
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


A

CARBONATE SEDIMENT STABILITY AROUND AN OFFSHORE PIPELINE 

STABILITE DES DEPOTS DE CARBONATE AUTOUR D UN OLEODUC EN MER

Charles Waterton1 Graham Price2

'Dames & Moore, Perth, Australia 

2CSIRO Division of Geomechanics, Perth, Australia

SYNOPSIS: Significant sediment scouring occurred along a  part of a large offshore pipeline during a major cyclonic storm in NW  Australia in 1989. This 

paper considers the stability of seabed sediments along the pipeline, describes the work undertaken to investigate their stability. In particular, it reports 

the results of optical microscope examination of thin sections prepared from undisturbed seabed sediment samples which led to the classification of these 

materials. Correlations of the results of this thin section study with more readily obtained geotechnical parameters are also developed, enabling the 

stability of the seabed along the entire pipeline to be readily characterised. The passage of a major storm in 1992 confirmed the results of this work.
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INTRODUCTION

Uncemented sea floor sediments in shallow waters are readily affected by the 

motion of water above them and are, at best, in a state of metastable equilibrium. 

Under strong current loading, such as during a storm, they can experience 

considerable mobility and large volumes can be moved by the action of currents. 

Such processes are regional in nature, ranging over considerable areas on shallow 

coastal shelves. On a more localised basis, offshore structures commonly set up 

interaction processes that upset the equilibrium of surrounding sediments. The 

combined result of these processes is scour, with significant sediment being 

excavated and/or deposited variously around a structure.

Offshore pipelines are often partially or fully shielded from environmental forces 

by placement in a trench. Such shielding is usually critical to the stability of the 

pipeline and without it the pipeline could become destabilised under the action 

of seabed currents.

It is implicit in the assumptions regarding pipeline burial that the sediments 

shielding the pipeline are themselves stable. If, however, they are subject to 

scour, they cannot be relied on to shield the pipeline, which would then be 

exposed to the full environmental forces.

A process for examining and assessing the stability of seabed sediments is 

examined in this paper.

THE PIPELINE

The subject pipeline is 134 km long, 1.016m in diameter and is laid in water 

depths ranging between 24m to 124m (Figure 1). It was constructed in 1982 to 

bring gas ashore from one of the largest gas production platforms in the world. 

A rock berm up to 4m thick was constructed over the pipeline within Mermaid Sound 

to protect it from vessels’ anchors. Pipeline stability along the 24km section within 

Mermaid Sound was therefore not an issue and was given no further consideration.

Post ploughing techniques were used to lower the crown of the pipeline to seabed 

level for most of its length but the pipeline trench was not backfilled during 

construction. However, as can be seen from Figure 2, the spoil heaps formed 

either side of the trench provided the pipeline with further screening from 

environmental loads.

As part of normal operating procedures, the pipeline has been inspected annually. 

In general, progressive burial of the pipeline under ambient conditions over 

several years was observed to be satisfactory.

Figure 2. Section T hrough Pipeline

However, the fine grained carbonate sediments along the pipeline route are 

potentially susceptible to the effects of cyclonic storms, during which currents 

can be up to 5 times the magnitude o f peak ambient currents. As a consequence, 

the effects of a cyclone’s passage can be several orders greater than those 

experienced under ambient conditions. This was the case in April 1989, when
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Tropical Cyclone (TC) Orson crossed the project area. This storm was subse

quently assessed as being of such severity as to have a return period of at least 

100 years. Inspection after the storm revealed significant scouring along much 

of the pipeline. Studies were immediately put in hand to determine minimum 

pipeline burial requirements and remedial stabilisation by rock dumping was 

then undertaken in areas assessed as requiring treatment. This work is described 

in Pearce et al (1992).

It follows that, for the erosion that exposed the pipeline during TC Orson to have 

occurred, the seabed itself must have become unstable. Whilst such instability 

was obvious in areas where the pipeline had become exposed, instability could 

have also occurred in areas of apparently adequate burial, if redeposition of 

sediment had occurred after the peak of the storm. It was therefore not possible 

to discount seabed instability in areas of adequate pipeline burial.

It was also recognised that seabed sediments along the pipeline, being of 

carbonate composition, may behave differently to siliceous sediments. Previous 

experience in the project area had shown that such differences can be marked, as 

detailed in presentations made at the International Conference on Calcareous 

Sediments held in Perth in 1988. (Balkema, 1988). A study was therefore begun 

to investigate the stability of these sediments, the first stage of which involved 

a review of all available information relating to the pipeline.

PREVIOUS INVESTIGATIONS

Thorough investigation of seabed conditions along the pipeline route was 

undertaken in 1978 during the pipeline design phase. Sampling was carried out 

at approximately 300m intervals along the alternative routes considered. Most of 

the investigation was carried out using drop coring techniques but vibrocoring 

and rotary coring were also carried out.

The 1978 study concentrated on logging shallow seabed conditions, determining 

the sediments’ classification parameters and assessing rock depth. A consider

able amount of data was gathered, with 186 boreholes and 217 grading tests being 

carried out along the pipeline route. Clear patterns were observed and Figure 3 

shows the grading envelope and median gradings measured along different 

sections of the pipeline route. Note that 'KP' refers to the Kilometer Point along 

the pipeline, which is the distance measured in kilometers from landfall at Bumip 

Peninsula.

Further investigation to assess in situ seabed conditions and sediment properties 

was therefore needed.

PIPELINE INVESTIGATIONS

These further investigations comprised 224 piezocone penetration tests (PCPT) 

and the recovery of 58 push tube samples. This work was carried out using 

equipment owned and operated by Fugro McClelland (FMC) and deployed from 

a rig support vessel,

Piezocone Penetration Testing

FMC’s “Wison”, remotely operated, on bottom PCPT equipment, is capable of 

a maximum penetration of 2.7m into the seabed. This equipment was also used 

to obtain push tube samples of the seabed. Full details are contained in Kolk & 

Power (1983).

The PCPTs were carried out at 128 locations along the 110km of pipeline that was 

investigated, with additional tests being carried out at differing offsets from the 

pipeline so as to assess local variations in seabed conditions. In addition, testing 

was conducted to provide contrasting PCPT data from scoured and unscoured 

areas.
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Figure 3. M edian Sedim ent G rad ings Along Pipeline

Assessments o f the in situ condition and shear properties of the seabed sediments 

were carried out during the 1978 investigation but their extent was limited. Any 

evaluation of sediment stability required information on its in situ properties, 

particularly density, shear strength and the presence of any cementing. This latter 

characteristic was particularly important as even very weak cementation would 

have provided a marked erosion resistance.

However, the potential for sample disturbance caused by the sampling methods 

cast doubt on the data relating to in situ properties and it was not possible to 

extract enough information from the 1978 data to assess seabed stability.

F igure 4 Typical PC PT  D ata

Significant variations in conditions along the pipeline route were encountered. 

Finer grained sediments, predominantly silt sized, were prevalent close to 

Mermaid Sound and in deeper water beyond a prominent rock outcrop around 

120 km from the coast. At some other locations, rock was located just beneath 

the sea floor. Figure 4 shows examples of PCPT data recovered.

Despite the apparent variability, there were several significant features common 

to many of the PCPT data. Whilst there was a certain amount of “noise" in the 

PCPT cone resistance (q^) plots, evidence of cementing was almost entirely 

absent, except in a few instances immediately above rock level. Consequently, 

cementation was not a major stabilising element for the seabed, as later confirmed 

by the results of thin section studies, described later.

In non-cohesive sediments, which comprised 92% of the pipeline route, an 

intriguing pattern was observed in q  ̂response, as shown on Figure 5. A marked 

bilinear response was apparent, with a relatively smoothj linear section to a depth 

of the order of 0.5m followed by a section which was more erratic and had only 

an approximately linear response. It was also interesting to note that the slope of 

the initial section was consistent and indicated peak friction angles of the order 

of 50°(Senneset & Janbu 1984). A similar value was obtained using the approach 

of Durgunoglu & Mitchell (1975). However, applying an axisymmetric/plane 

strain correction factor, according to De Simone & Golia (1988), and assuming 

the angle, (3, between the plastic zone at the tip of the PCPT and the horizontal 

is -25° (in reasonable agreement with the implication in Lunne & Christoffersen 

(1983) that P=(j i/3 - 2(]>')), a peak friction angle of 44° is obtained, later confirmed 

by the results of triaxial testing.

0.1 1.0 
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CONE RESISTANCE, qc (MPa)

Figure 5. Typical Cone Resistance Response

A smooth qe response in a cohesionless, granular material may be considered 

indicative of a normally consolidated homogenous material, whereas a more 

irregular response can be a result of soil layering or overconsolidation as a result 

of scour. It was considered possible that the transition point between the two 

responses may mark the depth to which recent regional soil instability had 

occurred. If so, these observations would indicate that significant instability 

might have occurred under storm loading to depths of the order of 0.5m. 

However, flume testing has subsequendy revealed that these seabed sediments 

do not experience sheet flow instability to any appreciable depth, it being limited 

to depths of the order of 50mm, even under the most extreme environmental 

conditions. (Pearce et al, 1992)

An alternative explanation for the intriguing response observed is therefore 

required. Bioturbation of the shallow seabed sediments would, at this stage, 

appear to present the most likely cause.

During PCPT data analysis, conventional parameters such as Friction Ratio, Rr 

and Excess Pore Pressure Ratio, Bq, were measured. To check these data against 

published correlations, a plot o f normalised cone resistance vs normalised 

friction ratio was prepared, as shown on Figure 6 . The soil classification chart 

proposed in Robertson (1990) is also shown and it can be seen that the data do 

not correspond to the fields designated as normally consolidated sands and silts. 

Since all data are from shallow deposits, it is difficult to imagine that they are not 

normally consolidated materials. These data and the % fines data would indicate 

that for these types of carbonate sediments, the correlation boundaries need to be 

raised and slightly rotated anti-clockwise to fit the plotted data.

Normalised Friction Ratio 

Figure 6. Normalised Cone Resistance/Friction Ratio Plot

This adjustment may be required because the correlation, rather than linking 

directly to material grading, may actually relate directly to friction angle, which 

is generally higher for carbonate sands than for similar siliceous ones. These data, 

however, would seem to indicate that further consideration of PCPT correlations 

may be warranted for carbonate materials.

Undisturbed Sampling

Concerns were raised during the planning of this investigation that seabed 

sediments may liquefy under repeated loading from the pipeline as it responds 

to the cyclic effects of wave loading. A programme of undisturbed sampling was 

therefore undertaken to obtain samples for cyclic triaxial testing.

In view of concerns about the success of sampling loose, non cohesive seabed 

sediments, several alternative sampling configurations, including a piston sam

pler, were mobilised. However, trials showed that a tube sampler, with 66mm 

inner diameter PVC liners, produced excellent results. This was later confirmed 

by microscopic examination of the sediment which showed minimal sample 

disturbance.

Cyclic Triaxial Shear Testing

A programme of cyclic shear testing was carried out on undisturbed samples 

using servo controlled Instron equipment at the University of Western Australia. 

The stress paths used were calculated in accordance with Yamamoto et al ( 1978). 

Sixteen tests were carried out with an effective cell pressure of 5kPa and cyclic 

deviator stresses of 5kPa ±1, 2, 3 and 4kPa. None of these tests showed any 

liquefaction, even under the effects of the most severe cyclic loading. Small 

strains and excess pore pressures developed during cyclic loading but the 

subsequent monotonie loading to failure showed significant reserve strength.

It is also interesting to note that the mean monotonie peak friction angle value, 

of 43.2° agreed with the friction angle calculated from the PCPT results.

SOIL FABRIC STUDIES

Fabric studies of carbonate sediments in the area had previously been used to 

classify the sediment types and assess the importance o f secondary cementation 

(Price, 1988a). They had also been used to investigate the mechanical behaviour 

of the sediments during loading and the deformation mechanisms involved 

(Price, 1988b). It was considered that fabric studies o f the shallow seabed 

sediments along the route might assist in determining their previous stability and 

thus their potential for instability in the future.

Undisturbed samples from along the route were examined and logged and sub

samples for microscopic examination, typically 30mm thick and cut normal to 

the core length, were selected to represent the different sediment types present 

to a depth of 1.0m. The sub-samples were oven dried, impregnated with epoxy 

resin and pétrographie thin sections were prepared using standard procedures. 

The thin sections were examined using an optical pétrographie microscope.

The near sea floor sediments along the pipeline are carbonate sands and silts of 

Holocene age Qess than 100,000 yean) composed predominantly of the skeletal 

remains of small marine organisms. Whole foram shells and gastropod frag

ments, both benthonic (bottom dwelling) and planktonic (floating in the sea 

water), are the most common but also abundant are echinoderm and bivalve 

fragments, worm tubes and bry ozoan colonies, with less common coralline algae, 

calcareous sponges, radiolaria and diatoms. Also present, sometimes as a major 

component, are reworked grains (calcretised pellets, lithoskels and lithoclasts) 

from older Pleistocene sediments, mostly limestones, which underlie the 

uncemented near sea floor sediments and which outcrop along sections of the 

route. Quartz, felspar, chlorite and other more exotic grains occur as very minor 

components of most samples and glauconite is present as a minor infilling within 

shells. The general grainsize range is from coarse sands (up to 2mm diameter) to 

fine sands (down to 0.075mm), silts (0.075 - 0.002mm) and clays (below 

0.002mm). There is no evidence of any cementation having developed within the 

near sea-floor sediments.

An important component of some of the sediments is a fme grained carbonate 

mud (micrite) that is composed of whole cocoliths, carbonate shell debris, 

chemically precipitated carbonate and organic material. This micrite typically 

fills interstitial pore spaces between larger grains and is composed of silt and clay
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sized particles. In some sediments, this micrite has been organised into ovoid 

pellets (faecal pellets) by burrowing organisms so that the sediment appears to 

be of coarser grainsize and free of carbonate mud.

The sedimentary environments in which these sediments have accumulated were 

interpreted from their composition, grainsize and degree of sorting and from 

general knowledge of the types of environment that exist on the North West Shelf 

of Australia. The sediments were subdivided into three types (A, B and C) based 

on these interpreted depositional environments, and these correlate directly with 

the interpreted frequency of previous disturbance (scour and transport) by water 

currents and the potential for their disturbance in the future.

Sediment Types

There are several varieties of Type A sediment, from coarse sands to silts, but all 

are well washed, reasonably well sorted and completely free of interstitial 

micrite. They often contain a high proportion of reworked grains and flat shaped 

grains are commonly aligned so as to define a bedding orientation., A typical well 

washed carbonate sand of Type A is shown in Figure 7a.

Figures 7a, 7b &  7c. P hotom icrographs o f T he T hree Sedim ent Types

Type B sediments are the opposite of Type A. They are characterised by the 

presence of a high proportion of fine grained carbonate micrite between coarser

sand and silt sized grains. This micrite forms a matrix and effectively provides 

structural support for the sediment. The sediment is unwashed and the degree of 

sorting is very poor. In some samples, this carbonate mud has been bFganised into 

silt and fine sand sized ovoid (faecal) pellets and where these occur the proportion 

of unorganised micrite in the pore spaces is reduced so that the sediment may 

appear as a partially washed, better sorted and coarser grained sediment. A 

typical micrite rich Type B sediment is shown in Figure 7b.

Type C sediments are intermediate between Types A and B - in fact they are a 

mixture of Type A and Type B sediments. They are composed of sections or 

volumes in which typical Type A characteristics occur - well washed sand or silt 

with no interstitial micrite - and other sections where typical Type B character

istics occur - unwashed and unsorted with abundant interstitial micrite or faecal 

pellets. Trails and burrows packed with micrite or pellets are fairly common. A 

typical Type C sediment is shown on Figure 7c.

The ranking of samples variously as Types A, B and C has been defined as their 

stability classification Cp.

Depositional Environments

Type A sediments are interpreted to have accumulated by the action of water 

currents which have picked up (scoured) and transported the sediment, winnow

ing out the different grainsizes, particularly any finer grained carbonate micrite, 

and depositing the grains back on the sea floor in beds of approximately similarly 

sized particles. They therefore have accumulated under relatively active current 

conditions and are characteristic of areas where scour and sediment transport are 

common.

Type B sediments are interpreted to have accumulated by the in situ build up of 

material that has settled out of the water column (fine grained muds and skeletons 

of dead planktonic forams and gastropods) plus the remains of organisms that 

have lived on or within the sediment column (crawling and burrowing animals 

such as gastropods, echinoderms, shrimp and worms). All of this debris has 

collected where it has fallen and it has been burrowed through, digested or in 

other ways bioturbated and partially replaced with pellets. Type B sediments 

therefore have accumulated under relatively calm water conditions, notably 

conditions in which scour and sediment transport have not winnowed out the 

finer grained carbonate mud.

Type C sediments are interpreted to have accumulated under intermediate 

conditions. Strong water currents have scoured and transported some of the 

sediment to produce the washed, well sorted clean sand and silt sections and, at 

other times, calmer conditions have prevailed so that the fine grained carbonate 

debris has accumulated in situ. Bioturbation by burrowing organisms has 

substantially mixed together these two sediment types. The frequency, and 

perhaps the intensity of strong water currents is interpreted to be less than for the 

areas of Type A sediment and more than for the areas of Type B sediment.

Interpreted Potential for Instability

The presence of Type B sediments close to the coast and in deeper waters is 

interpreted as indicating that sediment scour, transportation and redeposition has 

not occurred frequently, if at all, in these areas in the last 5,000 years since sea 

levels rose to their current height. The implication is that the sediments in these 

regions are therefore comparatively stable under the prevailing environmental 

conditions. The presence of Type A sediments in water depths of between 30m 

and 50m is interpreted as indicating relatively frequent sediment scour and 

transport in this region and hence a relatively high potential for instability. The 

presence of Type C sediments is interpreted to indicate somewhat intermediate 

conditions in which sediment scour and transport occur occasionally, inter

spersed by periods of calmer conditions when sediment accumulates in situ and 

is disturbed only by bioturbation. Therefore, in regions where Type C materials 

predominate, the potential for instability is greater than for Type B areas but less 

than for Type A areas.

STABILITY CORRELATIONS

Thin section observations indicate that Type A (potentially unstable) sediments 

are well washed and well sorted. Conversely Type B (stable) sediments are 

relatively rich in finer grained particles and are relatively poorly sorted. Inves

tigation of correlations with this stability classification system therefore concen

trated on the grading characteristics o f the sediments along the pipeline.
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The grading characteristics of sediments, are related to their depositional 

environment and the forces to which they have been exposed. Offshore 

depositional environments are determined by, among other things, water depth, 

changes in sea level and the magnitude of wave action and current velocities, 

under both ambient and extreme conditions. As far as the latter factor is 

concerned, it is worth noting that the pipeline is in an area where seafloor currents 

during cyclonic storms are amongst the highest anywhere in the world.

Correlation Against Grading Data

When %fines data are plotted against sediment classification, Cf considerable 

scatter is exhibited, which is not surprising in view of the variability of seabed 

condtions and many of the materials examined.

Sediment Type Classification Cp

Figure 8. Percent Fines versus Cp (After Removal o f Outliers)

Figure 8  shows the Mean and Standard Deviation of the fines data, after outliers 

had been removed in accordance with R ith iti (1988), plotted against Cp On the 

basis of this figure, which shows a clear differentiation between % fines values 

forTypes A, B and C sediments, Type A sediments were conservatively defined 

by the lower limiting value of Type C sediments, taken as (Mean - 1 Standard 

Deviation). A similar approach was used to differentiate between Type B and C 

sediments. Thus, the following correlation limits were defined:

Type A < 12% fines 

12% fines < Type C < 28% fines 

28% fines < Type B

A similar approach was used to investigate a correlation betwpen Cp and 

Uniformity Coefficient, Cuof seabed samples, but overlap prevented the defini

tion of a useful relationship.

Correlation Against PCPT Data

As discussed previously, grading characteristics provide the best approach to Cp 

definition. Whilst all PCPT data are affected by material grading, Friction Ratio 

(Rf) and Pore Pressure Ratio (Bq), most reliably reflect changes in soil grading. 

Since negligible excess pore pressures were measured in nearly all the PCPTs 

carried out, there were insufficient Bq data and investigation of correlations was 

therefore limited to consideration of R( response.

Sediment Type Classification Cp

Figure 9. Friction Ratio Versus Price Classification

Figure 9 shows Cp plotted against Rr Plotting of Mean and Standard Deviation 

values, as previously, shows an overlap that prevents the definition of useful 

boundary values.

Figure 10 shows a plot of the %fines plotted against Rr To increase the size and 

span of the data set, other data from the area have also been included. The figure 

differentiates between the two data sets and illustrates how well information from 

the two neighbouring sources fit together to form a consistent model.

Fines (%)

□ Pipeline ■ Inteifield Line -----------  Regression Adopled

Figure 10. Friction Ratio Versus % Fines

The response shown in Figure 10 is similar to that expected from theoretical, 

qualitative considerations, as follows:

(1) a constant value of R(for low %fines values. Up to a %fines value above which 

the fines content of the soil will influence soil behaviour, the effect of fines 

will mainly be to infill interparticle voids, without having any marked affect 

on soil response. In effect, up to this point, the soil is grain supported and the 

PCPT is relatively unaffected by small amounts of finer grained material. In 

the interests of conservatism, the horizontal line plotted on Figure 10 

represents the (Mean + 1 Standard Deviation) value of R( for Type A 

sediments.

(2 ) above this critical %fines value, the presence of the additional fines will result 

in a progressively more matrix supported, c-<(>, material. This will affect the 

PCPT response of the soil, in particular increasing R,. Figure 10 shows this 

increase as linear but there is no reason why it should be so. In fact, to achieve 

conventional R( values at higher %fines contents, the response would have to 

be non linear. However, again in the interests of conservatism, the linear 

regression relationship has been adopted.

On this basis, the following correlation can be determined:

For Type A: R( < 0.34

For Type C: 0.34 < R, < 0.52

For Type B: 0.52 < R,

It is interesting to note that there is a natural break in the %fines data between 

27% and 37%. This may be taken as further evidence of a change in the nature 

of the material.

RESULTS

These correlation data were then applied to the grading and PCPT data from along 

the pipeline route. The amount of data and its variability prevent the display of 

the interpreted stability conditions along the pipeline in this paper but the 

following general inferences can be drawn.

Some of the Type B sediments occur close to the coast and out to the entrance to 

Mermaid Sound in water depths of up to. 30m. Type A sediments predominate from 

this point seaward for a further 35km to where the water depth isabout50m.Type 

C sediments then predominate for the next 65km where the Holocene sediment is 

particularly thin over the underlying Pleistocene calcrete layer. Water depths in this 

region range from 60m to 90m. Beyond this point and out to the platform, Type B 

sediments again dominate in deeper waters from 90m down to 124m.
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Overall there was excellent agreement between the predictions of potentially 

unstable seabed areas and the areas that were found to have scoured after TC 

Orson. In addition, there were no findings of major occurrences of Type A, 

potentially unstable sediments in areas that have so far remained unscoured.

The effectiveness of the predictions can be gauged by the effects of TC Ian which 

crossed the project area on 2 March 1992, after the pipeline had been stabilised 

by rock armouring in areas that had been designated as potentially unstable. 

Inspection of the pipeline after the passage of this storm, which has been assessed 

as having a return period of at approximately 1 in 10  years, showed negligible 

seabed instability had occurred in the seabed adjacent to the pipeline.

CONCLUSIONS

In the light of the work described, the following geotechnical conclusions and 

comments can be drawn:

(1) The static cone penetration test is an efficient, effective way of investigating 

shallow seabed conditions. It is a relatively cheap test, which gives good, 

reliable data and remotely operated on-bottom equipment is ideally configured 

for this work, with the added capability of being able to recover samples.

(2) Although the sampling methods used in the 1978 investigation were some

what crude by current standards, it is interesting to note that the more careful 

sampling recently undertaken confirmed earlier density values. It was 

therefore concluded that carbonate sediments, even at very shallow depths, 

are not as “fragile” as had been assumed.

(3) Whilst the greater than anticipated in situ seabed density values reduced the 

risk of liquefaction somewhat, the cyclic triaxial testing programme clearly 

showed that soil liquefaction adjacent to the pipeline is unlikely even at the 

extremely high current levels generated by wave action in the NWS area.

(4) A review of burial data (Pearce et al, 1992) along the pipeline route since its 

construction showed that areas of cohesive material were essentially stable. 

This conclusion is confirmed by the stability classification of these cohesive 

sediments as Type B materials.

(5) PCPT data and microscopic examination of sediment samples shows that 

cementing is not a feature of the shallow seabed sediments.

(6 ) Examination of the PCPT data has shown intriguing response patterns, only 

some of which can be readily explained. However, contained within the 

PCPT data there is information relating to the sedimentation, reworking and 

scouring history of the location tested. qL is responsive to changes in stress 

level and therefore reflects consolidation history. As it also displays layering 

within sediments, even down to relatively subtle changes in grading, it 

should be a useful tool to investigate sedimentation processes. A search of 

available data bases, including those covering associated Earth Sciences 

disciplines, failed to unearth any but simplistic applications of penetration 

testing for this purpose. This is surprising, as it would seem that such tests 

could provide very useful data for such studies.

(7) The previous mobility of seabed sediments can be assessed by thoughtful 

examination of thin sections from sediment samples.

A system for classifying seabed sediments was evolved and correlations 

between this classification and more readily measured parameters such as 

%fines and Rf were established. Such correlations are strongly site specific 

and are particularly dependant on the energy regime to which they relate. 

Therefore, given the energy levels to which particular sediments can be

exposed in a particular depositional environment, it should be possible to 

define their stability by means of thin section examination and then derive 

an appropriate correlation with more readily measured geotechnical param

eters. In view of the sensitivity of a material's grading to the conditions under 

which it was deposited and has subsequently experienced, it would seem 

likely that grading should provide a basis for such a correlation.

The correlations developed for the sediments along the pipeline route 

allowed these materials to be classified according to their stability, providing 

invaluable input for the design of the remedial stabilisation programme for 

the pipeline.
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