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The Shuakhevi Hydropower Project is to be constructed on the Adjaristsqali River in southwest Georgia. A 

main dam will be constructed at Didachara with water transferred via a tunnel to the hydropower plant at 

Shuakhevi. The scheme will also collect waters from the Chirukhistsqali and Skhalta Rivers through the 

construction of a weir (Chirukhistsqali) and a secondary dam (Skhalta). The water from Chirukhistsqali will 

be transferred to Skhalta through a tunnel and a further tunnel will transfer the water from Skhalta to 

Didachara. The layout of the scheme is shown in Figure 1.1. 

This document provides an overview of the engineering geological and geotechnical considerations that 

have been addressed in selecting the most appropriate location for the main dam site for the Shuakhevi 

Hydropower Scheme at Didachara. The main focus is on works that have been carried out to understand 

and mitigate landslide hazards which are of great concern to the local population.  

Over the past 3 years an ever more detailed understanding of the ground conditions in the Didachara 

region has been developed through extensive field, laboratory and desk based studies. Starting in 2010 

with the pre-feasibility stage and carrying through to the detailed preconstruction investigations, currently 

on-going, improving knowledge of the ground conditions and understanding the impacts that construction 

and operation will have on the surrounding area has been a priority of the design team. A combination of 

Georgian and internationally recognised experts have been utilised throughout project development and 

design, to ensure that the most appropriate path is followed.   

Figure 1.1: Layout of the Shuakhevi HPP Scheme 
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To bring the project to its current status it has passed through three main phases; pre-feasibility, feasibility 

and design. There has been a sequential increase in the length of time taken, level of detail, and extent of 

the works carried out during each phase. The additional works undertaken in each phase have continually 

improved the understanding of the ground conditions allowing refinement of the dam layout, planning for 

construction works and an appraisal of the effects on the area surrounding the reservoir during operation. 

The works undertaken during each phase are briefly outlined below and detailed discussion then follow on 

how the works have linked together to arrive at the final layout at Didachara. 

2.1 Pre-feasibility 

The project began with the pre-feasibility and inception phase investigations. During this phase Georgian 

engineering experience combined with international experience was utilised to develop a preliminary plan 

of what the scheme would look like. The respective experts visited the region to gain an early, yet 

important, basic understanding of the region. In the Didachara area as well as a number of other locations 

within the project, the potential for landslides was identified as a significant risk for the project and plans 

were put in place to conduct detailed assessments to understand the hazard.  

2.2 Feasibility 

During the feasibility phase the key requirements were; understanding the landslide hazard and 

understanding ground conditions for the proposed dam site.  The preliminary works focused on broad 

scale desk based geomorphological assessments followed by ground truthing and mapping, which allowed 

preliminary landslide hazard assessments to be undertaken. These preliminary assessments resulted in 

refinements and definition of the most suitable area for the dam structure. Further, more detailed, 

geomorphological studies then continued in numerous areas around the reservoir where a greater 

understanding of the prevailing ground conditions and processes were deemed necessary to understand 

the possible effects of the operation of the reservoir on the stability of the slopes. The geomorphological 

studies were supplemented by geological and rockmass mapping within the region to further understand 

the geological materials and the on-going processes. Intrusive investigations were also undertaken in a 

select number of locations to understand and confirm the subsurface ground conditions and interpretations 

from geomorphological and geological mapping. 

The finding of these studies were instrumental in defining the upstream extent of the reservoir which was 

limited to its current location to ensure that there was no risk of a large existing landslide being reactivated 

by associated changes in groundwater levels. The studies identified that a number of existing failures, 

upon which residential properties have often been constructed, were restricted to areas above the 

proposed top water level for the reservoir, and that there was no mechanism for the proposed reservoir to 

result in their reactivation. A number of features, and areas, where small to moderate volume failures may 

be expected during the reservoirs operational life were also identified. However, the anticipated areas of 

influence do not extend to existing populated areas.     

 

2 Project Development Phases 



 

 
 

Didachara Community Briefing Report 
Engineering Geological and Geotechnical Assessments for Landslides 

 
 

314320/MNC/CHY/007/B 18 July 2013  
http://localhost:3579/UCpath~EUNAPiMS/1537701587/314320_MNC_CHY_007_B.docx 

3 

2.3 Design 

After the feasibility stage was completed and the project determined viable, works for the design of the 

scheme began. Although a detailed understanding of the ground had been developed during the feasibility 

phase, design required much more detailed, and location specific, information to ensure a comprehensive 

understanding of the ground conditions at and around the precise dam location and within the reservoir. To 

obtain this information, additional, phased intrusive investigations were undertaken at key locations by a 

Georgian drilling contractor under the full time supervision of Mott MacDonald engineering geologists. This 

phased approach allowed further minor refinements to optimise the dam location and construction with 

regard to engineering geological and geotechnical considerations.  

Further geomorphological assessments have, and are continuing to be, carried out for the areas around 

the reservoir rim. These assessments have focused on features of concern where moderate volumes of 

material may be expected to fail during the reservoirs operational lifetime due to both natural processes of 

denudation and also as influenced by altered water levels within the ground and fluctuating water levels 

within the reservoir. The occurrence of such failures would not impact the populated areas but could have 

temporary implications for infrastructure surrounding the reservoir or for the reservoir itself which need to 

be checked. If necessary, mitigation measures will be put in place as part of the construction to manage 

such occurrences. The areas where small volume failures are anticipated are not being individually 

assessed as they are akin to small events that would occur naturally, and on an annual basis, at the 

boundary of a natural watercourse; they are likely to affect only the thin top layer of soil.    
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As noted in Section 2.2 and 2.3 above, throughout the phases of the project, a large number of 

investigations have been carried out at the Didachara site to develop the understanding of the ground 

conditions with particular emphasis on the landslide hazard. The investigations undertaken can be 

classified under three different categories of; geomorphological studies, surface geological studies and 

intrusive geological studies. The works undertaken under each category in the Didachara area are 

summarised in Table 3.1 table below 

Table 3.1: Engineering Geological and Geotechnical Studies carried out at Didachara 

Category Investigations/Studies 

Geomorphological Studies Aerial Photograph Interpretation at 1:50,000, and 1:25,000  

Field mapping at 1:10,000 

Field mapping at 1:5,000 

 

Surface Geological studies Geological mapping  at 1:2,500; 1:5,000; 1:10,000 

Rockmass assessments -  28 specific locations 

Scan lines - 18 Specific locations 

 

Intrusive Geological Studies 12 Trial Pits 

20 Boreholes 

Geophysical investigation – seismic refraction  

Although these investigations were generally undertaken separately they are interlinked and together allow 

a greater appreciation of the prevailing conditions.  Throughout the implementation of these investigations 

the findings have been reviewed together to develop and guide the subsequent investigations. The 

locations of the boreholes and trial pits in the Didachara area are presented in Figure 3.1.  

In the following sections, the specific works that have been carried out for assessments at Didachara are 

discussed in more detail. The logic behind these assessments, that have determined that the proposed 

works will not increase the landslide hazard to the locally populated areas, is explained for specific areas 

around the reservoir. 

 

3 Engineering Geological and 
Geotechnical Investigations 
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Starting in pre-feasibility, the initial site appraisals and visits identified the area of Didachara as a 

potentially suitable location for positioning of a dam. In this phase the works undertaken were at a high 

level and encompassed limited detail. The brief assessments undertaken during site visits identified the 

presence of near surface rock at a number of areas within the reservoir and within a broad area that was 

considered suitable for location of a dam. These initial assessments also noted the on-going slope 

processes within the region and identified a number of larger landslide features; the risk that these features 

posed to the project and the potential impacts on the surrounding population were recognised at this early 

stage. The need for a detailed understanding of the geological materials and the slope processes was 

identified and a detailed assessment process was devised to approach the problem. 

At the start of the feasibility phase, works commenced with a detailed assessment of site slope conditions 

from Aerial Imagery. An initial broad review was made at a scale of 1:50, 000 and then a more detailed 

assessment at a scale of 1:25,000.  The best available digital elevation model (DEM) was acquired and the 

imagery draped over this surface to assist in interpretation. However, the data resolution was insufficient 

for detailed delineation of landslide features or identification of small scale slope movements. The imagery 

used was dated from 2005 and appeared to have been captured in spring / summer.  The approximate 

extents of possible historical and current landslides were traced onto the photographs using ESRI ArcGIS 

software, Figure 4.1. Due to the vegetation cover in the area, the extents of landsliding and likely failure 

mechanisms were principally based on the shapes and landforms that typically demonstrate historical and 

active landslides at various scales. In addition to the aerial imagery, the historical landslides identified on a 

Geological Engineering map, produced by a Georgian consultant, at 1:50,000 scale were considered in the 

assessment.  

The areas of instability identified were split into different types of landsliding with four main categories:  

1. Mudslide / debris slide;  

2. deep seated / rotational;  

3. shallow / planar; and  

4. rockfall / talus.  

The resulting interpretation identified a number of potential landslide complexes in close proximity to the 

proposed dam and reservoir location that warranted further detailed investigation. 

The interpretation from the aerial imagery was then taken into the field for verification/ground truthing 

studies.  Where possible the local population were consulted to gain knowledge of historical slope 

movements. The mapping team comprised one UK specialist and a Georgian geomorphologist to help 

facilitate these consultations.  

The verification is undertaken to establish that interpretations made from aerial photography i.e. landslide 

type and failure mechanism, are valid when certain features are viewed in the field and to improve 

delineation of the features.  Verification studies at Didachara comprised a geomorphological mapping 

assessment at a scale of 1:5000 in the area surrounding the proposed dam site and assessments at a 

scale of 1:10,000 in a number of locations around the reservoir extent on the Adjaristsqali River. Much of 

the Ghorjomi valley was inaccessible for physical mapping although roped access was used to access a 

number of locations to visually confirm assessments and the presence of rock outcrop. During this stage 

4 The Assessment Process at Didachara 
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the combined site and aerial photo findings were independently checked by another senior 

geomorphologist to confirm the interpretations made were appropriate. 

Figure 4.1: Preliminary Aerial Imagery Interpretation for the Didachara area – Now superseded by ground truthed 

geomorphological hazard maps 

 

At the same time as the geomorphological field studies, surface geological studies were also progressing 

in the area and were used to supplement the geomorphological works. The location of rock outcrops, 

information on rock condition, recorded joint patterns and faults (Figure 4.2) gave confidence in the 

presence of in-situ bedrock and contributed to a better understanding of the landslide extents and potential 

mechanisms. 

 

Didachara 

Area 
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Intrusive investigations were progressing in proximity to the proposed dam location and were focused on 

understanding the dam foundation conditions, groundwater levels and two large landslide complexes that 

were identified on either side of river valley at this location. Initially 5 boreholes were undertaken on the 

north side of the Adjaristsqali River and 3 boreholes on the left bank. As noted earlier in Section 2.2 and 

2.3, the intrusive investigations were undertaken in phases and further investigations have been 

undertaken continually improving the understanding of conditions in the area surrounding the dam site 

where the increases in water level due to the reservoir will be greatest.   

Following the completion of the geomorphological studies, all of the available information was considered 

together to carry out a landslide hazard assessment for the Didachara area and the results presented on a 

landslide hazard map, Figure 4.8. It must be emphasised here that the landslide hazard map does not only 

indicate hazards that may result, in part, due to the effects of the proposed reservoir. The fieldwork also 

considered the hazards that are actively occurring, with no direct influence from the proposed reservoir.  

However, the risk rating assigned is based on the likelihood of the scheme construction causing a 

landslide. 

The assumptions made in the assessment have been continually checked against the findings of 

subsequent intrusive investigations and site observations to ensure that they continue to be valid. 

4.1 The Assessment 

The qualitative assessment considered two aspects for each of the defined landslide units in the final 

landslide hazard map, Figure 4.8: 

1. The impact (magnitude, extent, duration, reversibility) that the occurrence of the landslide would have 

upon the local population and the dam structures. 

2. The likelihood of the project construction and operation causing the landslide to occur.  

The resulting hazard matrix is shown in Table 4.1 and is reflected in the landslide hazard map by the 

colour of the landslide extents, Figure 4.8. The definitions of the two aspects considered for the ratings are 

given below: 

Hazard Impact definitions: 

 Low impact: Event having little effect on the local population or the dam structures, low spatial extent 

(<500m3) and with small volumes of material in one instant or larger volumes at a slower rate. For 

example, localised rockfall or shallow creep movement on soil slopes. 

 Medium Impact: Event where the dam structure / farmland / local population may be directly impacted 

by slope movement. Spatial extent of the hazard is restricted to affecting only local areas and a single 

scheme structure. For example where the fluctuating water levels in a reservoir may increase the 

porewater pressure in the side slopes and cause a slope failure which destroys a roadway. 

 High Impact: Event having a catastrophic impact on the regional community or the project. Large scale 

movement with a high spatial extent, with little ability or likelihood for reversibility. For example: a large 
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debris flow which has potential to cause dam overtopping and severe disruption to the project and to 

communities including death.  

Hazard likelihood definitions: 

 Low Likelihood:  Landslide hazard is not likely to occur within the lifetime of the project. 

 Medium Likelihood: Landslide hazard may occur within the lifetime of the project.  

 High Likelihood: Landslide hazard is actively occurring or is likely to occur in the near future, almost 

certain to occur within the lifetime of the project 

Table 4.1: Landslide Hazard Matrix 

 Low Impact / Magnitude Medium Impact / Magnitude High Impact / Magnitude 

Low Likelihood 1 (Negligible) 2 (Minor) 3 (Moderate) 

Medium Likelihood 2 (Minor) 3 (Moderate) 4 (Major) 

High Likelihood 3 (Moderate) 4 (Major) 5 (Critical) 

The strategy adopted following the landslide hazard assessment was as follows: 

 Major and Critical features  - Avoid (i.e. move structures and reservoirs or limit their extents if required) 

 Moderate features – Subject to further assessment and potentially engineered solutions 

 Negligible and Minor features – No action 

 

4.2 Landslide units with the potential to directly impact local residential 

properties  

The assessment identified that the majority of local dwellings were located on landslide units identified as 

numbers 27, 31, 39 and 24, Figure 4.8.   

Within unit 27 the geomorphological and geological mapping identified that a significant number of rock 

exposures were present within the slopes above the proposed reservoir, Figure 4.2, and the 

geomorphology of the slopes was deemed to correspond to local changes in the rock type, Figure 4.3. The 

right bank is considered to be a relatively stable rockmass with limited localised coverings of rockfall talus 

and thin soils. Colluvial build-ups were noted at the base of the slopes at reservoir level, but these build 

ups do not extend to the height of the populated areas and hence there is no mechanism for their 

movement to affect the residential properties located at considerable elevation above the proposed 

reservoir. The main hazard posed by this unit is deemed to be naturally occurring small scale and localised 

rockfalls and shallow slumps of thin soils covering rock at levels above the reservoir.  The effects of the 

proposed reservoir are considered to be limited to the colluvial build ups at and below reservoir level; these 

slopes may experience small scale slumps into the reservoir during filling and water fluctuations during 

operation.  
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Figure 4.3: View of right bank of the Adjaraistsqali River at Didachara – Corresponding to landslide hazard unit  27 in 

Figure 4.8  

 
 

The geomorphology of unit 31 indicated that the residential properties present are located on a relict 

landside, the base of which daylights approximately 70 to 80m above the current river level and 

significantly above the top water level for the proposed reservoir. At the identified base of the landslide 

there is a break in slope where slopes increase from the gentle 10-15
o
 above to steep 40-50

o 
slopes 

descending to river level, Figure 4.4. Mapping observations noted rock exposures showing through a 

colluvial drape, on the 40-50
o
 slopes, in certain locations and where undercut by the current river.  These 

observations indicate that the current valley side is rock below a limited cover of colluvium and which is not 

connected to the slopes of the relict landslide, unit 31, above. It is considered that the river has cut down 

since the formation of landslide unit 31 leaving a rock outcrop at the river level that has been covered by a 

limited build-up of colluvium; resulting from weathering and accumulation of erosion products and rock fall 

from above. The steep lower slopes are classified as unit 33 in Figure 4.8. Based on these observations 

there is no mechanism for the proposed reservoir to result in reactivation and further movement of unit 31.  
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Figure 4.4: View of left bank of the Adjaristsqali River at Didachara – Corresponding to location of landslide hazard 

units 31, 32 and 33. Blue dashed line delineates 31, and 33 is located below the identified break in slope. Red and pink 

dashed lines delineate 32.  

 

 

At the furthest upstream extent of unit 31, an additional landslide unit, 34, was identified where there was 

concern of the effect of the reservoir. In this localised area unit 34 was considered to be a thick colluvial 

deposit that may be connected to the slopes in unit 31, above.  The identification of this feature resulted in 

the decision to limit the upstream extent of the reservoir to a location downstream of unit 34, so as to 

remove the potential for the reservoir to have any effect upon either unit 34 or 31.  

 

An additional factor in the decision to limit the extent of the reservoir was the presence of landslide unit 39 

on the right bank of the Adjaristsqali River approximately opposite landslide unit 34. A single residential 

property is located on the landslide unit at its upstream extent and the existing road also passes across the 

upper slopes.  Observations indicate that the unit comprises thick colluvial deposits that may be affected 

by significant increases in water level. 
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Figure 4.5: View looking upstream of the left and right banks of the Adjaristsqali River at Didachara – Right side of 

image Corresponding to landslide hazard unit 34 in Figure 4.4 and left side corresponding to unit 39. 

 

 

Unit 24 is a large relict landslide located on the right bank at the confluence of the Adjaristsqali and 

Ghorjomi Rivers and in the area of the proposed dam. The geomorphological mapping exercises identified 

areas of creep, shallow debris and mudflows over much of the extent of the landslide body, including the 

currently populated areas.  The observed features are at elevations above the proposed top water level of 

the reservoir, Figure 4.6. These observations indicate that the shallow, top layer of soil is moving 

downslope by natural processes. These movements are currently on-going and will continue to occur in the 

future with or without the presence of the proposed reservoir. One area bordering the Adjaristsqali River 

was noted as particularly active in terms of shallow surface movements and did not have any residential 

properties located upon it, this area was identified separately as unit 176.  

Considering these observations, the main concern for unit 24 was understanding how the upper slopes, 

showing signs of shallow movement were connected to the lower slopes extending to river level. If the 

slopes were connected, then failures at river or top of reservoir level may result in failures progressively 

moving upslope and thus providing a mechanism to affect the populated areas.   
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Along both the Adjaristsqali and the Ghorjomi rivers, slopes with steeper angles than the upper slopes, 

were observed at river level with outcrops of in-situ rock outcrops noted in a number of locations. This 

indicated that the colluvial materials present on these slopes likely represented a relatively thin drape over 

rock beneath, in similarity to the conditions noted for unit 31 above. Furthermore, along the Ghorjomi River, 

the existing road cutting exposes rock at an elevation above the top water level of the proposed reservoir 

confirming that there is no mechanism for the colluvial slopes below to be connected to the colluvial slopes 

above.   

The relationship between the upper and lower colluvial slopes was less clear for the section of the 

landslide identified as unit 176 along the Adjaristsqali River. The presence of rock exposures at the level of 

the river and lower road suggested that conditions were similar to those in the Ghorjomi River, however, 

the only rock exposure extending above the top level of the reservoir was noted closer to the confluence 

with the Ghorjomi river and the potential for a much greater thickness of unstable colluvium to be present 

downstream of this was recognised. To confirm the presence of rock and the thickness of the colluvial 

materials within this unit, a large number of intrusive investigations (15 boreholes and 14 trial pits) and 

geophysical surveys were undertaken. The investigations have confirmed that limited thickness of colluvial 

deposits (<5m) occurs in the area immediately downstream of the Ghorjomi river and appears to follow the 

slope profile as a drape rather than a greater thickness of colluvium. Downstream of the confluence the 

colluvial cover on the upper slopes, above the existing upper road, was found to increase significantly 

towards the west. Water levels within the slopes at the elevation of the reservoir top water level were 

approximately 10m lower than those that could develop long-term during filling and operation of the 

reservoir. 

Taking account of the findings of these investigations, the location of the dam has been selected to ensure 

that stability of the slopes can be maintained. The dam is to be located in the area where limited thickness 

of colluvial deposits was confirmed and in-situ bedrock was observed at a level above the top water level 

of the reservoir. Cut-offs installed for the dam during construction will ensure that the groundwater levels in 

the slopes downstream of the dam are not affected and hence the stability conditions will be unchanged 

from their current condition.  
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Figure 4.6: View of right bank of the Adjaristsqali River at Didachara – Corresponding to landslide hazard unit 24 in 

Figure 4.4. Green dashed line corresponds to unit 176. 
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4.3 Other landslide units  

 

In addition to those landslide units already discussed, units 28, 29 and 32 are also located within the area 

of influence of the proposed reservoir. There are no residential properties located on or below these units 

and hence their potential impacts are more transient effects on the reservoir and surrounding area. 

Units 29 and 28 are located on the left bank of the Adjaristsqali River opposite the confluence with the 

Ghorjomi and in the area of the proposed dam. The observations of unit 29 indicated that it is a recent 

landslide that failed and was directed west and downstream of the proposed dam area by a ridge of rock at 

its northern edge. In the area of the proposed dam, it is was considered that the base of unit 29 daylights 

above the top level of the proposed reservoir based on the presence of steep slopes (50-60
o
) with 

apparently limited  colluvial cover and a large number of in-situ rock outcrops. These slopes, which form 

part of Unit 28, rise up from river level to a sharp break in slope which is inferred to be the boundary with 

unit 29. The height of the steep slopes reduces downstream and towards the west indicating that the level 

of rock also reduces.   

To confirm that these assumptions were valid, intrusive investigations (5 boreholes) and geophysical 

surveys were conducted at the top of the steep slopes to confirm the thickness of colluvial deposits and the 

level of rock. The Investigations indicated that the level of rock was above the top water level of the 

reservoir in the area of the dam and confirmed that the level of rock reduced downstream and towards the 

west. Groundwater levels determined from these investigations indicated levels above the proposed water 

level of the reservoir at a distance of 80m from valley side. These findings indicate that in the area of the 

proposed dam, there is no mechanism for colluvial deposits associated with unit 29 to be affected by the 

project. 

The steep slopes of unit 28, discussed previously, extend upstream of the proposed dam location to a 

point where unit 32 is identified. Upstream of the dam location, the slopes are vegetated with apparent 

exposures of rock at surface, and limited soil/colluvial covering, although it was not possible to access 

these slope for confirmatory studies. It is anticipated that small localised rockfalls and slumps of thin soils 

could occur during filling and operation of the reservoir.   

The final unit identified within the area of influence of the reservoir was unit 32. The observations of this 

unit indicate that it is a relict landslide of debris flow/mudflow type. A lobe of material was apparent at the 

toe of the slope and was being actively eroded by the river, Figure 4.7. On the slope surface creep terraces 

were evident indicating that the failed material is still slowly moving down the slope through on-going 

natural processes. It is anticipated that slumps of the already failed material may occur during filling and 

operation of the reservoir as the slope adjusts to the new water regime within the slope.   
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Figure 4.7: View of left bank of the Adjaraistsqali River at Didachara – Corresponding to landslide hazard unit 32 in 

Figure 4.4.  
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Figure 4.8: Landslide Hazard Map for Didachara 
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It was recognised in the early phases of the Shuakhevi Hydropower Project that landslides posed a hazard 

in the area of a proposed dam structure at Didachara. Through a phased approach incorporating 

geomorphological, and both surface and intrusive geological studies, a detailed understanding of the 

ground conditions and prevailing landslide hazard has been developed. 

A landslide hazard assessment was carried out considering both the likelihood of a landslide occurrence 

within the lifetime of the project and the impact of the landslides upon the local population and project 

structures. The assessment focused on the likely effect that the construction activities and operational 

reservoir will have on existing landslides. 

It has been determined from observations and investigations that the large relict landslide units, upon 

which local residential properties have often been constructed, have very limited potential to be affected by 

the proposed reservoir and structures. The slopes surrounding the reservoir have largely been proved to 

comprise rock with limited thickness colluvial drapes which are not connected to the slopes of relict 

landslides above. The mechanism for development of these conditions at the site is the historic occurrence 

of large scale landslides followed by down cutting of the river into rock. This has resulted in the formation 

of rock buttresses at the slope base which have subsequently been covered by a build-up of soil and 

colluvium due to weathering and small falls of rock and soil from above.  Attention has been focused on 

defining the level of the top of these rock ‘buttresses’.  The rock buttresses are interpreted to extend above 

the top level of the proposed reservoir and therefore there is no apparent mechanism for the relict landslide 

masses, which are located on top of the buttresses, to be reactivated.  

Two areas where a limited potential for an effect were noted and have been mitigated during the design 

and development of the scheme: 

1. The extent of the reservoir was limited to ensure that colluvial slopes at river level are not affected 

by the reservoir; 

2. Investigations have been undertaken at the site of the Didachara dam to confirm a limited 

thickness of colluvium that can be engineered during construction to ensure stability. 

 

 

 

5 Summary 


