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Preparation for the shutdown started on the 27th of September 2019 where the intake gates were positioned above the openings at the Katse Intake Tower.  Power generation was then stopped at Muela on the 30th September 2019.  Closure of the Katse Intake Gates took place on the 1st October 2019 followed by the commencement of dewatering the Transfer Tunnel and Delivery Tunnel as well as the lowering of Muela Dam.  The Delivery Tunnel dewatering was mostly complete by the 4th October 2019 after which removal of the bulkheads could have taken place to allow work to start.  However due to the short time lines between appointment and the shutdown, the safety requirements were not fully in place and the bulkheads at the Little Caledon were only opened on the 8th October 2019.  Removal of the bulkhead at the Caledon took a bit longer because of difficulties removing the bolts which were frozen in place.  Maintenance works then continued until the tunnel refilling which started on the 22nd November 2019.  The tunnel refilling sequence consisted of opening the Katse Intake, followed by the filling of Muela Dam and finally filling of the Delivery Tunnel.  Delivery Tunnel refilling was completed on the 29th November 2019 and the power generation resumed on the 1st December 2019 as planned.
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a) Inspection, condition assessment and reporting on all LHWP components that can only be accessed when the system is dewatered.  The key areas of concern are the hydro-mechanical equipment, corrosion protection on the steel lined sections and to a lesser extend the concrete lined tunnel sections.
b) Undertake maintenance repairs on those components as identified during the inspection.  Due to time constraints it may be necessary to prioritise the work to be undertaken and reschedule the balance for future outages.
c) Open bulk heads, clear debris and sediments and clean surfaces for inspection and repair.
d) Undertake corrosion protection repairs as instructed along the steel lined sections of the tunnel.
e) Inspect and remove all valves in the dewatering shafts and Tunnel Bypass for repairs or refurbishment.
f) Undertake an on-foot inspection of the Ash River and document observations.
g) Analyse data obtained from a LiDAR Aerial Survey that was conducted by others along the Ash River during the no flow condition.
h) Comment on the erosion status of the river, compare results with previous analyses, and recommend short and longer term actions to be taken.
i) Undertake minor emergency rehabilitation works along the Ash River.

[bookmark: _Toc32566592][bookmark: _Toc36742605]Inspection Results, Work Done and Recommendations
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The general condition of the DTN was very good.  The tunnel is predominantly Precast Segmental Lining (PCSL) which was not anticipated to be a major problem.  The two main areas of concern; the valves and the corrosion protection of the steel lining were inspected and had deteriorated, but at an unexpected increased rate.  The tunnel did not have as much debris build-up as per the previous inspections, indicating the effectiveness of the trash boom that was put in at Muela.
Inspection of all the sections was considerably delayed, partly due to the late award of the contract which resulted in the OHS requirements not being met when the tunnel was empty and therefore not allowing work to commence.  The other aspect for the delay was the slow progress on the cleaning and the inadequacy of the cleaning method for the level of cleanliness required to do a thorough inspection, as well as the amount of sludge encountered in the steel lined sections and dewatering shafts.  Careful thought about how this task will be tackled during the next outage must be a priority.

[bookmark: _Toc36742607]Tunnel Dewatering and Filling
Dewatering and Filling of the DTN both had their issues but was successfully completed.
Dewatering under gravity all went according to plan, and once the dewatering shafts had drained the tunnel as much as possible under gravity, the pumps were then started to empty the low points at the Caledon and Little Caledon Siphon.  Both pumps initially worked fine but near the end of the dewatering process they both failed.  It is assumed that the failure is a result of the large amount of sludge seen in the tunnel.  This is discussed in further detail under section 1.7.6 – Pumps.

[bookmark: _Toc36742608]Tunnel Access Bulkhead Domes
Filling of the DTN went as planned with the exception of the bulkhead at the Caledon North Adit and the Little Caledon South Adit.  Both of these bulkheads started to leak at the flange face and through the bolt holes when the water pressure started to build up.  The cause of the leakage is not clear but there are a number possible causes:
1. The O-ring slipped out of place when the bulkhead was moved into position.  This seems unlikely due to the fact that it happened at two locations (Caledon and Little Caledon South) and this has never happened in the past.
2. The other and more likely possibility is that the O-ring was of the wrong size.  It is more probable that the installed O-ring was too big rather than too small because when the bolts were torqued a decrease in flow was observed.  If the O-ring was too small the flange faces would be flush with steel on steel contact and tightening of the bolts would have had no effect.  If the O-ring was too big, tightening the bolts would cause the flange face to squeeze the O-ring out of its slot and it would start acting like a gasket rather than an O-ring.  This could explain why less water was observed with increasing the torque applied to the bolts.  Unfortunately even with the increased torqued on the bolts, it was not possible to stop the leakage.
3. Subsequent investigations showed that TCTA ordered a 13mm diameter O-ring, but whether this was actually installed is doubtful as installation (and fixing) in the O-ring slot, 12.5mm x 7.5mm, would have been very difficult.
4. It is also possible that the prescribed bolt tightening and rotation sequence was not correctly followed.  In the case of a larger than specified O-ring being installed an incorrect sequence could have resulted in uneven compression of the O-ring.  This occurrence would have manifested itself as an uneven gap between the dome flange and receiving flange around its perimeter.  Subsequent inspections showed this not to be the case and a consistent 2mm gap was measured.
Also refer to the detail report for a more elaborate discussion.

[bookmark: _Toc36742609]Cleaning
Cleaning of the steel lined sections was initially done with brooms and pump action water sprayers fitted on the labourers’ backs.  This was ineffective and slow and did not allow for adequate inspection of the corrosion protection.  Scotch Bright pads with Ten-Ten, a multi-purpose cleaner, was then used which proved far more effective, but compromised the surface integrity of the corrosion protection paint due to the abrasive nature of the pads.
Staining of the corrosion protection was not seen in previous years and could be indicative that the CP is oxidizing which is why the only way to clean it was to use the Scotch Bright Pads and mechanically remove the top of the outer layer.  This could mean we will see more severe issues during future outages.
The availability of water was also an issue and a hindrance to cleaning.  The amount of ground water seeping into the tunnel varied considerably, some days the temporary reservoirs (constructed from wooden weirs) at the adit intersections would over flow or full up and divert water in a matter of minutes, while other days they would not full up at all.  This means ground water is not a reliable water source for cleaning as was the cases during previous outages and contingencies should be put in place during the next outage.
The pump failures in the two dewatering shafts also played a role in delaying the cleaning, particularly in the Caledon Dewatering Shaft.  Details of the pump failure are discussed below, but the increased amount of sludge seen in the 2019 Outage is most likely the cause of the pump failures.
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Caledon Dewatering Shaft:
· The 600mm butterfly valve on the suction main was removed and sent for a complete refurbishment at the factory and reinstalled.  The corrosion protection on the valve blade initially appeared in condition, but on further inspection was found to have completely separated from the blade.
· The two 250mm butterfly valves on the pump suction line were removed and sent for complete refurbishment at the factory and reinstalled.
· The two 50mm gate valves on the bypass line were replaced as well as the 50mm gate valve at the bottom of the main pump suction line.  The pressure gauge and ball valve on the 600mm valve bypass were also replaced.
· The 250mm fixed cone sleeve valve was in good working condition and was left as is.
· The non-return valve on the pump rising main should be removed and inspected.  This can be done anytime.

Little Caledon Bypass:
· The 1600mm butterfly valve that was procured before the shutdown was sent to the factory to change the mounting of the sacrificial anodes from a welded system to a bolted system for easy changing during the next outage.  There was also some mechanical damage on the corrosion protection paint work that was repaired.  This valve then replaced the valve in the left-hand pipe line (looking downstream).
· The two 1600mm butterfly valves that were in operation were both removed and sent to the factory for a complete refurbishment.  One of them was returned to site and reinstated in the right-hand pipe line while the other will be stored and kept as a spare.
· The two 900mm fixed cone sleeve valves were in good condition requiring only in-situ spot repairs to the corrosion protection.  There were six spot repairs required on each valve.
· The two 100mm gate valves and two 50mm gate valves that are at the bottom of each pipe were replaced.

Little Caledon Dewatering Shaft:
· The two 900mm butterfly valves on the main line were both removed and sent for a complete refurbishment at the factory and reinstalled.  Repairs were also done on the gearbox of the control valve (first valve on the tunnel off-take).
· The two 250mm butterfly valves on the pump line were removed and sent for complete refurbishment at the factory and reinstalled.
· The two 50mm gate valves on the bypass line as well as the ball valve and pressure gauge were all replaced.  The 50mm gate valve at the bottom of the pump suction line was also replaced.
· The non-return valve on the pump rising mainshould be removed and inspected.  This can be done anytime, but it would interrupt any water being transferred to Clarens and therefore the municipality would need to be informed.
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Caledon Dewatering Shaft
The main pump initially worked fine during the dewatering process but started to cut-out (tripping at the control panel) towards the end of the dewatering cycle.  The pump eventually failed with approximately 5m of water depth left in the tunnel.  The 50mm gate valve at the bottom of the pump suction line was then opened to fill the shaft and let the sump pump remove the remaining water in the tunnel.  Significant amounts of sludge/mud on the shaft floor was evident.  The sump pump then also failed causing the shaft to flood, which required a mobile pump to remove the water.  The sump pump was replaced and is functioning well but the main pump will require a full evaluation and possible replacement/refurbishment as soon as possible.

Little Caledon Dewatering Shaft
At the beginning of the dewatering process the main pump was working fine but started to cut-out (tripping at the control panel) towards the end of the dewatering cycle.  The pump eventually failed with approximately 3m of water depth left in the tunnel.  The 50mm gate valve under the pump suction line was opened and the sump pump completed the dewatering process.  The sump pump is still working fine but it was observed that the float switch did not always turn off the pump once the shaft was empty.  This is because the float would not always hang down vertically enough to break the electrical circuit, but instead lay nearly horizontally on the concrete floor.  The main pump will require a full evaluation and possible replacement/refurbishment as soon as possible.
The reason for the main pumps in the dewatering shafts failing are not yet confirmed, but the increased amount of sludge when compared to previous outages is a likely cause of straining the pumps which eventually caused the failure.  The fact that they only failed near the end of the dewatering process also points to the sludge being the cause as this is when the sludge build up would be most concentrated.  Initial feedback from a pump specialist supported this conclusion.

[bookmark: _Toc33083974][bookmark: _Toc33085350][bookmark: _Toc33085903][bookmark: _Toc36742612]Corrosion Protection
The Caledon River Crossing Steel Section and Low Cover Section were both very difficult to clean as previously mentioned and considerable delays resulted.
Severe blistering was seen on the southern section of the Caledon River Crossing and the Low Cover Section where most of the blisters were found along the invert between the 4 and 8 o’clock positions.  Many of these blisters showed cracks with evidence of minor pitting corrosion.  These sections were firstly cleaned with a chemical abrasive (Scotch-Brite) and then coated with Corrocote Zip-E (a glass fibre reinforced solvent free epoxy corrosion protection paint).  The standard procedure of abrading down to bare metal (applicable to spot repairs using Pipe Tank 151) were not followed before application.  This was done because due to the time constraints a proper repair could not be done.  This will essentially act as a barrier preventing water, oxygen and ion exchange and protect these cracked blisters until the next outage when a proper repair can be done.  The fibre reinforcement would also prevent the coating from cracking should further differential water pressures develop between the layers of coatings.  This approach is estimated to extend the working life of these sections by approximately 5 years.
All other repairs where cracked blisters (in less extensive areas) or coating damage was encountered were repaired with Pipe Tank 151 (a solvent free epoxy based corrosion protection paint) and were abraded to bare metal and feathered the existing paint before application.
Blistering and corrosion was more severe at the interfaces between the steel and concrete at the ends of the steel linings which was most likely caused by a difference in ambient conditions during the curing process due to the proximity of the larger diameter concrete linings.

[bookmark: _Toc32566596][bookmark: _Toc36742613]Concrete Sections
[bookmark: _Toc33012279]Precast Segmental Lining (PCSL) Tunnel Sections
The PCSL sections of the tunnel were for the most part in very good condition.  The only repair work that was actually required was where the grout plugs had disintegrated which could cause erosion behind the lining.  These were repaired with Lamposilex – a flash setting cement based product capable of setting in water.
Typically the grout plugs showed one or more of the following:
· Complete loss of grout-plug and grout-hole filling, continuing into a cavity past the lining.
· Complete loss of grout-plug and filling.
· Partial loss of filling, varying from approximately 10mm to 100mm deep.
· Water ingress on intact grout holes.
Segment ring build (steps, lips and birds mouthing) appeared unchanged from construction and no visible deformation of the lining shape was observed.
[bookmark: _Toc33012280]Cast In-Situ Concrete Lined Tunnel Sections and Ash Outfall
A few of the polysulphide joint filler had washed out in some sections of the cast in-situ sections.  These where simply cut out and removed.  There were also some the polysulphide filler in the construction joints at the Ash Outfall.  These required replacing the filler.





[bookmark: _Ref31215436][bookmark: _Toc36742637]Table 1‑12: Concrete Repairs Statistics 
	Workplace
	Polysulphide Joints Cut Out Only loose sections. No.
	Polysulphide Joint Repaired. No.
	Total Number of Grout Plugs. No.
	Grout Plugs Repaired. No.
	Notes

	Vent Shaft 5 to Vent Shaft 6A
	4
	0
	-
	0
	

	Vent Shaft 6A to Little Caledon Tunnel Bypass (Caledon Tunnel)
	0
	0
	57 140
	150
	57 Grout plugs were identified as crucial to repair, but a number of less important ones were also repaired.

	Little Caledon Siphon
	1
	0
	-
	0
	

	Little Caledon North to Ash Outfall (Ash Tunnel)
	0
	0
	78 570
	42
	

	Ash Outfall
	0
	11
	-
	0
	

	Total
	5
	11
	135 710
	192
	


Other Concrete Works
It was also noted that at the Little Caledon Dewatering Shaft the outfall structure was being undermined as a result of the sandstone erosion.  It is recommended that some concrete remedial works be done in the near future to prevent failure of the outfall structure.

[bookmark: _Toc33012282][bookmark: _Toc36742614]Access Adits and Ash Outfall Rock Cutting Inspections
The purpose of the inspection was twofold: firstly, to visually appraise the integrity of soil and rock support to the approach cuttings, portals and access adits and, secondly, to make recommendation regarding necessary remedial measures.
Due to the presence of sprayed concrete (S/C) cover, the inspection of rock bolts and soil nails was not possible.  Therefore, the observations contained herein principally refer to the S/C support. 
The inspection allowed for the visual inspection of cutting faces, tunnel sidewalls and inverts.  Close inspection of the adit crown was not possible 
In general all the portals and adits were in good condition with very few issues.  Some of the issues encountered were:
· Erosion/scour due to storm water runoff at the portal approach cuttings.
· Shotcrete wall toes has been undermined the portal approach cuttings and will continue to deteriorate with seasonal rainfall and other environmental factors.
· Minor effervescence was often seen in the concrete section, transition between concrete and adit as well as the shotcrete in the adits.
· Localised minor spalling and cracking of shotcrete.  .
· At the Caledon North Adit about there was about 20m of very poor (debonded) shotcrete opposite the drainage gallery.
· Intermittent vertical cracking with an aperture of approximately 1-2 mm, along with inclined and horizontal cracking was seen at the Ash Outfall Portal.
· These areas should be sprayed over should rust or sediment staining become visible.

[bookmark: _Toc36742615]Tunnel Hydraulic Performance – Category 1 HGL Testing
Category 1 HGL data for DTN has been collected since August 2002.  Dipper and gauge plate readings were taken on a weekly basis during normal tunnel operating conditions.  ‘Muela HPS follows the Lesotho demand with the result that the hydraulic conditions are non-ideal for HGL measurement.  Because of the relative hydraulic smoothness of the tunnel changes in flow in the tunnel result in micro-surging when the flow changes which creates a measure of inaccuracy in the readings.  During DT Flow Testing it was found that these periods of instability lasted for a period of 8 hours to as much as 2 days depending on the magnitude of the flow change.  Typically an R2 = 0.96 is achievable for Category 1 testing whereas an R2 of 1 is achievable during Category 3 testing.
By embarking on a weekly measurement regime, thereby building a large database, it was anticipated that would be possible to determine reliable HGL trends rather than absolute HGL values.  Category 2 and Category 3 HGL testing was incorporated into the O&M manuals to provide for improved degrees of accuracy of HGL determination.  Category 2 and Category 3 HGL testing would to a varying degree impact on normal HPS and tunnel operation.
For reporting purposes the Category 1 test database was divided into 2-years periods preceding and 2 year periods post outage for the 2003, 2012 and 2019 Outages and trends determined.  The trends for the post 2019 Outage will only become available in 2021.  Graphic presentations of the trends in the years prior to the 2003, 2012 and 2019 outages are shown in the figures below:
[image: ]
[bookmark: _Toc36742568]Figure 1‑5:  Category 1 Testing at Tunnel Bypass for the Years 2002 - 2003.Pre 2003 Outage.
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[bookmark: _Toc36742569]Figure 1‑6: Category 1 Testing at Tunnel Bypass for the Years 2010 - 2012.  Pre 2012 Outage.
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[bookmark: _Toc36742570]Figure 1‑7: Category 1 Testing at Tunnel Bypass for the Years 2018 - 2019.
Also note that HPS load following results in changes in discharge (and resulting tunnel flow) in the mornings at generally around 08h00 and again around 16h00.  The HPS hydrograph also provides for summer and winter discharge patterns which impact on both timings and quantum of discharge for the HPS.
The as expected hydraulic ageing of the tunnel is illustrated by comparing the blue and orange vertical and horizontal lines in the above figures.  The blue lines represent the tunnel in “new” condition at a flow of 28 m3/s which was the average flow at the time of the measurements.  The orange horizontal line shows the current head required to achieve the same flow of 28 m3/s and the vertical orange line indicates the flow that would have been possible at the current head if the tunnel was still “new”.
A trend of reducing tunnel capacity can be deduced from the graphs
· Pre 2003 Outage –  - 2.7%
· Pre 2012 Outage – - 4.5%
· Pre 2019 Outage -  -9.3%
A general trend of doubling of the loss in capacity every 10 years can be observed.  In theory the design capacity of the tunnel (“Fully Aged”) could be reached in another 15 years.  As further background it should be noted that:
· During the 2012 Outage large balls of debris were found in the tunnel at Hololo, Caledon and Little Caledon.
· During the 2019 Outage most of the steel linings were found coated with a thick clay layer.
· The concrete linings along the tunnel have shown little visible deterioration.  The 2020-2021 Category 1 testing will confirm whether the clay coatings on the steel linings were the main contributor to the increased loss of capacity.  The clay coatings on the steel linings will have a marked impact on the effective hydraulic roughness of the steel linings (ka < 0.1 mm) and lessor so on the concrete linings (ka < 1.5 mm).
It is recommended that Category 3 testing be scheduled in the near future with the steel linings still fairly clean and perhaps another just before the next outage (with dirty steel linings) to put the Category 1 results in context.
The possible impact of the clay coatings on the steel linings could impact on the assumptions made for LHFP tunnel capacities.  It may also be prudent to investigate the availability of corrosion protection products that remain electrically uncharged (neutral or have the same charge as the clay particles) in the present tunnel operating conditions to reduce the affinity of the clay particles to attach to the coatings.

[bookmark: _Toc32566597][bookmark: _Toc36742616]Ash River Inspections
Inspections were undertaken of erosion and sedimentation conditions along the Ash River during the period of 16 to 17 October 2019 as part of the 2019 LHWP Tunnels Outage.  The analysis was extended to also cover the 2012 LiDAR survey undertaken during the 2012 Outage.
The main objectives of the inspection were to:
· Extend the photographic record along the river;
· Assess erosion and deposition conditions along the river; 
· Identify river reaches where conditions were most serious; and
· Assess the status of existing structures along the river.
A series of sites were identified and assigned numbers when monitoring of the Ash River commenced in 2001.  These sites are numbered 1 (Ash River Outfall) through 86 (N5 Bridge, just upstream of Saulspoort Dam).  Inspections were done at these same sites as far as possible in order to allow for comparisons with historical records and photographs.  These are referred to throughout this report.
A hydraulic model (1D hydrodynamic HEC-RAS) of the Ash River was compiled based on the LiDAR survey also undertaken during the tunnel outage in order to analyse the river hydraulics.  For the purposes of the hydraulic modelling and for ease of reference, the Ash River was sub-divided into 6 reaches (as was done in previous reports and studies):
· Outfall (CH 21 680 to 25 2540)
· Marshes 1 (CH 17 880 to 21 680)
· Marshes 2 (CH 13 940 to 17 880)
· Gorges (CH 8 860 to 13 920)
· Farmlands (CH 5 800 to 8 860)
· Saulspoort (CH 0 to 5 800)
In April 2001 the Depart of Water Affairs and Forestry (DWAF) started surveying a series of cross sections (numbered from MS1 to MS19) along the Ash River as part of their ongoing monitoring process during which these stations were re-surveyed on a regular basis.  The now Department of Water and Sanitation (DWS) again surveyed these sections during the 2019 Outage.  The monitoring stations were surveyed during the following periods: April 2001; November 2001; November 2002; April 2003; April 2004; November 2004; November 2005; October 2012; and November 2019.
A combination of the observations during the site inspections, the results of hydraulic modelling, a comparison of the historic cross section surveys and data from previous reports culminated in the identification of various observations and issues that need to be addressed along the Ash River as discussed in the following paragraphs.

Outfall Reach (Ch 21 680 to 25 640, Sites 1 to 19)
In the earliest inspections of this reach, the right bank downstream of the outfall was flagged as unstable.  A comparison to the historical surveys at MS1 and MS2 reveal that the Botterkloof Dam at Site 4 has prevented erosion of the river reach between the Outfall and the dam, but that over time the right bank has flattened out as expected.
The Botterkloof Dam and its hydropower station (Stortemelk) appear in good condition, with only some minor undermining of the gabion mattress erosion protection downstream of the dam being observed.
The riverbed slope between Site 4 and 15 is still relatively steep, with the hydraulic model indicating high erosion potential.  Some portions of this reach are however protected by large boulders and rock controls, but the site inspections did reveal some continued erosion.  MS3 indicates some recent deepening of the river as well as a collapse of the left bank.  MS4 and MS5 have been stable in recent years.
Downstream of the waterfall and rock control at Site 17 to the bridge at Site 19, the riverbed slope is relatively flat at approximately 1:1 000.  The site inspections did not reveal any areas of concern here.

Marshes 1 Reach (Ch 17 880 to 21 680, Sites 19 to 32)
Severe erosion has occurred at the start of this reach from immediately downstream of the road bridge at Site 20 to Site 25.  Unfortunately, the monitoring stations located in this critical section could not be surveyed during the outage, but the visual inspections revealed severe deepening and widening of the river.  The hydraulic analysis also indicates that this reach still has a lot of potential to erode.  The riverbed slope in this section of the reach is still steeper than the postulated 1:1 000 equilibrium slope.  The erosion in this section poses a significant risk to the adjacent farmlands.  Further studies to assess the potential for further erosion and to identify potential remediation measures is recommended.  In the interim, it is recommended that a fence be erected along the left bank of the river, that should be well clear of the existing bank, with an allowance for the likely widening of the river channel to the equilibrium width.
The weir at Site 26 has provided adequate erosion protection immediately upstream of the weir, with the reach between sites 25 and 26 begin stable as confirmed at MS6.2.  The construction of the Middle Kruisvallei Hydropower Station is currently in progress.  It is likely that the diversion of water through the new intake upstream of Weir 26 may lower the water level upstream of the weir, unless the weir crest level is raised.  This will increase the erosion potential in this reach of the river upstream that is already under distress.
The section at the Middle Kruisvallei Hydropower Station will discharge diverted water back to the river at Site 27.2.  Significant erosion has taken place in this soon to be bypassed section of the river, with the river channel deepening by 1 m and widening by 5 m at MS7 between 2005 and 2012.  The hydraulic model along this section confirms a high potential to erode further.  Once the new hydropower station starts operating, the erosion potential will of course drastically reduce.  It is recommended that the impact of the Middle Kruisvallei Hydropower Station be assessed on both the upstream water levels as well as the local erosion potential at its outlet.
Downstream of the new power station outlet, the river eroded significantly between 2005 and 2012, but appears to have started to stabilise.  At MS7.2, the river bed lowered by more than 2 m in this period, and then widened slightly towards the right bank between 2012 and 2019.  Further downstream at MS7.3, MS7A and MS7.4 a similar trend is noted but some additional deepening occurred between 2012 and 2019, with widening towards the left bank.  The widening of the river is encroaching on a farm road located at the edge of the left bank.  The depth of the reach between Site 32 and Site 28 should continue to be stable as the riverbed slope is now close to or below 1:1 000.  In previous studies the equilibrium width of this reach was calculated at 43 m.  The current channel width in this reach is approximately 28 m, which suggests that some significant widening could still take place as the river channel side slopes approach stability.  Further studies to assess the potential for further erosion and to identify potential remediation measures is recommended.  In the interim, it is recommended that a fence be erected along the left bank of the river, that should be well clear of the existing bank, with an allowance for the likely widening of the river channel.

Marshes 2 Reach (Ch 13 940 to 17 880, Sites 32 to 45)
Construction of the Lower Kruisvallei Hydropower station is currently in progress, with its intake situated at Weir 34.  The riverbed level upstream of Weir 34 has lowered by approximately 1 m since 2012, with some widening evident at MS8.  The riverbed profile is now close to or below 1:1 000 in grade, which suggests that equilibrium depth has been reached in this area, therefore the reach is expected to stabilise vertically.  In previous studies the equilibrium width of this reach was calculated at 48 m.  The current channel width in this reach is approximately 30 m, which suggests that some widening could still take place as the river channel side slopes approach stability.  Widening of the river channel was also noted during the site inspections, most significantly along the farm road along the left bank of the river.  Further studies to assess the potential for further erosion and to identify potential remediation measures is recommended.  In the interim, it is recommended that a fence be erected along the left bank of the river, that should be well clear of the existing bank, with an allowance for the likely widening of the river channel.  
It is likely that the diversion of water through the new intake upstream of Weir 34 may lower the water level upstream of the weir.  This will increase the erosion potential in this reach of the river between Sites 32 and 34.  It is recommended that the impact of the Lower Kruisvallei Hydropower Station be assessed.
Upstream of Bridge 35, some erosion was evident upstream of the left abutment.  This was addressed during the outage through the placement of a rip rap revetment.
The outlet of the Lower Kruisvallei Power Station is located immediately downstream of the groyne at Site 37 at the waterfall.  The structure could not be inspected as it was part of the construction site.  The river reach downstream appeared fairly stable.  MS9.1 indicates that the river channel at Site 39 widened significantly to the right between 2005 and 2012 but has since stabilised.
No other significant issues were identified in the remainder of the reach past the Merino Power Station which diverts most of the river flow through the power station, significantly reducing the potential for any erosion in the now bypassed river section between Sites 42 and 45.

Gorges Reach (Ch 8 860 to 13 920, Sites 45 to 71)
In the first stretch of this reach from the outlet of the Merino Hydropower Station to the fist bend at Site 48, the river has been fairly stable without any significant erosion.  At Site 49, a crack in the right bank had previously been observed.  Based on the historical surveys at MS10.2, the right bank has slipped down between 2005 and 2012 but has remained stable since.
The weir at Site 57 has remained stable.  The riprap protection on the right bank, which was placed on a vulnerable section, thought to be part of a paleo channel, still intact and the bedrock foundations of the concrete section showing no signs of distress.  The weir seems to have stabilised the river upstream, with the slight widening of the river towards the left bank at MS11 having slowed down over time.
Downstream of Weir 57, erosion seems to have accelerated severely all along the left bank up to Site 60.  This section previously had a cattle fence which has disappeared.  MS12 shows that the left bank has erode some 15 m wider and almost 3 m in depth.  The riverbed slope is close to or below 1:1 000, which suggests that equilibrium depth has been reached in this area, therefore the reach could stabilise. However, an unstable vertical silt cliff remains on the left bank which poses a safety risk.  The channel is currently approximately 40m wide, and fast approaching the expected equilibrium width for this reach of 49 m.  Further studies to assess the potential for further erosion and to identify potential remediation measures is recommended.  In the interim it is recommended that a new fence be erected, that should be well clear of the existing bank, with an allowance for the likely widening of the river channel.
Whilst the Weir at Site 68 appears stable and in good condition. MS13A located just upstream of this weir shows that the riverbed deepened by approximately 1 m between 2004 and 2012 but has stabilised since then.  This seems to coincide with eh equilibrium slope upstream of the weir.  The current channel width in this reach is approximately 33 m, which suggests that some widening could still take place as the river channel side slopes approach stability.  Whilst the surveyed monitoring stations show no widening in recent times, the field inspections did show some sideward erosion in places.  Downstream of weir, similar erosion was evident with a lowering of the riverbed between 2004 and 2012, but no progression thereafter.

Farmlands Reach (Ch 5 800 to 8 860, Sites 71 to 80)
This reach has serious erosion issues and has been getting worse since 2012.  Whilst the weir at site 76 is in good condition and has stabilised the river channel upstream, the S-bend downstream of the weir shows signs of significant further erosion.  MS14.1 located at the downstream end of the S-bend indicates that the river has widened towards the left bank by approximately 10 m since 2005, of which approximately 3 m occurred since 2012.  The same trend continues downstream with MS15 showing widening towards the left bank.  Previous attempts to provide rip rap bank protection measures in this area have not been successful.  Further investigation is required to analyse and recommend appropriate mitigation measures.
The farm road bridge at Site 79 appears in good condition.  But downstream, the large erosion hole has deepened and widened dramatically towards the right bank.  Since 2005, it has widened by 25 m, of which 7 m occurred between 2005 and 2012.  The riverbed at MS16 has lowered by approximately 1.4 m.  Further downstream, significant erosion is also taking place with the riverbed level having lowered by 2 m since 2005.  MS17 near Site 80 has widened by 16 m since 2005, half of which occurred since 2012.  Further investigation is required to analyse and recommend appropriate mitigation measures.
The riverbed slope along this reach between Sites 79 and 80 is currently approximately 1:800, which suggests that equilibrium depth has not been reached in this area, therefore the reach is expected to continue to erode.  The results from the hydraulic analysis confirms that this area could continue to erode due to high bed shear.  In previous studies the equilibrium width of this reach was calculated at 50 m.  The current channel width in this reach is approximately 44 m, which suggests that some widening could still take place as the river channel side slopes approach stability.

Saulspoort Reach (CH 0 to 5800, Sites 86 to 80)
Overall this reach has been fairly stable since 2012 and no problems on the short-term are expected.  Some minor slips and widening of the river were evident at some of the bends along the river (Sites 80, 81 and 85), though the monitored cross sections (MS18 and MS19) have not changed substantially.  The riverbed slope along this reach is currently flatter than 1:1 000, which suggests that equilibrium depth has been reached.  The results from the hydraulic analysis indicate generally low bed shear and velocity values confirming the limited future erosion potential.  In previous studies the equilibrium width of this reach was calculated at 58 m.  The current channel width in this reach is approximately 41 m, which suggests that some widening could still take place as the river channel side slopes approach stability.
The main concern in this reach however, is the sediment delta formation inside the Saulspoort Dam which has progressed significantly in recent years, as is evident through comparison between historical aerial photos.  It is therefore recommended that a bathymetric survey of the Saulspoort Dam be undertaken in order to quantify the loss in storage as a result of the ongoing erosion of the Ash River.
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