After 4.5 years of operation, the
dam was dismantled and thoroughly documented. The dismantling
process revealed multiple instances of internal erosion, including signs of
material displacement and seepage pathways, indicating potential
vulnerabilities in the dam’s structural integrity.

The Alvkarleby test dam was originally constructed as a test bed for identifying
defects in a zoned embankment dam using non-destructive testing methods. A
single research team was responsible for designing and building the dam,
embedding five intentional defects within the core soil. The locations of these defects
were known only to this team. Multiple other research teams attempted to locate
these defects using various non-destructive techniques, including resistivity, fiber
optics, seismic methods, pore pressure measurements, strain cables, surface
scanning, and ground-penetrating radar. The dam was also subjected to drilling and
grouting operations, as well as rapid regulation of the water reservoir.

Prior to dismantling, cone penetration testing and water level measurements were
conducted on the core soil at full reservoir conditions. These tests revealed
significant inhomogeneity in the core soil, particularly in terms of soil stiffness and
that the water level in the core soil was higher than in the reservoir. Following these
measurements, the reservoir was drained, and the dam was left undisturbed for
three weeks before dismantling commenced.

Excavation occurred between 16 September and 3 October 2024, nearly five years
after the dam's completion. The dismantling process was carried out in 40 cm
increments, beginning with the filter zones and concluding with the core soil. All
findings were meticulously documented and mapped. Key investigation points
included the installed defects, abutments, suspected damage locations identified by
the research teams, and areas where grout material had been injected.

Defects that permitted higher seepage flows exhibited minor changes in particle size
distribution, and the fine filter downstream of these defects showed signs of
washout. The other installed defects remained unchanged. Significant internal
erosion was observed at the base of the vertical defect, where three pipes had
formed —one of which traversed the entire core soil. These pipes developed along
the boundary between core soil layers and were filled with sandy, gravelly eroded
moraine.

A large “sinkhole” with an estimated volume of approximately 300 liters was
discovered in the core soil. It was filled with the same type of sandy, gravelly soil
found beneath the vertical defect. Beneath the “sinkhole”, a very wet and soft zone
was identified, likely caused by the installation of four pre-tensioned strain cables
running through the core soil in an upstream-downstream direction. Additional
sandy, gravelly zones were found in the lower third of the dam, some connected to
the downstream filter and others appearing independently. Extensive signs of
initiated erosion were found between core soil layers.



Grout material injected in November 2022 performed effectively in boreholes where
low injection pressures were used. In contrast, boreholes subjected to high
pressures—intended to fracture the core soil—did result in fracturing. These
fractures consistently propagated upstream into the boundaries between core soil
layers. The mechanical properties of the grout material and core soil were found to
be very similar. Boreholes grouted at low pressure behaved as intended, with
surrounding core soil remaining firm. In contrast, boreholes with fractures had
ungrouted upper sections, resulting in soft surrounding core soil.

Pore pressure gauges installed in one section of the dam enabled settlement
measurements at various depths. Overall, core soil settlement reached up to 3.5%,
with the bottom 25 cm experiencing settlements as high as 15%.

Undisturbed core samples were extracted both vertically and horizontally from
different levels of the core soil and tested for hydraulic conductivity. Horizontal
samples were taken from the center of core soil layers and across boundary zones.
In the upper part of the core soil, horizontal hydraulic conductivity in boundary
zones was nearly 14 times greater than the vertical hydraulic conductivity. At the
bottom of the core soil, this difference ranged from 2 to 4 times. Horizontal hydraulic
conductivity through the center of a core soil layer was approximately 3 times higher
in the upper part of the dam, but similar to the vertical hydraulic conductivity in the
lower half of the dam.

Water content and density measurements varied widely due to the inhomogeneous
nature of the core soil. Each core soil layer was found to be hard and brittle at the
top, but soft and wet at the bottom. Sieving of the downstream fine filter revealed
significant enrichment of fines, with some locations showing more than double the
original fine material content.

Overall, the dam exhibited significantly more damage than expected for a structure
only five years old and operated for 4.5 years under a maximum hydraulic gradient
of 3. Four primary factors are suspected to be the main drivers behind the anomalies
observed in the dam:

1. Inadequate compaction during construction.

2. Inherent weaknesses in the core soil, particularly at layer boundaries.

3. Use of fine filter material that did not conform to the design specifications.
4. Coarse filter separated during construction.

Appended to this report is a diary documenting the excavation process, written in
Swedish. It reflects daily observations and hypotheses and has not been edited since
its creation. Also appended is a paper presented at EurCOLD’s Working Group on
Internal Erosion and Overtopping in Brno, 2025.

Keywords

Internal erosion, Embankment dams, Grouting, Hydraulic conductivity, Particle size
distribution..



Sammanfattning

Alvkarleby testdamm byggdes 2019 och har anvints som en nationell och
internationell forskningsanliggning fram till hosten 2024. Efter 4,5 ars
drift grivdes dammen ut och dokumenterades. Resultat fran utgrivningen
avsldjade flera fall av inre erosion.

Den ursprungliga avsikten med testdammen i Alvkarleby var att identifiera skador
med hjalp av icke-destruktiva provningsmetoder. Ett team designade och byggde
dammen med fem i titjorden inbyggda defekter. Defekternas positioner var endast
kadnda for detta team. Flera andra forskarteam forsokte lokalisera defekterna med
sina egna icke-destruktiva metoder, sdsom resistivitetsméatning, fiberoptik, seismik,
portrycksmétningar, tojningskablar, ytskanning och georadar. Dammen utsattes
dven for borrning, injektering samt snabb reglering av vattenmagasinet.

Fore utgravningen utfordes konpenetrationstester och méatningar av vattennivaerna
i tdtjorden vid full reservoarniva. Resultaten visade att tdtjorden var mycket
inhomogent vad giller styvhet samt att vattennivan i tétjorden lag hogre an i
reservoaren. Darefter tdmdes magasinet, och dammen ldmnades i tre veckor innan
utgravningen paborjades.

Utgrdvningen dgde rum mellan den 16 september och 3 oktober 2024, nastan fem ar
efter att dammen fardigstalldes. Dammen demonterades i steg om 40 cm. Varje steg
inleddes i filterzonerna och avslutades med tétjorden. Varje fynd dokumenterades
och kartlades noggrant. Sarskilt viktiga undersokningspunkter var de installerade
defekterna, anslutningar, platser med misstankta skador som identifierats av
forskarteamen samt det injekteringsbruk som injekterats i dammen.

De installerade defekter som tillit hogre genomstromning genom tatjorden visade
mindre forandringar i partikelstorleksfordelningen och finmaterialet i finfiltret
nedstroms defekterna hade spolats ur. Ovriga inbyggda defekter visade inga
forandringar. I botten av den vertikala defekten patraffades omfattande inre erosion.
Tre horisontella pipes hade bildats dir, varav en gick helt igenom tétjorden.
Pipingen hade utvecklats i granszonen mellan tétjordslager, och skadorna var fyllda
med sandigt, grusigt eroderat tatjordsmaterial.

Ett stort “sjunkhal” hittades i tdtjorden med en total volym pa cirka 300 liter.
”Sjunkhalet” var inte tomt, utan fyllt med samma typ av sandigt, grusigt material
som patrdffades under den vertikala defekten. Under sjunkhalet identifierades ett
mycket vatt och mjukt omrade. Den troliga orsaken till detta omrade var
installationen av fyra forspanda tojningskablar som gick genom tatjorden i
uppstroms-nedstroms riktning. Sandiga, grusiga zoner hittades pa flera platser i
den nedre tredjedelen av tdtjorden. Vissa av dessa zoner anslot nedstroms finfilter,
medan andra tycktes ha bildats oberoende. Initierad inre erosion patraffades pa flera
stallen i granszonen mellan titjordslager, vilket indikerar att denna del av tiatjorden
ar svag.



Injekteringsbruket som injekterades i november 2022 fungerade mycket bra i de hal
dér laga injekteringstryck hade anvints. I de hél dar hoga injekteringstryck hade
anvants, med syfte att spracka tdtjorden, hade denna faktiskt sprackts.
Sprickplanens orientering var alltid uppstroms och in i grédnszonen mellan
tatjordslagren. De mekaniska egenskaperna hos téatjorden och injekteringsbruket var
mycket lika. De hal som injekterats med lagt tryck fungerade nastan exakt som
avsett, och tatjorden runt dessa hél var hard. Runt de hal dar uppsprackning hade
skett hade de 6vre delarna av halet inte injekterats, vilket gjorde att tatjorden runt
dessa hal var mjuk.

De installerade portrycksmdtarna i en sektion av dammen modjliggjorde
sdttningsmaétningar av tatjorden pa olika nivaer. Totalsdttningarna i tatjorden var
generellt upp till 3,5 %, men i de nedersta 25 cm uppmadttes relativa sittningar pa
upp till 15 %.

Ostorda karnprover frdn olika nivder i dammen, tagna bade vertikalt och
horisontellt, testades fér hydraulisk konduktivitet. Horisontella prover togs bade
fran mitten av ett tatjordslager och genom grinszonen dar tva lager mots. Den
horisontella hydrauliska konduktiviteten genom en granszon var néstan 14 ganger
hogre i toppen av dammen jamf{ort med den vertikala hydrauliska konduktiviteten.
I botten av dammen var skillnaden 2 till 4 ganger. Den horisontella hydrauliska
konduktiviteten genom mitten av tatjordslagren var nédstan 3 gdnger hogre i toppen,
men likvéardig med den vertikala i den undre halvan av dammen.

Vattenkvots- och densitetsmatningar gav mycket varierande resultat pa grund av
tatjordens inhomogenitet. Det konstaterades att varje enskilt tatjordslager var hart
och sprott i toppen men mjukt och vatt i botten. Siktning av nedstroms finfilter
visade en betydande anrikning av finmaterial. P4 vissa platser hade mangden
finmaterial mer &n fordubblats jamfort med det ursprungliga innehallet.

Sammanfattningsvis hade dammen mycket mer omfattande skador &n vad som
forviantades av en damm som bara varit i drift i 4,5 ar med maximala gradienter pa
3. Fyra primara faktorer misstdanks vara orsaken bakom den funna inre erosionen:

1. Otillracklig packning under byggtiden.

2. Svagheter i tatjorden, i synnerhet vid pallskiften.
3. Anvint finfiltermaterial skiljde sig fran designen.
4. Separerat grovfilter vid byggtiden.

Bifogat till denna rapport finns dagboken fran tiden da dammen gravdes ut. Denna
dagbok dr pa svenska och presenterar arbetet och uppkomna teorier efter varje
arbetsdag. Dagboken har inte redigerats sedan den skrevs. Slutligen bifogas en
artikel som skickats in och presenterats vid EurCOLDs arbetsgrupp for inre erosion
och 6verstréomning i Brno 2025.
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1 Introduction

In 2019 a test rig containing an experimental embankment dam was constructed as
a collaboration between Vattenfall AB and research groups from Lulea University
of Technology (LTU), Uppsala University (UU), Lund University (LU) and
HydroResearch AB. The dam was constructed at the Vattenfall R&D Laboratory in
Alvkarleby.

Most of the large-scale hydropower dams in Sweden were constructed before 1970.
These embankment dams were typically built as zoned embankment dams with a
moraine core, sandy gravel filters, and shoulders made of earth or rockfill. As time
progresses, dams age due to internal erosion and other contributing factors.
Consequently, identifying suitable and reliable non-destructive testing methods to
detect defects in embankment dams has been the overarching goal of the
experimental dam project. Therefore, ensuring scalability and applicability to full-
scale dams was crucial.

The project had two primary objectives. First, to evaluate the feasibility of detecting
six embedded defects in a zoned embankment dam using non-destructive
geophysical methods. Second, to investigate the mechanical and geotechnical
behavior of the dam during initial impoundment and throughout long-term
operation. The experimental dam at Alvkarleby was designed in accordance with
the Swedish dam safety guidelines (RIDAS, 2012). The six embedded defects were
engineered to remain stable over time, as the project's main focus was not on
studying degradation or internal erosion, but on identifying anomalies within the
dam structure.

The project was initially launched by the Vattenfall Hydro R&D program “Dam
Safety and Infrastructure” and was conducted from 2018 to 2024. The test rig and
embankment dam was designed, constructed, maintained, and funded by Vattenfall
AB. Several components of the dam's instrumentation and associated monitoring
equipment were procured by Vattenfall. Participating researchers were encouraged
to secure additional financial support from sources such as Energiforsk, other
funding agencies, and their respective institutions. Vattenfall aimed to share the
testing infrastructure to increase the total value of the investment. This arrangement
ultimately resulted in more than doubling the funding available for research.

The design of the project was based on insights gained from a previous blind-test
conducted in Rossvattnet, Norway in 2003, where the potential of geophysical
methods i.e., resistivity, self-potential, and temperature surveying was evaluated on
a rockfill embankment dam (Johansson, 2005). The Rossvattnet embankment dam
had a central moraine core supported by rock fill and included built-in defects. A
desktop sensitivity study, based on the material properties and modeling of the
construction materials, indicated that detecting small defects through single
campaign surveys would not be feasible. Nevertheless, geophysicists were able to
identify defect locations by employing a monitoring approach that analyzed changes
over time. The Norwegian blind-test dam did not follow the conventional design of
arockfill embankment dam, as it lacked filters separating the impermeable core from
the shoulder material (rock fill).

10



Synthetic pre-modelling of the Alvkarleby dam was conducted by researchers using
various methods, e.g., electrical resistivity and tomography, thermal response
modelling, and 2D and 3D seismic modelling, prior to finalizing the embankment
dam design. Temperature finite element modelling, along with resistivity and
seismic analyses, yielded promising results; therefore, monitoring equipment was
installed in the dam. The pre-modelling was based on the characteristics of the six
defects, e.g., size, hydraulic conductivity and porosity, although their locations were
unknown to the researchers. Consequently, the final selection of sensor technologies
and installation strategies was guided by synthetic modelling studies conducted in
2018 to ensure that the defects could be expected to be detectable using the chosen
methods. The following geophysical methods were employed in the Alvkarleby
experimental dam:

e Electrical resistivity method
e Fiber optic methods
o Distributed Temperature Sensing (DTS)
o Distributed Acoustic Sensing (DAS)
o Distributed Strain Sensing (DSS)
e Seismic investigations
e Ground penetrating radar (GPR) investigation.

In addition to the geophysical installations, conventional embankment dam
monitoring, e.g., seepage via Thomson weirs, reservoir water levels, temperatures,
pore pressures in the core, turbidity of seepage, and deformations (geodetic,
inclinometer and strain) was conducted

A workshop was held in Alvkarleby in June 2022 with participants from Vattenfall
and the research groups. During the workshop, the research groups presented their
findings, including interpreted positions of the defects. Following their
presentations, the locations of the six built-in defects were revealed to the research
groups for the first time. Thus, all measurements and interpretations, including
publications, up to that point were based solely on blind data.

After completing the primary objective of identifying defects through geophysical
measurements, the test dam was subjected to both rapid regulation and drilling and
grouting.

11 PURPOSE OF THE REPORT

After 4.5 years of dam operation (September 2024), it was dismantled. This report
presents the planning, sampling, testing, and findings from the dismantling process.
No conclusions are provided, only findings from the dismantling and results from
geotechnical testing.

11



2 Design of the dam

Cross-section of the dam with its zones and heights is shown in Figure 1.

Figure 1. Cross-section of the dam. The dam was 20 m long at the bottom and 21 m at the crest. Abutments
leaning with a 1:8 H:V-ratio.

12



The two bottom layers of core soil and both filters were each 10 cm thick. The
remaining overlaying layers were each 20 cm thick. Structural fill was placed in
30 cm thick layers.

The dam consisted of a central core soil composed of 0/20 mm moraine with a fine
content of approximately 30 weight-%. Surrounding the core soil was a 0/16 mm fine
filter. Outside the fine filter was a 4/64 mm coarse filter, followed by a 32/150 mm
structural fill. All dimensions are shown in Figure 1 and the mean particle size of all
materials involved is presented in Figure 2.
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Figure 2. Mean particle size distribution of core soil, filters and structural fill of the dam.

During construction in October-November 2019, sieve analyses were conducted on
the materials used in each individual layer, as shown in Figure 1. This involved a
total of 36 sieve analyses for the core soil, 36 for the fine filter, and 36 for the coarse
filter. Supplier data was used for the structural fill. A detailed breakdown of the
particle size distribution for the core soil and fine filter is presented in Figure 3 and
Figure 4. These figures include the variations observed across all analyses.
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Figure 3. Variation of particle size distribution for the core soil.
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Figure 4. Variation of particle size distribution for the fine filter.

Throughout this report, the term "level" is used to refer to the distance from the very
bottom of the dam to the point of observation. For example, level 100 cm indicates a
position 100 cm above the concrete base on which the dam was founded. The dam
crest was at level 400 cm, and the core soil crest at the time of construction was at

level 347 cm. The water reservoir level during most of the dam's lifetime was at level
328 cm.
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3  Plan for dismantling

Activities prior, during and after the dismantling is presented in this section.

3.1 PRIOR TO THE DISMANTLING

e Cone penetration testing (CPT)of the core soil at full water reservoir.
e Measurements of water levels in the core soil.
e Reservoir drained.

This work was done with a 3 ton drilling rig. CPT only took place in the core soil.
Prior to CPT sounding, structural fill and filter zone above the crest had to be
removed, see Figure 5.

DS US

Figure 5. CPT sounding of the core soil from the crest. Note that the structural fill and the fine filter on the crest
has been removed.
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3.2 DURING THE DISMANTLING

The dam was dismantled in ~40 cm thick layers, progressing from abutment to
abutment and starting with the structural fill, finishing with the core soil, see Figure
6. An 18-ton excavator was used to remove the soil materials.

Figure 6. Dismantling sequence.

1. Original dam viewed from the side.
2. Crest material removed, revealing the top of the core soil.

3. Approximately 40 cm of up- and downstream coarse filter removed from
left to right across the full length of the dam.

4. Approximately 40 cm of up- and downstream fine filter removed from left
to right across the full length of the dam. Sampling conducted on the
downstream fine filter prior to removal.

5. Approximately 40 cm of core soil removed from left to right across the full
length of the dam. Testing and sampling of the core soil conducted.

6. Step 3 -5 repeated.

Note: where internal erosion and grouting material were found, manual excavation
was carried out. Manual excavation was also carried out around the installed
defects.

During dismantling, soil materials from the downstream fine filter, core soil, and
identified defects were sieved according to ISO 17892-4:2016. The downstream fine
filter material was extracted as close as possible to the core soil within the "Christmas
tree pattern” of the core soil., see Figure 7.

16



Figure 7. Zone of interest for the extraction of downstream fine filter material (top). Two layers of core soil
enhanced at the bottom. Red circle marks where fine filter core soil material was extracted.

Density and water content of the core soil was tested according to standards SS
027110 (water volumetric testing) and SS-EN ISO 17892-1:2014/A1:2022.

Height positioning of findings when needed was done using an optical levelling
instrument.

Documentation of findings were done with cameras.

Undisturbed samples from the core soil were manually extracted using steel tubes,
170 mm long and 50 mm in diameter. The steel tubes were open at both ends, with
the bottom end sharpened. The sharpened end of the tube was placed on the core

17



soil. A steel cap covered the top of the tube, and a hammer was used. Samples were
extracted either from the core soil at the left abutment or at the center of the dam.

Three types of core soil samples were extracted:

Vertical samples, see Figure 8.

Horizontal samples, see Figure 9. The horizontal samples were extracted
either from the center of a core soil layer or from the boundary zone between
two layers, see Figure 10.

US

DS

Figure 8. Vertical core sampling.
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US

DS

Figure 9. Horizontal core soil sampling. See Figure 10 as reference to point A, B and C.

Layer 2

/ Layer 1

Figure 10. Orientation of extraction of core soil samples. A is vertical sample, B is horizontal sample from the
center of the layer. C is horizontal sample from the layer boundary.

alll
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These samples were sealed and placed in a cooling facility before testing.

3.3 AFTER DISMANTLING

Apart from sieving, hydraulic testing was performed on the extracted, undisturbed
core soil samples in accordance with standard SS-EN ISO 17892-11:2019 (flexible
wall permeameter). Triaxial testing is scheduled to be performed in accordance with
standard ASTM D7181-20 (consolidated drained) and is therefore not included in
this report.

20



4  Prior to the dismantling

Before the lowering of the reservoir, CPT was performed at both abutments and in
the centre of the dam. Two CPT soundings were made at each location, i.e. upstream
and downstream of the centre line of the dam, see Figure 11.

Figure 11. Location of CPT holes viewed from above. Only the core soil is visualized.

4.1 CPT

Results presented in Figure 12 to Figure 14.
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Figure 12. Measured cone tip resistance, Q., versus depth in the core soil at the left abutment.
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Figure 13. Measured cone tip resistance, Q., versus depth in the core soil at the centre of the dam.
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Figure 14. Measured cone tip resistance, Qc, versus depth in the core soil at the right abutment.

Higher Qc mean higher stiffness of the soil. The core soil in the centre (Figure 13)
was generally less stiff compared to the soil at the abutments (Figure 12 and Figure
14). At the abutments, the soil in the downstream side of the core was stiffer
compared to the soil in the upstream side of the core. In the centre, the soil in the
upstream side of the core was stiffer compared to the soil in the downstream side of
the core.

From the CPT figures, the layered structure of the core soil is clearly seen. Each layer
in the core soil was roughly 20 cm, which corresponds to the distance between each
peak in Q..

4.2 WATER LEVELS

Water levels could be measured in the CPT holes the day after the sounding at full
reservoir level. Results hereof are presented in Figure 15.
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Figure 15. Water levels in the CPT holes.

Core crest level at the left abutment, centre and right abutment were 345 cm, 343 cm
and 338 cm respectively. Water level in reservoir was ca 325 cm. Water level inside
the core soil was thus higher than the water reservoir level. At the time water levels
were measured, foam had built up in the CPT holes during the night. This indicates
air being present inside the core soil and released into the holes, see Figure 16.

Figure 16. Air release from the core soil as seen as a foam on the top of the CPT sounding holes on the 15t of
August 2024.
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5 The crest

Shoulder fill and fine filter material was removed from the crest down so the top of
the core soil was laid bare, see Figure 17. The core soil crest was measured with an
optical balancing instrument, see Figure 18.

us DS

Figure 17. Core soil crest after removal of shoulder fill and fine filter material on the 17*" of September 2024.
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Figure 18. Core soil level at the crest.

The difference in the core crest level, between its highest and lowest point, was
100 mm. At the time of construction in November 2019, the core crest level difference
was no more than 5 mm. Core soil crest level at time of construction was 347 cm.

It was also found that the core soil crest had been suspended against the abutments.
This was particularly evident at the left abutment, see Figure 19. The sore soil crest
surface had a slope of ca 10° into the centre of the dam. The slope at the right
abutment was ca 6°. The suspension against the abutments can also be seen in Figure
18.
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Figure 19. Photo from left abutment. Core soil is suspended against the abutment. Ruler in the photo is laid out
horizontally and at its right side it is in contact with both the core soil crest and the abutment.

An edge was found at the core soil crest at its downstream side, see Figure 20. The
edge ran across the whole crest. The core soil at the crest downstream the edge was
slightly higher than the core soil upstream the edge. The height of the core soil crest
was measured at eight locations with an optical balancing instrument. At each
location, the core soil crest level was measured both up- and downstream the edge.
The height increase downstream the edge could thus be calculated, see Figure 21.
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Figure 20. The edge on top of the core soil crest marked with red arrows, 17t of September 2024.
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Figure 21. Height increase downstream the edge on the core soil crest.

The height increase was between 1 —4 cm. A close-up photo of the edge is shown in
Figure 22.
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Figure 22. Close-up of the core soil crest edge. Downstream of the dam is at the top of the photo.
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6  Built-in defects

There was a total of five built-in defects in the dam. Their locations are shown in
Figure 23 and Figure 24.

Figure 23. Placement of built in defects viewed from above.

Figure 24. Placement of built in defects viewed from upstream side toward downstream side.

6.1 HORIZONTAL PERMEABLE ZONE

There were two built-in defects labelled horizontal permeable zone, defect 1 and 4
according to Figure 23.

6.1.1 Horizontal permeable zone at left abutment

This zone, labelled defect 1 according to Figure 23, was placed at the left abutment
at ca level 300 cm. It traversed the core soil completely, was made of 4/8 mm gravel
surrounded by fine filter material on all sides, see Figure 25. It was square shaped
with each side measuring ca 10 cm.
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Figure 25. Photo of defect 1 at time of installation on the 11t of November 2019.

Defect 1 at time of demolition is shown in Figure 26.
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Figure 26. Photo of defect 1 taken 18" of September 2024. Downstream side is at the top of the photo. Red
circles mark the locations where samples for sieving were extracted. The “hole” at the centre of the defect is
from the injection grouting.

The two particle size distributions from the defect, US damage and DS damage, can
be seen in Figure 27 and compared to the original particle size distribution of the
defect material as built on the 11% of November 2019.
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Figure 27. Particle size distributions from defect 1.

The upstream side of defect 1 contain more fine material than the downstream side.
The original defect 1 material at time of construction was constituted by less than
1 weight-% of material <2 mm. Corresponding weight-% of material <2 mm from the

upstream- and downstream at time of dismantling was 9 weight-% and 4 weight-%
respectively.

The fine filter directly downstream defect 1 is shown in Figure 28.
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Figure 28. Photo of the downstream fine filter at the exit point of defect 1 taken 19t of September 2024. Red
circle mark the location where sample for sieving was extracted. Fine filter has been washed-out of fines. The
grey-coloured soil indicates no seepage had passed through it. Brown-coloured soil had been passed by seepage.

Particle size distribution from fine filter downstream defect 1 can be seen in Figure
29.
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Figure 29. Particle size distribution from the fine filter downstream defect 1.

Fine material content (<0.063 mm) in the fine filter material at time of construction
was ca 6 weight-%. Corresponding fine filter content at time of dismantling was ca
3 weight-%, a reduction of 50 %.

6.1.2 Horizontal permeable zone at centre

This zone, labelled defect 4 according to Figure 23, was placed at the centre of the
dam, 10.5 m from the left abutment at ca level 250 cm. It traversed the core soil
completely, was made of 4/8 mm gravel (same as defect 1) and surrounded by fine
filter material on all sides, see Figure 30. It was rectangularly shaped with sides
measuring ca 10x30 cm.
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Figure 30. Photo of defect 4 at time of installation on the 7t" of November 2019.

Defect 4 at time of demolition is shown in Figure 31.
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Figure 31. Photo of defect 4 taken 20t of September 2024. Downstream side is at the right side of the photo.
Red circles mark the locations where samples for sieving were extracted.

The two particle size distributions from the defect, US damage and DS damage, can
be seen in Figure 32 and compared to the original particle size distribution of the
defect material as built on the 7% of November 2019.
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Figure 32. Particle size distribution from the upstream side of defect 4.

The defect material was similar on both up- and downstream side. There were

slightly more fines in the upstream side, as seen in the horizontal defect at the left
abutment.

The fine filter directly downstream defect 4 is shown in Figure 33.
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Figure 33. Photo of the downstream fine filter at the exit point of defect 4 taken 20*" of September 2024. Red
circle mark the location where sample for sieving was extracted.

Particle size distribution from fine filter downstream defect 4 can be seen in Figure
34.
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Figure 34. Particle size distribution from the fine filter downstream defect 4.

The fine filter downstream defect 4 had been enriched with fines (<0.063 mm). Fine
material content in the fine filter material at time of construction was ca 6 weight-%.

Corresponding fine filter content at time of dismantling was ca 20 weight-%, an
increase of ca 330 %.

6.2 CONCRETE CUBE

The concrete cube, labelled defect 2 in Figure 23, was placed 4 m left abutment at ca
level 200 cm. It was cube shaped with sides of 50 cm. It had a horizontal hole with a
diameter of 50 mm through it to facilitate its installation during construction. The
hole was orientated downstream-upstream. Photos from installation can be seen in
Figure 35 and Figure 36.
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Figure 35. Photo of defect 2 at time of installation on the 4*" of November 2019.
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Figure 36. Photo of defect 2 at time of installation on the 6" of November 2019. Concrete cube almost covered
by the core soil.

No visual changes could be found around defect 2 at time of demolition, see Figure
37 to Figure 39.
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Figure 37. Photo of defect 2 at time of demolition on the 20" of September 2024. Downstream side on the right
side of the photo. Left abutment visible at the top.
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Figure 38. Photo of defect 2 at time of demolition on the 24th of September 2024. Photo taken from upstream
side of the core soil. Note that the hole through the cube has been partially filled with core soil.

DS defect

Figure 39. Photo of defect 2 at time of demolition on the 24th of September 2024. Photo taken from downstream
side of the core soil. Note that the hole through the cube has been partially filled with core soil.

Core soil from the hole through the concrete cube was sampled from both the up-
and downstream side, US cube and DS cube, and sieved. Results are shown in Figure
40.
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Figure 40. Particle size distribution of the core soil material sampled from the hole traversing the concrete cube
compared to the original particle size distribution of the core soil.

The particle size distribution of the core soil found inside the hole on the
downstream side of the concrete cube was identical to the original core soil. The core
soil found inside the hole on the upstream side of the concrete cube however had
doubled its fine content to 62 weight-%.

6.3 VERTICAL PERMEABLE ZONE

The vertical permeable zone, labelled defect 3 in Figure 13, was placed 7 m left
abutment between level 100 — 350 cm. It was circular shaped with a diameter of ca
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25 cm. Material of the defect was same as the coarse filter of the dam, i.e. 4/64 mm.
Photos from installation can be seen in Figure 41 and Figure 42.
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Figure 41. First layer of defect 3 on the 29t of October 2019 at level 100 cm.
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Figure 42. Final layer of defect 3 on the 12t" of November 2019 at level 350 cm.

Internal erosion was found on the top of defect 3 at the core crest, see Figure 43 -
Figure 45. The internal erosion was caused by an overtopping of the core soil during
the first filling of the dam. The overtopping lasted ca 2 weeks. The core soil had been
eroded down to ca 20 cm upstream defect 3 and infilled by the overlaying fine filter
material, Figure 43. Downstream the defect, a piping damage through the upper
layer of the core soil was found at the border of core soil and downstream fine filter,
Figure 44 and Figure 45.

The core soil around defect 3 was less stiff than the core soil generally. Material from
the core soil was found inside the defect 3 material. During dismantling, defect 3
was sieved every 40 cm, see Figure 46.
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Figure 43. Erosion at core crest at the end location of defect 3 on the 17" of September 2024. Original area for
the circular defect 3 marked with a red circle.
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Figure 44. Erosion at core crest at the end location of defect 3 on the 18" of September 2024. Original area for
the circular defect marked with a red circle. Material removed from the defect to be sieved. Fine filter material
removed from the eroded core soil. Red arrow mark the location of a piping damage at the downstream side of

the core soil crest.
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Figure 45. Downstream view of the piping through the core soil at the border zone core soil and fine filter on the
18t of September 2024. Red arrow mark the same area as in Figure 44 and red circle mark the top of the vertical
defect.
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Figure 46. Particle size distribution of defect 3 from top (level 350 cm) to its bottom (level 100 cm) in increments
of 40 cm.

For all levels sieved of defect 3, there was an increase in fines, indicating transport
of fines from the core soil into the defect material. Note that filter criterion was not
fulfilled between the core soil and defect material.

6.4 WOODEN CUBE

The wooden, labelled defect 5 in Figure 13, was placed 13 m left abutment at ca level
100 cm. It was cube shaped with a side measurement of 40 cm. Neither the wooden
cube, nor the core soil around it had been affected at all during the experiment, see
Figure 47 - Figure 50.
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Figure 47. Photo of defect 5 during installation (level 100 cm) on the 29" of September 2019.
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Figure 48. Photo of defect 5 during installation (level 140 cm) on the 29" of September 2019.
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Figure 49. Photo of defect 5 during dismantling on the 29th of September 2024.
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Figure 50. Imprint in the core soil of defect 5 after its removal on the 30* of September.
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7 Internal erosion

In this chapter, observations of “unexpected” defects caused by internal erosion that
were found during the dismantling are presented. These defects were never
intended to develop in the dam, hence they were “unexpected”.

7.1 “LARGE SINKHOLE”

The first unexpected defect was labelled as the “large sinkhole”. It was not a sinkhole
per say, but a sinkhole under development. The material in the sinkhole was eroded
core soil material. Its orientation in the dam can be seen in Figure 52.

Figure 51. Orientation of the large sinkhole viewed from above.

Figure 52. Orientation of the large sinkhole viewed from upstream side toward downstream side.

The first sign of the sinkhole appeared at a level 140 cm, 17.5m from the left
abutment. The sinkhole first appeared as a sandy patch surrounded by core soil, see
Figure 53.
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Figure 53. Level 140 cm on the 26" of September 2024. Top of the sinkhole (sandy patch just above the ruler).
White circular zone is the grout material from injection grout hole 5 (see section 8.5)

As the exploration of the sinkhole continued, soil material was removed from it
leaving a hole with intact, uneroded core soil supporting the walls around it. The
eroded core soil material from different depths was sieved. Depth intervals for the
sieve analysis were chosen randomly since no information regarding the size of the
sinkhole existed. Sieve analysis from the material in the sinkhole is presented in
Figure 61.

Soil material from the top of the sinkhole had a very low amount of soil material >
1 mm. The soil could be formed as a ball in the hand and did not fall apart, see Figure
54.
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Figure 54. Sinkhole material from the top of the sinkhole on the 26 of September 2024.

Original core soil had a maximum particle size of 20 mm and ca 66 weight-% of the
soil was finer than 1 mm. At the top of the sinkhole ca 97 weight-% was finer than
1 mm. Particle size curve for the top soil material in the sinkhole is labelled 140 cm
in Figure 61.

Excavation of the soil from the sinkhole was carefully done with a spoon as not to
damage the side walls of uneroded core soil, Figure 55.
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Figure 55. Level 120 cm, just beneath the top of the sinkhole on the 26t of September 2024. Excavated material
from the sinkhole can be seen above the sinkhole.

Atlevel 120 cm (20 cm depth of sinkhole) the material during time of excavation was
considered as “plain sand”. At the moment of excavation, it was very surprising no
gravelly soil material could be found. Particle size curve for the soil material shown
in this photo is labelled 120 cm in Figure 61. 89 weight-% of the soil material was
finer than 1 mm.

The transition zone from intact core soil to the excavated sinkhole is shown in Figure
56.
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Figure 56. Transition zone between intact core soil and sinkhole viewed from above at level 90 cm on the 27t of
September 2024. Intact core soil below the dashed red line of the photo.

Further photos from the excavation of the sinkhole are shown in Figure 57 - Figure
60.
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Figure 57. Level 70 cm on the lower part and 120 cm on the upper part on the 27" of September 2024.
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Figure 58. Level 30 cm on the bottom of the sinkhole and 120 cm on the upper part on the 30t of September
2024. Yellow cable in the lower right of the photo is the fiber optical cable installed in the downstream fine
filter.
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Figure 59. Bottom of the sinkhole at level 20 cm on the 30th of September 2024. Notice the more coarse-grained
soil in the bottom.
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Figure 60. All levels where sinkhole soil material was sampled and sieved. Results from sieve analysis in Figure
61.
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Figure 61. Particle size distribution curves of the eroded core soil found inside the sinkhole.

Key observations from the sinkhole were:

The eroded core soil material from the upper part of the sinkhole was pure
sand. No coarse soil particles were found in the upper part. The coarser
particles were found in the bottom of the sinkhole.

Fine material content was lower in all parts of the sinkhole compared to the
original core soil.

The downstream side of the sinkhole was merged with the downstream fine
filter.

Possible outlet of the fine material was through the washed out downstream
fine filter (see Figure 63)at ca level 80 cm (see Figure 62 and Figure 64).

Possible outlet from the sinkhole at its bottom. However, no clear leakage
path was found but the area underneath the sinkhole was heavily eroded
(see section 7.2).
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Figure 62. Washed out fine filter and core soil downstream the sinkhole. Notice how the core soil and filter soil
has “merged” in eroded part.
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Figure 63. Particle size distribution curve of the eroded downstream fine filter material from the sinkhole at
90 cm depth.

The particle size distribution of the washed out fine filter material as shown in Figure

63 gave the impression during the dismantling of being more coarse grained than
the result showed, see Figure 62.
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Figure 64. Eroded material removed from the downstream side of the sinkhole at ca 80 cm level.

7.2 UNDER THE LARGE SINKHOLE.

Under neath the large sinkhole (section 7.1), a 1 m wide zone was found at level
20 cm with considerably more wet core soil, see Figure 65 - Figure 66.
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Figure 65. Orientation of the damage under the large sinkhole viewed from above.

Figure 66. Orientation of damage under the large sinkhole viewed from upstream side toward downstream side.
In this area in the core soil, a pre-tensed strain cable traversed the core soil. The strain
cable was installed as a loop in an upstream to downstream orientation at four
locations through the core soil. The strain cable traversed the core soil at level 15 cm,
2,3, 4 and 5 m out from the right abutment, see Figure 67.
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Figure 67. Photo of the strain cable during its installation on the 24t of October 2019. Damaged area inside the
red dashed square. Bottom of large sinkhole marked with a yellow circle.

During installation, there were worries that this cable would cause concentrated
leaks along it. Therefore, the cable was sealed with a bentonite powder layer before
it was covered with the next layer of core soil and compacted, see Figure 68.

70



US

DS

Figure 68. Close up of the strain cable (blue) and temperature cable (red) traversing the core soil. White powder
is bentonite powder for extra sealing. Visible core soil is not yet compacted.

At 2, 4 and 5 m out from the right abutment, the core soil/strain cable boundary
seemed to have worked well but around the strain cable 3 m out from the right
abutment the soil was damages. There were no direct signs of fine particles being
washed out. The core soil looked more perforated, see Figure 69.
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Figure 69. Strain cable 3 m out from right abutment on the 3 of October 2024. The perforated holes led into
the strain cable. Notice how wet the core soil is at the bottom of the photo.

Bentonite powder was still present around the strain cable at all investigated points.
The bentonite had the same texture as a toothpaste, Figure 70.

Figure 70. Wetted bentonite powder removed from the strain cable placed on the tip of a finger on the 2" of
October 2024.

More photos from the damage is shown in Figure 71 — Figure 73.
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Figure 71. Eroded core soil found at the upper part of the damage on the 2" of October 2024.
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Figure 72. A pipe had formed on the upstream side of the large sinkhole. Direction of pipe was towards upstream
with an inclination of ca 10°. The hole in the core soil above the top of the ruler is the hole shown in Figure 71.
Pipe was full of same type of eroded core soil found at all other damages (coarse sand — fine gravel). Photo taken
on the 2" of October 2024.

The pipe shown in Figure 72 was discovered after the removal of the large sinkhole.
A verified connection between the pipe and sinkhole could therefore not be
established. However, the pipe was fond only centimeters from the upstream side
wall of the bottom of the large sinkhole. The connection is therefore highly likely.

In Figure 73, the bottom of the damaged can be seen.
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Figure 73. Bottom of the damaged area as seen on the 3™ of October 2024. “2m” and “3m” refer to the distance
from the right abutment. Bottom of large sinkhole marked with a yellow circle. Notice how wet the area is.

Even though the core soil was in “better shape” at the other strain cables there where
still damages found around them, in particular around the strain cable 5 m out from
the right abutment, see Figure 74.
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Figure 74. Close up on the two strain cables at 4 and 5 m out from the right on the 2" of October 2024.

There was heavy ongoing erosion around the downstream side of the core soil
surrounding the “5m” strain cable but none around the “4m” astrain cable. On the
bottom right in Figure 74, the lost casing from injection hole 1 can be seen.
Furthermore, the piece of eroded core soil seen at the bottom of Figure 74 is a piece
removed from the “5m” strain cable. Erosion of core soil on the bottom part of a
layer of core soil.

7.3 “HORIZONTAL PIPING”

The horizontal pipes were fond underneath the vertical defect, see Figure 75 to
Figure 76. The damaging was extensive. One full pipe through the core soil and two
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initiated pipes were found. Similar to the sinkhole, the pipes were not empty but
filled with “sand” (eroded core soil material). All three pipes had developed in the
boundary zone between the layers of core soil.

Figure 75. Orientation of the horizontal pipes viewed from above.

Figure 76. Orientation of the horizontal pipes viewed from upstream side toward downstream side.

At the bottom 20 cm of the vertical defect internal erosion was found. Erosion of the
core soil had begun and traversed the core soil both up- and downstream from the

bottom of the vertical defect, see Figure 77.
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Figure 77. Bottom of the vertical defect on level 100 cm on the 27t of September 2024. Upstream is down in the
photo. Note the streaks of eroded core soil. Boundaries of the core soil marked with red, dashed line. Bottom
of vertical defect marked with red circle.

The core soil material that had been eroded was coarse sand - fine gravel. Removal
of the eroded soil revealed two distinct, narrow, “canyon-shaped” areas, see Figure
78. The eroded core soil was easily removed with a spoon or brush.
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Figure 78. Material from the bottom of the vertical defect removed. Eroded core soil partly removed, exposing
the extent of the internal erosion. Close up of the erosion between the bottom of the vertical defect and
downstream filter marked with red oval can be seen in Figure 79. Close up of the erosion between the bottom
of the vertical defect and upstream filter marked with yellow oval can be seen in Figure 82.
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Figure 79. Close up of erosion as marked with red oval in Figure 78 (eroded soil has been removed) between
bottom of vertical defect and downstream filter.

The intact core soil around the bottom 20 cm of the vertical defect was completely
removed. The upstream erosion area (yellow oval in Figure 78) continued while the
downstream erosion area (red oval in Figure 78 and close up in Figure 79)
disappeared.

Another extensive area of internal erosion was found in the boundary zone between
core soil and fine filter downstream the vertical defect. After the eroded soil (coarse
sand — fine gravel) had been removed, the appearance of the damages can be seen
in Figure 80.
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Figure 80. Red circle mark the bottom of the vertical defect. Red and yellow oval mark the same areas as in
Figure 78. Dashed red lines mark the boundary zones between filter and core soil. Damaged area within red oval
has disappeared. New erosion found in the boundary area between downstream fine filter and core soil.

After further excavation on both up- and downstream side the erosion continued
under the vertical defect, see Figure 81.
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Figure 81. Further excavation of the internal erosion discovered underneath the vertical defect. Red circle marks
the bottom of the vertical defect.

The upstream damage area (golden oval in Figure 80) started off as a standing slot,
see Figure 82, but as the excavation progressed downstream in this area, the
appearance of three distinct pipes was revealed, Figure 83. The levels of the three
pipes had developed at the layer boundaries of the core soil. Spacing was 20 cm
apart.
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Figure 82. Upstream area of the internal erosion (golden oval in Figure 80). Red dashed line mark the point of
excavation presented in Figure 83.

Eroded, washed out core soil material removed from the damage can be seen in the

bottom of Figure 82.
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Figure 83. Erosion at three different levels under the vertical defect (red circle). Red dashed line at same location
here as in Figure 82.

Removal of eroded core soil material led to the discovery of three pipes. Only the
middle pipe traversed the core soil while the bottom and top pipe was under

development, see Figure 84.
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Figure 84. Eroded core soil material removed. The visible light on the other side of the core soil mean that the
pipe traversed the core soil entirely. Photo is taken from the upstream side.

The roof of the pipe was removed leading to an hourglass shaped damage with the
waist located underneath the vertical defect, see Figure 85.
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Figure 85. The core soil “roof” of the middle pipe removed. The damage, when the eroded soil has been removed
had the shape of an hourglass with the waste located ca 20 cm below the bottom of the vertical defect.

The left side wall of the pipe was removed so the damage could be viewed from the
side, Figure 86.
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Figure 86. Side view of the pipe when its left wall has been removed. Red circle on top mark the bottom of the
vertical defect. Red points mark locations where eroded core soil material was removed for sieving.

Eroded core soil material was removed from the pipe and sieved. Its particle size
distribution up- and downstream in the pipe can be seen in Figure 87.

87



100

90

80

70

60

50

40

Percentage passing [%]

30
20

10

0,01 0,1 1 10 100

Particle size [mm]
—&—US in pipe  ——DSin pipe «=@mmOriginal Core Soil

Figure 87. Particle size distribution of the eroded core soil extracted from the pipe under the vertical defect.
Particle size distribution of the original plotted in red as reference.

The eroded core soil material extracted from the pipe had lost ca 70 % of its fine
material content (<0.063 mm). The eroded core soil downstream the pipe had a

slightly higher gravel content compared with the downstream eroded core soil
material.
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7.4 “SANDY ZONE”

Figure 88. Orientation of the sandy zone viewed from above.

Figure 89. Orientation of the sandy zone viewed from upstream side toward downstream side.

Close to the wooden cube (defect 5). A sandy patch was found on the excavated core
crest at level 140 cm, see Figure 90. The sandy patch was excavated by hand and
seemed to end at a depth of ca 15 cm under the current core soil crest level (level
125 cm), see Figure 91.
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Figure 90. Sandy patch marked by red circle ca 70 cm to the right of the wooden cube (defect 5) found on the
27t of September 2024.
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Figure 91. Sandy patch ca 70 cm to the right of the wooden cube (defect 5) found on the 27t of September 2024.
Sandy material removed. Red dashed square mark the location where the wooden cube was moved (see Figure
92 - Figure 94.

Since the sandy patch seemed to end after ca 15 cm of manual excavation. Another
40 cm of core soil removed and the wooden cube (defect 5) was removed and placed
just downstream the excavated sandy patch. When yet another 20 cm of core soil
was to be removed a large sandy zone was revealed at the boundary zone between
downstream fine filter and core soil, see Figure 92
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Figure 92. More sand discovered at the boundary zone between downstream fine filter and core soil as the
excavation continued (inside red oval).

Yet another 20 cm of core soil was removed and a large sandy zone was discovered,
seemingly connecting the sandy patch (Figure 90) with the sandy zone as shown in
Figure 92. This new sandy zone is shown in Figure 93.
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Figure 93. Area under the sandy patch on the 2" of October 2024. 40 cm of core soil has been removed.
Boundary for the sandy zone within the two black, dashed lines. Wooden cubed has been moved. Red dashed
line mark the top location of the sandy patch as shown in in Figure 90 and Figure 91.

At two points in the sandy zone, eroded core soil material was removed and sieved,
see Figure 94and Figure 95. The sandy zone did not traverse the core soil completely
since it still was ca 10 cm from the upstream fine filter. On its downstream side
however, the sandy zone was connected to the downstream fine filter.

93



US damage

DS damage

Figure 94. Points in the sandy zone where eroded core soil material was extracted and tested with sieve analysis.
Eroded core soil removed from the damage in the bottom of the photo.

The sandy zone had a slight inclination downwards toward the downstream side. It
was ca 1 m long and between 15 — 40 cm heigh. Its width was between 2 — 10 cm.
Results from sieve analysis in Figure 95.
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Figure 95. Particle size distribution of eroded core soil from the sandy zone. Original particle size distribution
plotted as a reference.

Similarly to the “sinkhole”, the eroded core soil was more coarse grained closer to
the fine filter outlet than at its upstream side.

Just behind the sandy zone (towards the left abutment), early stage internal erosion
was found being developed in the layer boundaries in the core soil, see Figure 96.
More of this type of initiated internal erosion was seen in more places at this depth
in the dam (<level 100 cm), see Figure 97 and Figure 98. Internal erosion of this sort
was always found close to the downstream fine filter.
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Figure 96. Internal erosion, at a very early stage, was found in the layer boundaries between the core soil just
“behind” the sandy zone (towards the left abutment). Photo taken on the 2" of October 2024.
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Initiated erosion

Figure 97. Internal erosion was found in the layer boundaries in the core soil close to injection grouting hole 1,
16.5 m from the left abutment at level 60 — 80 cm. Photo taken on the 2" of October 2024.
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/ Eroded core soil

Intact core soil /

Figure 98. Bottom part of a layer of core soil flipped upside down during excavation. Notice the sand on the top
and intact core soil under it. It is unknown where this part of core soil originates but it was found at level 40 cm
ca 5 -6 m out from the right abutment
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7.5 “RIGHT ABUTMENT”

The left abutment had no damages (except the defect installed at level 300 cm) but
the right one had. Internal erosion was found at level 40 cm in the “downstream
half” of the core soil, See Figure 99 and Figure 100.

Figure 99. Orientation of the damage at the right abutment viewed from above.

Figure 100. Orientation of the damage at the right abutment viewed from upstream side toward downstream
side.

Initially a couple of small damages with similar shape as a sinkhole were found at a
level of ca 60 cm, see Figure 101. Eroded core soil material was removed and looked
similar to the other eroded core soil material found in the erosion damages of the
dam (coarse sand - fine gravel).
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Figure 101. Internal erosion found at right abutment at level 60 cm on the 1 of October 2024.

After yet another 20 cm of excavation, the damage changed form into a more
uniform zone of eroded core soil (still coarse sand — fine gravel) in direct contact
with the right abutment on the downstream side of the core soil, see Figure 102.
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Figure 102. Internal erosion (inside red oval) at the right abutment at level 40 cm on the 3™ of October 2024.
Red, dashed line mark the boundary between the core soil and downstream fine filter. White circular zone is
injected grout material (hole 4).

A ca 10 cm thick layer of the core soil material at the abutment as shown in Figure
102, was removed with the excavator so the core soil material in direct contact with
the right abutment could be studied, see Figure 103.
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Figure 103. Core soil material from right abutment from level 40 cm removed on the 3" of October 2024. Red
arrows mark intact core soil. Red point mark where material was taken for sieve analysis. Red circle mark the
point of the injected grout material (hole 4).

Eroded core soil material from the damage revealed a loss of fines on the
downstream side, see Figure 104.
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Figure 104. Particle size distribution of eroded core soil from the sandy zone. Original particle size distribution
plotted as a reference.

103



8 Injection grouting

Drilling and injection grouting of the dam was performed between 14t — 17t of
November 2024. The locations of the six injection grouting holes is shown in Figure
105. Injection in all holes were performed from the bottom and up. An injection pipe
was inserted into the drilled casing all the way to the bottom and both casing and
injection pipe was withdrawn simultaneously upwards while pre-calculated
amount of grout material was injected at a pre-calculated injection pressure. A
detailed description of the procedure of drilling and grouting is presented in
Lagerlund et al. (2023). In all photos of the holes, except when noted, they have been
photographed standing on the upstream side of the hole looking downstream.

Figure 105. Injection grouting holes drilled and injected between November 14t — 17t 2022.

8.1 INJECTION GROUTING HOLE 1

Hole number 1 was drilled to a depth of 3.55 m under the crest (level 45 cm), 16.5 m
from the left abutment, see Figure 105. Drilling took place on the 14t of November
and injection grouting on the 15" of November 2022. One of the grout material
constituents was limestone filler, see Lagerlund (2024). Therefore, the grout material
was white. Diameter of drilled hole (prior to injection grouting) was 100 mm.
Injection pressure was 45 kPa, intended not to damage the core soil during injection.

Photos from the gradual excavation of hole 1 is shown in Figure 106 — Figure 114.
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Figure 106. Level 300 cm on the 18" September 2024.

A pre-calculated grout material amount of ca 30 liters was used so if fracturing or
excessive enlargement of the injected hole occurred, there would not be enough
grout material to inject the full height of the drilled hole. As seen in Figure 106, only
a fraction of the grout material was found at the top of the injected hole. Therefore,
fracturing or excessive enlargement was suspected to have had happened deeper in
the hole.
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Figure 107. Level 260 cm on the 20t September 2024.
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Figure 108. Level 220 cm on the 23" September 2024.

As seen in Figure 108, Somewhere between level 260 cm (Figure 107) and level
220 cm the grout material completely filled the hole. Diameter of the drilled hole was
100 mm but after injection of the grout material the diameter was ca 130 mm. The
grout material and surrounding core soil had very similar mechanical stiffness.
Higher up in the injected hole, where the grout material did not completely fill the
hole, both grout material and surrounding core soil was softer. Strength properties
were not measured.
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Top of underlaying core soil layer
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\ Original hole

Figure 109. Level 170 cm on the 24t September 2024.

In Figure 109, the shape of the grout material changed at level 170 cm The grout
material had fractured the core soil in a boundary zone between two core soil layers.
The grout material had fracture the very bottom part of the overlaying core soil

layer.
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Figure 110. Level 140 cm on the 25t September 2024.

As seen in Figure 110, the grout hole had a diameter of almost 190 mm. This
happened just above a lost casing from the drilling. It was known from the grouting
at the 15% of November 2022 that the bottom third of the casing had been lost in the
dam. After this accident, all casing parts were welded together during the drilling.
No more casings were lost after that.
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Figure 111. Level 140 cm on the 26" September 2024.

Compared to Figure 110, a couple of cm of core soil was removed and the top of the
casing could now be seen (Figure 111). Grout material had “spilled over the brim”
of the casing during the injection process. From this level and down, all remaining
grout material was expected to be inside the casing.
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Figure 112. Core soil level at 100 cm on the 26" September 2024.
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Figure 113. Casing standing freely in the core soil on the 2" of October. Core soil at the very left at level 40 cm.
Casing section 1.2 m long.
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Figure 114. Bottom of the casing on the 3™ of October 2024..

Core soil had clogged the bottom of the casing so no grout material at the used grout
pressure could penetrate it. This was the end of grouting hole 1.

8.2 INJECTION GROUTING HOLE 2

Hole number 2 was drilled to a depth of 3.70 m under the crest (level 30 cm), 3.0 m
from the left abutment, see Figure 105. Drilling took place on the 15t of November
and injection grouting on the 15% of November 2022. One of the grout material
constituents was magnetite powder, see Lagerlund (2024). Therefore, the grout
material was black. Diameter of drilled hole (prior to injection grouting) was
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100 mm. Injection pressure was 50 kPa, intended not to damage the core soil during
injection.

Photos from the gradual excavation of hole 2 is shown in Figure 115 — Figure 121.

Figure 115. Level 260 cm. 20* September 2024.

The first sign of grout material was at a level 260 cm. At this level, the hole was not
full and both the core soil surrounding the hole and grout material was quite soft.
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Figure 116. Level 220 cm. 23" September 2024.

Similar to grouting hole 1 at level 220 cm (Figure 108), the grout material filled the
hole, see Figure 116. Diameter of the hole was however slightly lower at ca 100 mm
compared to hole 1. Grout material felt a bit “airy” but core soil material around it

was stiff.

115



Figure 117. Level 170 cm. 24 September 2024.

At level 170 cm level diameter of the hole was ca 120 mm, see Figure 117. This was
25 mm larger than the drilled hole. Both grout material and surrounding core soil
was stiff. From this level down to the bottom the grouting hole remained the same.
Diameter of the injected hole slightly larger than the drilled. This meant that the
injection had worked as intended, filling the hole and providing a slight compaction
of the surrounding core soil. However, at level 90 cm, a fracture was found, see
Figure 120.
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Figure 118. Level 140 cm. 25% September 2024.
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Figure 119. Level 130 cm. 26" September 2024.
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Figure 120. Level 90 cm. 30t September 2024. Original hole marked by red circle.

As seen in Figure 120, the grout material at level 90 cm had fractured the core soil.
Like hole 1, the fracture occurred in the boundary zone between two core soil layers.
The fracture occurred in the bottom part of the overlaying layer.
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Figure 121. Level 70 cm from bottom. 30t September 2024.

This was the end of grouting hole 2. No more grouting material was found beneath
the point as seen in Figure 121. Note that just because no more grout material was
found underneath this level didn’t mean it was not there. The method of excavation
at this location should have been more careful. Too much core soil material was most
likely removed at the same time, preventing further findings.

8.3 INJECTION GROUTING HOLE 3

Hole number 3 was drilled to a depth of 3.52 m under the crest (level 48 cm), close
to the left abutment, see Figure 105. Drilling took place on the 15t of November and
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injection grouting on the 16% of November 2022. One of the grout material
constituents was magnetite powder, see Lagerlund (2024). Therefore, the grout
material was black. Diameter of drilled hole (prior to injection grouting) was
100 mm. Injection pressure was 50 kPa, intended not to damage the core soil during
injection.

Photos from the gradual excavation of hole 3 is shown in Figure 122 — Figure 131.

Injection grouting hole 4 was located so it traversed defect 1 at the left abutment at
level 300 cm. At this level, grout material was initially thought to have been found,
see Figure 122.

Figure 122, Level 300 cm. 18" September 2024. Note that the material found was not grout material but fines
from the core soil traversing the defect 1 at the left abutment.
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However, the material found traversing defect 1 was not grout material but fine
material from the core soil mixed with material from the defect and material from
the crest, see Figure 123.

Defect 1 material

Crest material

Figure 123. Material from grout hole 3 removed from defect 1 and held in the palm of a hand.

The material removed was best described as a filter cake. This filter cake was created
during the drilling phase during the drilling procedure on the 15% of November
2022. A 40 % lowering of seepage rate was recorded at the moment of drilling and
after injection, seepage was only further marginally lowered, Lagerlund (2023).
Unfortunately the filter cake was lost during the dismantling work and was
therefore not examined further. After its removal, a hole was left in defect 1 but
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directly underneath it, no grout material was found, only crest material, see Figure
124.

Figure 124. Defect 1 after the material from grout hole 1 had been removed on the 18" of September 2024.
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Figure 125. Level 260 cm. 20 September 2024. Defect 1 material (4/8 mm gravel) found in the drilled hole.

At level 260 cm, only 4/8 mm gravel material from defect 1 was found in the hole,
see Figure 125. The core soil close to the hole was soft.
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Figure 126. Level 220 cm. 23" September 2024.

At 220 cm level, the hole was completely filled with grout material, see Figure 126.
Diameter of the hole was 100 mm, on par with the drilled hole. No expansion of the

grout material had thus occurred.
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Figure 127. Level 170 cm. 24 September 2024.

At level 170 and 140 cm the grout material diameter was ca 110 mm. Indicating an
injection grouting process where not only the hole was filled but also compacted the
core soil surrounding the hole.
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Figure 128. Level 140 cm. 25 September 2024.

Atlevel 120 — 135 cm the grout material had deformed the core soil surrounding the
hole, see Figure 129. Level 120 -135 cm. 26t September 2024.

127



Figure 129. Level 120 -135 cm. 26" September 2024.

The deformation of the core soil had an orientation towards the left abutment. At its
closest, the grout material was 3 cm from the abutment, ca 7 cm closer than the
original grout material column.
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Figure 130. Grout material column, 15 cm high removed and photographed. Dashed lines mark the original
drilled hole. Grout material outside the dashed lines mean the core soil has been deformed at this location (level
120 - 135 cm).
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Figure 131. Level 70 cm. 30t September 2024.

No more grout material was found under level 70 cm. Note that just because no more
grout material was found underneath this level didn’t mean it was not there. The
method of excavation at this location should have been more careful. Too much core
soil material was most likely removed at the same time, preventing further findings.

8.4 INJECTION GROUTING HOLE 4

Hole number 4 was drilled to a depth of 3.50 m under the crest (level 50 cm), close
to the right abutment, see Figure 105. Drilling took place on the 16t of November
and injection grouting on the 16" of November 2022. One of the grout material
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constituents was limestone filler, see Lagerlund (2024). Therefore, the grout material
was white. Diameter of drilled hole (prior to injection grouting) was 100 mm.
Injection pressure was 250 kPa, intended to fracture the core soil during injection.
This was five times higher than grouting pressures used in grouting hole 1 - 3.

Photos from the gradual excavation of hole 4 is shown in Figure 132 — Figure 139.

DS US

Figure 132. Level 220 cm. 23" September 2024.

The upper part of the hole was filled with crest and fine filter material and no grout
material was to be found. This left a noticeable wet spot in the core soil. The first
time grout material was found in the hole was at level 170 cm, almost half way down
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the hole, Figure 133. This meant that the applied injection pressure on the grout
material had caused fracturing of the core soil as intended.

Figure 133. Level 170 cm. 24 September 2024.

Atlevel 140 cm, the grout material completely filled the hole, Figure 134. All 30 liters
of grout material was therefore expected to be located between level 140 — 50 cm.
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Figure 134. Level 140 cm. 26" September 2024.

Grout material diameter between level 140 — 70 cm was between 110 — 120 mm,
indicating a slight expansion of the grouting hole due to the injection process, see
Figure 134 — Figure 136.
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Figure 135. Level 110 cm. 26 September 2024.
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Figure 136. Level 70 cm. 30t September 2024.

At level 60 cm the fracture was found. Due to the excavation process, anything
between level 70 — 60 c¢m could not be seen. At level 60 cm an area of almost 50 cm
in length and 23 cm wide had been fractured. The fracture was had an orientation

toward the upstream side, see, Figure 137.
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Figure 137. Level 60 cm. 2" October 2024. Original hole in the red circle. Movement of the fracturing grout
material marked with red arrows.

Another 10 cm down (level 50 cm), the fracture had diminished significantly,
meaning the majority of the fracturing had occurred between level 50 — 70 cm. Area
of fracture including the hole at level 50 cm was approximately 25x13 cm, see Figure
138.
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Figure 138. Level 50 cm. 3™ October 2024. Original hole in the red circle. Movement of the fracturing grout
material marked with red arrows.

At level 40 cm the hole was “back to normal”, see Figure 139. The fracturing had
thus not started directly but happened at a higher level during the grouting
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Figure 139. Level 40 cm. 3" October 2024.

Under level 40 cm the hole ended. The last part was excavated by hand and the
presence of grout material, as seen in Figure 139, stopped after a few more
centimeters down.

8.5 INJECTION GROUTING HOLE 5

Hole number 5 was drilled to a depth of 3.55 m under the crest (level 45 cm), 18 m
from the left abutment, see Figure 105. Drilling took place on the 16t of November
and injection grouting on the 16% of November 2022. One of the grout material
constituents was limestone filler, see Lagerlund (2024). Therefore, the grout material
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was white. Diameter of drilled hole (prior to injection grouting) was 100 mm.
Injection pressure was 150 kPa, intended to fracture the core soil during injection.
This was three times higher than grouting pressures used in grouting hole 1 — 3.

Photos from the gradual excavation of hole 5 is shown in Figure 140 — Figure 153.

Figure 140. Level 260 cm. 20* September 2024.

At levels 260 — 220 cm, only crest material was found inside the hole. The core soil
around the un-grouted hole was very loose and the material in is wetter than its
surrounding.

139



Figure 141. Level 220 cm. 23" September 2024.
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Figure 142. Level 170 cm. 24" September 2024.

At level 170 cm, finer material from the core soil was found in the hole, Figure 142.
This material was very similar to the soil material found on the downstream side of
the defect 2 (concrete cube), see Figure 39 to Figure 40. Core soil around the hole was
soft
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Figure 143. Level 140 cm. 25 September 2024.

At level 140 cm, grout material mixed with crest material was found in the hole. The
amount of grout material was very low, Figure 143. Core soil around the hole was
soft.
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Figure 144. Level 130 cm. 26 September 2024.

At level 130 cm, the grout material completely filled the hole, Figure 144. This was
similar to hole 4, where the grout material completely filled the hole at level 140 cm.
Diameter of the whole was ca 100 mm, no expansion at this level of the drilled hole
due to the injection pressure. The core soil around the hole was stiff.
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Figure 145. Level 100 cm. 30* September 2024.

At level 100 cm the diameter of the hole was ca 110 mm, indicating a slight
expansion of the drilled hole due to injection pressure, Figure 145. The core soil
around the hole was stiff.
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Figure 146. Level 80 cm. 30t September 2024.

At level 80 cm the first sign of fracturing was found, Figure 146. Grout material was
not only found at the drilled hole but became visible ca 40 cm upstream the hole. At
this point, the initial suspicion was that the grout material had made a turn down
and up (like an arch) in the core soil. After another 10 cm of core soil removed, the
situation on the site is shown in Figure 147.
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Figure 147. Level 70 cm. 1% October 2024. Bottom piping damage bottom right (compare with Figure 71).
Movement of the fracturing grout material marked with red arrows. Original grout hole marked with red circle.

At level 70 cm it became clear that the grout material had fractured the core soil. At
this point, the suspicion was that a “lump” of grout material had formed. The length
of the grout material “lump”, upstream from the original hole, was almost 60 cm
and its width was at the widest part ca 20 cm. The point of the grout material “lump”
farthest upstream was only a couple of centimeters from going into the upstream
fine filter.

146



US

Piping

DS

Figure 148. Level 70 cm. Surrounding core soil has been removed down to level 30 cm. 1%t October 2024.
Movement of the fracturing grout material marked with red arrows. Original grout hole marked with red circle
and red lines.

After further excavation at level 70 c¢m, it became evident that neither an arch nor a
“lump” of grout material had formed due to the excessive injection pressures used.
Instead, it was discovered that a fracture between two different layers of core soil
had been formed. The fracture occurred in the bottom of the overlaying layer. The
original hole was also found to have been expanded 10 — 20 mm downstream, see
Figure 148.
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Figure 149. Level 70 cm. 1%t October 2024. Original grout hole marked with red circle.
The thickness of the fracture was at most 20-30 mm, see Figure 149.
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Figure 150. Level 60 cm. 1%t October 2024.

From level 60 cm down to the bottom of the hole at level 30 cm, the grout material
took on a more “lump” appearance. Viewed from above it had an oval form, which
gradually diminished in size in an almost linear manner, see Figure 151 — Figure 153.
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Figure 151. Level 50 cm. 1%t October 2024.
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Figure 152. Level 40 cm. 1%t October 2024.
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Figure 153. Level 30cm. 1% October 2024.

At level 30 cm no more grout material was found. Furthermore, the diameter of the
hole was 90 mm, 10 mm smaller than the original diameter of the hole.

8.6 INJECTION GROUTING HOLE 6

Hole number 5 was drilled to a depth of 3.40 m under the crest (level 60 cm), 15 m
from the left abutment, see Figure 105. Drilling took place on the 16t of November
and injection grouting on the 17% of November 2022. One of the grout material
constituents was limestone filler, see Lagerlund (2024). Therefore, the grout material
was white. Diameter of drilled hole (prior to injection grouting) was 100 mm.
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Injection pressure was initially 0 (freefall of the grout material into the drilled hole
and thereafter 150 kPa was added, intended to fracture the core soil during injection.
This was three times higher than grouting pressures used in grouting hole 1 — 3.

Photos from the gradual excavation of hole 6 is shown in Figure 154 — Figure 157.

Figure 154. Level 220 cm. . 23" September 2024. Material from the hole removed and placed below the hole

During the injection of grout material on the 17t of November 2022 it was known
that the grout material fractured the core soil after the pressure of 150 kPa was
applied. It was therefore certain that grout material was supposed to be in the dam
at a similar level as in hole 4 and 5 (where intentional fracturing of the core soil was
sought. However, no grout material was ever found in this hole. The grout material
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is suspected to have fractured the core soil between level 60 and 100 cm. Given the
method of excavation with an 18 ton excavator, the grout material was most likely
removed without being detected. The material found in the hole was similar to the
material found on the downstream side of defect 2 (concrete cube). The core soil
around the hole was very loose on all investigated levels.

Figure 155. Level 170 cm. 24" September 2024. Material from the hole removed and placed below to the right
of the hole.
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Figure 156. Level 140 cm. 25t September 2024. Material from the hole removed and placed below to the left of
the hole.
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Figure 157. Level 100 cm. 26" September 2024. Material from the hole removed and placed above to the right
of the hole.

The hole was still filled with loose core soil material at level 70 cm (no photo taken
by mistake). At 40 cm, the grout hole and grout material had “disappeared”.

8.7 WATER CONTENT AND PARTICLE SIZE DISTRIBUTION OF GROUT
MATERIALS.

Water content of both types of grout materials was tested during the dismantling
and found to be very uniform compared to the water content of the core soil (see
section 11.3.2). Water content was between 8 -9 %. Example form sampling is shown
in Figure 158Results from water content measurements are shown in Table 1.

156



Table 1.

Figure 158. Sampling from hole 2 at level 220 cm on the 23" of September.
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Table 1. Water content of grout material in hole 1 — 5. No measurements from hole 6 since no grout material
was found in it.

Hole Level [m] Water content [%] Water content 2022 [%]
1 220 8.0 121
1 140 8.4 12.1
2 220 8.2 11.9
2 90 9.0 11.9
3 220 8.6 11.9
3 120 8.7 11.9
4 140 8.4 12.1
4 50 8.2 12.1
5 130 8.1 12.1
5 60 8.8 121

Particle size distribution of both grout materials injected in 2022 and excavated is
shown in Figure 159.
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Figure 159. Particle size distribution of the two types of grout materials used. Grout material 1 contained no
magnetite powder while grout material 2 did. Results from time of injection (2022) and time of excavation (2024)
compared.

The results show that the particle size distribution of neither grout materials has
changed significantly over two years. Fine content is the same 2024 compared to
2022.
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9 Pore pressure gauges

The pore pressure gauges placements are shown in Figure 160 and Figure 161.

6
5..810 12
4 '@ O o0 o
;e © 0 O
> l@ |7 |9 || 11
10

Figure 160. Placement of pore pressure gauges 1 — 12.
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Figure 161. Location of the pore pressure gauges vis a vis settlement measurements of the crest marked with
red arrow. This figure is a repetition of Figure 18.

All these pore pressure gauges were measured during installation in October —
November in 2019 and during dismantling. Measuring them again after 4.5 years of
operation gave an opportunity to study settlements of the core soil at various levels.
All pore pressure gauges were installed 3 m from the right abutment. Results, before
and after, is shown in Table 2.

Table 2. Measurement of the pore pressure gauges at installation in 2019 and after the experiment in 2024.
For locations of the pore pressure gauges see Figure 160.

Location Gauge 2019 depth 2024 depth Diff. [cm]  Level [m] Settlement

[m] [m] (%]
DS coarse 1 3.850 3.875 -2.5 0.260 9.5
DS fine 2 3.863 3.894 -3.1 0.247 -124
DS core 3 3.863 3.886 -2.3 0.247 94
US core 4 3.864 3.903 -3.9 0.246 -15.9
Us fine 5 3.836 3.868 -3.2 0.274 -11.8
Us fine 6 3.404 lost
DS core 7 2971 3.043 -7.2 1.139 -6.4
US core 8 2.975 3.052 -7.7 1.135 -6.8
DS core 9 2.105 2.211 -10.6 2.005 -5.3
US core 10 2.125 2.236 -11.1 1.985 -5.6
DS core 11 1.069 1.165 -9.6 3.041 -3.2
US core 12 1.074 1.179 -10.5 3.036 -3.5

The absolute settlements, expressed at settlement over available height, according
to Table 2 was higher in the bottom than in the top. The pore pressure gauges in the
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bottom were placed within the area described in section 7.2, “Under the large
sinkhole”. Pore pressure gauge 5 was never photographed during excavation but
measured. Pore pressure gauge 6 was destroyed during the dismantling.

Photos of all the pore pressure gauges, before and after dismantling, are shown in
Figure 162 — Figure 176.

DS

US

Figure 162. Pore pressure gauges 1 — 5 at time of construction at level 28.5, 27.8, 27.0, 28.5 and 30.6 cm
respectively on the 25% of October 2019.

Bottom row of five pore pressure gauges laid out on the core soil, fine filter and
downstream coarse filter before being overlayed with next layer of materials, Figure
162.
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Figure 163. Pore pressure gauges 1 and 2 at level 26.0 and 24.7 cm respectively on the 1% of October 2024.

Pore pressure gauges 1 and 2 was uncovered on the 13t of October 2024. Here they
are photographed together with strain cables installed 2 and 3 m from the right
abutment, Figure 163.
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Figure 164. Pore pressure gauges 3 and 4 at level 24.7 and 24.6 cm respectively on the 2" of October 2024. Pore
pressure gauge 3 has been removed but it imprint is left intact in the core soil. Wall of large sinkhole facing pore
pressure gauge 3 marked with red dashed line.

Pore pressure gauges 3 and 4 was just above the damage area under the sinkhole,
see section 7.2. Pore pressure gauge 3 was very close to the large sinkhole, Figure
165 — Figure 166. Furthermore, the back part of pore pressure gauge 3 could have
ended up in the DS fine filter material but it could not be determined with 100 %
accuracy since the core soil and fine filter not always have a very clear boundary, see
Figure 167.
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Figure 165. Close up of pore pressure gauge 3 on the 1 of October 2024. Wall of large sinkhole facing pore
pressure gauge 3 marked with red dashed line.

164



US

Figure 166. Close up of pore pressure gauge 3 on the 1t of October 2024. Note the coarse soil on the right side
within the red oval. Behind it the large sinkhole was situated.
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Figure 167. DS fine filter very close to pore pressure gauge 3.
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Figure 168. Top view of pore pressure gauge 4 on the2nd of October 2024. Orientation of ruler is perpendicular
to the dam length (strict US to DS). Note the heavy eroded core soil around the pore pressure gauge.

The settlements had in particular cased settlements of almost 16 % of pore pressure
gauge 4. The tip of the gauge moved down and to the right with an downward angle
of 8° and angle to the right of 9°, see Figure 168 and Figure 169.
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Figure 169. Side view (left abutment in the background) of pore pressure gauge 4 on the 2nd of October 2024.
Orientation of ruler is vertical and perpendicular to the dam length (strict US to DS).

After removal of pore pressure gauges 3 and 4, there was a thin layer of a rusty moist
fine soil material covering the downstream pore pressure gauge 3. No rust was
found on pore pressure gauge 4 on the upstream side.
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Figure 170. Pore pressure gauges 7 and 8 at level 113.9 and 113.5 cm respectively on the 27" of September 2024.
Pore pressure gauges 7 and 8 were perfectly embedded inside the core soil, Figure
170. The cables from the gauges also looked very well. Similar to the previous level
of pore pressure gauges, the downstream pore pressure gauge was covered in a
rusty moist fine soil material
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Figure 171. Pore pressure gauges 7 and 8 at level 121.1 and 121.2 cm respectively on the 29t of October 2024.

170



DS

10

US

Figure 172. Pore pressure gauges 9 and 10 at level 200.5 and 198.5 cm respectively on the 24™" of September
2024.

Pore pressure gauges 9 and 10 and their connecting cables were very well embedded
in the core soil. Both downstream and upstream pore pressure gauges were covered
with a rusty, moist fine soil material. A close up of the rusty core soil is shown in
Figure 173.
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Figure 173. Close up of rusty core soil around the removed pore pressure gauge 10.
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Figure 174. Pore pressure gauges 9 and 10 at level 211.1 and 209,6 cm respectively on the 5t of November 2019.
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Figure 175. Pore pressure gauges 11 and 12 at level 304.1 and 303,6 cm respectively on the 18t" of September
2024.

The uppermost pore pressure gauges, i.e., 11 and 12 and their respective cables were
also perfectly embedded in the core soil. No rusty, moist soil material was found
around these two pore pressure gauges.
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Figure 176. Pore pressure gauges 11 and 12 at level 313.7 and 314.1 cm respectively on the 11t of November
2019.
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10 Other observations

In this section follows a description of other findings inside the dam during
dismantling work.

10.1 INHOMOGENUS CORE SOIL

The most distinct feature of the dam was the varying properties of the core soil due
to its layered structure. During construction, al layer of moraine was laid out with a
thickness of ca 30 cm. The core soil was thereafter compacted to a thickness of 20 cm.
Then, another layer is added on top of the previous compacted layer of the core soil
and compacted in a repeating process until the desired height is reached. This will
create layers in the core soil. Before adding the next layer, the upper part of the
previously compacted core soil is raked to enhance the connection between the two
layers, see Figure 177 — Figure 179.
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Figure 177. Raking the underlaying layer of core soil.
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Figure 178. Adding the next layer of core soil, ca 30 cm thick.
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Figure 179. Compaction of the overlaying layer from 30 cm thickness to 20 cm.

Compaction of the core soil could not be performed according to the
recommendations since the core soil was too wet at time of construction. Optimum
water content for the core soil was around 6 %. At time of construction, water
content of the core soil was between 8 — 10 %, see Figure 217. Therefore, the
compaction had to be aborted after half of the desired time since the core soil became
softer the more compaction was done. The theory behind this was that water in the
wet core soil began to rise while particles moved down, making the upper part of
the soil very wet and soft. This procedure was quickly adapted during the
construction so all layers in the dam were compacted with only about half the
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amount of compaction energy used. The first two layers of core soil had to be
removed and remade, see Figure 180.

Fine material and water
driven to the surface

Figure 180. Imprint of compacter (inside the dashed red lines) after too much compaction energy had been
applied. Photo taken on the 16 of October 2019.

After nearly 4.5 years of operation the layering structure of the core soil was very
noticeable. Not only the boundary zone between each layer, but also each layer of
core soil having different properties at the top of the layer compared to the bottom
of the same layer, see Figure 181.
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Figure 181. Core sampling of a full layer of core soil. The top of the layer was hard and brittle while the lower
part of the same sample was soft and plastic.

Water content in the layer was normally 1 — 2 % units lower in the top of the layer
compared to the bottom, e.g., 9 % in the top and 11 % in the bottom. Sieve analysis
of the core layer samples showed no differences in particle size distribution in the
top compared to the bottom.

During dismantling, this feature was shown in two ways. Firstly, when a new level
was excavated during the dismantling, the properties of the core soil were very
varying, see Figure 182 and Figure 183.
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Figure 182. Imprint of density measurement equipment on level 140 cm. Core soil is very hard.

182



Figure 183. Imprint of density measurement equipment on level 140 cm. Core soil is very soft.

Figure 182 and Figure 183 is taken at the same level but the differences are very clear.
The theory is that when the excavation is done, the new level after excavation is not
perfectly horizontal. Instead, the new level may vary as visualized in Figure 184.
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Figure 184. Excavation of a layer. Black lines are the top and bottom of a core soil layer. Red line is the level
excavated with the 18 ton excavator.

If the core soil is observed at the red point in Figure 184 it will be very hard as seen
in Figure 182. If the soil however is observed at the blue point in Figure 184 it will
be very soft as seen in Figure 183. Hence, same level but varying properties of the
core soil. The green dashed line in Figure 187 shows how this could look at the dam
during excavation.

Secondly, when excavating the core soil, it was easy to remove the bottom layer of
the overlaying soft core soil by hand. This would reveal the upper part of the
underlaying hard core soil with its rake marks still intact, see Figure 185 — Figure
186.
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Figure 185. Soft core soil from the bottom of an overlaying layer (bottom of photo). Ruler is placed on the harder
soil from the upper part of the underlaying core soil layer. Raking marks still intact after 4.5 years.
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Figure 186. Soft core soil from the bottom of an overlaying layer (top of photo). Harder soil from the upper part
of the underlaying core soil layer (bottom of photo). Raking marks still intact after 4.5 years. Grouting hole 3
visible.

Core soil layers could also be observed when preparing for core sampling (described
in section 3.2, Figure 9). Layers shown from downstream side of the core soil
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Figure 187. Boundary zones between the core soil layers visible at level 180 — 220 on the 23" of September.
Boundary zones just above red dashed lines. Green line represent the location of the core crest after excavation
with an 18 ton excavator.

10.2 BOUNDARY ZONE CORE SOIL AND FINE FILTER

The boundary zone between the core soil was investigated since it is regarded as a
weak zone in an embankment dam.
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Figure 188. Distinct “Christmas tree pattern” between upstream fine filter and core soil at level 180 — 220 cm.
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Figure 189. Core soil laid bare at the crest close to the right abutment. Downstream fine filer removed.
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Figure 190. A gap (marked with red arrows) found between core soil and upstream fine filter at level 140, 3 m
out from right abutment.

10.3 SANDY PATCHES

From level 140 cm and down, several sandy or gravelly “patches” were found inside
the core soil. These patches seemed to have formed independently in the core soil,
i.e., no clear connections with downstream fine filter were found. No sandy patches
were found in the upper half of the dam. Examples of patches are shown in Figure
191 - Figure 194.
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Figure 191. Sandy patch found at level 140 cm, 12.4 m from left abutment on the 25t of September 2024.
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Figure 192. Close up of sandy patch shown in Figure 191.

192



DS

US

Figure 193. Sandy patch found at level 110, 2.5 m from left abutment on the 27* of September 2024.
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Figure 194. Sandy patch (or streak) found at level 70, 16 m from left abutment on the 2" of October 2024.

10.4 ANOMALY OF CORE SOIL AT RIGHT ABUTMENT

On the 19% of September 2024 at level 260 — 280 cm an anomaly was fond in the
downstream fine filter at the right abutment. Core soil had either replaced the fine
filter or fines from the core soil hade been washed into the fine filter in such
quantities the fine filter had transformed into a “core soil”. The situation is shown
in Figure 195 - Figure 197. This finding was extremely surprising.
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Figure 195. Level 260 — 280 cm on the 19" of September 2024. Original zones for core soil, fine- and coarse filter
marked with red dashed lines. “New” core soil marked with green dashed line.

195



US

DS

Fine filter

Core soil

Figure 196. Close up of area shown in Figure 195. Core soil in the area where only fine filter should be present.
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Figure 197. Photo from time of construction of the same area as shown in Figure 195 and Figure 196. Photo
taken on the 11t of November 2019.

10.5 THE ABUTMENTS

The left abutment was after 4.5 years in excellent condition apart from the installed
defect 1 at level 3 m. The right abutment was also in excellent condition apart from
the internal erosion found at level 40 cm. Some photos from the excavation of the
abutments is shown in Figure 198 — Figure 201.
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Figure 198. Core soil removed from left abutment at level 220 cm on the 23 of September. The imprint of the
concrete abutment can be seen in the soil.
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Figure 199. Left abutment at level 20 cm on the 3" of October 2024.
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Figure 200. Core soil removed from right abutment at level 220 cm on the 23" of September. The imprint of the
concrete abutment can be seen in the soil.
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Figure 201. Core soil removed from right abutment at level 140 cm on the 25t of September. The imprint of the
concrete abutment can be seen in the soil on the downstream side. On the upstream side imprint from fine filter
material can be seen in the core soil.

During the removal of the dam materials from the abutments, it was possible to spot
the phreatic surface through the dam during the steady state conditions of the
reservoir. The phreatic surface hade been “imprinted” in the concrete, see Figure 202
and Figure 203. It was much easier to distinguish the phreatic surface on the left
abutment than on the right abutment.
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Figure 202. Phreatic surface through the dam at the left abutment. Red lines mark the zones of the dam and
blue line is the phreatic surface.

Figure 203. Phreatic surface through the dam at the right abutment. Verified phreatic line marked with blue line,
assumed phreatic surface marked with green dashed line. Red arrow mark the location of the anomaly described
in section 10.4. Photo taken on the 18t of September 2025.
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During CPT-measurements, approximately 10 cm out from the left and right
abutment, water levels in the core soil could be measured, see Figure 15. For the left
abutment, measurements on the up- and downstream side of the core soil
corresponded very well with the imprints of phreatic surface. On the left abutment
however, the water level on the downstream side of the core soil was zero. This is
probably the reason behind the difficulties in reading the phreatic surface at the right
abutment. The suspected phreatic surface exemplified with a green, dashed line in
Figure 203 suggest a non saturated seepage flow.

10.6 TOP SHAPE OF A LAYER OF CORE SOIL

At three locations, the top of the core soil layer was laid bare and its shape was
measured in an up- to downstream direction every 10 cm to survey its shape. The
three locations are shown in Figure 204 — Figure 206.
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Figure 204. Top of core soil layer 1.8 m from left abutment at level 40 cm prepared for measurement on the 1+
of October 2024.
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Figure 205. Top of core soil layer 8.1 m from left abutment at level 60 cm prepared for measurement on the 1+
of October 2024.
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Figure 206. Top of core soil layer 17.0 m from left abutment at level 60 cm prepared for measurement on the 1
of October 2024.

Results from the measurements are shown in Figure 207.
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Figure 207. Measurements of the top surface of core soil layers on level 60 and 40 cm.

The measurements of the top of two layers show that the top of a core soil layer have
a convex shape, i.e., highest level in the center and slightly lower at the boundary
zone with the up- and downstream filters. This may be caused by the difficulties in
compacting the outermost point of the core soil during construction. The slope of
the core soil (“Christmas tree pattern” as seen in Figure 188.) is compacted indirectly
when the fine filters are compacted. This may cause lower compaction of the core
soil in the slopes, leading to greater settlements with time compared to the center of
the core soil.

10.7 BOTTOM OF DOWNSTREAM COARSE FILTER

Fine material was found in the bottom of the downstream coarse filter. No such
material was found neither on the bottom of downstream fine filter nor the filters on
the upstream side. Photos of fine material found in the bottom of the downstream
coarse filter is shown in Figure 208 and Figure 209.
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Figure 208. Fine particles on level 0 cm in the downstream coarse filter at the center of the dam on the 2" of
October 2024.
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Figure 209. Fine particles on level 0 cm in the downstream coarse filter at the left abutment of the dam on the
2" of October 2024.

Coarse filter material from the two locations in Figure 208 and Figure 209 were
extracted and sieved. Results from these sieve analysis and a comparison with the
original particle size distribution of the coarse filter is shown in Figure 210.
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Figure 210. Particle size distribution of coarse filter from level 0 cm compared with the original coarse filter.
The brown color of the fines made it easy to distinguish that the fine material
originated from the core soil. Fines from the filter had a grey color. The brown

colored fines were only found in the downstream coarse filter, never under the
downstream structural fill.
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11 Sampling

11.1 GENERAL SIEVING

Sieving of downstream fine filter was performed on sampled extracted from both
abutments and centrally in the dam at 8 different depths, i.e.,, 1.2, 1.6,1.9,2.3,2.6, 3.0,
3.4 and 3.8 m. The amount of fine material (<0.063 mm) is shown in Table 3.

Table 3. Weight-% of fines from downstream fine filter at different depths, at both abutments and centrally in

the dam. Results from the sieving compared with obtained results from moment of construction (23" of
October — 12t of November 2019).

Weight-% of fines % change over 4.5 years
Depth [m] Left Centre Right | Asbuilt Left Centre  Right

12 6.2 7.9 6.4 6.1 2 30 5
1.6 6.4 7.6 6.7 4.4 5 25 10
1.9 4.4 8.4 13.4 6.9 -28 38 120
2.3 7.4 7.4 7.3 7.4 21 21 20
2.6 6.9 8.6 5.7 5.7 13 41 -7
3.0 4.5 8.8 9.5 5.5 -26 44 56
3.4 6.6 74 7.9 6.5 8 21 30
3.8 8.1 8.3 9.6 7.2 33 36 57

Over 4.5 years of operation there has been an increase in fine content of the
downstream fine filter in all but three measured points.
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11.2 HYDRAULIC CONDUCTIVITY

Hydraulic conductivity was measured on undisturbed samples extracted from the
core soil at four depths, i.e. 1.2, 2.1, 3.2 and 3.8 m. Samples were extracted both
horizontally and vertically.

11.2.1 Vertical hydraulic conductivity
Table 4. Vertical hydraulic conductivity of core soil from different depths

Depth [m] Hyd.Cond. [10-*m/s] Left abutment  Centre

1.2 3.3 X
1.2 0.8 X
1.2 1.9 X
1.2 4.6 X
1.2 3 X
1.2 34 X
1.2 5 X
1.2 5.5 X
2.1 0.1 X
21 0.1 X
2.1 1.2 X
21 1.8 X
3.2 0.8 X
3.2 1.4 X
3.2 1.7 X
3.2 0.7 X
3.8 0.5 X
3.8 0.6 X
3.8 0.9 X
3.8 0.9 X
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11.2.2 Horizontal hydraulic conductivity

Table 5. Horizontal hydraulic conductivity of core soil from different depths.

Depth [m] Hyd.Cond. [10®m/s] Left abutment Centre Layer boundary Centre of layer

1.2 113 X X
1.2 33 X X
1.2 14 X X
1.2 12 X X
1.2 26 X X
1.2 18 X X
1.2 8 X X
1.2 0.7 X X
2.1 1.6 X X
21 1.5 X X
2.1 0.2 X X
21 1.8 X X
3.2 34 X X
3.2 4 X X
3.2 1 X X
3.2 0.5 X X
3.8 0.5 X X
3.8 0.8 X X
3.8 0.3 X X
3.8 1.4 X X
3.8 0.5 X X
3.8 5 X X

Note that in Table 5, “Layer boundary” refers to the interface where two different
core soil layers meet, while “center of layer” refers to the middle of a core soil layer,
approximately 10 cm from both the top and bottom boundaries..

11.2.3 Comparison vertical horizontal hydraulic conductivity

Hydraulic conductivity was not affected by whether samples were extracted from
the abutment or the central part of the dam. Therefore, mean values for the hydraulic
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conductivity of the core soil from the four different depths can be presented., see
Table 6-

Table 6. Men values och hydraulic conductivity of the core soil from four different depths in the dam.

Horizontal Vertical

Depth [m] | Layer boundary [10¥m/s]  Centre of layer [10¥m/s] | [10®m/s]

1.2 47.5 8.7 3.4
2.1 1.6 1.0 0.8
3.2 3.7 0.8 1.2
3.8 2.1 0.7 0.7

Note that in Table 6, “Layer boundary” refers to the interface where two different
core soil layers meet, while “center of layer” refers to the middle of a core soil layer,
approximately 10 cm from both the top and bottom boundaries..

The hydraulic conductivity of the core soil is consistently higher at layer boundaries
(horizontal direction) compared to both the vertical hydraulic conductivity and the
horizontal conductivity through the center of the layer. These differences are more
pronounced in the upper part of the core. In the lower half of the dam, vertical and
horizontal hydraulic conductivities through the center of the core soil layer are
similar. The differences in horizontal versus vertical hydraulic conductivity are
presented below in Table 7.

Table 7. Results from horizontal hydraulic conductivity divided by vertical horizontal conductivity.

Horizontal/vertical hydraulic conductivity

Depth [m] Layer boundary Centre of layer
1.2 14.0 2.6
2.1 2.0 1.3
3.2 3.1 0.7
3.8 3.0 1.0

Note that in Table 7, “Layer boundary” refers to the interface where two different
core soil layers meet, while “center of layer” refers to the middle of a core soil layer,
approximately 10 cm from both the top and bottom boundaries..

11.3 DRY DENSITY AND WATER CONTENT

Density and water content were continuously measured throughout the
dismantling. The continuous measurement of density and water content were
undertaken at both abutments and in the centre of the dam at depths 1, 1.4, 1.8, 2.2,
2.6, 3.0, 3.4 and 3.8 m from the crest. Only core soil was measured and for each
measurement, both upstream- and downstream side of the core soil was measured
separately.
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11.3.1 Dry density
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Figure 211. Dry density of the core soil on the UPSTREAM side of both abutments.
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Figure 212. Dry density of the core soil on the DOWNSTREAM side of both abutments
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Figure 213. Dry density of the core soil in the CENTRE of the dam.
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Results are very wide spread, indicating inhomogeneity of the core soil and issues
with the preciseness of the excavation method as discussed in section 10.1.

11.3.2 Water content
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Figure 214. Water content of the core soil on the UPSTREAM side of both abutments.
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Figure 215. Water content of the core soil on the DOWNSTREAM side of both abutments.
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Figure 216. Water content of the core soil in the CENTRE of the dam.
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Figure 217. Water content of each layer of the core soil at the time of construction (23" of October — 12t of
November 2019).

Results are very wide spread, indicating inhomogeneity of the core soil and issues
with the preciseness of the excavation method as discussed in section 10.1.

217



12 Conclusive remarks for future dismantling
projects

The dismantling of an older embankment dam can be considered the ultimate
method for evaluating its long-term performance. However, it does not provide
information on when anomalies formed, only that they exist and where they are
located. The causes of anomaly formation are often subject to debate, as they rarely
result from a single factor but rather from a sequence of contributing events. In the
case of the Alvkarleby dam, no formal analysis has yet been conducted to determine
the reasons behind the observed anomalies. To support such an investigation, a fault
tree analysis is recommended. This method enables a more holistic approach and
avoids prematurely excluding potential causes.

Dismantling an embankment dam generally requires more time than demolishing
it, and is therefore more expensive. However, the dismantling methodology used in
this report, removing the dam in 40 cm increments across its full length, is not
expected to significantly increase the total dismantling time if thicker increments are
used. The most time-consuming aspect is manual excavation at locations where
anomalies are discovered. For larger dams, dismantling can likely continue in other
areas while such anomalies are being investigated. Additionally, having access to
the dam’s operational history can be valuable. Has the dam experienced specific
issues during its lifetime? Were higher seepage rates observed at certain locations?
Were there problems encountered during construction? This type of information can
help identify areas, pre-determined for extra attention during dismantling.

Dismantling requires continuous monitoring of the excavated soil material. This
responsibility should not fall to the excavator operator but instead to a designated
individual with the expertise to identify potential anomalies. Experience from the
Alvkarleby dam shows that this task is highly demanding. Maintaining constant
focus is essential to avoid missing any signs of anomalies. This was particularly
exhausting in the lower half of the dam, where anomalies, both large and small,
appeared in many locations without any obvious cause. The approach taken at the
Alvkarleby dam was that “no anomaly is to be missed.” However, this level of
scrutiny is unlikely to be feasible for larger dams. A more pragmatic approach is
therefore recommended. While it is inevitable that some anomalies will go
undetected, each identified anomaly presents an opportunity to learn and improve
understanding. The goal should be to maximize learning rather than to achieve
complete detection.

It should be noted that the results from the dismantling of the Alvkarleby
embankment dam are not directly transferable to other embankment dams. Each
embankment dam is unique in terms of design, soil materials used, construction
methods, operational history, and other site-specific factors.
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Conclusions

Prior to dismantling, CPT and water level measurements in the core soil
were conducted while the reservoir was full. The results revealed a highly
inhomogeneous core soil with respect to soil stiffness and a higher water
level in the core soil than in the reservoir. Following these measurements,
the reservoir was drained. The dam was then left for three weeks before
excavation commenced.

The installed defects that permitted increased seepage through the core soil
exhibited minor changes in particle size distribution, and the fine filter
downstream of these defects had been washed out. The isolated defects
showed no changes. Significant internal erosion was observed at the bottom
of the vertical defect. Three pipes had formed there, one of which traversed
the core soil entirely. These pipes, developed at the boundary between two
layers of core soi. They were not empty, but filled with sandy, gravelly
eroded moraine.

A large ”“sinkhole” was discovered, with an estimated volume of
approximately 300 liters. It was not empty, but filled with sandy, gravelly
material similar to that found beneath the vertical defect. Beneath the
“sinkhole”, a very wet and soft zone was identified. The likely cause of this
formation was the installation of four pre-tensioned strain cables passing
through the core soil in an upstream-downstream direction. Several other
sandy, gravelly zones were observed in the lower third of the dam. Some of
these zones were connected to the downstream filter, while others appeared
to have formed independently. In several places, signs of initiated internal
erosion were found between the core soil layers, indicating structural
weakness in this part of the core soil.

The grout material injected in November 2022 performed effectively in the
holes where low grouting pressures were applied. In contrast, in the holes
where excessive grouting pressures were used, intended to fracture the core
soil, the core soil was indeed fractured. The orientation of these fractures
was consistently upstream, extending into the boundaries between core soil
layers. The mechanical properties of the core soil and the grout material
were very similar. The grouted holes with low pressures functioned almost
exactly as intended, and the core soil surrounding the original hole was firm.
However, around the holes where fractures occurred, the upper sections
remained un-grouted, resulting in softened core soil in those areas.

The installed pore pressure gauges in one section of the dam enabled
settlement measurements at various depths. Overall, the core soil exhibited
settlements of up to 3.5 %, while in the bottom 25 c¢m, relative settlements
reached up to 15 %.

Undisturbed core soil samples from various levels of the dam, extracted
both vertically and horizontally, were tested for hydraulic conductivity.
Horizontal samples were taken from the center of a core soil layer as well as
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into the boundary zone where two layers meet. In the upper section of the
dam, horizontal hydraulic conductivity in the boundary zone was nearly
14 times higher than the vertical hydraulic conductivity. At the bottom
section of the dam, the horizontal hydraulic conductivity was 2 to 4 times
higher then the vertical. Horizontal hydraulic conductivity through the
center of the core soil layer was approximately 3 times higher in the top
section of the dam, but similar to vertical hydraulic conductivity in the lower
half of the dam.

Sieving of the downstream fine filter revealed a significant enrichment of
fines, with some locations showing more than a twofold increase. Water
content and density measurements of the core soil produced highly variable
results due to the inhomogeneity of the core soil. Each independent core soil
layer was found to be hard and brittle at the top, but soft and wet at the
bottom.

Overall, the dam exhibited significantly more damage than expected for an
embankment dam built only five years ago and operated for 4.5 years under
maximum gradients of 3. Four primary factors are suspected to be the main
drivers behind the anomalies observed in the dam:

1. Inadequate compaction during construction.
2. Inherent weaknesses in the core soil, particularly at layer boundaries.

3. Use of fine filter material that did not conform to the design
specifications.

4. Coarse filter separated during construction.
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Appendix A: Dismantlig diary

This appendix contains the daily notations made during the dismantling of the
Alvkarleby embankment dam between September 16 and October 2. All conclusions
in the diary entries should be interpreted with caution, as they were made on-site
during the dismantling process. The language of the diary is Swedish, and this
section of the report has not been edited since it was originally written.

14.1 16™ OF SEPTEMBER 2024
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Figur 1. Dammens tvirsnitt. Gramarkering i figur visar utgravt material.
Pa morgonen observerades att vattennivan pa US sida 6kat med ca en meter medan
den var “torr” pd NS sida. Detta tros bero pa att vatten som var kvar i tatjord efter
tomning av reservoaren for ca 3 v sedan drdnerats. D& US sida av tadtjord hallit
majoriteten av vattnet har troligtvis vattnet drénerats ut pa just US sida.

Under férmiddagen gjordes allmdnna forberedelser infér rivning som att ha
sdakerhetsgenomgang med entreprendrer, rensa yta utanfor tdltet for upplag av
massor, forbereda all provtagning och 6ppna infart mot dammtan, se Figur 2.
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Figur 2. Oppning av infart mot NS dammt3.

Gravmaskinen kordes ut pa kron efter lunch efter det att haligheteter efter borrning
fyllts igen. Gradvmaskinen korde ut pa hoger sida och jobbade sig darefter ner i de
ovre 50 cm av dammen frén vénster till hoger, se Figur 3. Material laggs pa NS slant
sa att vi, sa fort det gar, kan placera gravare pa NS stodfyllning sa att den inte
behover grénsla tatjord.
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Figur 3. Maskin ute pa krén. Pa den hégra bilden syns seismikkablar i finfiltermaterialet som omger tatjordens
overkant.

Ingen provtagning hanns med under denna forsta dag men de tre seismikkablar som
placerats pa kronet kunde atervinnas, se Figur 4. Virt att notera ar att den
seismikkabel som installerats centralt pa titjord lag lagre &n de kablar som legat pa
US och NS finfiltermaterial, se ursprunglig placering av kablar i Figur 5. Detta
indikerar sdttning av tdtjord, vilket dven observerades vid friliggning av
anslutningar vid borrningen i augusti.
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Figur 4. Upptagna seismikkablar. Kan ateranvindas.
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Figur 5. Ursprunglig placering av seismikkablar(roda), resistivitetskablar (grona) och temperaturkabel (gul). |
bakgrunden syns miktigheten pa det finfiltermaterial som lades ovanpa kablarna.

Vid dagens slut hade vi kommit till ca 10 cm ovanfor tatjordens férvantade 6verkant,
se Figur 6. Den gula temperaturkabeln kommer under morgondagen att visa oss hur
djupt vi kan griava innan vi nar titjorden d& den ligger pa tatjordens dveryta och har
en god kontrast som gravmaskinisten ”enkelt” kan folja.

Dammen ser fortfarande ut som kriget och vi &r alltjamt 6ver hogsta vattenyta. Nar vi
val nar tatjorden kommer de olika zonerna, tatjord, finfilter, grovfilter och stodfyllning
forhoppningsvis att utkristalliseras.
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Figur 6. Slut fér dagen. Djup ca 60 — 70 cm under betonglddans éverkant.
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14.2 17TH OF SEPTEMBER 2024

Figur 7. Dammens tvérsnitt. Gramarkering i figur visar utgrivt material.

Idag frilades hela tatjorden. Gravning skedde med maskin ner till ca 5 — 10 cm 6ver
tatjorden. Resten av finfiltermaterialet som lag ovanpa tiatjorden skrapades dérefter
bort manuellt med skyfflar och piassavakvast. Da tatjorden byggdes och avvagdes i
toppen i november 2019 sa lag precisionen i hojd inom mm langs hela dammlangden
(21 m). Nu har, milt sagt, en hel del hant.

Jag kommer i foljande resultatpresentation inte att ge mig in pa att teoretisera varfor
det ser ut som det gor av den enkla anledningen att jag behover fundera och
diskutera resultaten vidare. Era forslag tas tacksamt emot.

Overytan av den frilagda tatjorden skannas med tva LIDAR i taket men vi gjorde
dven en enklare avvagning av den med avvagningsutrustning. Resultat fran LIDAR
kommer i slutrapport men resultat fran avvagning ser ni i Figur 8.
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Figur 8. Avvagning av damm. Vanster anslutning = 0 m och hoger anslutning = 21 m. Réd punkt &r nivan vid den
vertikala skadan dar erosion skett (diskuteras lite senare i detta dokument).

Tatjordens 6veryta som ursprungligen, innan dammen togs i drift, ldg inom mm har
nu satt sig sa att variationerna ligger inom 10 cm. Oversiktsbild fore och efter 5 ars
drift i Figur 2.
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Figur 9. T.v. Tatjordens 6veryta vid bygget. T.h. Tatjordens dveryta vid rivning. Bild tagen fran hoger anslutning
mot vénster.

Da dammen byggdes installerades sammanlagt sex stycken skador i dammen. En av
dessa var en vertikal zon som placerades ca 7 m in fran vinster anslutning, diameter
ca 25 cm, hojd fran 1 m hela vagen upp till toppen av tatjord. Vid 6verytan pa denna
skada upptacktes tydliga tecken pa inre erosion, se Figur 10.
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Figur 10. Erosion kring vertikal skada. Skadan efter 5 ar markerad med rod cirkel till vinster. N&rbild pa skada
innan damm togs i drift till héger. Fétter pa bilden till hdger star pa US sida om titjorden. Fyrkanter pa bild ar
metallplattorna fran resistivitetsmatningarna.

Naér tatjordens Overyta vagdes av 2019 sa lades ett sista lager (ca 5 cm maéktighet)
med tatjord pa for att jamna av Overytan. Det fanns tydliga indikationer pa att detta
Oversta lager inte hade ”gatt ihop” med underliggande lager téatjord utan lagren
upptrddde som tva isolerade skikt, se Figur 11. Vért att notera att ingen upprivning
av underliggande skikt utfordes i detta sista avjgmningssteg.
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Figur 11. T.v. avjamning av titjordens 6veryta. T.h. skikten hade ej gatt ihop (skiktning synlig till h6ger om den
blaa pennan.

En ofdrklarlig hdvning av NS sida av tédtjorden (eller sdttning av US sida)
observerades och gick rakt igenom hela dammens langd. Den var tydlig men inte sa
stor, se Figur 12. Vidare upptdcktes en insjunkning ca en meter in frdn hoger
anslutning pa NS sida av tatjorden, se Figur 13.

Packningsgrad mittes vid bada anslutningar samt mitt i dammen pa tétjordens
overyta. Prelimindra resultat indikeras en bulkdensitet pa ca 2,25 t/m?3, vilket ar i
paritet med uppmatt densitet kring byggtiden for fem ar sedan. Vattenkvoten maéts
i detta nu s& i morgon har vi en torrdensitet. Vart att notera ar att vi fortfarande ror
oss i den lilla delen av tidtjorden som aldrig varit under vattenytan da DG lag pa ca
320 cm. Enligt Figur 8 befinner vi oss for ndrvarande mellan 325 - 335 cm.
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Figur 12. Havning av NS sida av titjorden (eller sdttning av US sida). Halen som syns i titjordens dveryta dr
injekteringshal. Bild tagen fran hoger anslutning mot vénster.
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Figur 13, Insjunkning pa NS sida av tatjorden. Overst i bilden finns den hogra anslutningen, tickt i sand fran
asen. Detta for att fylla igen det hal som grévts ur vid anslutning infér sondering av anslutningen. Sanden har
alltsa inte varit i dammen mer an ett dygn.

I morgon kommer vi att stéta pa en genomgéende skada som installerades vid
véanster anslutning pa ca 300 cm hdjd, vi fortsatter folja erosionen kring den vertikala
skadan och @ven kika de tva dverst placerade portrycksgivarna. Aven de pa 300 cm
hojd. Med lite tur hinner vi ner dven till niva 260 cm for uttag av provkroppar till
triax och hydraulisk konduktivitet. Provkroppar kommer att tas bade vertikalt och
horisontellt (helst igenom “skiktningen” av tdtjord, dédr tva pallar mots).
Packningsgrad mater vi vid varje ny niva.

Val mott da.
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14.3 18TH OF SEPTEMBER 2024

Figur 14. Dammens tvarsnitt. Gramarkering i figur visar utgravt material.

Innan vi satte i gang med gravmaskinen sa undersoktes toppen av erosionsskadan,
orsakad av den vertikala inbyggda skadan. Vi hittade bade det ena och det andra,
se Figur 15.

Figur 15. Skada som utvecklats kring den vertikala skadan. Notera att den vertikala skadan &r utplockad pa sitt
4/64mm material ner till ca 20 cm. Bilden &r tagen sa att NS sida av titjord dr nedat i bilderna och US sida

uppat.
Skadan har troligen uppstatt i bérjan av dammens livstid da dverstromning skedde
under nagon veckas tid. Nedstroms skadan hade inre erosion skett dér vattnet brutit
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igenom tatjorden och tagit sig ned genom underliggande finfilter vid tan av
”julgranen”, se Figur 16.
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Figur 16. Pipingens vig genom tatjorden markerad med bla pil. Tva pallar av tétjord visas.

Den forhojning vi upptéackte igdr pa NS sida av tétjordens 6veryta mattes idag. Resultat
visas i Figur 17.
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Figur 17. Skillnad i héjd pa titjordens dveryta mellan centrallinjen och uppe pa férhéjningen pa NS sida.
Skillnaden ldngs hela dammlinjen lag mellan 1-4 cm. Fortfarande, om NS sida av
tatjorden tryckts uppat eller 6vriga tatjorden satt sig mer dn férhojningen kan inte
klargdras men NS sida AR hogre pa samtliga punkter vilket &r ett, for mig, ovéntat
resultat.

Stodfyllning, grovfilter on finfilter schaktades darefter ned med ca 30 cm sd att ny
niva blev ca 300 cm hojd. Tatjordens hojd beholls s att tatjordspallarna kunde
inspekteras. Dessa syntes mycket tydligt nar finfiltermaterial forsiktigt togs bort pa
omse sidor om tatjorden, se Figur 18.
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Figur 18. De tva dversta pallarna av titjorden pa NS sida av hoger anslutning. ”Julgransménstret” syntes
tydligt. Blatt streck markerar hur néra anslutningen gravmaskinisten far gréava.

Julgransmonstret i tdtjorden kunde ocksa studeras, se Figur 19. Inga skador

noterades pa de stillen den undersoktes.
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Figur 19. Tatjord innanfor den roda triangeln, finfilter utanfor.

Tétjorden schaktades nu ned med ca 30 cm, sa aven den hamnade pa ca 300 cm i
likhet med utanférliggande materialzoner. Halvmetern narmast bada anslutningar
schaktades for hand. En liten 18V bilningsmaskin fick anvindas d& tatjorden inte
var sa latt att schakta f6r hand.

Schaktning av tatjord utfordes i 3—4 drag med skopan och det var noterbart att da
ovanpaliggande pall gdrna ville glida mot underliggande nér det togs bort, se Figur
20. Den upprivning av Overyta vi utforde under bygget av dammen var otillracklig.
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Figur 20. Figur visar (1) underliggande pall med titjord. (2) ovanpaliggande pall med titjord. Pilar visar
ursprunglig upprivning av underliggande pall.

Anslutningarna sag fina ut och tétjorden lag an bra mot betongen. Téatjorden slappte
dock enkelt anslutningen i stora stycken ndr man borjade att schakta just dér, dvs.
storde den, se Figur 21 och Figur 22.
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Figur 21. T.v. tdtjord mot anslutning innan stérning. T.h. titjord mot anslutning vid stérning.
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Figur 22. Del av tédtjord som legat direkt mot anslutning.

De tva overta portrycksgivarna gravdes fram och inspekterades. De lag fint
inbdddade i tédtjord. Inga skador kunde observeras kring dessa, se Figur 23. US
givares spets madttes in pa hojd 282,1 cm och NS givares spets pa 283,5 cm 6ver
betongplattans botten.
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Figur 23. Oversta paret med portrycksgivare. US nedét i bild.

Skadan vid vanster anslutning pa hojd 300cm gravdes ocksa fram, se Figur 24 och
Figur 25. I morgon tas prover ut fran denna for att titta pd kornfordelningen och om
materialet har forandrats med tiden. Skadan byggdes in, omgiven av “korrekta”
filter.
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Figur 24. Genomgaende skada vid vanster anslutning da det finfiltermaterial som omgivit skadan frilagts.
Tatjord under roda strecket och finfilter material ovanfér.
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Figur 25. Genomgaende skada vid vinster anslutning da ovanpaliggande finfiltermaterial avldgsnats. Skadan
gjordes med ett 4/8 mm grus. Detta material ska siktas fér att se om det kommit in finmaterial i det. Hal i
mitten ar fran injekteringshal.

Vertikal skada, som pa ytan gett upphov till inre erosion, var “mindre intressant”
30 cm langre ner. Grovfiltermaterialet som utgdr den vertikala skadan var mattat
med tédtjordsmaterial och kommer att siktas.

Figur 26. Vertikal skada pa ca 300 cm héjd fore och efter urplockning av grovfiltermaterialet. Tatjordsmaterial
hade trangt in.
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Pa niva 300 cm maéts nu packningsgrad pa sex stdllen US och NS sida av tdtjorden
vid bada anslutningar samt centralt. Kan ndmnas att vi nu ar en bit under
dédmningsgransen till skillnad fran igar. Skrymdensitet verkar ligga nagot lagre an
under gardagen men avvaktar torrdensitet innan vi kan uttala oss.

Imorgon &r planen att ta oss ner 40 cm till och plocka ut cylindrar med
tatjordsmaterial for triax och hydraulisk konduktivitet. Prover ska tas ut vertikalt
vid anslutning och centralt p& bade US och NS sida. Prover tas d&ven horisontellt dar
vi ska forsoka “pricka in” omradet dar tva pallar mots. Triax och hydraulisk
konduktivitet testas dven har.

Figur 27. Uttag av provkroppar vertikalt och horisontellt.
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14.4 19TH OF SEPTEMBER 2024

Figur 28. Dammens tvarsnitt. Gramarkering i figur visar utgravt material.

Rivningen fortsétter och vi tar oss ner 40 cm om dagen. Vi dr nu pa en hojd om ca
250-260 cm. Idag var den forsta rejdla provtagningsdagen. Sammanlagt plockades
36st kolvar ut med téatjord och 9 hinkar for tvattsiktsanalys. Prover lagras tillslutna i
klimatrum tills provning. Packningsgraden testades &ven den med
vattenvolymetern pa sex stallen; bada anslutningarna och centralt. US och NS pa
tatjorden sett till centrallinjen. Nér jag har den forsta sammanstéllningen kring
resultat om packningsgrad sa ska jag redovisa den. Dock ér vi till 100% pa dammen
for ndrvarande.

Lite observationer fran dagen. Vid vénster anslutning installerades som bekant en
skada vid bygget. Uttag av material av denna skada for tvattsiktsanalys togs bade
pa dess US respektive NS sida, se Figur 29. Dock upptidcktes att finmaterial fran
finfiltret NS skadan spolats ur, se Figur 30. Det urspolade materialet togs ut for
tvattsiktsanalys. Det urspolade materialet hade en annorlunda farg, betydligt
brunare, nastan rostigt. Precis vid denna urspolade zon, inpackat i finfiltermaterialet
lag dven en resistivitetsplatta (5x5 cm) installerad. Anslutningsskruv mellan platta
och kabel hade ndstan rostat sonder sa kanske detta var upphovet till
missfargningen men &ven materialet inne i skadan (US plattan) hade en rostigare
farg dn omgivande jord. Ytterligare en resistivitetsplatta, dar skruv rostat,
installerades US skadan sa rosten hérifran kan ha varit en mgjlig kalla till skadans
missfirgning. Inget urspolat material upptdcktes dock US skadan vid
resistivitetsplattan. Det kan inte uteslutas att NS resistivitetsplatta varit delaktig i att
initiera den inre erosionen NS skadan.
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Figur 29. Vinster anslutning, genomgaende skada. Omraden fér uttag av material for tvittsiktsanalys. Hal i
mitten &r injekteringshal.
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Figur 30. Urspolat finfiltermaterial NS genomgaende skada vid védnster anslutning pa niva ~290 — 300cm.
Urspolat omrade innanfor réd ellips.

Uttag av finfiltermaterial gjordes NS tétjorden pa 5 stillen, jamnt utspridda over
dammens langd. Uttag skedde sa ndra tdtjord som mojligt men utan att sjdlva
tatjorden ”foljde med” i hinken. Prov togs i finfiltret inne i sjdlva julgransmonstret,
se Figur 31 och Figur 32
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Figur 31. Omrade (markerat med réd ellips) pa NS sida av tatjorden dér finfiltermaterial for tvattsiktsanalys
tagits.

Figur 32. Uttag av finfiltermaterial pa NS sida av tatjord
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Dérefter lades stor moda pa att fa upp provkroppar fran tatjorden. 20 provkroppar
kunde plockas ut vertikalt centralt i dammen och vid anslutningen. Vid dessa tva
platser togs fem provkolvar ut pad US och NS sida, se Figur 33

Figur 33. Uttag av provkroppar centralt i dammen pa US sida (védnster) och NS sida (hdger). De tva stora halen
ar efter matning av packningsgrad med vattenvolymetern.

Provkroppshylsorna &r gjorda i metall med fasade kanter sa att den ska kunna

knackas in i tatjorden med hammare. Klurig och svar process som nog kan goras
battre men ”“good enough” i denna tdtjord. Efter att hylsan knackats in vrids den

forsiktigt och dras ut, Figur 34.
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Figur 34. Inknackad provkroppshylsa innan utdrag.

Provkroppar togs aven horisontellt pa NS sida centralt och vid vénster anslutning,
se Figur 35 och Figur 36. Pallgrdnsen kan hittas pa tva sétt; f6lj julgranen, dvs
finfiltermaterialets spets eller leta efter den latt granade materialzonen som skér
igenom tétjorden dar tva pallar mots.
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Figur 35. Uttag av horisontella provkroppar centralt. Grins for pallskifte &r markerat med réda streck. Gvre
pallgrans pa niva 282 cm, undre pa niva 260 cm
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Figur 36. Uttag av horisontella provkroppar vid vinster anslutning NS. Grans for pallskifte ar markerat med
rott streck. Pallgréns pa niva 280 cm.

Samtliga uttagna prover ar ganska sproda och jag forvantar mig svarigheter att testa
triax. Hydraulisk konduktivitet tror jag blir enklare. Hoppas pa det béasta. Jag har i
manga ar funderat pa hur pallskiftena i en damm paverkar anisotropin i tatjorden,
dvs skillnaden i vertikala och horisontella egenskaper. Snart vet vi!

En annan intressant observation idag var vattennivan genom dammprofilen. Vi har
ju i nagra ar legat med en konstant vattennivad och nar vi tog bort anslutningarna
kan man verkligen se hur vattnet har legat, se Figur 37.
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Figur 37. Vénster anslutning. Vattenlinjen syns mot dammens olika zoner inritade i betongen for att underlatta
under bygget.

Vad man kan gora med denna information vet jag inte riktigt da det ar utanfoér mitt
omrade, men vill ni ha exakta matt pa ytan far ni gdrna saga till sa mater jag in.
Informationen liksom finns dar.

En maérklig upptackt gjordes vid hoger anslutning NS pé ca 290 cm hojd. Det var
som att tatjord “tryckts fram” flera decimeter NS till, se Figur 38.
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Ursprunglig grians
mellan titjord och
finfilter

Figur 38. Tatjord har tryckts fram flera decimeter i ett tunt skikt vid héger anslutning pa NS sida.

Jag har ingen aning om varfor det ser ut sa. Tittar vi pa bilder fran bygget pa denna
niva ser allt ut enligt designen, se Figur 39.
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Figur 39. Samma omrade (NS hoger anslutning niva ca 290 cm) da dammen byggdes. Allt ser ut som det bor har

Maste medge att jag inte blir klok pa varfor det ser ut sa hér. Alla idéer kring varfor
tas tacksamt emot.

Till sist kan jag ndmna att gravaren idag korsade titjorden och jobbar nu fran NS
stodfyllning, se Figur 40. Dags att stinga av accessen vid anslutningarna da det
borjar bli hogt.

I morgon inspekterar vi injekteringar, vertikal skada, testar packningsgrad pa
tatjord, frilagger Overytan pa den inbyggda betongkuben (skada) samt den
genomgaende stora skadan (samma utformning som vid anslutning men den éar
betydligt storre) och skalar bort ytterligare 40 cm av stodfyllning, grovfilter och
finfilter. Tatjorden skalar vi av forst pA mandag.
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Figur 40. Kaoset for det otrdnade 6gat. Djup fran betongkant ner till dammen &r just nu ca 140 - 150 cm.

Kan ndmna att nédsta vecka far jag besok fran nagra exjobbare, Jasmina Toromanovic
och Hans Mattsson, samtliga fran LTU. Vill ni besoka sa &r det bara att hora av sig.
Jag bedomer att vi behover ca 6 — 7 arbetsdagar till innan vi ar klara. I mitten pa
vecka 40 alltsa.

Bonusbild pa mitt kara julgransmdnster pa néasta sida, se Figur 41.
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Figur 41. Julgranen. Tjocklek pa pall i bild ca 18 cm.
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14.5 20TH OF SEPTEMBER 2024

Figur 42. Dammens tvarsnitt. Gramarkering i figur visar utgravt material.

Halvdag pa dammen idag sa det finns inte 6verdrivet mycket att rapportera. Vi hann
dock schakta ner stodfyllningen, fin- och grovfiltret ytterligare s& vi nu befinner oss
pa niva ca 210 cm. Tétjorden ar dock kvar pa ca 240 cm. Fanns en hel del att kika pa
den idag.

Densitetsméatningar gjordes som vanligt pa tatjorden pa sex stallen (US och NS pa
tatjorden vid bada anslutningar samt centralt i dammen). Uttag av material for
tvattsiktsanalys togs dven ut pa NS finfilter sa ndra tatjorden det dr majligt.

Idag var aven dagen da vi skulle na fram till tva olika skador, genomgaende skada
i mitten samt betongkub. Betongkuben bjod inte p& ndgra dverraskningar forutom
att det var markant mycket mer fukt i titjorden runt dess kanter. Prover for
vattenkvotsbestdmningar togs fran varje sida av kuben. Mdjligtvis ar det sa att
betongkuben, som legat vattendrankti5 ar, dréneras langsammare &n titjord. Detta
kan da fa till foljd att tatjorden vid dess sidor blir “blétare” jamfort med ovrig tatjord.
Betongkubens 6verkant mattes in till 226,5 cm hojd (Figur 43) vilket kommer att
kontrolleras mot den hojd den installerades pa for 5 ar sedan (se Figur 44).
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Figur 43. Betongkub, 4 m ut fran vdnster anslutning.
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Figur 44. Betongkub, 4 m ut fran vénster anslutning dd dammen byggdes (6e november 2019).

Den genomgdaende skadan skrapades fram med gravaren pa i stort sett identisk niva
(233,7 cm) som betongkubens &verkant (226,5 cm). Vid framskrapningen, dvs
mindre drag med gravmaskinens skopa sa kunde man se hur tédtjordens dvre pall
gled langs med den undre, se Figur 45
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Figur 45. Glidning av tatjord vid pallgransen da tatjord skrapades bort i tunnare skikt (ca 5 cm i taget).

Nar val skadan frilades (Figur 46) sag den ut som nér den installerades (Figur 47).
Prover av skadan for tvéttsiktsanalys togs bdde pa dess US sida som NS sida.
Finfiltret NS skadan var uppenbart urspolat (i likhet med den horisontella skadan
vid anslutningen). Prov togs fran det urspolade finfiltret for tvattsiktsanalys, se

Figur 7.
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Figur 46. Horisontell skada genom tatjord sedd mot véanster anslutning.
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Tatjord

PN

Skadematerial

N

Finfilter

Figur 47. Horisontell skada genom tatjord da dammen byggdes (7e november 2019). Fotterna star pa US sida.
Skadan omgardades av finfiltermaterial.
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Figur 48. Urspolat finfiltermaterial NS den horisontella skadan.

Injekteringshalen kunde ocksa inspekteras och i tva av sex injekterade hél kunde
injekteringsbruk hittas. Injektering utfordes pa platser som visas i Figur 49
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Figur 49. Injekteringshalens placering.

Injekteringsbruk upptécktes i hal 1 och 2 enligt Figur 49. Injekteringstryck i dessa
tva hal var sjdlvtryck +45 kPa respektive sjalvtryck +50 kPa. “klena tryck” i en miljo
dér omgivningen ar endast moréanen. Injekteringsbruken i dessa tva hal bestod av
grus, sand och kalkfiller (vitt bruk) eller grus, sand, kalkfiller och magnetitpulver
(svart bruk). Bruken samarbetade bra med omgivande tatjord och var mycket
foljsamma (ej styva), se Figur 50 och Figur 51.

Injekteringshal 3, invid anslutningen forvantade jag mig att finna injekteringsbruk
men dér lag inget dn sé lange. Dock hittade vi material frdn den horisontella skadan
hér vilket far betecknas som lite mystiskt, se Figur 52. Injekteringstrycken var vid
vinster anslutning identiska med trycken i hal 2. Injekteringsbruket vid
anslutningen verkar alltsa ”smitit” ivdg nagonstans ldngre ner i jorden mellan
tatjorden och betongen. Vi behover ta oss langre ner hér innan vi kan ta reda pa
varfor det inte finns injekteringsbruk i injekteringshalet.

Far hal 4, 5 och 6 kommer vi troligtvis inte att hitta injekteringsbruk pa ett tag da
dessa injekterades med mycket hogre tryck (sjalvtryck +250 kPa, sjdlvtryck +150 kPa
och sjalvtryck forst i tvd minuter och dérefter 150 kPa extra). Anledningen harvid
var att jag ville testa granserna for injekteringstrycken och se vart injekteringsbruket
tar vdgen 7da man har for hoga tryck. Alltsa, i hal 4, 5 och 6 hittade vi bara grovre
material frin dammens kron som rasat ned i det tomma hélet efter uppdrag av
injekteringsror, se Figur 53 och Figur 54.

Bor tilliggas att jag under mina injekteringar hade en begrdansad méngd bruk
(30 liter). Jag kunde alltsa inte injektera tills det var fullt utan fick injektera tills
bruket var slut och har det d stuckit i vag langre ner som kommer jag fa tomma hal
i toppen.
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Figur 50. Injekteringsbruk (grus, sand och kalkfiller) fran hal 1 enligt Figur 49.

Figur 51. Injekteringsbruk (grus, sand, kalkfiller och magnetitpulver) fran hal 2 enligt Figur 49.
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Figur 52. Injekteringshal invid vanster anslutning (hal 3 enligt Figur 49).

Figur 53. Injekteringshal invid h6ger anslutning (hal 4 enligt Figur 49). Har fanns det fortfarande vatten!
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Figur 54. Injekteringshal 5 enligt Figur 49. Hal 6 var i det ndrmaste identiskt.

Prov for tvattsiktsanalys togs dven av den vertikala skadan. Det tas prover fran
denna varje 40 cm vi tar oss ner.

Till sist kan jag ndamna att vi gor en noggrann matning av den vattenlinje som
uppstatt mot vinster anslutning. Av nagon anledning &r den inte alls lika tydlig mot
hoger anslutning och jag vet inte varfor, se Figur 55. Kanske kommer vattenytan
fram mot anslutningen da vi graver langre ner.
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Figur 55. Overst vinster anslutning, Nederst héger anslutning.
Kan ndmna att da dammen var full med vatten och vi borrade, sa var det borrade
halet pa NS sida i tatjorden om vid hoger anslutning torrt medan det vid vanster

anslutning var fullt, se Figur 56.

Vinster anslutning Héger anslutning

us NS us NS

Figur 56. Skillnad pa vattenstand vid de tva olika anslutningarna under borrning da dammen var fylld.

Exakta siffror pa vattenstandsskillnad har jag pa kontoret (sitter hemma nu) men
dessa kommer i slutrapport. Ovan beskrivna observationer kan sammantaget
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indikera att det nagonstans vid hoger anslutning sker ett drinage. Ater igen, vi
graver oss nedat och kanske vi far se nagot som stodjer denna tes.
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14.6 23RD OF SEPTEMBER 2024

Figur 57. Dammens tvdrsnitt. Gramarkering i figur visar utgravt material.

Vi borjar lara oss hur vi rent logistiskt river bdst. Varje dag borjar med att
gravmaskinen tar ner tdtjorden 40 cm och dérefter direkt grovfilter + stodfyllning
samt majoriteten av finfiltret ner 40 cm. Nar denna gravprocess ar fardig ligger
materialen i de olika zonerna som visas i Figur 57. Pa sa sdtt optimerar vi
anviandandet av anldggningsmaskinerna samtidigt som vi kan undersoka tétjorden
ilugn och ro hela eftermiddagen. Som en bonus for foraren behdver han bara jobba
pa formiddagen och inte behéva komma ater vid 14-15 tiden pé eftermiddagen.
Mycket stress slaipper om man kan optimera denna process. Vi hade sdkert kunnat
skala ner tatjorden i tunnare skikt 4n 40 cm men gravaren gar hart at tatjorden. Inte
pa grund av ofdrsiktighet utan mer for att den ar sa blot och latt slits sonder om vi
tar for sma skikt, se Figur 58 och Figur 59. For ndrvarande &dr det en utmaning att
jobba med tétjorden.

Figur 58. Tatjorden dr mycket sprickbendgen.

271



Figur 59. Titjorden dr mycket mjuk. Skorna sjunker in flera cm nér vi gar pa den.

Idag upptackte vi inre erosion, se Figur 60. Den inre erosionen hittades ca 10 —20 cm
under den centralt placerade horisontella skadan centralt i dammen. Alltsa precis
under finfiltret som ldg under den genomgarende skadan. Material i skadan var
finfiltermaterial. Det var som att tatjorden spolats ur och ersatts ovanifran av det
ovanpaliggande finfiltermaterialet. Vi kunde inte se nagot fel i NS finfilter. Granser
mellan NS finfilter och tatjord dr en stor utmaning da de latt flyter ihop.
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Figur 60. Inre erosion precis under den centralt placerade genomgaende skadan. Fétterna star pa US sida.

Provkolvar tog ut idag ur tatjord, 20 st vertikala (5 centralt US, 5 centralt NS, 5
vanster anslutning US och 5 véanster anslutning hoger NS). 20st horisontella (5
centralt US i pallskiftet, 5 centralt US mitt i pallen, 5 vanster anslutning US i
pallskiftet och 5 vénster anslutning US mitt i pallen. Uttagen idag var mycket
kdmpiga. Blott material som inte ville samarbeta alls men det gick. Det var i
synnerhet svart centralt i dammen. Vid anslutningen gick det enklare. Mindre

"geggigt” dar.
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Figur 61. Uttag av horisontella provkroppar. Ovre raden mitt i pallskiftet (nivd ca 200 cm hdjd) och undre
raden mitt i en pall (niva ca 170 cm héjd).

Bonusbild pa julgranen i Figur 62
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Figur 62. Julgranen pa niva 180 — 220 cm héjd.

Jag har &aven fastnat for den ”flickvisa svampigheten” i tdtjorden. Det dr ett
mysterium hur tdtjorden kan kan vara sa 6msom hard, émsom mjuk utan nagon
direkt logiskt monster. PA vissa stéllen ar den mjuk och nir man gravt ner en cm
eller tva blir den hardare igen. For att kunna satta siffror pa svampigheten har vi
borjat testa packningsgrad pa jorden dar den ar mjuk och hard. Vet inte hur
densitetsskillnad kommer att bli eller om det kommer att bli nagon. Vi ger det ett
forsok. Bade densitet och vattenkvot mats vid dessa forsok. Sedan tidigare maéter vi
standardmassigt packningsgrad vid anslutningar samt centralt (6 olika platser) for
varje 40 cm men nu utdkar vi det for att undersdka ”svampigheten ocksa).

Injekteringshalen undersoktes harndst for dagens niva och injekteringshalens
placering visas i Figur 49.
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Figur 63. Injekteringshalens placering.

Injekteringsbruk upptécktes i hal 1 och 2 enligt Figur 49. Injekteringstryck i dessa
tva hal var sjdlvtryck +45 kPa respektive sjalvtryck +50 kPa. “klena tryck” i en miljo
dér omgivningen ar endast moréanen. Injekteringsbruken i dessa tva hal bestod av
grus, sand och kalkfiller (vitt bruk) eller grus, sand, kalkfiller och magnetitpulver
(svart bruk). Bruken samarbetade bra med omgivande tatjord och var mycket
foljsamma (ej styva), se Figur 50 och Figur 51.

Figur 64. Injekteringsbruk (grus, sand och kalkfiller) fran hal 1 enligt Figur 49.
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Figur 65. Injekteringsbruk (grus, sand, kalkfiller och magnetitpulver) fran hal 2 enligt Figur 49.
Injekteringshal 3, invid vanster anslutning, syntes nu fint for forsta gangen pa niva
ca 220 cm Over botten. Injekteringsbruket samarbetade mycket bra med omgivande
tatjord, se Figur 52. Injekteringstrycken var vid vénster anslutning identiska med
trycken i hal 2.

Figur 66. Injekteringshal invid vanster anslutning (hal 3 enligt Figur 49).

Injekteringshal 4, 5 och 6 var fortfarande tomma pa injekteringsbruk (vi troligtvis
inte att hitta injekteringsbruk pa ett tag da dessa injekterades med mycket hogre
tryck, dvs. sjalvtryck +250 kPa, sjdlvtryck +150 kPa och sjalvtryck forst i tva minuter
och darefter 150 kPa extra). I hal 4 och 5, enligt Figur 49, hittade vi bara grovre
material frin dammens kron som rasat ned i det tomma hélet efter uppdrag av
injekteringsror, se Figur 53 och Figur 54. I injekteringshal 6, enligt Figur 49, hittade
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vi mycket 16st tdtjordsmaterial, se Figur 69. I brist pa battre ord, det var som
elefantbajs.

Figur 67. Injekteringshal invid héger anslutning (hal 4 enligt Figur 49). Har fanns det fortfarande vatten!

Figur 68. Injekteringshal 5 enligt Figur 49.
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Figur 69. Injekteringshal 6 enligt Figur 49. Mycket I6st tatjordsmaterial uppgravt ur hal och placerat nedanfér i
bild.

Vi tog upp injekteringsbruk for att inspektera det. Det &ar svart att provta
injekteringsbruket for andra tester dn kanske en kornstorleksfordelning. Provkolvar
dr svart eftersom det dr materialet bade dr 16st och vid uppdrag av kolven skapas ett
undertryck som gor att provet i kolven inte vill f6lja med upp (dr sa tatt runt
omkring). Injekteringsbruken samt tatjorden syns i Figur 70 och Figur 71. I dessa tva
figurer har en mindre méangd injekteringsbruksmaterial gravts ut ur sitt borrhél och
formats till sma bollar. Magnetitbruket dr mer snarlikt tatjorden ndr man ”kanner”
pa det. Kalkfillerbruket upplevs som lite for sandigt. Jag funderar pa om
kalkfillermaterialet lakats ur och dérmed tappat finmaterial. Material for
tvattsiktsanalys pa kalkfillerbruket har tagits.
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Figur 70. Injekteringsbruksmaterialet och tatjord format till sma bollar. Fran vénster till h6ger magnetitbruk,
tatjord, kalkfillerbruk.

Figur 71. Injekteringsbruksmaterialet och téitjord format till sma bollar och belastade. Fran vinster till hger
magnetitbruk, tatjord, kalkfillerbruk.

Prov for tvittsiktsanalys togs dven av den vertikala skadan. Det tas prover fran
denna varje 40 cm vi tar oss ner. Idag var den vertikala skadan (ursprungligen
grovfiltermaterial) fylld med sandmaterial! Innan har skadans porsystem varit fylld
med tatjordsmaterial men just idag, pa niva ca 200 cm hojd, var det dominerande
sand, se
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Figur 72. Vertikal skada, for dagen fylld med sand (sand inb3dddat i 4/64 mm materialet)

Till sist kan jag uppgradera er pa matning av den vattenlinje som uppstatt mot
vanster anslutning som av ndgon anledning ar den inte alls lika tydlig mot hoger
anslutning, se Figur 55. Jag teoretiserade om att anledningen &r att det har skett en
form av drénering vid den hogra anslutningen. Da vi borrade, nér reservoar var full
uppstod vattennivaer i borrhal pa NS och US sida vid bada anslutningarna enligt
visualisering i Figur 56. Vid hoger anslutning var GVY 7cm under titjordens kron
US men helt tom pa NS sida. For vanster anslutning lag GVY 13 cm under téatjordens
kron US men pa 41 cm under tatjordens kron pa NS sida. Alltsé har dréanering skett
vid hoger anslutning. Som vanligt kanske vi far reda pa anledningen ldngre ner men
jag misstanker att mitt “misslyckade” (jag misslyckades med flit) injekteringshal vid
hoger anslutning fungerat som en vertikaldran medan injekteringen vid vanster
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anslutning fungerat béttre. Till slutrapport kopplar jag lackagematningar vid
anslutningar till mina observationer.

Figur 73. Overst vinster anslutning, Nederst hoger anslutning.

Vinster anslutning Héger anslutning

us NS us NS

Figur 74. Skillnad pa vattenstand vid de tva olika anslutningarna under borrning da dammen var fylid.

Vid hoger anslutning upptacktes dven en granad nyans i titjorden. Den typen av gra
nyans den kan fa ndr den kommer upp i dagen. Detta kan kanske vara ytterligare en
indikation pa att drénering sker? se Figur 75. Det graa skiktet var ca 2 — 3 cm brett.
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Figur 75. Gra nyans pa tatjord allra ndrmast hoger anslutning. Detta kunde inte ses vid vanster anslutning
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Figur 76. Inga gra nyanser pa tatjorden invid vanster anslutning.

Nér anslutningen gravs fram dr den som en avgjutning av anslutningen. Vanster
anslutning var betydligt blotare dn vanster pa dagens niva, se
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Figur 77. Bit fran hoger anslutning. US sida till vinster och NS till hoger. Yta helt jamn.

Figur 78. Bit fran vanster anslutning. US sida till héger och NS sida till vanster. Yta helt jamn och markant
blotare an hoger anslutning.
Till sist, bild pd& dammen sedd mot vanster anslutning innan hemgéng. Vi ar

halvvégs nere nu, se Figur 23.
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Figur 79. Dammen sedd fran hoger anslutning mot vinster. Tatjord OK &r pa niva 220 cm. Stodfylining, grov-
och finfilter pa niva 180 cm.
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14.7 24TH OF SEPTEMBER 2024

Figur 80. Dammens tvérsnitt. Gramarkering i figur visar utgrévt material.

Pa grund av ett felskdr i borjan av dagens nedtagning av tatjord hamnade vi ca 10 cm
djupare &n tankt. Ingen fara i sig men i morgon far vi grava 10 cm grundare (30 cm
i stallet for 40 cm). Innan dagens nergravning tog vi fram portrycksgivare. US givare
lag pa niva 176,4 cm och NS givare pa 178,9 cm, se Figur 81. Givarna lag perfekt
inbdddade i tatjord utan tecken pa erosion. Givarna har dock korroderat en del, se
Figur 82

Figur 81. Portrycksgivare framgravda innan nedtagning av tatjord. US till hoger.
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Figur 82. Rostmaérken i titjorden efter borttag av US portrycksgivare pa niva 176,4 cm.

Efter nedtag av tatjord togs stod, fin- och grovfilter bort ner till niva 140 cm. Darefter
mattes densitet med vattenvolymeter pa US och NS sida av tatjordens centrumlinje
vid bada anslutningarna samt centralt. Utdver det gjordes densitetsmétningar pa
bade mjuka och hardare zoner pa tatjordsytan (”svampigheten”). Ett intressant
monster har dock borjat utkristallisera sig. Varje gang vi méter de mjuka omradena
far vi mycket hoga skrymdensiteter (upp mot 2,6 t/m3). Detta ar orimligt. Da vi mater
volymen gravs en grop och dess volym maits genom att stilla en ca 10 kg tung
vattenfylld cylinder ovanpamed en ballong i botten. Med ett handtag pressar man
ner vatten i ballongen som fyller ut halet. Skillnaden mellan en referensmétning
(utan hal) och med halet ger en volym. Eftersom vi far hoga skrymdensiteter sa
overskattar vi antingen vikten pd det urgrdvda materialet eller underskattar
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volymen. Vikten &dr vad den ar sa allt landar i volymen. Jag misstanker att nar
vattenvolymetern trycks ner sa sitter sig den mjuka jorden kring vattenvolymetern.
P4 sa satt komprimeras det gravda hélet och volymen underskattas. Vet i dagslaget
inte hur vi ska komma runt detta. Jorden ar s& mjuk pa sina stéllen. Vatten kan dven
pressas upp genom botten pa halet vid de mjuka stéllena, se Figur 83

Figur 83. Hal grivt fér densitetsmiatning. Titjorden kring toppen dr mycket séttningsbenigen vid éverkant.
Vatten ansamlas ocksa i dess botten efter en stund.

Apropa svampigheten i tdtjorden sa tror jag att jag kommit pa anledningen.
Tétjorden dr uppbyggd i pallar om ca 20 cm. Som det verkar &r pallen som hardast i
toppen for att gradvis bli mjukare mot botten av pallen, se Figur 84. D& vi graver sa
ar precisionen i gravmaskinen inte riktigt pa topp. Da vi graver ner oss i skikt kan
déarfor overytan av det bortgravda hamna bade hogt upp, eller langt ner i pallen nér
vi gjort klart en ny niva. Givetvis blir da hardheten pa tatjordsytan mycket ojamn.
Gardagens niva (220 cm) var tex mjuk medan dagens niva (170 cm) var hardare. Jag
ska forsoka fa ut provkroppar som spanner 6ver en hel pall for att studera skillnaden
i en pallhgjd.
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Overdel pa underliggande
pall. Yta dr hard. Gamla
upprivningsmairken syns

fortfarande
Underdel pa 6verliggande pall.
Bottenskikt dr mycket mjukt.
Tas latt bort f6r hand.

\

Figur 84. Skillnad i pallens hardhet beroende pa om man ir i dess topp eller botten.

Erosion upptécktes dven vid den vertikala skadan pa niva ca 170 cm, se Figur 85.
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Figur 85. Vertikal skada. Originalformen markerad med réd cirkel. Fétter pa US sida. NS skadan har erosion skett.
Material for kornstorleksbestamning plockades ut ur skadan. Markligt nog verkar
skadematerialet (4/64mm) fyllt ut med sand. Vi ser inget annat. Vi kommer kora
sedimentationsanalyser nu tills vi kommer ner helt. Férvantar mig mer finmaterial
langre ner. Har svart att forsta att det som fyllt ut porerna i den vertikala skadan ser
sa sandigt ut. Sanden syns tydligt i Figur 85. Prover for tvéttsiktsanalys togs som
vanligt ut pa sex stéllen pa NS finfilter. Ska tilldggas att tatjorden runt om den
vertikala skadan ar ytterst mjuk.

Till dagens injekteringshal da. Deras placering visas i Figur 49.
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Figur 86. Injekteringshalens placering.

Injekteringsbruk upptacktes i hal 1 och 2 enligt Figur 49. Injekteringstryck i dessa
tva hal var sjdlvtryck +45 kPa respektive sjalvtryck +50 kPa. “klena tryck” i en miljo
dér omgivningen ar endast moréanen. Injekteringsbruken i dessa tva hal bestod av
grus, sand och kalkfiller (vitt bruk) eller grus, sand, kalkfiller och magnetitpulver
(svart bruk). Bruken samarbetade bra med omgivande tatjord och var mycket
foljsamma (ej styva), se Figur 50 och Figur 51. Kalkfillerbruket togs ut for
bestamning av kornstorleksfordelning. Jag vill kunna avgéra om det 16sts upp eller
ej. Minns att jag under gardagen upplevde bruket som sandig, som att finmaterial
forsvunnit ur det.
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Figur 87. Injekteringsbruk (grus, sand och kalkfiller) fran hal 1 enligt Figur 49.

Figur 88. Injekteringsbruk (grus, sand, kalkfiller och magnetitpulver) fran hal 2 enligt Figur 49.
Injekteringshal 3, invid vanster anslutning, syntes for forsta gangen pa forra niva ca
220 cm Gver botten, och dven nu. Injekteringsbruket samarbetade mycket bra med
omgivande tatjord, se Figur 52. Injekteringstrycken var vid vénster anslutning
identiska med trycken i hal 2.
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Figur 89. Injekteringshal invid vanster anslutning (hal 3 enligt Figur 49).

Injekteringshal 4, vid hoger anslutning uppvisade injekteringsbruksmaterial for
forsta gangen, se Figur 90. Det fanns fortfarande en hel del grovre material i hélet
fran ytan. Vid ndsta niva (140 cm) kanske det 4r mer “rent” injekteringsbruk.

Figur 90. Injekteringshal 4 vid héger anslutning.

Hal 5 och 6 var fortfarande tomma pé injekteringsbruk (vi troligtvis inte att hitta
injekteringsbruk pa ett tag d& dessa injekterades med mycket hogre tryck, dvs.
sjalvtryck +250 kPa, sjalvtryck +150 kPa och sjélvtryck forst i tva minuter och
déarefter 150 kPa extra). I hal 5, enligt Figur 49, hittade vi bara grovre material fran
dammens kron som rasat ned i det tomma halet efter uppdrag av injekteringsror, se
Figur 54. I injekteringshal 6, enligt Figur 49, hittade vi mycket 16st tatjordsmaterial,
se Figur 69. I brist pa béttre ord, det var som elefantbajs.
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Figur 91. Injekteringshal 5 enligt Figur 49.

Figur 92. Injekteringshal 6 enligt Figur 49. Mycket I6st titjordsmaterial uppgrévt ur hal och placerat nedanfér i
bild.

Vid hoger anslutning upptécktes under granad nyans i tatjorden. Den typen av gra
nyans den kan fa ndr den kommer upp i dagen. Idag, fanns inte den nyansen alls.
Som ett sammantrédffande fanns injekteringsbruk i hélet idag. Sager inte att en
eventuell dranering stoppats pa denna niva men det &r en teori jag har, jimfor Figur
75 med Figur 94.
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Figur 93. Gra nyans pa tatjord allra ndarmast héger anslutning pa .niva 220 cm
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Figur 94. Inga gra nyanser pa titjorden invid héger anslutning pa niva 170 cm.

Nér tdtjordsanslutningen grdvs fram &r den som en avgjutning av
betonganslutningen. Anslutningarna var idag lika blota. I gar var hoger betydligt
torrare an den vanstra. US sida ar blotare &n NS vid bada anslutningar.
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Figur 95. Bit fran hoger anslutning. US sida till vinster och NS till hoger. Yta helt jamn.
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Figur 96. Bit fran vanster anslutning. US sida till hger och NS sida till vinster. Yta helt jamn.

Innan vi rundar av dagen vill jag aterkoppla till det faktum att varje pall verkar
styvare i toppen och losare i botten. Nar jag grdvde lite i injekteringshal 1 sa
upptacktes ndgot intressant. Injekteringsbruket hade tryckt sig utat flera cm nér det
drogs upp igenom ett pallskifte. Detta indikerar ocksa att pall dr mjukare i botten,
se Figur 97 och Figur 98.
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Injekteringsbruk har trangt
in i den mjukare titjorden
(botten av ovanpaliggande
pall)

Niva overkant pa

J \ underliggande pall.
| /
I‘ \
J
\
|
Ursprungligt
injekteringshal.

Figur 97. Injekteringsbruk pa niva 170 cm. | halet bredvid injekteringen har underliggande palls 6veryta frilagts
som referensniva.
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Overkant pall Hardare

Bruk
Underkant pall Mjukare
Overkant pall Hardare
Bruk
Underkant pall Mjukare

Figur 98. Idealiserad bild 6ver injekteringsbrukets spridning i en jordprofil uppbyggd av pallar med skiftande
hallfasthet i hojdled.

Injekteringsbruken i halen verkar vidare ha en diameter pa 13 — 14 cm. Foderroren
var drygt 10 cm i diameter. Nar jag berdknade bruksatgang riknade jag med att
injekteringshélen skulle bli ca 11 cm i diameter. Da hélen blivit stérre kan det
forklara att bruket i de hélen med l&ga tryck inte tagit sig hela vigen upp i tatjorden
(till tatjord 6verkant). Det skapades helt enkelt mer volym att fylla ut 4n vad jag hade
injekteringsbruk till.

Till sist, bild pa dammen sedd mot vanster anslutning innan hemgang, se Figur 99.
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Figur 99. Dammen sedd fran hoger anslutning mot vénster. Tatjord OK &r pa niva 170 cm. Stodfylining, grov-
och finfilter pa niva 140 cm.
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Figur 100. Dammens tvérsnitt. Gramarkering i figur visar utgravt material.

Idag tog vi ner tdtjord ca 20 — 30 cm och stodfyllning, grov- och finfilter 40 cm.
Tétjorden avvagdes med malet att befinna sig pa niva 140 cm, se Figur 101. Noterat
att nivder dr pa grund av gravning och inte s att vi f0lj en viss pall. Formen blir lite
en sadelform, vilket ar i stort sett ofrankomligt nar man inte avvéger varje decimeter.
Gravmaskinisten dr duktig och gor sa gott han kan. Dock &r detta inte sa viktigt, att
yta blir perfekt jamn. Nar vi bygger dr det en annan femma séaklart.
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70
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Hojd tatjord 6ver
bottenplattan [cm]

Avstand fran vanster anslutning [m]

Figur 101. Avvigning av tatjord. Genomsnittlig niva 138 cm.

Nér man schaktar bort titjord kan man tydligt se, i synnerhet pa US sida, att
tatjorden ofta har slappt fran underliggande finfilter sa att halrum uppstar, se Figur
102. Detta har enbart observerats pa US sida och inte NS. Vet inte om detta innebar
nagon fara men vi har ju sett kring de ofyllda injekteringshdlen och den vertikala
skadan att sa fort det uppstdr tomrum sa blir omkringliggande titjord mycket,
mycket mjuk (jag skriver “mycket” tva ganger och egentligen hade jag velat skriva
upp det fem ganger). Man graver sig ned men en enklare liten spade helt utan
motstand, se Figur 103.
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Figur 102. T&tjord har slappt fran US finfilter.
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Figur 103. Vertikal skada efter uttag av material for tvittsiktanalys. Fétterna star pa US sida. Material runt
skada mycket 16st och sprucket. NS skadan har det gréavts ur ett mindre hal med mycket l16st material. Som att
skdra i smor.

Materialen i dessa mjuka zoner, som visas overst i Figur 103, har konsistensen av
farsk betong (i likhet med det jag hittat hela tiden i injekteringshal 6 enligt Figur 49
och Figur 69. Skulle vilja saga att det dr exakt samma material. Prover uttagna for
tvattsiktsanalys och vattenkvot.

Anslutningarna undersoktes ocksa som vanligt. Pa hoger sida hade finfiltermaterial
trangt in mellan anslutning och moran. Forstar inte riktigt varfor och det ser inte ut
som inre erosion, se Figur 104. Finfiltermaterialet lag bara ytligt och skrapades latt
av. Dock efterlaimnades marken i moranen, se Figur 105. For vénster anslutning
upptackes inget speciellt. Allt var som tidigare,
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Figur 104. Bit fran hoger anslutning. US sida till vianster och NS till héger. Finfilter har ”trangt” in pa US sida.
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Figur 105. Bit fran hoger anslutning. US sida till vianster och NS till héger. Finfilter pa US sida borttaget. Yta
skrovlig.
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Figur 106. Bit fran vanster anslutning. US sida till hoger och NS sida till vinster. Yta helt jamn.

Nu ska vi avhandla det som tagit oss mest tid idag, att klura ut hur vi méter densitet
i tatjord utan att 6verskatta den. Skillnad mellan att méta i hard och mjuk jord med

vattenvolymetern syns i Figur 107.
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Figur 107. Urgréavd provgrop efter provning med vattenvolymeter. Till vinster &r tatjorden hard. Till hoger
mjuk.

Skillnad &r uppenbar. Da jord ar hard lamnar vattenvolymeter minimala
deformationer efter sig och matt volym ger mycket rimliga skrymdensitetsvarden
(torrdensiteter kommer efter vi arbetat klart pdA dammen och borjar att analysera).
Da jord dr mjuk deformeras halet plus att vatten trycks upp ur dess botten men
underskattning av provgropens volym som foljd. Efter diskussioner kom vi fram till
att grava en provgrop enligt Figur 107. Tatjorden utanfor halet planades av men i
stéllet for att stdlla en vattenvolymeter ovanpa den lade vi i stédllet ut gladpack i
provgropen. Darefter hialldes vatten forsiktigt ner pa gladpacken sa att hela
provgropen fylldes med vatten. Gladpacken gjorde att vattnet stannade i
provgropen och vatten hélldes tills det precis nadde overkanten pa provgropen.
Genom att veta vikten pa vattnet innan det halldes ner och efter att det hallt ned
kunde vi med mycket hog noggrannhet bestimma volymen pa halet. Vidare ser jag
det som en fordel att vaga vattnet och inte méta dess volym (som man gor med
vattenvolymetern). Plotsligt fick vi mycket battre skrymdensitetsvarden pa
tatjorden dven dér den var mjuk. ”Var” metod orsakade inga synbara deformationer
pa den mjuka jorden under utvarderingen. Vi kommer nu att fortsdtta méata med
vattenvolymeter projektet ut men dubblera med “var” metod for att fa lite béattre
statistiska underlag att vi gor rétt. Tidigare har vi fatt skrymdensiteter upp till
3,3 t/m® med vattenvolymeter i mjuk tétjord men nu &r vi pa 2,0 - 2,3 t/m?.

Inre erosion har upptackts under dagen. Erosionen ser vanligtvis ut som tunna strak
av sand mitt i mordnen utan synbar koppling till NS finfilter. Idag upptacktes ett
omrade 12,4m fran vénster anslutning pa niva 138 cm, se Figur 108 till Figur 113.
Materialet funnet i detta omrade &r identiskt med det vi hittar inne i den vertikala
skadan, dvs av sandkaraktar. Vi kunde inte finna en direktkontakt med NS filter
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men det betyder bara att jag inte hittade en, inte att det inte finns. Vissa sprickor var
otroligt svarupptédckta men de fanns och inneholl alltid sandmaterial.

Figur 108. Sandstrak upptacktes pa ytan, 12,4m fran vanster anslutning pa niva 138 cm.
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Figur 109. Erosionen har tagit sig ner nagra cm i tatjord.
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Figur 110. Sma strak av sand gick ner i moranen.
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Figur 111. Tatjord togs upp NS erosionen. Sprickor fyllda med sand upptéacktes.
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Figur 112. Ett omrade med filtermaterial inringat som gick in mot US finfilter (bild tagen mot US sida).
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Figur 113. Sandzonen "d6k” ner mot NS finfilter utan synbar direktkontakt med just NS finfilter.

Strax till hoger om ovan ndmnda skada grdvdes trakuben fram. Trakuben
installerades pa ca 1 m hojd och dr 40 cm hog, Figur 114. Exakt inmétning vid
installation 2019 inkluderas i slutrapport men trakubens Gveryta, se Figur 115,
mattes idag in till niva 109,5 cm vilket indikerar en sittning pa ca 30 cm (orimligt).
Maitning behover kompletteras med den riktiga nivan pa bottenplatta under
tatjordens centrallinje (idag antagen till 400 cm) samt inmétning av trdkub vid
installation (kommer i slutrapport). Nog har den satt sig men aldrig sa mycket som
30 cm. Tatjorden runt trdkubens Overyta var svart i fargen och mycket torr.
Vattenkvot mats.
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Figur 114. Trakub placerad pa pall med 6veryta pa niva ca 100 cm. H6jd 40 cm.
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Figur 115. Trikubens 6éveryta. Bild tagen fran NS mot US.
Betongkuben lyftes ocksa bort under dagen och stélldes at sidan, se Figur 116.
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Figur 116. Borttagen betongkub. Halet i mitten var for att kunna lyfta den. Halet 4r genomgéende US till NS
och var fylit med 16st material.

Till dagens injekteringshal da. Deras placering visas i Figur 49.
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Figur 117. Injekteringshalens placering.

Injekteringshal 1 hade pa dagens niva (140 cm) expanderat till 21 cm
(injekteringsroret var ca 11 cm). Detta dr néstan en fordubbling sedan gardagens
niva 30 cm hogre upp. Bruket haller fortfarande ihop fint och samarbetar val med
omgivande tdtjord. Tatjord runt hal ar styvt, se Figur 50.

Figur 118. Injekteringsbruk (grus, sand och kalkfiller) fran hal 1 enligt Figur 49.
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Injekteringsbruk i hal 2 ser ut som det gjort de senaste nivéerna. Ingen férandring,
se Figur 51.

Figur 119. Injekteringsbruk (grus, sand, kalkfiller och magnetitpulver) fran hal 2 enligt Figur 49.

Injekteringsbruk fran hal 3 identiskt med gérdagens niva, se Figur 52

Figur 120. Injekteringshal invid vanster anslutning (hal 3 enligt Figur 49).

Injekteringshal 4, vid hoger anslutning, har jag faktiskt bommat att ta bild pa idag.
Tar denna i morgon. Aven den ser ut som igar. Material frdin dammens krén
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uppblandat med lite bruk. Halet ar blott. Injekteringshal 5 visar for forsta gangen
upp ett innehall av injekteringsbruket, se Figur 54. Det mesta av innehallet ar dock
fortfarande grovkornigt material fran dammkronet.

Figur 121. Injekteringshal 5 enligt Figur 49.

Injekteringshal 6 dr nu det enda helt utan tecken pa bruk. Detta hal &r alltjamt fyllt
med 19st material fran tatjord och inget grovt fran dammens kron, se Figur 69.
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Figur 122. Injekteringshal 6 enligt Figur 49. Mycket I6st tatjordsmaterial uppgravt ur hal och placerat nedanfor
i bild.

Till sist, bild p& dammen sedd mot vanster anslutning innan hemgang, se Figur 99.
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Figur 123. Dammen sedd fran hoger anslutning mot vénster. Tatjord OK dr pa niva 140 cm. Stodfyllning, grov-
och finfilter pa niva 100 cm.
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Figur 124. Dammens tvarsnitt. Gramarkering i figur visar utgravt material.

Nu nér vi kommer allt ndrmare botten giller det att vara mer forsiktig. Darfor
fattade vi beslutet att borja ta ner tdtjorden 10 cm i taget (4x10 cm = 40 cm) sa vi
kunde stoppa gravaren om vi upptéckte nagot av intresse. Injekteringspelarna togs
ocksd ner 10 cm i taget. Dagens avvagningsprofil visas i Figur 101.
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Figur 125. Avvigning av tdtjord. Genomsnittlig niva 97 cm. Roda punkter indikerar plats dir nedtagningen
avbréts pa grund av att intressanta upptéckter gjordes.

Vid den réda punkten i Figur 101, 17 m fran vénster anslutning (strax NS om
tatjordens centrumlinje) upptécktes en liten flack med finkornig sand, se Figur 126.
Jag har noterat dessa flackar forr men de har aldrig lett till nagot. Denna gang slog
jag stopp i maskin pa niva 120 cm for att aterkomma till denna nar vi gravt ner dvrig
tatjord till niva 100 cm.
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Figur 126. Flack med finkornig sand ca 30cm NS om injekteringshal 5, 17 m fran vénster anslutning.

Forst téankte jag bara ta ut finsanden for tvattsiktsanalys som jag gjort pa ett flertal
stillen tidigare men ju mer jag grdvde desto mer lossnade, Figur 127. Skeden
overgavs fort och inom kort 1ag jag pa alla fyra och skopade ut sanden med handen.
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Figur 127. Halet gravs ut. Material fran halet ligger i bildens dverkant. NS finfilter syns allra hogst upp i bilden.

Inom en stund fick jag ldgga mig platt pa tatjorden for att na hela vagen ner. Jag kom
ner till 60 cm innan jag var tvungen att aka hem for dagen, se Figur 103.

326



Figur 128. Halet &r nu 60 cm djupt.

Kan namna redan nu att jag kommer att fortsatta att grava under morgondagen tills
jag nar utloppet pa skadan. Detta skulle med storsta sannolikhet bli ett sjunkhal och
jag misstanker att utloppet for skadan ligger vid ndgon av de fyra tojningskablar
som dr installerade rakt igenom dammen (US till NS) pa 20 cm djup. Vi har dven i
denna zon haft hogre liackage &dn i Ovriga icke anslutningsdelar av dammen. Var
misstanke har hela tiden varit att dessa kablar orsakat inre erosion. Vad vi har har
ar resultatet av fem knappt fem &rs genomstromning. Kabeln ligger ganska rakt
under skadan knappt en meter ner. Skadan dyker med ca 80 grader med en latt
dragning at hoger anslutning. Inne i skadan finns inget annat dn sand, se Figur 129.
Halet volym just nu uppskattar jag till ca 10 liter.
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Figur 129. Bild inifran halet. Bara sand.

Jag haller dven pa att jobba mig rakt in mot hdger anslutning ca 10 cm ner i skadan.
I det "tak” som formas dar nér jag graver ut ar det siltig sand, se Figur 130. Prover
tagna fOr tvattsiktsanalys.
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Figur 130. Siltig sand. Sanden haller ihop och man kan forma den.

I morgon gréver jag ut resten. 7,5 m fran vanster anslutning, se Figur 101, fick jag
gora nidsta stopp. Aven hér uppticktes inre erosion som gick mellan den vertikala
skadan och US finfilter, se .
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Figur 131. Bakatskridande erosion som utgatt fran vertikal skada pa niva 110 cm, 10 cm fran skadans botten.

Tyvarr far jag halla er pa halster kring denna skada tills i morgon eftersom jag inte
hann med den idag. To be continued.

Igar tog vi ut stora provkroppar som ska anvandas for triaxforsok. Tanken ar att
kika pa skalfaktorn pa vara provkroppar dar dmax ar 22 mm men provkropparna ar
endast 50 mm i diameter. Vi fattade beslutet att ta ut dem idag for att ta vattenkvot
i sektioner. Provkropparnas topp &r toppen pé en pall och undersidan ar botten
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Figur 132. Uttagen provkropp av en pall med téitjord. Diameter = 100 mm.

Mitt intresse i detta ar att sitta siffror pa hur egenskaperna i pallen dndras beroende
pa djupet i den. Jag kan just nu inte komma pa en mekanisk testningsmetod for att
pavisa eventuella djupberoende skillnader men vi har tagit ner den i fem sektioner
for vattenkvotsbestimning samt tvéttsiktsanalys for att verifiera att materialet &r
detsamma i toppen som i botten. Rent visuellt sa ser man att morénen i pallen &r
hardare, sprodare, torrare i toppen jamfort med dess botten som ar mer plastisk,
mjuk, se Figur 132. Vi testar detta pd tvad provkroppar. Det hdar med pallarnas
skiftande egenskaper beskriver troligtvis val varfor seismiken var sa svar att fa till i
testdammen vid de geofysiska testerna. Tétjorden ar allt annat &n homogen.
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Nér vi idag tog ner stodfyllning till niva 60 cm fick vi en ganska otrevlig
overraskning. Tatjorden fortsitter att slappa ifran sig vatten. Dammen har varit
tomd den 19 augusti men ndr vi borjade grava ut dammen den 17 september lag det
90 cm vatten pa US sida vilket pumpades ur ner till 15 cm. NS sida var helt torr.
Idag, 26 september var det aterigen vatten pa US sida, se Figur 133. Nivan lag pa
67 cm s& pumpen fick sattas igdng igen for vi kan inte riktigt jobba pa US sida om
tatjorden ndr det star vatten dar. Ska knacka ut horisontella prover och det far inte
bli for “geggigt”, eftersom det da blir sa svart att fa ut prover.

Figur 133. Vatten pa US sida, niva 67 cm.
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Figur 134. Injekteringshalens placering.

Samtliga injekteringshal skalas nu ner 10cm i taget vid gravning med maskin. Den
kraftiga expansionen av diametern pa injekteringsbruk vid injekteringshal 1 fick
idag sin forklaring. Strax under gardagens niva kom det tappade foderréret upp i
ytan. Foderroret skruvades av i samband med att mordnen skruvades ut vid
injekteringen. D& moranen skruvades ut ur foderrdren (3st ihopskarvade ca 120 cm
styck) kordes skuven ned till botten (standardfdrfarande). Har fastnade den sega
tatjorden mellan skruven och insidan pa foderroret sa nar vi skruvade oss tillbaka
s& skruvades hela det nedre foderrdret sonika av. Nér jag sedan injekterade fanns
hér en liten glipa som bruket plotsligt kunde rora sig ut igenom horisontellt.
Gardagens brukspelardiameter pa niva 140 cm gick direkt frdn 21 cm diameter till
88 mm som ar innermattet pa foderroret, se Figur 12.
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Figur 135. Foderror i dagen
Foderrorer star nu ca 30 cm 6ver niva 100 cm, se Figur 136, och jag kan inte barga
mig tills jag kommer till dess botten for att se vart bruket tagit viagen dar i alls mina

olika sex injekteringshal.
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Figur 136. Oversta 30 cm av foderror. Bruket ar fortfarande i roret.

Injekteringsbruk i hal 2 ser ut som det gjort de senaste nivaerna. Ingen férandring
vid ndgon av de 10 cm hoga nedtagningarna, se Figur 51.
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Figur 137. Injekteringsbruk (grus, sand, kalkfiller och magnetitpulver) fran hal 2 enligt Figur 49. Niva 100 cm.

Injekteringsbruk fran hal 3 identiskt med gardagens niva, se Figur 52.
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Figur 138. Injekteringshal invid vanster anslutning (hal 3 enligt Figur 49). Niva 100 cm

Injekteringshal 4, vid hoger anslutning, var dven det identiskt med igér.
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Figur 139. Injekteringshal invid hoger anslutning (hal 4 enligt Figur 49). Niva 100 cm

Injekteringshal 5, som igar visade spar av injekteringsbruk var valfyllt efter den
forsta borttagningen av 10 cm, se Figur 54. Efter ytterligare 10 cm slog jag stopp pa
nedgravning pa grund av sandflacken som upptéckes och avhandlades forst i denna
rapport. e visar for forsta gangen upp ett innehall av injekteringsbruket, se Figur 54.
Det mesta av innehallet dr dock fortfarande grovkornigt material fran dammkronet.
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Figur 140. Injekteringshal 5 enligt Figur 49. Niva 130 cm.
Injekteringshal 6 &r fortfarande tomt pa bruk, endast fyllt med 16st material fran
tatjord och inget grovt fran dammens kron.

Till sist, bild pa dammen sedd mot vanster anslutning innan hemgang, se Figur 99.
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Figur 141. Dammen sedd fran hoger anslutning mot vénster. Tatjord OK dr pa niva 100 cm. Stodfyllning, grov-
och finfilter pa niva 60 cm.

Vi fortsdtter med nuvarande niva under morgondagen. Ingen nerdrivning férran pa
mandag. 40 st sma provkroppar (50 mm) ska tas ut och 10 stora (100 mm).

Erosionsskadorna ska grévas ut.
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Figur 142. Dammens tvarsnitt. Gramarkering i figur visar utgravt material.

Inge nerdrivning av dammen idag. Det fanns alldeles for mycket att titta pa. Det har
exploderat av smaskador orsakade av inre erosion pa denna niva, ca 100 cm.

Vid den vertikala skadan 7,5m fran vanster anslutning borjar vi nu ndrma oss botten.
Vi ar en pall frdn botten och botten pa vertikal skada ligger pad samma pall som
botten pa trakuben sa dér &r ett bra riktmarke. Vi noterar att i botten pé vertikal
skada borjar det bli en 6kning av finkornigt material (ler) men bara pa dess NS sida.
I anslutning till den vertikala skadan mot botten till hittade vi erosionsskador som
gatt rakt igenom tdtjorden, se Figur 143 - Figur 145.
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Figur 143. Vertikal skada niva 110 cm. Fotot taget fran NS sida mot US.
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Figur 144. Vertikal skada niva 110 cm. Fotot taget fran US sida mot NS.
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Figur 145. Vertikal skada niva 100 cm. Fotot tagit 6ver skadan. US uppat i bild.

De urgrdvda kanalerna pa Figur 143 - Figur 144 bestod av grovsand och fingrus.
Prov for tvattsiksanalys taget. Erosionskanalen hade tagit sig US in i US finfilter. Pa
Figur 145 frilades jorden ner till 100 cm och dar upptacktes att erosionen dven tagit
sig NS in i NS finfilter. Detta innebar att det har utvecklats en skada kring den
installerade vertikala skadan som skar igenom hela tatjorden. Kan inte minnas att vi
hade 6kade lackage i denna zon enligt vara flddesmétningar men ska dubbelkolla.
Till slutrapporten har jag gjort denna analys.

Pa niva 100 cm hittades dven tva mindre skador 12,2 (Figur 146) och 13,9 m (Figur
147) fran vanster anslutning. For skada 12,2 m fran vénster anslutning var som om
att finfiltermaterial ”tryckts” in i pallskiftet och sedan, pa US sida om skadan borjat
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jobba sig nedat i tatjorden. Skadan 13,9 fran vénster anslutning var mer lokal men
djupare. Utgravning av dessa tva skador paborjades under fredagen och kommer
att slutféras pd mandag.

Figur 146. Mindre erosionsskada pa niva 100 cm 12,2 m fran vanster anslutning. Fotot taget US mot NS.
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Figur 147. Mindre erosionsskada pa niva 100 cm 13,9 m fran vinster anslutning. Fotot taget US mot NS.

Den stora skadan som vi fann under gardagen fortsatte vi att grava ut under dagen.
Botten pa denna skada dr nu pa niva 20 cm och vi dr mycket ndra de genomgaende
tojningskablarna. Nere pa denna niva fanns det vatten. Har finns det mycket kvar
att grdava ut vilket vi gor pa mandag. Skadan ligger d@ven mycket ndra NS
portrycksgivare vilket kan forklara varfor det uppmaitts lagre tryck har én vad som
forvantats. Detta hal (som varit fyllt med sand) har fungerat som ett drdnage och
darmed sdankt vattentrycket.
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Figur 148. Stora skadan 17,7 m fran vinster anslutning.

Skadan har dven gatt in i finfiltret och kan sdgas 16pa parallellt med det, Figur 149.
Skadan har gatt in i julgranen mellan tatjord och NS finfilter. Det finns dock inga
tecken pa storre vattenstromningar just hdr. Troligtvis har vatten drdnerats ut
genom skadans botten och inte i dess NS framkant.
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Finfilter

Téatjord

Finfilter

Separerat eller
urspolad morin

och/eller
finfilter

Figur 149. Skadan har gatt in i julgranen. Pa sina stillen dr det svart att avgora vad som &r tatjord och vad som
ar finfilter. Kan inte se att vatten gatt igenom. Troligtvis har halet "dranerat for bra”.

Apropa hélets fyllning sa har det varit mycket finkornig sand och silt i toppen av
det. Ju langre ner vi gravt sa har materialet blivit grovre. Det har nastan uppstatt en
perfekt sortering med djupet. Nu ar kanslan inte s vetenskaplig, prover for
kornfordelningar ar tagna pa olika nivaer. Invid skadans vaggar ar det mycket fin
sand eller silt, se Figur 150
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Finsand

\

”Silt” \
Intakt tiatjord
\

Figur 150. Overgéng mellan intakt titjord och skadan.

Just nu kan jag inte riktigt forstd denna uppdelning. Ar sanden enbart en produkt
frdn erosion av mordnen? Varfor finns det inga grovre fraktioner i toppen utan
enbart i skadans botten? Jag har manga fragor att fundera pa.

Vi lyckades &dven frilagga en temperaturkabel som lag precis NS skadan. Vid dess
markering 477 m lyckades vi f& fram en referensmatning att jaimfora med da
dammen byggdes. Vi har nagra sadana métningar. Dessa kommer att bli viktiga
punkter att jamfora da vi ska utvardera dammens sattningsbeteende.
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Figur 151. NS temperaturkabel pa niva 80 cm (innan jag borjade griava ner skadan pa des NS sida, dvs mellan
kabel och skadan). Markering 477 m pa kabel inringat
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Figur 152. NS skadan. Pallskiften markerade med roda, streckade linjer.

Portrycksmaétare pa niva 100 cm gravdes fram och mattes in, Figur 153. En intressant
observation var att matare NS hade rostat medan matare US inte hade rostat, se

Figur 154.
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Figur 153. Portrycksmatare i tatjord niva 100 cm. Notera den stora skadan i bildens 6vre hégra horn.
Tatjordsmaterialet kring portrycksgivarna var mjukt och latt att gréva i.
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NS givare rostat

—

US givare ej rostat

Y

e

Figur 154. Bild pa portrycksgivare efter borttagning. NS portrycksgivare efterlimnar en rostig farg i titjorden.

Pa niva 180 cm hade bada givarna rostat och pa niva 280 cm hade ingen rostat.
Portrycksmétarnas inmatning &r nog de ”bdsta” punkterna for att avgora
sattningarna i tatjorden da de ligger ovanfor varandra pé fyra olika nivéer, noggrant
inmdtta da dammen byggdes.

Pa dagens niva tog vi dven ut 20 vertikala provkroppar samt 20 horisontella.
Vertikala provkroppar togs bade vid vanster anslutning och centralt i dammen i
tatjordens US respektive NS sida. Som komplement togs dven 10 st stora vertikala
provkroppar ut (diameter 100 mm, langd 250 mm), se Figur 155. Dessa ska anvandas
for att undersoka skalfaktorn vid triaxtestningen eftersom dmax i tdtjord egentligen
ar for grov for att prover ska kunna tas med 50 mm provrér. Pa sé vis kommer vi
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kunna avgora hur vidl vi kan relatera till vara resultat, uppmatta pa 50 mm

provkroppar.

Figur 155. Provtagning vid védnster anslutning, horisontella prover. 50 mm prover uttagna, 100 mm prover
nerslagna

Apropa stora provkroppar har vi nu fatt ut vattenkvoter ur dessa sett till djupet i
pallen. Vattenkvoten 6kar med djupet pad pallen, se Figur 156. Ska ta ytterligare
prover langre ned
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Figur 156. Vattenkvotens variation i provkropp med avseende pa djupet. Prover tagna pa djup 140 cm.
Den ¢kade vattenkvoten med djupet ar en delfdrklaring varfor tiatjorden ar mjukare

langre ned i pallen. Som jamforelse presenteras matta vattenkvoter som vi fatt ut vid
densitetsmatningarna, 6 matningar pa varje 40 cm nerdrivning, se Figur 157.
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Figur 157. Vattenkvotens variation i titjorden med avseende pa djup. Notera att mitningar vid anslutningar US
och NS samt centralt US och NS ar blandat. Uppdelning gors i slutrapport.

Vattenkvoten Okar inte bara med djupet i varje pall utan dven for djupet med hela
tatjordsprofilen dven om Okningen i vattenkvot verkar avta med djupet.
Variationerna i vattenkvot pa varje niva dr betydande och bor ha att gora med att
nar vi gréver ner tatjorden s& hanar vi lite ojimnt i pallarna. Hamnar vi hogre upp i
pall blir det torrare (hardare) och djupare blotare (mjukare). CPT sonderingarna
innan utgravningen bekraftar ocksa detta, se Figur 158.
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Figur 158. Uppmatta spetstryck under CPT sondering innan utgrdavning av damm. Reservoar full. Notera att
sondering paborjades pa titjordens 6verkant, dvs 0,8 m djup.

Notera hur avstdndet i djupet mellan tva toppar eller tva dalar dr i det ndrmaste
identiskt med tjockleken pa varje pall under bygget, ca 20 cm.

Kornfordelning ska goras pa varje niva i provet for att avgora om kornfordelning
ligger bakom den dndrade vattenkvoten. Jag tror att packningen ligger bakom allt.
Vér morén var ”for blot” nér vi byggde dammen. Kunde inte alls packas sa mycket
jag onskade eftersom den efter ett tag borjade bli mjukare efter att initialt blivit
hardare. Detta ledde troligtvis till simre packning djupare ner i pallen med 6kade
portal som f6ljd. Denna 6kade mangd porer kan ha orsakat att mer vatten bundits
av jorden djupare ner varfor den blivit mjukare. Notera att jag just nu teoretiserar.
Dammen ar otroligt komplex och inga faktorer kan isoleras. Daremot kan vi hitta
saker att titta vidare pa och bevisa i vidare forsok av mindre komplex uppstallning
med mdjlighet att isolera enskilda faktorer. Nar roken lagt sig kommer jag att vilja
arrangera en workshop angaende utgravningen och dess fynd for att kunna plocka
ut saker att detaljstudera. Kommer finnas hur mycket som helst.

Prover togs dven horisontellt. 5st i pallskiftet och 5st mitt i pallen, bade centralt och
vid vénster anslutning men bara pa US sida, 20 totalt.

I morgon gréver vi vidare. Far se vad vi hittar da.
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14.11 30TH OF SEPTEMBER 2024

Figur 159. Dammens tvarsnitt. Gramarkering i figur visar utgravt material.

Inte mycket kvar nu. Yta pa tatjord ojamn pa grund av att om vi ser nagot misstankt
sa grdver vi inte djupare. Dagens avvéagningsprofil visas i Figur 101.
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Figur 160. Avvigning av tatjord. Genomsnittlig niva 65 cm. Roda punkt indikerar plats for vertikal skada
(hégsta punkten.

Det ar riktigt mjukt nu. Vi dr l&ngt ner och reservoaren, den ovantade, tomdes bara
for nagon dag sedan. Nar vi gar pa tatjorden sa sjunker skorna ner rejilt, se Figur
161
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Figur 161. Mjuk tatjord pa niva 70 cm i dammens centrum.

I dag slutforde vi utgravningen av den vertikala skadan. Vi dr nu i dess botten. Vi
har tagit ur material for tvattsiktsanalys. Materialet har en del ler i sig. Stor skillnad
mot hogre upp i skadan. Erosionen som utgatt frdn botten pa den vertikala skadan
gravdes ur och var helt genomgéende, dvs gick mellan NS till US finfilter, se Figur
162 och Figur 163.
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Figur 162. Botten pa vertikal skada med erosionskanaler. US ar nedat i bild. Erosionskanalen gar in i US finfilter
och &r ca 20 cm djup, fylld med sand och fingrus.
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Figur 163. Botten pa vertikal skada (6verst i bild) med erosionskanaler. NS ar nedat i bild. Erosionskanalen gar
in i NS finfilter med en meanderform.

Naér vi gravde ur denna med gravaren ytterligare 20 cm avbrot vi eftersom det kom
fram mer missténkta erosionsskador, se Figur 164.
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Sandlager

Figur 164. Botten pa vertikal skada. NS skadan (uppat i bild) upptécktes ett nytt sandlager som sak undersokas
i morgon.

Dessa sandlager har fran och med 100 cm nivan formligen exploderat i forekomst.
En generell uppfattning ar att NS finfilter vid utgravning ofta har en zon med detta
sandmaterial, mellan NS finfilter och tatjorden, se Figur 165.
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NS finfilter

Tatjord

Sandlager

Figur 165. Sandlager uppstar ofta mellan NS finfilter och tatjord fran niva 100 cm och under.

Ca 4,5 m fran vénster anslutning upptacktes ett misstankt sandlager som utvecklats
mitt i pallskiftet pa niva 90 cm, se Figur 166.
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Figur 166. Sandlager som gar genom tétjorden fran NS till US. Sanden syns lite 6verallt i bild.

Den stora skadan har nu skrapats ut till en niva som &dr nagra cm ovanfor
bottenplattan, se Figur 167. I botten bdrjar skadan vika av mot US sida ca 45 grader
in mot mitten pd dammen. Materialet nere i halet ar mycket 16st. Utgravning

fortsédtter under morgondagen.
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Figur 167. Stora skadan 2,4 m fran hoger anslutning. Bild tagen fran NS finfilter mot US

Jasminas portrycksgivare pa niva 40 cm hittades ocksa under dagen. Inmatning sker
i morgon. Vidare skall dven portrycksgivare i tdtjord pa niva 40 cm frildggas.
Forhoppningsvis far NS portrycksgivare i tatjorden sin forklaring till att den gett
lagre virden dn forvantat. Denna portrycksgivare kommer att sitta mycket nara den
stora skadan.

364



Portrycksgivare
grovfilter

Portrycksgivare
finfilter

Figur 168. Portrycksgivare pa niva 40 cm pa NS sida om tétjord.
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Figur 169. Injekteringshalens placering.

Injekteringshal 1 kommer ett tag att vara det trakigaste av alla hal eftersom inget
hander. Bruket ligger inuti foderroret och vi har nagra dm kvar till dess botten. Fram
till dess lar jag inte se nagot, se Figur 136. Injekteringsbruket har stelnat i toppen av
foderrdret pd samma sadtt som nér en lera torkar (torrskorpekaraktar).
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Figur 170.Foderrér i tatjord vid injekteringshal 1 enligt Figur 49. Bruket ar fortfarande i roret. NS uppat i bild.
Injekteringsbruk i hal 2 hade en viss forandring i form pa niva 90, se Figur 51. Vid
ndrmare inspektion sdg man att just pd denna niva intraffade ett pallskifte sa
injekteringsbruket hade trangt in nagra cm mot US till.
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Figur 171. Injekteringsbruk (grus, sand, kalkfiller och magnetitpulver) fran hal 2 enligt Figur 49. Niva 90 cm. NS
uppat i bild.

Pa efterfoljande 10 cm nertagningar s& sag injekteringsbruket ut som tidigare, se
Figur 172.
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Figur 172. Injekteringsbruk (grus, sand, kalkfiller och magnetitpulver) fran hal 2 enligt Figur 49. Niva 70 cm. NS
uppat i bild.

Injekteringsbruk fran hal 3 identiskt med foregaende nivéer, se Figur 52
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Figur 173. Injekteringshal invid vidnster anslutning (hal 3 enligt Figur 49). Niva 70 cm. NS uppat i bild.

Tétjorden invid anslutningen ser for 6vrigt fortrafflig ut. Géller bada anslutningar.
Detta dr den plats i dammen som tdtjorden, an sa lange, “kénns” bast.

Injekteringshal 4, vid hoger anslutning, var dven det identiskt med foregaende

nivaer, se Figur 174.
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Figur 174. Injekteringshal invid hoger anslutning (hal 4 enligt Figur 49). Niva 70 cm. NS uppat i bild.

Injekteringshal 5, var en av dagens hojdpunkter. Vid 80 cm sag den ut som tidigare
men vid 70 cm syntes plotsligt injekteringsbruk strax US om injekteringshélet, se

Figur 54.
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Figur 175. Injekteringshal 5 enligt Figur 49. Niva 80 cm. NS uppat i bild.

Efter ytterligare 10 cm sa visade det sig att jag antligen natt det djup vid
injekteringshal dar bruket ”sprackt” tatjorden och dndrat sin vertikala neratriktade
rorelse till att ga uppat (hydraulisk upptryckning), se Figur 176. I morgon graver jag
fram denna del med injekteringsbruk. Kan tilligga att de tdjningsmatningar som
utfordes under injekteringen indikerade rorelser pa denna niva mot US. Ska halsa
Sam Johansson att det méttes ratt.
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Figur 176. Injekteringshal 5 enligt Figur 49. Niva 70 cm. NS uppat i bild.

I injekteringshal 6 syns annu inget bruk men for forsta gdngen sa hittade vi material
fran kronet i borrhalet, se . Jag tror att vi snart kommer hitta bruk i detta hal.
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Figur 177. Injekteringshal 6 enligt Figur 49. Niva 70 cm. NS uppat i bild.

Till sist, bild pa dammen sedd mot vanster anslutning innan hemgang, se Figur 99.
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? Trakub

Foderror

\ Erosionsskada

Injeketringshal 5

Portrycksgivare

Figur 178. Dammen sedd fran hoger anslutning mot vénster. Tatjord OK dr pa niva 70 cm. Stodfyllning, grov-
och finfilter pa niva 20 cm.

I morgon inspekterar vi tatjorden noggrant och gréver ut det vi hittar. Ingen
neddrivning ar planerad. Vi behéver en heldag med vara kéra spadar, skyfflar,

skedar och penslar.
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14.12 1ST OF OCTOBER 2024

Figur 179. Dammens tvarsnitt. Gramarkering i figur visar utgravt material.
Dagens avvagningsprofil som i gar, se Figur 101.
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Figur 180. Avvigning av tatjord. Genomsnittlig niva 65 cm. Roda punkt indikerar plats for vertikal skada
(hégsta punkten.

Slitsam dag. Otroligt slitsam. Bara handgravning och nu dr det uppenbart sa att vi
har tva hot spots dér de stora grejerna hander; vid vertikal skada och 2,5m fran hoger
anslutning. Vi tar dessa lite senare.

Vid handgravning kan man fa fram lite mer detaljer som hur pallytorna ser ut. De
ar jattelatta att hitta. Man satter ner spaden och trycker pa lite lagom tills det tar
stopp. Dérefter kan man néstan skala av tatjorden med hinderna sa att den harda
overytan i underliggande pall friliggs. Pa tre stdllen i dammen gjorde vi detta i dag
for att kunna véga in pallytan US mot NS. Jag ar intresserad av dess form efter 5 ars
drift. Ett typiskt utseende pa pall visas i se Figur 161
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Figur 181. Pallavvagning niva 50. US mot NS. Gravmaskinens skopa star pa NS stodfylining.

De tre stéllena lag fran vénster anslutning 1,8 m, 8,1 m och 17,0 m, se Figur 162.
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Figur 182. Avvdgning av tre pallar. Pall 8,1 m och 17 m fran vanster ar samma pall medan pall 1,8 m fran véanster
ar pallen under.

Pallarna har en i det ndrmaste identisk form dar US och NS kanter har satt sig nagot
jamfort med mitten pa tédtjorden. Apropa sdttningar har vi dven miatt in
portrycksgivarnas niva under utgravningen for att folja dammens sittningar 3 m in
frdn hoger anslutning. Sattningarna visas i Tabell 1.

Tabell 1. Portrycksgivarnas séttningar fran installation november 2019 till nertagning oktober 2024.

Givare Ursprunglig niva [m] Nuvarande niva [m] Diff [cm]
Portrycksgivare 1 3.850 3.875 -2.5
Portrycksgivare 2 3.863 3.894 -3.1
Portrycksgivare 3 3.863 3.886 -2.3
Portrycksgivare 4 3.864

Portrycksgivare 5 3.836

Portrycksgivare 6 3.404

Portrycksgivare 7 2.971 3.043 -7.2
Portrycksgivare 8 2.975 3.052 -7.7
Portrycksgivare 9 2.105 2.211 -10.6
Portrycksgivare 10 2.125 2.236 -11.1
Portrycksgivare 11 1.069 1.165 -9.6
Portrycksgivare 12 1.074 1.179 -10.5

Samtliga nivder ar avstdnd fran betonglddans Overkant, det vill siga djupet.
Portrycksmatare 1 sitter i NS grovfilter, portrycksmatare 2 i NS finfilter,
portrycksmidtare 5 i US finfilter, portrycksmitare 6 i US finfilter. Ovriga
portrycksmatare (3 — 4 och 7 — 12) sitter i tatjorden pa fyra olika nivaer dar de jamnt
numrerade matarna sitter pa US sida och de ojamnt numrerade matarna pa NS sida.
Sattningarna 6kar som forvantat med djupet. Sattningarna i toppen pa dammen ar
kring 10 cm och i botten ca 2,5 cm. Procentuellt sett sa har det satt sig ca 3% i toppen
(berdknat pa 3,20m tatjordshojd) men 10% i botten (berdknat pa 20 cm tatjordshajd).
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Inget av dessa sdttningar har kunnat upptéckas vi scanning av dammen fran utsidan
under dammens livslangd. Scanning har utfoérts nagra ganger. Portrycksmatare 6
kommer vi aldrig f4 veta dd den rdkade bli uppgrdavd av grdavmaskinen.
Portrycksmatare 4 och 5 har dnnu ej gravts fram.

Fragor har stillt kring status pa portrycksmaétare 3 da denna konsekvent gett lagre
maétningar an forvantat. Vid framgravning befanns tatjorden kring denna betydligt
blotare an runt de 6vriga, se Figur 183.

Figur 183. Portrycksmatare 3 pa NS sida av tatjord pa niva 20 cm. Tatjord som omgav métaren betydligt blotare
an kring 6vriga matare

For att svara pa varfor jorden ar blotare sa har jag dnnu inga svar. Kan konstatera att
filtret pa NS sida gick véldigt langt in i pallen strax ovanfor portrycksmataren. Detta
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ar nagot vi har sett lite har och dar, att filtret kan gé riktigt langt in i tatjorden dar i
julgranen, se Figur 184

Téatjord

Portrycksgivare \
\ /\x?fﬂtcr

Figur 184. Finfilter just ovanfor portrycksgivare har gatt in ovanligt ldngt i titjorden.

Det hdr omradet ar langt ifran fardiggravt. Jag har en faktor som jag misstanker vara
kallan till all erosion som hdnder hér och det ar tojningskablarna som &r dragna har,
rakt US— NS pa ca 10 cm niv4, 2, 3, 4 och 5 m fran hoger anslutning, se Figur 163 och
Figur 164.
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Portrycksgivare 1, NS
grovfilter

To6jningskabel 3 m fran
hoger

Portrycksgivare 2, NS
finfilter

Tojningskabel 2 m fran
hoger

/

Figur 185. Tojningskablar (blda) med kompletterande temperaturkablar (r6da) framgrivda ur NS finfilter.
Portrycksgivare 1 och 2 &r ocksa synliga.
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Tojningskabel 5 m fran
hoger

Tojningskabel 4 m fran
hoger

Figur 186. Tojningskablar (blda) med kompletterande temperaturkablar (r6da) framgravda ur NS finfilter.

Vid och under den vertikala skadan 7 m fradn vanster anslutning héander det mycket.
Det gar en smal men djup erosionskanal mellan US finfilter och skadan.
Erosionskanalen kan bast beskrivas som en staende lamell, minst 20cm djup. Den &r
troligen djupare men vi kommer inte at det &nnu. NS skadan ar det kraftig erosion
mellan tatjord och NS finfilter, se Figur 187.
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Figur 187. Erosion kring botten pa vertikal skada.

Erosionen jobbar sig nedat i granszonen mellan tatjord och finfilter i stort sett samma
vinkel som tdtjorden har (ca 85°). Erosionen ser aven ut som fingrar som lokalt tar
sig nedat pa flera stdllen. Utseendet kan béast liknas vid jdttegrytor. Vid
framgravningen ar alla dessa erosionsskador fyllda med sandigt material. Over
huvud taget dr det valdigt svart att avgora inne i julgranens granszoner vad som ar
vad. Tatjord och finfilter “flyter” ihop. Det var lattare hogre upp. Finfiltret gér in
langre i tatjorden vid pallskiftet &n vad jag hade forvantat mig. Utgravning av detta
omrade fortsdtter i morgon.

Utgrdvningen vid den stora skadan fortsatter d@ven den. Har ligger det mycket just
nu som ar av intresse, se
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Iniekteringshal 5

Portrycksgivare 3

Figur 188. Situationen vid den stora skadan 2,5 m fran hoger anslutning.

Aven hir har en stor del av skadan utvecklats i granszonen mellan NS finfilter och
tatjorden, se Figur 166.
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Tatjord

Pallskifte

Finfilter

NS. finfilter urgavt.
”Oppet” in i skadan

Figur 189. NS stora skadan. Finfilter har tagits bort pa ett stille fér att visa hur skadan dven gatt in i NS
finfilter.

Aven hir ar det inte fardiggravt. Finfiltret som tagits ut ar valdigt grovt och ska
siktas. Men det forklarar inte allt d& skadan vill nerat och in mot dammens centrum
(&t hoger enligt Figur 166). Skadan gravdes ur mycket idag med handkraft da
injekteringsbruket i injekteringshal 5 skulle undersokas. Injekteringshal 5 diskuteras
strax men under dess framgravning upptacktes fler sandiga och grusiga zoner strax
US om injekteringshal 5, se Figur 190 - Figur 192.
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NS sida

Iniekteringshal 5

\

Sandig och grusig zon

Figur 190. Nya erosionsstrak upptackta US om stor skada och injekteringshal 5.

Den stora skadan har nu skrapats ut till en niva som &dr nagra cm ovanfor
bottenplattan, se Figur 167.
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Figur 191. Nya erosionsskadan. Utgrdavning pagar. NS sida snett uppat hoger i bild.
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Figur 192. Nya erosionsskadan. Utgriavning pagar. NS sida snett nedat vinster i bild. Skadan verkar ta sig in
mot US finfilter. Botten av skadan &ar bl6t. Botten pa hal bara nagon cm ovanfor betongplattan.

Aven denna skada verkar ha formen som en stdende lamell som vi sett pa US sida
om den vertikala skadan, se Figur 187. Skadan upptécktes just vid hemgang och vi
fortsatter att undersoka den i morgon. ,

Aven vid hoger anslutning har vi sett sma sandfyllda hal pa NS sida om tétjorden,
nédra NS finfilter, se Figur 193. Dessa verkar inte leda nagonstans men vi far veta mer
nar vi graver annu mer.
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Grins for NS finfilter
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Figur 193. Erosionsskador vid héger anslutning pa niva 70 cm.

For att avsluta dagens inldgg sa gor vi det med utgravning av injekteringsbruk vid
injekteringshal 5, se Figur 49.
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Figur 194. Injekteringshalens placering.

Som tidigare namnt hander mycket vid injekteringshal 5. Jag haller det dock som
uteslutet att injeketringen har nagot med detta att gora. Tatjorden runt
injekteringsbruket pa dagens nivder dr markant mer kompakt &n tdtjorden en bit
darifrdn. Det indikerar att kompaktinjeketeringen (injektionsprocess dar jorden
utanfor det injekterade bruket “packas”, dvs. kompakteras) fungerat pa ett bra sétt.
Det var riktigt jobbigt att handgrdva har idag.

Situationen vid nedgravnings borjan visas i Figur 195. Nivan vid utgravningen start
var pa 70 cm.
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Injekteringshal 5

Utspritt bruk US
injekteringshadlet

Pallskiftet

Figur 195. Utgrévning av injekteringshal 5. Grdvmaskinens skopa star pa NS sida om tétjorden.

Igar hittade vi vad jag trodde var en stor injekteringsklump men det var fel. Det
hade inte blivit en klump utan en stor del av den stora imnjekteringsbruksyta som
frilades igar visade sig vara ett ganska tunt skikt ("svardshugg”) som trangt in precis
ovanfor pallskiftet da injekteringroret drogs upp med bruket trycksatt, se Figur 196.
Bruket har velat ta sig at US till, dvs den véta sidan av tatjorden.
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Figur 196. Bild tagen US injekteringshal 5. Tumstock star pa samma stélle som i Figur 195.

Om man tittar noga i Figur 196 sa ser man hur tunt injekteringsbruket ar ute i kanten
(vid tumstocken). Jag hade alltsé fel nér jag igar trodde att detta var toppen pa en
storre bruksklump, sa var ej fallet. GlIom det. Vi fortsatte att grava oss runt
injekteringsbruket, se Figur 197.
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Injekteringshal

|

I Tatjord under
| streckad linje

NS

Figur 197. Injekteringsbruk framgravt vid injekteringshal 5. Toppen av injekteringsbruket &r dr pa niva 70. Pelare
ca 25 cm hog

Bruket fortsdtter alltsd vidare nerat i dammen. Jag var under gardagen tamligen
overtygad om att detta var slutstationen for injekteringsbruket i detta hal men det
fortsatter, se Figur 198 - Figur 201.
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Figur 198. Injekteringsbruk fran injekteringshal 5, niva 60 cm. Mitt i pall
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Figur 199. Injekteringsbruk fran injekteringshal 5, niva 50 cm. Pallskifte.
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Figur 200. Injekteringsbruk fran injekteringshal 5, niva 40 cm. Mitt i pall
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Figur 201. Injekteringsbruk fran injekteringshal 5, niva 30 cm. Pallskifte.

Notera hur diametern pa injekteringsbruket dkar och minskar pa varannan bild.
Detta kan ha att géra med omgivande tétjords ursprungliga hallfasthet. Ar vi mitt i
pallen (Figur 198 och Figur 200) s ar omgivande tétjord mjuk. Det trycksatta bruket
tar sig da enklare in i den jorden innan det passiva jordtrycket i tatjorden &r sa pass
hogt att intrangningen av bruket stoppas. Det motsatta géller nér vi precis dr under
pallskiftet (Figur 199 och Figur 201). Da tranger injekteringsbruket inte in alls lika
langt i omkringliggande tatjord.

En annan reflektion kring injekteringsbruket dr hur val det foljer den naturliga
tatjorden. Det var ett av mina mal med brukets sammansattning, att det skulle
mekaniskt imitera tdtjorden. Det har den gjort till 100 %. Det ”gifter sig dven fint
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med omgivande tdtjord, svart att grdva precis i grdansen mellan tiatjord och
injekteringsbruk. Dock ser jag nagot som gor mig angslig. Jag upplever
injekteringsbruket som lite “grynigt”. Nu har det legat i backen i tva ar och jag
utsatte det aldrig for aldring under mitt disputationsarbete. Jag misstanker att
kalkfillern lakas ut, 16ses upp i det passerande vattnet. Om det &r sa ar det saklart
inte bra. Dock stoppade vi in ett injekteringsbruk med delvis magnetitpulver
inblandat (injekteringshal 2 och 3 vid vénster sida, det ”svarta” injekteringsbruket).
Detta upplever jag som mycket béttre i denna aspekt. Magnetitbruket innehéaller mer
finmaterial s& det kanske &r det allt handlar om. Maste fundera mera men om nagon
ska delvis sla ihjdl min forskning sa ar det vl lampligast om det blir jag sjdlv. Har
tagit ut prov av injekteringsbruk for siktning.

I morgon fortsatter vi att grava for hand och efter lunch tar vi ner tatjord till 30 cm
dér vi kan. Vi skrapar ca 10cm vid varje skoptag men stannar givetvis maskinen om
vi hittar nagot. Kansliga omraden som vara tva hot spots far vi fortsdtta handgrava.
Riktigt slitsamt.
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14.13 2ND OF OCTOBER 2024

Figur 202. Dammens tvéarsnitt. Gramarkering i figur visar utgravt material.

Idag ar sista dagen ni far en kvallsrapport. Vi klarar oss utan gravare nu, endast
hjullastare behovs for det sista sa jag har inte en tickande maskinnota i nacken
langre. Jag har dessutom varit sjuk mestadels av rivningen sé skulle méa bra av lite
lagre tempo. Tur jag haft mina fantastiska medarbetare Niklas, Baraa, Klara och
gravmaskinisten Kim. Vi kommer nu kora de avslutande provtagningarna och
handgrédva det sista. Kommer jobba pd dammen fram till kl 14 fram&ver och sedan
skriva rapport innan hemgéang. Det kommer nog en, max tva rapporter till efter
denna.

Dagens avvagningsprofil struntar vi i. Det gér upp och ner beroende & vad vi hittade
och just nu ar kénslan lite att sdtter vi spaden i marken s& hittar vi ndgot. Nedersta
metern har varit tuff. Precis Overallt hander det ndgot och vi har nog missat
smasaker under rivningen. Alla stora saker &r jag tamligen sdker pa att vi hittat.
Figur 57 ljuger lite. Alla fyllningsmassor pa US sida ar kvar av praktiska skal, se
Figur 101. De kommer att f ligga kvar dven nar allt dr utgravt eftersom vi helt enkelt
inte har plats for all ballast utanfor taltet.
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Figur 203. Fyllningsmassor kvar pa US sida.
Vi fick fram en portrycksmétare till som maéttes in, portrycksmaétare 4.
Portrycksmatare 4 hade liksom satt sig med spetsen nedat (7°), snett inat hoger i
dammen, se Figur 204Figur 205
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Figur 204. Portrycksmitare 4. Métare ligger pa US sida om titjorden med spetsen pekandes NS. Tumstock ligger
horisontellt.
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Figur 205. Portrycksgivare 4 US i tatjord. Spetsen har satt sig mot héger anslutning. Tumstock ligger helt i US -
NS riktning.

Notera hur urspolat titjorden &r kring portrycksgivare 4 enligt Figur 205. Jamfor
jorden och positionen med situationen vid installation, se Figur 206,
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Figur 206. Portrycksgivare 4 vid installation 25 oktober 2019. US nedat i bild och NS uppat.

Nu fattas bara portrycksmaétare 5, den i US finfilter. Portrycksmatare 6 kommer vi
inte att fa alls. Den rakade ryka vid ett pallnedtag for tva dagar sedan. Alla
inméatningar av portrycksmaétare visas i Tabell 1.

Tabell 2. Portrycksgivarnas sattningar fran installation november 2019 till nertagning oktober 2024.

Givare Ursprunglig niva [m] Nuvarande niva [m] Diff [cm]
Portrycksgivare 1 3,850 3,875 -2.5
Portrycksgivare 2 3,863 3,894 3.1
Portrycksgivare 3 3.863 3.886 -2.3
3.864 3,903 -3,9
Portrycksgivare 5 3.836
Portrycksgivare 6 3.404
Portrycksgivare 7 2.971 3.043 -7.2
Portrycksgivare 8 2.975 3.052 -7.7
Portrycksgivare 9 2.105 2.211 -10.6
Portrycksgivare 10 2.125 2.236 -11.1
Portrycksgivare 11 1.069 1.165 -9.6
Portrycksgivare 12 1.074 1.179 -10.5

Samtliga nivder dr avstdnd frdn betonglddans Overkant, det vill siga djupet.
Portrycksmétare 1 sitter i NS grovfilter, portrycksmétare 2 i NS finfilter,
portrycksmatare 5 i US finfilter, portrycksmétare 6 i US finfilter. Ovriga
portrycksmaétare (3 — 4 och 7 — 12) sitter i tatjorden pa fyra olika nivaer dar de jamnt
numrerade métarna sitter pa US sida och de ojamnt numrerade matarna pa NS sida.
Sattningarna 6kar som forvantat med djupet. Sattningarna i toppen pa dammen ar
kring 10 cm och i botten ca 2,5 cm. Procentuellt sett sa har det satt sig ca 3% i toppen
(berdknat pa 3,20m tatjordshojd) men 10% i botten (berdknat pa 20 cm tatjordshajd).
Inget av dessa sittningar har kunnat upptackas vi scanning av dammen fran utsidan
under dammens livsldngd. Scanning har utférts ndgra ganger. Portrycksmaétare 6
kommer vi aldrig fa veta da den rakade bli uppgravd av gravmaskinen.
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Tojningskablarna frilades idag, i alla fall paborjades. Vid installation s& packades
kablarna in med bentonit, se Figur 207.

Figur 207. T6éjningskablar som gar igenom titjord NS — US omgérdas med bentonitpulver under installation den
24 oktober 2019.

Jag har aldrig trott pa denna 16sning men dém av min férvaning att kablarna 5 ar
senare fortfarande &r inbdddade i bentonit, se Figur 208. Samtliga fyra
genomdragningar var fortfarande omgardade av bentonit och bentoniten hade
samma konsistens som tandkram. Identiskt skulle jag vilja saga.
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Figur 208. Téjningskabel pa NS sida om titjord 3 m fran hoger anslutning.

Nu hor det dock till sanningen att det hant mycket just hdr i dammen. I synnerhet
har det hdant mycket mellan tdjningskablar 2 till 3 m fran hoger anslutning. Jorden
hér dr markant blGtare och tatjorden innehaller flertalet skador, se Figur 209 - Figur
211.
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Portrycksmatare 4

f

SREEEEEN

Mycket vat jord pa niva 20 — 30 cm

i Portrycksmatare 3

/ (bortplockad)

Begynnande pipe

NS

Figur 209. Linjer for tojningskablar inritade i blatt (2m fran hoger anslutning) och rott (3 m fran héger
anslutning)
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US

Urspolad titjord

Portrycksmaitare 4

407

Figur 210. Urspolad jord mellan téjningskabel 2m och 3m (rétt) fran héger anslutning, niva 20 cm.




NS

Urspolad tatjord

US

Figur 211. Material i den bléta titjorden mellan 2m och 3m fran vinster anslutning niva 20 cm.

Dessutom var det i denna del av dammen som den stora skadan finns, som
avhandlats i de tva tidigare rapporterna. En hel del i denna zon aterstar att
handgrava och det kan ta ndgon dag. Ha tdlamod!

Héromdagen uppticktes en skada pa ytan strax bredvid trakuben, 13,9 m fran
véanster anslutning. Denna griavdes ur och bedémdes som féardig, se Figur 184.

408



NS

US

Figur 212. Skada upptéckt 13,9 m fran vinster anslutning ndgot US om titjordens centrumlinje pa niva 100 cm.

Idag nar vi drev ner detta omrade fran 70 till 30 cm som lossnade en stor bit jord och
avslojade att skadan inte alls var fardigutgravd, se Figur 213.
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Figur 213. Sandlager genom taitjord. Notera att trdkub flyttats ungefar till den plats i Figur 184 dar den lilla
spaden med grént skaft ligger. Niva éverkant pa skada 70 cm och underkant pa 30 cm.

Hur otroligt det &n later sa var vi ndra att missa skadan da den var tunn, som en
stdende lamell. Skadan var full med sand och grus. Sand langre NS i skadan och
grovre at US skadan till. Detta har vi sett pad fler stillen. Prover for
kornstorleksbestamning uttagna. I Figur 163 kan man se hur mycket sand och grus
som kunde gravas ut.
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Figur 214. Samma skada som i Figur 213 men efter uttag av sand och grus.

Under nedgravningen idag s& upptécktes dven att tatjorden sprack upp lite “val”
enkelt utmed pallarna. Vid narmare inspektion visade det sig att det i pallskiftena
paborjats erosion dar tatjordens material blivit sandigare,
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Sandlager i pallskiftet

Figur 215. Sandlager har bildats i pallskiftet pa niva 60 och 40 cm 16,5 m fran vénster anslutning

Vid och under den vertikala skadan 7 m fran vanster anslutning hander det
fortfarande mycket. Det gar en smal men djup erosionskanal mellan US finfilter och
skadan. Erosionskanalen kan bast beskrivas som en staende lamell, minst 20cm
djup, se Figur 187.
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US

”Staende
lamell”. Minst
20cm djup. Gar
in i US finfilter

Botten pa
vertikal skada

—

Erosion. Som fingrar

NS

Figur 216. Erosion kring botten pa vertikal skada.

Idag fortsatte utgravning av denna skada med fortraffligt resultat. Vilyckade faktisk
grava ur sandlagren och det gar en pipe (fylld av sand och grus) rakt igenom hela
tatjorden. Pa Figur 217 till Figur 222 kan ni fdlja utgravningen till fullt genomslag,
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Botten pa vertikal skada

/

NS

US

Figur 217. Ingravning fran US sida in mot skadan. Notera den stdende lamellen fylld med sand och grus. Ett
typiskt skadeutseende i dammen.
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Botten pa vertikal skada

< Pipe 1
< Pipe 2

Figur 218. Ytterligare ingravning. Notera hur ligger strax under varje palltopp i paliskiftet. Pipe 1 och 3 var

”&tervandsgrinder”. Pipe 2 ledde vidare.
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US

Tatjordsslant

NS

Ingravt fran US

Pipe

Botten pa vertikal skada

Figur 219. Pipingen sett fran NS sida. | pipen fick man in hela armen. Notera tatjordssldnten. Denna var
tidigare helt tackt med finfiltermaterial. Pipen har alltsa gat ut i finfiltret.
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Figur 220. Inuti pipe fran NS sida. Distans in dr ca 50 cm
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Figur 221. Fullt genomslag. Pipe 2 enligt Figur 218 ledde till en vag rakt igenom tatjorden.
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Figur 222, Ytterligare bild pa pipens genomslag. Den var betydligt storre NS (diameter ca 10cm) &n US
(diameter ca 4 cm).

Troskeln in i pipen pa US sida lag pa ca 40 cm och pipens lagsta punkt lag pa niva
15 cm. Botten pa vertikal skada lag pa niva 80 och den ytan var mycket hard. Den
vertikala skadan har sannolikt orsakat alla skador hdr men pipen gick en bra bit
under den. Den helt frilagda pipen (taket borttaget) visas i
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Tidigare botten
pa vertikal
skada

Figur 223. Vy ovanifran éver pipe nir taket tagits bort. US pipe uppat i bild.

Till sist lite injekteringshal. Ursprunglig placering visas i Figur 49.
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Figur 224. Injekteringshalens placering.

Hann inte med att undersoka sa manga men Injekteringshal 1 star kvar i sitt ror,
injekteringshal 2 och 3 &r ej undersokta for dagen. Injekteringshal 4 har pa niva
60 cm spridit sig rejalt, se Figur 225, Injekteringshal har tagit slut och injekteringshal
6 har jag inte hittat annu. Som det verkar har 30 liter bruk bara férvunnit. Oroar mig
att allt foljt med i ett skoptag (har bruket spridit sig som en lamell med tjocklek
under decimetern kan jag faktiskt bommat det helt) men vet mer sakert om nagra
dagar.
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Ursprungligt hal
—

Figur 225. Injekteringshal 4 niva 60 cm. Bredd ca 20 cm, lingd ca 40cm. Injektering har tryckts mot US (nedat i
bild)

Det som hédnder nu ar att tatjorden &r pa varierande nivaer 20 — 60 cm och att all NS
stodfyllning &ar borttagen se Figur 226
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Figur 226. Rensning av stoédfyllning NS sida av ladan.

Jag hade mycket sma férhoppningar om att fa ut nagot fran sjélva bottenplattan vid
dess frilaggning. Maskinen har kort fram och tillbaka under snart tva veckor och
material har sdklart trillat igenom. Vi kunde dock fa vissa prover att testa. Det var
klart sa att det fanns en hel del finpartiklar blandat med vatten pa botten. Nagra
prover togs for sedimentationsanalyser, se Figur 227
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Figur 227. Finmaterial pa botten (brun ”gegga”) strax NS om grovfilter ca 10 m fran vénster anslutning. Fanns
en hel del av detta.

Sista bilderna innan slutkommentar visas i Figur 228 och Figur 229.
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Figur 228. Damm betraktad fran héger anslutning mot vanster.
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Piping under /

vertical skada

Injekteringshal 2?

Injekteringshal

Figur 229. Damm betraktad fran vinster anslutning mot hoger.

S& vad hénder nu? I morgon och pa fredag kommer vi att ta ut provkroppar
(vertikala plus horisontella, 40st), kornférdelning pa NS finfilter, fortsatta
handgrédva vid hoger anslutning mellan alla tdjningskablar, ta ut tva stora vertikala
provkroppar {or vattenkvotsbestimning i bottenpallsprofilen. Sedan kommer vi nog
pa mer. Man far sa mycket intryck och idéer nar man spankulerar omkring dér nere
i hdlet. Vi kommer dock slippa pd gasen nu da vi inte har den lopande
anldggarmaskinsrakningen igang langre. Da blir det inga sena nétter for mig mer
utan skriver jag en dagsrapport ar den klar innan hemgang. Jag aterkommer med
rapport ndr nasta ar redo. Troligtvis pa fredag. Nér jag val checkar ut kommer jag
dven att forsoka skriva in lite helhetsintryck at er, de stora insikterna som dykt upp
for mig har under resan. Dammen har haft manga fler skador an jag kunde dromma
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om vilket sdklart ar kul. Trots laga gradienter och rétt materialval. Mycket kan nog
kopplas ihop med svarigheter att packa en alltfor bl6t moran i oktober och november
ménad ndr dammen byggdes.
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Appendix B: Paper to EurCOLD’s Working Group
on internal erosion

A paper was submitted and presented on the 31t EWG-IE & 6t EWG-OOE meeting
in Brno, 23-28 June 2025.

Dismantling a 4 m high experimental rockfill dam
after four years of operation

J. Lagerlund!, P. Viklander?,

1. Vattenfall Research and Development, Alvkarleby, Sweden, Johan.Lagerlund@Vattenfall.com

2. HydroResearch AB, Tiby, Sweden, and Luled University of Technology, Lulea Sweden,
Peter.Viklander@Hydroresearch.se

ABSTRACT: After four years of operation, a 4 m high, 20 m wide experimental
embankment dam with a core of fine-grained moraine was dismantled and investigated for
internal erosion. Even though the dam was designed according to Swedish standard, internal
erosion was found at several locations at the lowest 1 m of the dam. Poor compaction during
construction was thought to be the main reason behind the observed internal erosion.
Furthermore, the downstream fine filter had become enriched by fines from the core.

Keywords: Internal erosion; moraine; embankment dam

INTRODUCTION

A 4 m high rockfill embankment dam, with a fine-grained glacial moraine core, two filters
of sand and gravel, was built in a rigid, watertight, concrete box at Vattenfalls laboratory in
Alvkarleby, Sweden. The core was 3.5 m high, 20 m wide and the dam was exposed to a
water reservoir level of 3.3 m over four years from 2020 to 2024. The main goal was to
investigate if six different types of built-in anomalies in the core (reported in Lagerlund et
al., 2022), could be detected by blind tests using conventional geophysical methods and
temperature measurements (Viklander et al., 2023). Another goal was to learn more about
embankment dams and internal erosion as was pointed out at the [COLD meeting in Marseille
(Toromanovic et. al., 2022).

The dam was designed according to the Swedish dam safety guidelines, RIDAS (2012). The
water content of the moraine was 4 - 5 % above optimum and could thus not be perfectly
compacted according to normal standard. The degree of compaction and water content were
continuously measured during construction as well as particle size distribution of the core
soil and filters.

After four years of operation, the dam was dismantled. In this paper, key findings from the
dismantling are presented. Full report on findings (raw data) is presented in Lagerlund
(2025).

METHOD OF DISMANTLING

The dam was dismantled during three weeks in September 2024. Dismantling was done in
sequences of 40 cm, utilizing an 18 ton excavator. In each sequence, the fine- and coarse
filters were first removed and finally the core soil, see Figure . Documentation and sampling
of the dam materials was performed continously.
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Figure 1. Dismantling sequence. Step 1 and 2 was only done initially. Step 3 to 5 was repeated until the dam
was completely dismantled.

RESULTS AND DISCUSSION

Just before dismantling the dam, the core soil was investigated by CPT sounding at both
abutments and in the dam line, before the reservoir was drained off. The CPT result showed
a very distinct pattern of layers that coincided with the height of each compacted layer from
the time of construction. The dam had been laser scanned on several occasions during its
lifetime, but neither any significant movements nor settlements were ever detected. However,
during dismantling, settlements of up to 10 cm of the core soil crest were measured.

Generally, at 3 m depth or greater from the crest, the boundary zones between adjacent core
layers showed clear signs of internal erosion (Figure ). During the dismantling, it was evident
that each core soil layer was “stiff” at the top and “wet” at the bottom. Thus, boundary zones
were present at every ~20 cm of the core soil, which had been identified by the CPT
measurements. This feature was explained by difficulties in compaction work at the time of
construction.

Top of core /

soil layer,

Bottom of
core soil layer,

/lwetll

Figure 2. Red arrows show boundary zones between core soil layers. Blue arrow represents a layer of the core
soil (Lagerlund, 2025).

Internal erosion was furthermore found at three main locations in the bottom part of the core.
The first main location of found internal erosion was a sinkhole under development (Figure
). It is labelled in this paper as a “sinkhole”; however, it was in fact a vertical zone filled with
sandy and gravelly material (Figure ), Given more time, this vertical zone would most likely
transform into a sinkhole.
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Figure 3. Sinkhole in the core soil after removing the remaining sandy gravelly material. Red dashed line marks
the boundary zone between core soil and downstream fine filter. Total volume was approximately 400 litres
(Lagerlund, 2025).

Material from the top of the sinkhole (140 cm above the dam foundation) and material from
the bottom of the sinkhole (30 cm above the dam foundation) was sieved. Results from
sieving of the sinkhole material were compared with the original particle size distribution of
the core soil, see Figure . The results indicated; (1) a loss of fines has occurred in the whole
sinkhole. (2) at the top of the sinkhole, the core soil material has transformed into a fine sand.
(3) at the bottom of the sinkhole, the coarser material that could not be found at all at the top,
were present. The reason for this difference by depth has yet not been fully explained. The
downstream side of the sinkhole was merged with the downstream fine filter.
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Figure 4. Particle size distribution of material from top (140 cm) and bottom (30 cm) of the sinkhole compared
to original core soil. Adapted from Lagerlund (2025).

The root cause to internal erosion leading to the formation of the sinkhole was most likely
due to a pre-tensed strain cable going through the core soil in an upstream to downstream
orientation (Viklander et al., 2023). The bottom of the sinkhole was just centimetres above
this cable and the core soil around the cable was very wet.

The second main location of found internal erosion was a set of three horizontal pipes just
underneath one of the built-in anomalies, Figure . The three pipes at this location had
developed at the boundary zones between the core soil layers. The pipes were not empty but
filled with sandy material, like the appearance of the sinkhole. One of the three pipes went
completely through the core soil, from the upstream to downstream fine filter. Downstream
of the piping damages, sampling of fine filter material was difficult since the pipes and fine
filter material had “merged”. This made it impossible to distinct the eroded core soil from
the fine filter material.

431



Figure 5. The three pipes at the second main location of internal erosion viewed from upstream side of the
core soil during excavation (sandy material from the pipes is removed). The middle pipe, shown in the figure,
went completely through the core soil. (Lagerlund, 2025).

The third main location of found internal erosion was a sandy zone through the core soil
(Figure ). Here, the internal erosion did not reach fully through the core soil. It was connected
with the downstream fine filter but not with the upstream fine filter. The zone was up to
40 cm high but never wider than 10 cm.
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Figure 6. A sandy zone (inside the red lines) in the core soil. Left and right red triangle marks sample locations
for sieving test “US Damage” and “DS Damage” respectively. Downstream side to the right in the figure.
(Lagerlund, 2025)

Material from both upstream and downstream part of the sandy zone was sieved and results,
together with the original particle size distribution of the core soil, is shown in Figure . Here
it was found that a loss of fines had occurred, especially at the downstream side of the sandy
zone. The fine filter located downstream of the sandy zone was damaged by the excavator
just before sampling. The particle size distribution could therefore not be determined.

100
90

< 80

oo 70

=

2 60

(]

2 50

&

Re 40

c

g 30

—

& 20
10
0
0,01 0,1 1 10 100

Particle size [mm]

—&—DS Damage —#—USDamage e=@m(QOriginal Core Soil

Figure 7. Particle size distribution of material from upstream and downstream part of the sandy zone together
with original core soil. (Lagerlund, 2025).

In addition, internal erosion was also found at the bottom of the right abutment.

No sign of internal erosion around the original six built-in anomalies was found. Clay and
silt particles could be found at the very bottom of the downstream coarse filter.

Sieving of the general sampled downstream fine filter material during dismantling was
compared with fine filter material from the time of construction. Results showed that the fine
filter was enriched with fines (
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Table 8). In all locations but two, the measured amount of fines in the downstream fine filter
were higher than the maximum allowed (5 % by weight) according to RIDAS (2012). This
will increase the risk of crack development in the fine filter.

Table 8. Change in fine content of the downstream fine filter at various depths measured at both abutments
and centrally in the dam. Positive percentage = increase of fines. From Lagerlund (2025).

% change of fines
Depth [m] Left abutment Center of dam Right abutment

1.2 2 30 5

1.6 5 25 10
1.9 -28 38 120
23 21 21 20
2.6 13 41 -7

3.0 -26 44 56
3.4 8 21 30
3.8 33 36 57

Throughout the dam lifetime, i.e., four years of operation, seepage and turbidity was
measured at the downstream dam toe in seven weirs and was slowly decreasing from the first
filling to the time of dismantling (Hansson et al., 2024).

KEY FINDINGS

The test dam was built as a conventional embankment dam designed according to Swedish
dam safety guidelines (e.g. RIDAS, 2012) and was in operation in four years. The following
were found:

e No sign of internal erosion was found adjacent to the six built in defects.

e The dam was designed according to practice, i.e. with a suitable fine filter to hinder
development of internal erosion.

e Three major locations with internal erosion were observed and documented.

e Fine particles were washed out locally leaving basically pure sand in the cavities in
the moraine core.

e A lot of the initiated internal erosion was found in the boundary zones that were
inadvertently created during the construction of the dam when a next layer of core
soil was placed on top of the previous compacted layer.

e The dam was not fully constructed according to construction practice, i.e., due to
poor compaction of the core soil of moraine wetter than optimum.
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DOCUMENTATION FROM THE
DISMANTLING OF THE ALVKARLEBY
TEST EMBANKMENT DAM

The Alvkarleby test dam was built in 2019 and served as a national and international
test bed until the fall of 2024. After 4.5 years of operation, the dam was dismantled and
thoroughly documented. The dismantling process revealed multiple instances of internal
erosion, including signs of material displacement and seepage pathways, indicating
potential vulnerabilities in the dam’s structural integrity.

Overall, the dam exhibited significantly more damage than expected for a structure only
five years old and operated for 4.5 years under a maximum hydraulic gradient of 3. Four
primary factors are suspected to be the main drivers behind the anomalies observed in
the dam: Inadequate compaction during construction, inherent weaknesses in the core
soil, particularly at layer boundaries, use of fine filter material that did not conform to the
design specifications and coarse filter separated during construction.
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