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SUMMARY REPORT

. OBJECTIVES

The objectives of this group design project was originally to attempt to understand the
efficiency of a promising new technology in land drainage, NFDC’s “Mole Drains”,
whose only current site of installation is in the cliff slopes in Christchurch Bay,
Hampshire. It was hoped that the group would be able to come up with a design
procedure for the placement of the drains based on parameters of site specific

conditions.

However it was quickly realised that their was not sufficient data on the Mole Drains
to achieve this, more general objectives were set in terms of understanding how the
cliff slopes were failing and how the slope could be stabilised by reducing its internal
pore water pressure. This is achieved by utilising a slope stability analysis on the

undercliff and a water balance calculation for the surrounding area.

The findings of these studies will provide essential results for the understanding of
how the cliffs are failing and what needs to be done to prevent slope failure in the
future. Examination of the current data available on Mole Drains has also enabled
recommendations to be made for future research required in order to progress
understanding of how they operate and what could be done to improve on the current

guidelines for placement.

. RESOURCES

The NFDC provided the information and data related to the cliff slope and the Mole
drains at Barton-on-Sea on request by the group. The NFDC granted permission to
lease with the other parties responsible of the creation of the Mole drains to obtain
further details:- geotechnical consultants (Rendel Geotechnics) and the contractor
(A.E. Bartholomew).

The service from the Mechanical Design Faculty at Southampton University enabled

manipulation of NFDC’s AutoCad survey drawings of the Barton-on-Sea area.
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The project involved various site visits to the Barton-on-Sea Cliffs and several of the
visits were accompanied by an NFDC representative including a visit during a Mole

drain flow monitoring exercise, which proved vital to the projects direction.

. CONSTRAINTS

Originally it was envisaged that the project was to be undertaken by a group of three
members. However, the third member, unbeknown to the rest of the group, did not
continue into the fourth academic year. Not only did this result in a reduced group,
but the private study during the preceding vacation by this third member was lost

placing the group behind schedule on researching,

The initial objectives, set by the Supervisor, for this project was based on information
and data already available from NFDC. This information and data was found to be
largely insufficient to compete the original tasks. This set back was not fully
recognised until late November, almost two months into the project, this was due to
the slow responses by NFDC to queries and requests for information. The data was
firstly promised by NFDC, it was then revealed that much of the data for the mole
drains had not been recorded. Further set-backs caused by inadequate flow
monitoring techniques on the Mole drains adversely affected the relevance of this

project to the actual drains.

The revised project objective entailed a slope stability analysis, where it was
envisaged that a computer package, “Slope”, on the University Network would be
used. However, it was found that the “Slope™ package contained running errors and
could not be utilised. No other computer package was available which resulted in the
analysis being done by hand calculation, A long duration was spent studying,
understanding and setting-up the data for “Slope”, which resulted in the analysis stage
being behind schedule.

No computer package is available for 3D analysis of drainage, as is experienced in

Mole drains, thus the analysis in this project was based on 2D theory.
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A laboratory model for the study of the mole drains was unfeasible due to the high
cost implications. Also the prohibitive cost of weather data from the MET office

hindered the analysis of the Water Balance calculation.

. APPROACHING THE TASK

As the project was predominately determined by the constraints, as outlined above,
the planning of the project was difficult due to the continuously changing objectives.
However, as the project objectives altered the tasks were separated and allocated a
duration for completion. This planning, written using “Microsoft Project” was used
as a project Management tool to ensure all the specified tasks could be completed in

the time available. See Appendix D for copy of Project Plan.

A budget was also planned where a £525 budget allocation was provided by the
MEng office. NFDC allowed access to their library and provided copies of any
reports, drawings and disks of monitoring data without cost. See Appendix D for

copy of Budget Plan.

. TEAM ORGANISATION

PROJECT ROLES
Treasurer - R. Drury Secretary - L, Le Pen
ADMINISTRATIVE ROLES

The tasks of research, analysis and write-up were evenly divided in quantity between

the two group members.

AUTHORSHIP OF REPORT

Summary Report Le Pen & Drury 1.0 - Introduction Le Pen & Drury
2.0-2.2 - Background L. Le Pen 2.3-2.4 - Background  R. Drury
3.0-3.2 - Mole Drains R. Drury 3.3 - Mole Drains L. Le Pen

4.0 - Water Balance Calc. L. Le Pen 5.0 - Slope Stability R. Drury

6.0 - Future Work L. Le Pen 7.0 - Conclusions Le Pen & Drury
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. CONCLUSION & RECOMMENDATIONS

Application of Janbu’s semi rigorous slope analysis reveals that the drainage schemes
in place must at all times be sufficient to draw down water levels to maintain the
average pore pressure R, below 0.41 to prevent failure. Geologically this applies
specifically the Chama Bed and the “F” plane, thought to be responsible for the slip

failures experienced.

With the instability occurring along this stretch of coastline since late 1997 it is clear

that drainage measures in place are not sufficient for extreme conditions.

The water balance calculation identifies that water draining from this stretch of cliff
could have fallen as rain as long as three months previous. It would be realistic
therefore to put this area on alert for landslip after three months of consecutive
torrential rainfall have accrued. Torrential rainfall could be considered to have
occurred if monthly totals approach or exceed 100mm per month or the three month
total approaches or exceeds 300mm. Though it would be wise to exercise judgement
over this definition since groundwater recharge, amount of surface flow and type of

rainfall event will all affect the amount of water entering the ground.

Unfortunately the ultimate aim “to produce a method for the design and placing of
these drains™ has proven beyond this project, not least due to the complexity of the
three dimensional problem, but also because there is a dearth of valuable information
on the subject. It is hoped that the production of this report will act as a stepping

stone to achieving this ultimate objective.
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. ABSTRACT

This report focuses on a new development in cliff drainage technology, namely that of
Mole Drains. Construction of Mole drains is trenchless, therefore minimising
environmental disturbance and crucially, is also cheaper than more conventional cliff

drainage methods.

This new cliff drainage technique currently has only one area of installation, (in
Christchurch Bay), placed in 1994 these drains have been drawing out cliff water, in
copious amounts until present. While there is no doubting this practical evidence that
the method does drain water, no understanding of how effective the Mole Drains are
in stabilising the cliffs exists. Furthermore, no procedure for the design and effective
placing of a system is available due to its theoretical complexity. Therefore progress
towards designing these systems for specific cliff drainage schemes can only be made

through studies of installed systems.

This report examines the slope stability of the cliffs and attempts to ascertain what
contribution the Mole Drains have made. Two analytical tools are primarily utilised
to accomplish this. Firstly a water balance calculation has been made along the
stretch of coastline between E423100 to E423900 (adjacent to Barton-on-Sea), and
secondly a slope stability analysis relying on Janbu’s semi-rigorous method has been

made.

The water balance has shown that this area is very prone to slippage because of
greater seepage flows in this area than adjacent coastline, the calculation also
demonstrates that the inputs and outputs as caught by the drainage systems in place
are reasonably in balance. The stability analysis has identified the slope would
consistently exceed equilibrium conditions and slip annually without any cliff
drainage measures in place, even with the remedial measures in place it is clear that

these are not sufficient during extreme conditions.

It is hoped that this project will further progress towards the creation of design
procedures for the placing of Mole Drainage Systems where they are appropriate and

further understanding of the stability of the soil cliffs at Barton-on-Sea.




MOLE DRAINS
ACKNOWLEDGEMENT

. ACKNOWLEDGEMENT

We would like to thank the following people for their contributions to the project:
Dr Barton for his guidance and support throughout.
Dr Pitts for his interest in our work and for acting as second examiner.

Steve Fort of Rendel Geotechnics for taking the time and trouble to respond to

our enquiries.

Andrew Bradbury and Steve Cook of The New Forest District Council for
supplying the project with invaluable information and allowing us access to

their library.

We also recognise the Ordnance Survey for various maps that appear within this

report.

ii




MOLE DRAINS

TABLE OF CONTENTS

. TABLE OF CONTENTS
ABSTRACT i
ACKNOWLEDGEMENTS ii
1. INTRODUCTION 1
2. BACKGROUND: BARTON-ON-SEA 4
2.1 The Study Area 4
2.2 Geology and Hydrogeology 8
2.3 Failure History 11
2.4 Previous Studies & Remedial Works 11
3. MOLE DRAINS 14
3.1 Drainage Schemes 14
3.2 Mole Drains 14
3.2.1 The Principal of Mole Drains 15
3.2.2 Installation: Mole Drains at Barton-on-Sea 17
3.2.3 Cost: Mole Drains at Barton-on-Sea 19
3.3 Records and Their Credibility 19
3.3.1 Climatic Data 19
3.3.2 NFDC Monitoring data 20
3.3.3 Position of Drains 22
4. WATER BALANCE CALCULATION 24
4.1 Overview 24
4.2 Basis of The Calculation 24
4.3 Inflows 26
4.3.1 Climatic Data 26
4.3.2 Potential Evapotranspiration 27
4.3.3 Actual Evapotranspiration 28
4.3.4 Catchment 29
4.4 Outflow 33
4.5 Results and Discussion 34

il

—




MOLE DRAINS

TABLE OF CONTENTS

4.6 Summary 39 !
5. SLOPE STABILITY 40
5.1 Classification of Slope Failure 40
5.2 Site Investigation: Barton-on-Sea 41
5.2.1 Site & Geology: Hoskins Gap 41
5.3 Slope Stability Analysis 44
5.3.1 Effects of Soil Parameters on Analysis 44
5.4 Non-circular slips 45
5.4.1 Janbu’s Method: Interslice Forces 47
5.5 Slope stability Analysis: Barton-on-Sea 48
5.5.1 Results of Analysis 53
5.5.2 Comparison of Entire & Front slip failure 57
5.5.3 Significance of Results \ 61
5.6 Worked Example of Stability Analysis: Barton-on-Sea 62
5.6.1 Treatment of Pore Pressures in Slopes 62
5.6.2 Estimation of the Pore Pressures: Barton-on-Sea 63
5.6.3 Correlation of Flownet & Slope Stability 69
5.7 Recommendations & Further Study 70
6. FUTURE WORK 73
6.1 Aim of a Future Project 73
6.2 Research Experiments 74
6.2.1 Soil Testing 74
6.2.2 Pipelines 75
6.2.3 Survey of Installation 71
6.2.4 Groundwater Monitoring 78
6.2.5 Flow Monitoring 78
6.3 Similar Technologies 81
6.4 Summary 82
7. CONCLUSION 83
7.1 Soil Cliffs 83
7.2 Mole Drains 84

iv

—




MOLE DRAINS

TABLE OF CONTENTS
8. GLOSSARY 86
9. REFERENCES 87
10. BIBLIOGRAPHY 89
APPENDICES:
APPENDIX A

Penman Montieth Calculations

Effective Rainfall Calculations

APPENDIX B
Graph of d/L. Vs CF
Janbu’s Interslices Sheets 1-3
Failure Mode 1: Front Slope
Failure Mode 2 : Entire Slope

Flownet Calculations : Case 1 & 2

APPENDIX C

Results of accuracy experiment

NFDC Flow Monitoring Data:
Manholes - Raw data
Catchpits - Raw data
Manholes - Estimate of total flow
Catchpits - Estimate of total flow and comparison with
manholes estimate of total flow

Mole Drains - Estimate of total flow

APPENDIX D
Project Plan
Budget

Minutes




MOLE DRAINS
L1sT OF FIGURES

. LIST OF FIGURES

Figure 1 - Barton-on-Sea Coastline

Figure 2 - Rock Armour Protecting the toe of the Cliff from Marine erosion
Figure 3 - House at Risk

Figure 4- Barton-on-Sea cutting from OS 1:25,000 Tourist Map

Figure 5 - Existing Drainage Scheme, General Arrangement

Figure 6 - Cliff-face

Figure 7 - Undercliff

Figure 8 - Undercliff 10

oD N N L

Figure 9 - Typical profile of Mole Drain through cliff from undercliff to clifftop 15
Figure 10 - Typical section of hand drilled perforated MDPE Mole Drainage pipe. 16
Figure 11 - Plan view of “Grundohit” hydraulic ram, as used by A.E. Bartholomew for

the installation of the experimental Mole Drains. 17
Figure 12 - Elevation view of “Grundohit” hydraulic ram. 18
Figure 13 - Water Balance Calculation Flow Chart 25
Figure 14- OS Map of The Area 31
Figure 15 - Trace Contour Map of Area 32
Figure 16 - Graph of Total Rainfall Vs Month of Year Jan 1990 to Sept 97 36
Figure 17 - Graph of Effective Rainfall Vs Month of Year Jan 1990 to Sept 97 36
Figure 18 - Comparison of flows 38
Figure 19 - Contour map of location of boreholes used in stability analysis. 42

Figure 20 - Cross-section indicating the presumed profile of undercliff pre-existing

slippage. Note: Not to scale. 44
Figure 21 - Typical profiles of a) Circular and b) Non-Circular slope slips. 46
Figure 22 - Typical slice section for slip analysis indicating dimension required. 46
Figure 23 - Proposed slip profile through undercliff, Note not to scale. 48
Figure 24 - Location plan of cross-section used for stability analysis. 49
Figure 25 - Cross-section of cliff at Hoskins Gap for Interslice Analysis. 52
Figure 26 - Graph of Failure Mode 1: Front Slope. 54
Figure 27 - Graph of Failure Mode 2: Entire Slope. 56
Figure 28 - Comparison of Front Slip & Entire Slip for Phi’ = 12°. 39

Vi

—




MOLE DRAINS

LIST OF FIGURES

Figure 29 - Comparison of Front Slip & Entire Slip for Phi’ = 14°, 59
Figure 30 - Comparison of Front Slip & Entire Slip for Phi’ = 18°. 60
Figure 31 - Comparison of Front Slip & Entire Slip for Phi’ = 24°. 60
Figure 32- Cross-section of cliff and undercliff indicating G.W. levels produced by R.
West & Partners(1991) and the newly determined boundary flowline. 64
Figure 33 -Cross-section of cliff at Hoskins Gap: Upper boundary Flownet. 67
Figure 34-Cross-section of cliff at Hoskins Gap: Lower boundary Flownet 68

Figure 35 - Graph of predicted stability conditions for the undercliff slope at Hoskins
Gap, Barton-on-Sea. 70
Figure 36 - Vee-Weir Diagrams and Equations for a Rectangular Channel 79

vii




MOLE DRAINS
LIST OF TABLES

. LIST OF TABLES

Table 1 - General Arrangement of Strata
Table 2- Monthly Total Rainfall Jan 1990 to Sept 1997
Table 3 - Monthly Effective Rainfall Jan 1990 to Sept 1997
Table 4 - Final Results of Water Balance
Table 5 - the Front and Entire slope failure with ¢* equal
to 12,13,14,18 & 24° within the Chama Bed & the
“F” slip surfaces for a FOS = 1,

35
35
37

57

viil




MOLE DRAINS CHAPTER 1

INTRODUCTION

1. INTRODUCTION

Over the past half century the cliffs and slopes by the coastal town at Barton-on-Sea
in Hampshire, Southern England have been receding and at present the retreat has the

potential of threatening the safety of the urban area lining the cliffs.

The cliffs comprise clay and sand layers, as such the cliffs are inherently unstable,
however this instability has been amplified by the effects of water seeping through the

soil creating pressure,

This project focuses on the instability of the cliffs and attempts to
estimate/understand the efficiency of the drainage measures currently in place. In
particular that of a new stabilisation technique whose only practical installation exists
within the Christchurch Bay area. The new technique was developed in 1994 by the
New Forest District Council (NFDC) togethef with Rendel Geotechnics (consultants)
and A E. Bartholomew (contractor), this system was thought up as a viable alternative
to expensive conventional measures. It is named “Mole Drains” because installation

of the drainage pipes requires no dug trench.

The development was catalysed in response to a new understanding of the failure
modes at work in the cliff (by Rendel Geotechnics) when it was realised that the
failure mechanisms were too deep seated for the then in place cliff drainage measures
to withstand. The cost of conventional measures which would be sufficient to

stabilise the area are prohibitively expensive.

Mole Drainage technology has wider implications if it can be proven, particularly in
today’s society where increasing environmental awareness has meant that past
engineering practices are being dropped where possible in favour of practices which

will minimise environmental intrusion.

These experimental drains and others within the undercliff are the main components

investigated in this study for the stability of the cliffs at Barton-on-Sea.
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The cliff’s land drainage remedial measures investigated in this study include:
¢ French Drains - Placed perpendicular to the cliff face.
¢ Main Drainage System - Cut-off sheet pile wall parallel to the cliff face.
e Mole Drains - New technique for land drainage.

These remedial measures are concerned with the removal of groundwater within the
cliff, thus reducing the pore water pressure within the strata and increasing the
stability of the land. The other measures utilised to stabilise the cliff at Barton-on-
Sea, such as Rock Groynes & cliff toe supports, are not of direct interest for this

project.

Trial installations of the Mole Drains were put in place during 1994 with monitoring
procedures recommended to determine how well the scheme would function. It was
the initial intention for this project to establish the efficiency of the system from these
monitoring records. However, early research into the information and data available
on the Mole Drains indicated that a performance rating for the efficiency of a Mole
Drain to extract groundwater from the undercliff was not feasible. New objectives
were set considering the drainage measures as a whole and their contribution to the
cliff stability. This was achieved by breaking down the core elements of the problem

and utilising two analytical tools:

1. Using a water balance calculation to establish the amount of water percolating
into the area around the cliff and comparing this to the measured amount caught

by the drainage systems which have been monitored regularly by the NFDC since
1994,

2. Calculate the slope stability in relation to the estimates of water content within the

undercliff. This has been achieved with Janbu’s semi rigorous slope stability
technique.

In conducting these studies several topics concerning the stability of the cliff and the

effectiveness of the Mole Drains can be discussed with confidence with topics for

T
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future research required outlined. Relevance of the monitoring procedures to
understanding the Mole Drains and data available will be of particular interest to the
advancement of the technology. This study will provide NFDC with information that
can be used to improve the safety of the area and also help understand and develop

the potential Mole Drains offer for an environmentally concerned society.
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2. BACKGROUND: BARTON-ON-SEA

2.1 The Study Area

Barton-on-Sea is a town on the south coast of Hampshire near to the New Forest, as
shown in Figure 4. This study is concerned with the cliff drainage schemes in place
between Eastings 423100 and 423900.

The stretch of the coastline has been subject to recession caused by marine erosion
and inherent slope instability. Left unchecked, over a period of decades, the recession

would slowly overtake the small town.

Figure 1 - Barton-on-Sea Coastline

Despite the inherent instability of the cliffs, drainage and various cliff protection
schemes have been in place along this stretch of coastline since the 1930’s. Schemes
have included regrading of the slope and the placing of armour along the shoreline to
protect against wave erosion. The success of these schemes is arguable and their
effectiveness may have been hampered by a lack of understanding of the geotechnical

Processes at work. Cost constraints have also played their part.
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Figure 3 - House at Risk

Shown on Figure 5 is the stretch of coastline under investigation, with the general
arrangement of the drainage scheme, this includes the older sheet pile scheme and the
New Mole Drains with their fan like pipe arrays. The scheme is set up so that several
drainage pipes flow into manholes, where the water then joins into one exit pipe
Which goes to a catchpit and then out to sea, with the exception of manhole 24A

- Whose Mole Drained water is discharged elsewhere,
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2.2 Geology and Hydrogeology

Several borehole logs exist in and around the Christchurch bay area and most recently
an operation was commissioned in 1988 by the NFDC, which sited 6 boreholes within
the coastal area of interest. Five of these were sited upon the undercliff while a single
borehole was sited upon the clifftop. It is the records from this single borehole which

represent the best knowledge of the undisturbed geology of the area of interest.

The study goes into detail that is not needed in this brief overview and the strata

encountered is summarised in Table 1 below.

Strata Top (m A.O.D) Base (m A.0.D)
Drift deposits and made 33.61 31.01
ground (clay & sand)
Plateau Gravel (Gravel) 31.01 2121
UpperBarton Beds (Fine sand) | 27.21 15.11
Chama Bed (Silt and Clay) 15.11 1141
Middle Barton Beds (Clay) 11.41 3,56
Borehole data: Location = E423753, N092985
Borehole ends = 3.56m A.O.D.
Ground level =33.61m A.O.D.

Table 1 - General Arrangement of Strata

The first three strata down to the Chama bed are considered to be permeable, though
studies (Barton 1973) have suggested that there may be some discontinuity of flow
between beds, i.e. lag time between water percolating across their boundaries. This
leading to different hydrostatic pressures as observed by standpipe peizometers

inserted into each layer.

The dip of the Chama bed has been estimated by Barton (1973) at 0.75° ENE with the

overlaying beds varying in thickness up to the surface along the coastline and inland.

The cliffop along the study area remains relatively constant at 30m A.O.D.
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Photographs Figure 6, Figure 7 & Figure 8 display the cliff face, as well as the
undercliff formed of slip debris. The boundary between the Plateau gravel and Upper
Barton Beds is plainly visible.

Problems arising in accurately ascertaining the exact arrangement of geology in the
undercliff is discussed further in chapter 5 complications arise due to the slip debris

and past regrading attempts to stabilise the cliffs.

Figure 6 - Cliff-face

Figure 7 - Undercliff
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Figure 8 - Undercliff

The apparent dip East to West of the Chama and Middle Barton beds is estimated at
0.25° Barton (1973). With the level of the top of the Chama bed known at the
borehole this would make the level of the top surface of this bed at approximately:

21.7m A.0.D @ E423100, N093000
14.7m A.O.D @ E423900, N093000
The difference at either extreme of the study area being seven metres.

The value of dip relies on observations of the visible Chama bed and boreholes on the
undercliff West of the study area, as such the value should be treated with caution

since the Chama bed is not visible within the study area.
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2.3 Failure History

The failure history of the area indicated on the location plan, Figure 4, has been an
ongoing saga of events with incomplete records. The extent and frequency of slope
failure at Barton-on-Sea is uncertain up until the early 1900’s, where gaps still appear
in the records. It was not until the mid 1900’s that adequate records of events started
to take place. Thus the failure history of the cliffs at Barton-on-Sea can only extend
back 50 or so years. Many failures have occurred within this period but only three

were of major concern, they were as follows;

1974 - Barton Court (423800E 92900N)

Large upper & lower cliff failure

1988 - Hoskins Gap (423700E 92900N)
Lower cliff failure

1993 - Cliff House Hotel (423250E 93000N)
Large lower cliff slip

2.4 Previous Studies & Remedial Works

As many there are failures, there have been studies commissioned on the Barton-on-
Sea area over the last century. Again, the documentation of these studies and the
remedial works following the studies are rare and often unrecorded. Despite this, it is
considered that all previous remedial works before 1964 shall be dismissed on the
grounds that they are no longer relevant. This is an acceptable assumption as several
degradation events have occurred since 1964 that would render any pre-1960°s

remedial works ineffective.

Thus the remedial work on the slopes at Barton-on-Sea after 1960 of interest were as
follows;

—__—'_-———..__
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1964-‘68

e Vertical timber piled revetment at cliff toe - To protect

the cliff against sea erosion.

e Slumped cliffs reprofiled to form regular slopes, berms

and tracks - To help stabilise the cliff slope.

o l.lkm sheet pile wall approximately 6m deep -
Designed to intercept water passing through the cliff

and drain using 24 outfalls at sea.
1970

 Five No. rock groynes - Placed to protect the coastline

from sea erosion.

Even these remedial measures constructed in the 1960°s and 1970°s failed to
withstand the test of time as by 1990 all existing works had been removed or

replaced. The sequence of the failure of these events were as follows;
1980°s
e Timber revetment eroded.

* Drainage system corroded and collapsed in several

places.

The major failures that occurred over the period where these post-1960 prevention
Measures were implemented lie close to the sites of failure of the remedial works.
The recent works on the Barton-on-Sea cliffs in the Tast decade have concentrated on
replacing much of the work done during the 1960°s. During this period more site
investigations were commissioned by the NFDC, such as Halcrow’s (1987) report
feeommending permanent remedial measures at Hoskins Gap. Some measures were

taken to protect the cliff and undercliff from erosion, unfortunately with no major

5“-_.—'_‘-——__;

& 13 s




MOLE DRAINS CHAPTER 2

BACKGROUND; BARTON-ON-SEA

long term stabilizing effect. Rendel Geotechnics throughout the early 1990°s, on
behalf of NFDC, conducted several surveys of the area in terms of the stability of the
slopes. It was identified that further remedial preventative measures were required if
the Barton-on-Sea cliff and undercliff were to remain stable or within tolerable limits
and control. The remedial measures that have taken place within the last decade are
listed below. Through regular visits and monitoring, all of the remedial measures
during this period are in working order. However, major slippage has taken place

within the undercliff since their installation which has affected the performance of all

these measures.
1990
e 1960°s timber revetment replaced with 1 in 3
Blockstone - To protect the cliff toe against wave
attack.
1991 & 1994

o Replace 1960’s drainage system - By A E. Bartholomew

o Investigation into the slope stability at Barton-on-Sea by
Rendel Geotechnics.  The findings of this study
instigated the necessity, concept and placing of NFDC’s

experimental Mole Drains.

These past and most recent studies, surveys and reports conclude the scope of

information utilised for the purposes of the history profile of the Barton-on-Sea cliffs .
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3. MOLE DRAINS

3.1 Drainage Schemes

Drainage systems have been used to stabilise areas of instability for decades, if not
centuries. The most common and traditional method of land drainage is the rock
filled drainage trench. Trench drainage is becoming less popular due to its high
construction time, high cost and its impact on the environment. In recent years the
subsequent development of other techniques considering these factors have produced
the likes of permanent Pumping and Horizontal drainage systems. These two
methods, although perfectly capable of reducing pore pressures within slopes, cannot

be achieved without major concerns and complications.

For example, the initial payment for the pumping equipment is high which would also
require maintenance having a life expectancy of 5 or possibly 10 vears. The
Horizontal drains although cheap compared to the initial cost for pumping promote
many concerns as to their reliability. Horizontal drains are single entry, up or
downward sloping, pipes inserted into a cliff/slope face. The problems arise with
time, in most ground conditions the pipes block with the flow of fine sediment and
require maintenance and cleaning. Over long distances, cleaning and maintenance
prove difficult, some times impossible, thus rendering this technique a non-viable

long term option for slope stability.

These three examples are by no means the only measures for slope stability and the
reader is directed to Hutchinson (1977) for a summarised review of general

stabilization methods.

3.2 Mole Drains

The New Forest District Council, Rendel Geotechnics and A.E. Bartholomew, all
involved with the Barton cliff stability programme, combined theories of how the
Water seepage bypassing the sheet piled drainage system could be drained. This was

ivestigated when surveys revealed that the slopes were not totally stable after the

-14 -
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replacement of the main cliff drainage during 1991 & 1994 and the free water was

causing slumping of the saturated cliff.

The installation of a moled, perforated land drain was proposed. This technique of
land drainage was new and unknown in its performance. Nevertheless NFDC

commissioned an experimental trial single moled land drain during January 1994,

3.2.1 The Principal of Mole Drains

The initial purpose for the Mole Drains were to assist in the land drainage, collecting

the escaping surface water missed by the existing main system.

The principal of the Mole Drains® profile is unique and the affects are not fully
understood. It is the objective of this project to further the knowledge and thus give a

better understanding of how the Mole Drains work.

The concept of Mole Drains is relatively simple. Figure 9 shows the profile of a Mole
Drain inserted to a section of cliff, entering through the undercliff and exiting at the
cliff top. The profile should be practically horizontal through the undercliff and once
sufficiently passed the cliff face, the profile changes. The Mole Drain then turns
vertical towards the cliff top with the bend having a designed radius.

- HORIZONT ALS]

FHROGGH L
E

Figure 9 - Typical profile of Mole Drain through cliff from undercliff to cliff top

h_—-_'_'—-—-__
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It is believed that the initial horizontal section of the Mole Drain acts in a similar
manner to that of the traditional Horizontal drainage system where the pipe
inclination and surrounding strata are predominant influences to the drains
petformance. The vertical or near vertical section of the Mole Drain acts akin to the
effect offered by gravity induced vertical drains. The bend connecting the horizontal
and vertical sections has unknown influences or effects on the water being drained. It
is unknown whether the water attracted by the vertical section is passed along to
discharge down the horizontal section or if it percolates back into the strata in the
vicinity of the bend. The actions of leaching, suction, strata & pipe permeability,
groundwater pressures and many others are all possible parameters that could effect

the direction of water flow around the bend.

The type of drainage pipe used for the experimental Mole Drains consisted of a
75mm outside diameter medium density polyethylene (MDPE) continuously welded
pipe. The perforations required for water attraction were provided by 10mm diameter

holes hand drilled on site at 75mm centres.

Figure 10 - Typical section of hand drilled perforated MDPE Mole Drainage pipe.

Standard Pre-perforated pipes had been tested without success, as their tensile
strength were not designed for the installation technique as described in the following
Section. For this reason hand drilled pipe were used and as Figure 10 displays, the
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arrangement of the holes are very crude and not to the specified dimension. The
adverse affect to the drainage efficiency is unknown where the determination of the

effects is beyond the scope of this project.

The initial anticipated effect expected by the NFDC, through the installation of the
Mole Drains, would be that they should reduce the long term pore water pressure
distribution in the immediate vicinity of the cliff face. As a result of a reduced pore

water pressure the stability of the cliff will be improved, but to what amount?

The understanding as stated above is an assumption as believed by the group and

requires further investigation through detailed studies and model analysis.

3.2.2 Installation: Mole Drains at Barton-on-Sea

The term “Mole Drains” is due to their unique installation technique. A steerable
oscillating mole connected to a hydraulic ram, fixed in location at the bottom of the
undercliff, is driven into the slope in 1 meter length intervals using steering rods. (See
Figure 11 and Figure 12 pictures of the “Grundohit” hydraulic ramming Machine)

This performance provides the hole in which the drainage pipe can be inserted.

"

-

HYDRAULIC RAM |

Figure 1] - pian view of “Grundohit” hydraulic ram, as used by A.E. Bartholomew

Jor the installation of the experimental Mole Drains.
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Figure 12 - Elevation view of “Grundohit” hydraulic ram.

A diode target is fixed to the first steering rod connected to the mole where
directional control for steering is achieved by the ramming machine while using
tracking equipment above ground. The tracking equipment can locate the diode
target in both horizontal and vertical alignment. This allowable steering enables the
mole to be steered through a desired profile within the undercliff and exit at any

location in the cliff top.

Once the mole has reached it’s destination, i.e. the cliff top, the mole head and diode
are disconnected and a perforated land drainage pipe is securely connected to the
front steering rod. To insert the drainage pipe into the moled hole, the hydraulic ram
is reversed pulling the steering rods as well as the drainage pipe down back through
the hole. Where the desired location of the pipe is achieved, a manhole may by
constructed, for purposes of inspection and maintenance. These manholes, for
various arrangements of Mole Drains along the undercliff, are connected together by

4 main drainage system which discharges out to sea.

The ends of the pipe not protected within the manholes, i.e. at the cliff top end, are

€@pped enabling access for maintenance rodding and jetting to be undertaken when
Tequired,

\__’——-__
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3.2.3 Cost: Mole Drains at Barton-on-Sea

The implementation of Mole Drains has an environmental supremacy over the
traditional trench drainage for it’s no-dig-technique, leaving the majority of the
landscape untouched. The installation time, even for the experimental trial, proved
quite short taking less than 5 days to install the first four Mole Drains with a total
length of 115m, substantially quicker than installing trench drains. It should be noted
that a trench drain in this location would require the removal of soil to a depth of

2.5m - 3m by at least 1m wide.

The total cost for the installation of the first set of four Mole Drains in January 1994
cost approximately £10,000 for a total pipe length of 115m. This cost incurred for
this experimental section was exaggerated due to the high risk to the Contractor. The
second set of Mole Drains installed in May 1994 cost £10,000. This time the set
contained five drains with a total pipe length of 170m where one pipe extended 60m
through the cliff.

As the Mole Drainage technique is still in it’s experimental stage the cost and extent
of maintenance is unknown. However, the frequent flow monitoring undertaken by
NFDC since installation indicate that annual rodding and jetting would be adequate,

with the potential of being a biannual event.

3.3 Records and Their Credibility

The NFDC hold records specific to the area, in addition to this the project required
the acquisition of climatic data, specifically rainfall but also other measures such as

wind, temperature and relative humidity in order to formulate a credible water

balance calcylation.

3.3.1 Climatic Data

Initially approaches were made to the MET office as regards obtaining data from
climatic monitoring stations which they run in the Barton-on-Sea area, however it was

found that the ¢t was prohibitive. Costing £675 plus VAT per station, this included

~._—I_.-..“'-——»-_;
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an educational discount without which the cost would have reached £5100 + VAT per

station.

With this avenue closed to the group, further investigation revealed that hand written
records from the Everton station would be obtainable at only the cost of a trip to pick
them up. These records were the same as those which the MET office would have
supplied, except that they were not in a digital format, nor over such an extensive

period as had been originally requested.

These records are on a daily basis, the station itself was well situated and after
inspection the group has full confidence in the records obtained. They include very

detailed information, not all of which has been utilised.

3.3.2 NFDC Monitoring data

The NFDC have been monitoring flow through manholes, and ground conditions .
along the stretch of coastline in question intermittently for several years. Records
exist for flow rates as well as survey records of movement for various studs placed in
the ground, and monitoring of several peizometers installed. Unfortunately the data is

of questionable accuracy.

All the raw data made available to the group by the NFDC that was utilised in this
project is included as part of Appendix C. Comments have also been added to

explain where water is flowing to and from, and also the group’s opinion on its
reliability.

Flow Monitoring

The flow monitoring was initially undertaken by a private firm subcontracted to the
NFDC. They took readings on a weekly basis for most of the pipelines in this area
between May 1995 1o April 1996. Close scrutiny of the monitored data reveals some
Inconsistencies with some highly unlikely results. For example, discharges being the
SAME every week for months on end, sudden rises in discharges, opposing trends

SCN pipes, (one rate increasing over a period whilst another decreases), all with

\
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no apparent explanation. The NFDC terminated the subcontract for these reasons.
There is then a gap in the records until February 1997 when monthly monitoring by
the NFDC was initiated This has continued until December 1997 with only a few
months missed, at which point the whole area became subject to instability and

monitoring was discontinued for safety until present, (April 1998).

The monitored flows include all the Catchpits (CP’s) and most of the flows into the
manholes as shown in Figure 5. Care must be taken to interpret this information.

Things to be aware of include:
1. Some manholes are linked together so that some water is measured twice.

2. There are a number of pipes which have been found during the course of the
monitoring program discharging into various manholes, for which no plans exist
and are not shown on Figure 5. It is likely that these pipelines were included to
pick up water which was perceived as being present during the piecemeal

construction of the system. These are also monitored.

3. Highway water is thought to flow into manholes 16 and 21. I is not known as to
the extent of this, but is unlikely to go beyond the two coastal access roads

adjacent to these manholes.

4. Lastly, a culverted stream is thought to flow into MH21, this flow would appear to

be of significance though where the stream originates from is not known.

The group accompanied the NFDC during their monitoring of the flows on 4th & 5th
of November 1997 and during this task an experiment was undertaken to test the
accuracy of the monitoring procedure. Normally for each pipeline a container of
known volume is placed under the discharge, the time is measured for this to fill a
Certain amount (dependent on the discharge) and this is then converted into litres per
minute and recorded. Usually this procedure is only enacted once for each pipe
monitored but this time for three of the Mole Draining manholes the flow was
Measured three times and the range of values received compared. Additionally on the

Second day of monitoring this was repeated to detect any change in flows. The results

-.-__-__"—-‘_._
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of this experiment are shown in Appendix C. The variance can be as much (for same
time readings) as 75% between the highest and lowest in one extreme case though,
more commonly it will vary by about 20%. The difference between the readings

between the averages of the two days showed less variance, the maximum being 18%.

Another complication in the monitoring, stems in fitting the container beneath the
pipeline when it is close to the base of the manhole. In some cases monitoring is
practically impossible and so no monitoring can be undertaken, in other cases it was

difficult and introduced additional error potential.

Land Survey Monitoring

Control points have been placed in this area. These have been surveyed in from
known stations, their co-ordinates and reduced levels have then been noted

periodically to check for ground movement.

The survey data shows that there has not been any significant movement around the
Mole Drains since Oct 1995 (when records begin) until September 1997 when the
data was obtained by the group. Since Christmas of 1997 though, the whole area has

been subject to instability,

Piezometer monitoring

The group have decided that the peizometric readings can be of no use to this project,
because, though some seem reliable these are positioned in areas and strata’s of no
interest, ie. in clay layers. When standpipes do coincide with the area under
consideration the logs seem unreliable with jumps in readings of over 6 metres in

Some cases. This information though studied has not been relied upon for any
calculations.

3.33 Position of Drains

The Mole Drains were placed in the areas of greatest instability in the hope that this
additiona] measure in conjunction with the existing drainage schemes (as outlined in

Chapter 2) woulq stabilise the cliff against further movement.

\_—_—‘-——__
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Several Mole Drains go into a single manhole (as shown in Figure 5). It would have
greatly increased the cost if manholes had been constructed for individual Mole
Drains, so in order to cover the greatest area, the moles were dispersed in fan like
arrays. This was purely for reasons of economy. The original intention was that there
should not be more than twenty metres between the mole pipe exits on the clifftop

along the areas requiring stabilisation (Rendel).

During their installation the Mole Drains were guided at all times through the
undercliff to the exits which were decided upon by visual inspection. The most
preferred arrangement was to have the moles exiting on the clifftop but where this
was not possible, i.e. when the land was privately owned, and/or built upon, they exit

upon the undercliff.

Despite the fact that during construction the exact location of the mole head in
relation to the ground surface was at all times known, no records exist as to the
profile of the pipelines between the manholes and their exits. The location maps for

the moles which are in plan view were drawn by visual inspection,

As a consequence the project has not been able to look at what would be an optimum

profile for a Mole Drain or the best arrangement for most efficient water extraction

based on these specific working Mole Drains.
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4. WATER BALANCE CALCULATION

4.1 Overview

The purpose of the water balance calculation is threefold.

1. To estimate the amount of water which is discharging from the cliffs at Barton-
on-Sea. The calculation will also demonstrate if this area of coastline is subject to
greater or lesser water discharge than the surrounding area. If this is proven or
shown to be likely then it will explain why this stretch is prone to greater

instability than the adjacent coastline. This objective is specific to Barton-on-Sea.

2. To compare the above to the monitored discharge rates, which will show if the

drainage schemes are catching all the water which is believed to be present.

3. To determine the proportion of water the Mole Drains are taking out and how they
compare in effectiveness to the more expensive sheet pile toe drainage scheme.

This objective is specific to the drainage methods.

4.2 Basis of The Calculation

A water balance calculation is based on the very simple principle that for any defined
area there will be inflows and outflows of water. The inflows must be equal to the

outflows plus the change in water stored in the area thus:-
[Inflows] = [Outflows] + [Change in storage]

The inputs into the area consist of the precipitation which falls onto the catchment
area, but less that water which is lost to evaporation and transpiration of plants as
Wwell as the water which goes directly into surface runoff without penetrating into the
ground.  Surface runoff includes the portion of water which goes into the urban
drainage network. The inputs are referred to as "Recharge”. The Outputs consist of
the water which flows out of the cliffs at Barton-on-Sea. It will be assumed for this

study that there will be little, if any, direct surface runoff, other than that going into
the urbap drainage scheme.

\
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The stages of the calculation specific to this case can be broken down as shown in

the flowchart Figure 13 below:

Careful I  Process into
Examination | Spreadsheet

e R T me )

Process into
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Evapﬁ-: ;
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Monitoring |
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OUTFLOW
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Figure 13 - Water Balance Calculation Flow Chart
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The stages in the calculation will now be explained before the results are presented

for comparison.,
4.3 Inflows
The calculation of the inflows relies on two factors:

1. The climatic data obtained from the Everton monitoring station in order to

ultimately calculate the actual evapotranspiration.
2. Making a credible estimate of the catchment,

4.3.1 Climatic Data

The Meteorological office monthly return of daily observations summary sheets
obtained from the Everton station include information on a daily basis, but for the
calculations it was decided that monthly data would be sufficiently detailed, This was
because the NFDC records were at best only reliable on a monthly basis and the
added work in making the water balance calculations for each day cannot be justified

in terms of increased accuracy.
The information that was required for each month was:
1. Maximum daily temperature
2. Minimum daily temperature
3. Average daily run of wind
4. Average daily sunshine hours
3. Mean relative humidity

Values of maximum daily temperature, minimum daily temperature and average daily
Sunshine hours can be found directly from the monthly summary sheet but

unfoﬂunately the measures average daily run of wind and mean relative humidity had

\
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to be calculated manually. This was very time consuming since with records from

Jan 1990 to September 1997 there were 93 separate monthly sheets to go through.

This information was processed into a spreadsheet ready for the next stage in the

calculation.

4.3.2 Potential Evapotranspiration

This is the maximum amount of water which could potentially evaporate back into
the atmosphere, for actual daily conditions (based on temperature, wind and relative
humidity), provided that the ground is saturated and that plants are not dehydrated.
The maximum potential will vary depending on the type of plant and is usually

calculated for a typical grass crop.

The idea of potential evapotranspiration has been thought up as a mathematical tool
enabling estimates of the actual evapotranspiration. It has a theoretical basis though
in practice will never occur. It could be thought of as the evaporation occurring over
an infinite body of flat water with filters limiting the amount to represent the

resistivity of the plants and ground.

Several methods for calculating the potential evapotranspiration exist, most rely for
their basis on the Penman equation, first published in 1963. For this study it has been
decided to utilise the Penman-Montieth form of the equation. This equation is
complex and will not be explained here (the reader is referred to the FAO report listed
at the end of this report for full details). This form of the equation is recommended
by the FOA, (Food and Agricultural Organisation of the United nations). The FOA
arrived at the recommendation after performing a number of experiments and

Calculating the potential evapotranspiration utilising twenty different methodologies

before concluding that this was the most accurate over the widest range of conditions.
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The Penman-Montieth equation can be written:

o 0.408 A(R,-G)+y T+273 Uzlea-ed)
A+y(1+0.3417,)

Where: E7, Reference crop evapotranspiration [mm d-1 |
Ry : Net radiation at crop surface [MJ m-2 d-1 ]
G - Soil heat flux [MJ m-2 d-1 ]

I § Average temperature [°C]

U, : Windspeed measured at 2m height [m s-1 ]
(es~eq) Vapour pressure deficit [kPa]

A : Slope vapour pressure curve [kPa °C-1 ]

¥ : Psychrometric constant [kPa °C-1 |

900 Conversion factor

A spreadsheet utilised for this project and written as part of a Beng dissertation for

calculating Penman-Montieth can be found on the Southampton University computer

network.

The spreadsheet calculation for each year is included in appendix A.

4.3.3 Actual Evapotranspiration

The next difficulty is to convert this to the true amount of evapotranspiration in order

10 arrive at what is known as the effective rainfall, the amount of rainfall which will
form groundwater flow.
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To do this a relationship between soil moisture and ability of plants to transpire has

been approximated.

Briefly explaining the terminology, the soil moisture is the surface layer of
groundwater available to plants for nourishment, it is bounded at its base by what is
termed the root constant, i.e. the level below which soil moisture will be virtually
maccessible to potential evapotranspiration (less than 10%). This value will depend

greatly on the type of plant.

Another limiting factor on the amount of actual evapotranspiration is the rainfall.
Although it is possible for more water to be absorbed into the atmosphere than the
amount that falls as rain over a given period in a given area, it not likely to be

significant so this added complication will be neglected.
To make the calculation requires consideration of the following assumptions:

1. The potential evapotranspiration is proportional to the soil moisture deficit up to

the value of the root constant.

2. Potential evapotranspiration will be equal to actual evapotranspiration when there

is no soil moisture deficit and rainfall has exceeded potential evapotranspiration.

3. Below the level of the root constant, actual evapotranspiration will be equal to

10% of potential evapotranspiration.

4. When rainfall is less than potential evapotranspiration, actual evapotranspiration

will be equal to the rainfall in proportion to the soil moisture deficit.

With the actual evapotranspiration calculated, it is multiplied by the catchment area

10 obtain the total inflows.

434 Catchment

The area of catchment is particularly difficult to ascertain in this instance. No clearly
defined riyer valley or vertical geological boundaries to flow exist. Further

“omplication ig introduced with the high degree of urbanised area and man’s own

\
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interference in the natural flow of water through the area (culverting streams). Very
little groundwater information is available for this area with the few piezometers that

are in place having been discredited.

For this calculation to progress it is necessary therefore to make some reasonable

assumptions.

The geology of the area is at least well known, the strata can be treated as almost

horizontal. The Chama bed will act as a base boundary to flow.

This study has obtained the most detailed Ordnance Survey maps of the area available
which show the topography and streams in the region. Figure 14 displays a photocopy
for the area of interest. In conjunction with this the tourist map Figure 4 has also

been studied, since it shows more clearly courses of streams. Together these have

been utilised to produce the trace map Figure 15.
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From these two maps, it is possible to make some inferences about the direction of

flow of groundwater. Firstly though the assumptions made need to be outlined:
1. Atthe level of streams the groundwater level is equal to the top of the stream.
2. Groundwater flow contours closely resemble topographical ground contours.

3. Where streams have been culverted (as these have at various points along their

length), it is assumed that groundwater flow will still be drawn along these paths.

4. The local buildings will not serve to alter in any way groundwater flow except to
intercept some water before it reaches the ground thus reducing the catchpit

proportionally equal to the area of land within the catchpit that they occupy.

With these points in mind, drawn on Figure 15 in green are likely watersheds, and
sketched in on the transparency is a possible catchment area. Allowing for the urban

coverage (approx. 50%) this leads to an estimate for catchment of 475,000m”.

4.4 Outflow

For the water balance calculation, the information of interest is the total discharge

along this stretch of coast for each month that the data is available.

As discussed the NFDC monitoring data is imperfect. Processing of the data reveals
that there is some conflict between the total amount of water being discharged along
this stretch of coastline when calculated by summing the water measured running
through the manholes, (making allowance for some being measured twice) and the

total running through the catchpits, plus MH24A (see Figure 5) since this discharges

elsewhere.

This is partly because some of the manholes have been missed, though it does not
fully explain the large differences, particularly apparent during the time when the
Monitoring was subcontracted out. Looking at the data objectively the total flow as
Monitored by the catchpits seems the more reliable, there are not unexplained jumps

In the flows and 1t seems homogenous between the two periods when different people

-—_"-'-——-.__.;
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were undertaking the monitoring. In respect of the Mole Drains themselves, this data
seems reliable, as it would have been relatively easy to monitor with the narrower

pipes allowing the container to be easily placed into the flow,

All the raw data can be found in Appendix C and some processing of the data to

afford comparison has also been included.

4.5 Results and Discussion

The rainfall and effective rainfall data are presented in Table 2, Table 3 Figure 16,
and Figure 17, the data is monthly from Jan 1990 to Sept 1997.

Ideally the period of calculation should be longer, (approaching thirty years to give
high confidence) to pick up the most extreme climatic effects, and to predict a long
term average. This was not possible in this case due to the massive amount of hand
processing required. However even over the period of data recorded there is

considerable variation.

The data includes the droughts of 1990 and 1996 which are considered to be some of
the driest on record for the South of England. Conversely 1993 and 1994 were
particularly wet years. This ties in with the failure which occurred during 1993 (see

section 2.3 Failure History page 11).

The final results of the water balance calculations are presented as Figure 18 and
Table 4.
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Total Rainfall (mm)
Year

Month [1990 |1991 1992 1993 1994 [1995 (1996 [1997 Average
Jan 113 89 22 98 132 144 58 17 84
Feb 167 29 29 6 89 117 95 32 77
Mar 6 78 52 45 58 40 37 32 43
Apr 44 42 70 75 61 27 36 13 46
May 11 4 20 45 82 22 59 35 35
Jun 55 113 32 62 23 10 27 76 50
Jul 12 63 63 86 20 27 15 13 37
Aug 23 12 88 36 48 3 77 84 46
Sep 29 49 79 121 71 143 45 12 69
Oct 99 63 82 169 126 39 59 91
Nov 54 49 145 64 91 144 132 97
Dec 62 33 81 185 117 82 34 85
Total 675 | 625 | 762 | 992 | 918 | 798 | 674 | 364

Total of Average Months 760

Average of Years 778

Table 2- Monthly Total Rainfall Jan 1990 to Sept 1997

Effective Rainfall (mm)
Year

Month | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 Average
Jan 102 77 14 87 121 131 50 12 74
Feb 146 16 10 0 74 100 77 67 61
Mar 0 49 20 10 25 0 9 0 14
Apr 9 8 299 36 15 5 7 3 14
May 4 3 8 18 40 9 23 14 15
Jun 44 98 26 49 19 8 7 61 41
Jul 6 32 32 43 10 13 8 7 19
Aug 9 5 46 14 19 1 31 38 20
Sep 9 15 44 86 34 102 14 4 38
{Oct 73 40 56 145 | 100 | 15 33 66
Nov 39 33 131 49 80 128 115 82
Dec 51 24 71 174 | 104 71 26 75
Total | 493 | 399 | 485 | 713 | 640 | 584 | 415 | 206

Total of Average Months 520
. Average of Years 533

Table 3 - Monthly Effective Rainfall Jan 1990 to Sept 1997
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Date INFLOW OUTFLOWS |DIFFERENCE
Eff Total |CP’s+ |Moles |Same One Two Three Weigh-

Rain  [water |MH24A month  month month month ted
mm l/m I/m I/'m % |l/m I/m I/m l/m I/m
1995  Jan 131 1390 | N/A
Feb 100 1173 N/A -796
Mar 0 0 N/A 377 372
Apr 5 60 N/A 317 312 329
May 9 94 377 21 6 282 278 294 315 45
Jun 8 89 372 120 5 283 299 321 296 311
Jul 13 142 388 |55 14| 246 268 243 291 292
Aug 1 14 410 |103 25| 395 371 418 428 325

Sep 102 1118 385 (77 20| -733 -685 676 -654 44
Oct 15 163 433 |62 14| 270 279 301 333 73
Nov | 128 1409 442 |95 22| -967  -945 -913 -895  -234
Dec 71 759 464 (103 22 | -295 -263 -245  -184  -398

1996  Jan 50 535 496 (108 22| -40 =22 39 5 -221
Feb 71 912 514 |104 20| -399 338 .372 -390
Mar 9 93 575|107 19| 482 448 0
Apr 7 80 540 (108 20| 461 135

May | 23 250 N/A
Jun 21 235 N/A
Jul 8 82 N/A

Aug | 31 326 N/A
Sep 14 149 N/A
Oct 33 355 N/A

Nov | 115 | 1262 | N/A -949
Dec | 26 | 278 | N/A 35 160

1997 Jan | 12 | 132 | N/A 181 305
Feb | 67 | 792 | 313 |52 16| -478 -354 501 -303
Mar | 0 0 438 |64 15| 438 291 208 137
Apr | 3 29 | N/A 262 269 291
May [ 14 | 147 | 291 |49 17| 144 151 173 49
Jun | 61 | 667 | 298 |53 18| -368 347 -402 88
Jul |7 70 | 320 |49 15| 250 194 92
Aug | 38 | 406 | N/A -142 -176
Sep | 4 39 | 264 |51 19| 225 191 31
Oct | N/A | N/A | N/A
Nov| N/A | N/A | 230 {46 20 4
Dec | N/A | N/A | N/A

Totals 195 242 1557  -645 17

Note: catchment = 475,000 m”.
Table 4 - Final Results of Water Balance

The table displays inflows and outflows whose calculation has already been
€Xplained. Also introduced into the table is a calculation of the difference between

the inflow ang outflow, which has been calculated several ways, for the same months
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and lag times of one two and three months, the weighted difference has then been

generated comprising the sum of the quarters of the first four measures.

The total difference (last row) represents the change in storage of the groundwater
within the catchment area over the period of recorded data. This value should not be
taken seriously due to the absence of many months data. However the values should

not be too far from zero (no change in storage) if the catchment estimate is correct.

After some experimenting with the lag time calculation and the catchment area, the
weighted value shown in Table 4 seems the most likely indication of change in

storage.

The weighting represents the range of j ourney times likely for water which falls in the
catchment area. Clearly water starting out at the far end of the catchment will take
some time to arrive at the coast, whereas that which falls along the coastline will

almost immediately be registered.

A graph (Figure 18) has been plotted for comparison of flows.

1400 1 —
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[ Total water B Catchpits O Moles |

Figure 18 - Comparison of flows
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Note when interpreting this graph: There is no total water data for Nov 1997 and
there is no monitoring data prior to May 1995, or between and including May 1996
and Jan 1997, or for the months April, August and October of 1997

Some trends can be inferred from the graph:
1. The outflows are not subject to dramatic monthly change as the inflows are.

2. The Mole Drains broadly agree with the trends set out by the total discharge, i.e.
they do not seem more sensitive to changing inflow than the other drainage

schemes in the area.

3. The idea of lag time seems to be born out by the chart, and the weighted estimate

of the lag does not seem unreasonable.

4.6 Summary

The catchment for this stretch of coastline will be larger than any for some distance
along either side. This could explain why this stretch is the most prone to slippage in

the region.

It seems likely that the vast majority of the water present is being picked up by the

drainage schemes.

Mole Drains cover 37% of the stretch and about 20% of water extraction. This is to
be expected in that they are not going so deep down as the other scheme which they

were intended to complement in key areas of particular instability. The Manholes

with Moles Drains going into them are not equal in the amount, or length of moles.
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5. SLOPE STABILITY

The degradation of natural or artificial slopes is the result of material movement
which occurs chiefly owing to the action of gravitational forces. An analysis of a
slopes, degradation potential can be calculated, giving identification to the extent of
the slopes stability. There are various methods for analysing a slopes stability, but the
appropriate method is governed by the slopes failure mode which is determined by

the slopes profile, ground conditions and environment.

Section 5 examines the stability of the undercliff slope at Barton-on-Sea, through

slope stability analysis indicating the potential failure mode and failure conditions.

5.1 Classification of Slope Failure

The movement of material on a slope can be defined under two main headings, a)

mass transport and b) mass movement.

a) The movements of materials on slopes categorised as mass transport include
wind-blown, rain washed and ice transported materials. This type of failure may

occur simultaneously with mass movements.

b) There are several types of slope failure due to mass movement, which include
creep of surface material, effects from frozen ground conditions and landslides.
Mass movements, in terms of landslides, are better described as gravitational
induced downward movements of discrete masses of material sliding on a single
or multiple quantity of failure surfaces. The classification and characteristics of

landslides is the basis for the slope stability analysis used in this report.

The type of slope slip failure is dependant on several criteria and characteristics of the
Stratigraphy and topographical ground conditions, where earth retaining structures can
have dramatic effects on the slope stability. To establish the type of failure that will
Occur, careful site Investigation is required, such as borehole logging, soil testing,

Standpipe/piezometer recording and detailed mapping of the slope and surrounding
areq,

\__________
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5.2 Site Investigation: Barton-on-Sea

Before any stability analysis can commence a full site investigation is required. The
initial investigation of a site and it’s surrounding area play an important part in
Geotechnical Engineering. Firstly, it is used to establish the most appropriate site for
analysis, secondly to determine the most appropriate tests for that site and thirdly,

establish whether these tests can be performed at that location.

The geotechnical data used for the purpose of this report, have been taken from a site
investigation report compiled by Soil Mechanics Ltd (1988). Although the report by
Soil Mechanics Ltd was compiled 10 years previous to this study, the data sets
extracted from the report contained parameters that have no or insignificant variance
over time, for example, the borehole logs, soil tests & geomorphological maps. Thus,
the relevance of the data still applies, to further confirm this, previous studies of the
area by Barton & Coles (1984), Curry & Wisden (1982), Melville & Freshney (1982)
and Barton (1973) were also used in this study. Generally the findings matched, small

discrepancies were of minor concern.

As a site investigation is beyond the scope of this study, limitations applied to where a
slope stability analysis could be made. The slope stability analysis was restricted to
areas where the information provided by the previous studies complemented the areas
of slope instability. There have been several slip failures along the cliffs at Barton-
on-Sea. However the landslides at Hoskins Gap: Grid Ref. E423700 N92900 (See
Figure 4) have shown excessive activity, thus this is the area of concentration for the
slope stability analysis. Further discussion on the excessive activity at Hoskins Gap is
given within section 6.3. There is sufficient information produced by Soil Mechanics

Ltd at Hoskins Gap for a confident representation of the geology for stability analysis.

3.2.1 Site & Geology: Hoskins Gap

The site of interest for the purposes of this analysis includes the cliff top and the
Undercliff at Hoskins Gap, Highcliff, Marine Drive, Barton-on-Sea, Hampshire, as

shown in Figure 4. The cliff top is approximately 33.5m above sea level with a near

\_-"—-m;
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vertical cliff face which extends approximately 10-12m down to the top of the slipped
undercliff slope. The horizontal distance from the cliff top to the sea at low tide
generally varies between 75m & 85m. The general geology of the area has a well
documented profile comprising the Plateau Gravel overlying Upper and Middle
Barton Beds. The geological data from selected boreholes, Halcrow (1987), on the
cliff top enabled identification and location of the major strata. The boreholes used

for the slope stability analysis are as follows and are shown in Figure 19.

Borehole 1 - E423753 N92985 Borehole 2 - E423748 N92935
Borehole 4 - E423748 N92923 Borehole 5 - E423729 N92927
—— N 93000 e _|._

E 423700
>
4
. a |
_ *‘4 [UNDERCLIFF]
‘-‘l‘— N 92900 —]—.‘ :
E 423700 B2y  E423800

Figure 19 - Contour map of location of boreholes used in stability analysis.

However, the boreholes located within the undercliff, although giving clear results at

that location, will not enable reliable identification of surrounding strata.

The failure history of this area over the past years together with the remedial work,
Which was mostly performed unrecorded, gives doubt to the consistency of the

undercliff geology, 1.e. where there are unidentified pockets of material. Despite this,

N'_-'—-—__.____
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the undercliff boreholes can be used confidently to identify slip planes which in-turn

can be used to distinguish pre-existing slip surfaces.

The long term stability of slopes is governed by the strength of the soil in first time
slides. In pre-existing slip surfaces the long term stability will be governed by the
residual strength of the soil, (in turn a function of pore pressure). Therefore it is of
utmost importance to identify pre-existing slip surfaces enabling the correct soil

parameter to be applied.

For simplicity the slip material within the undercliff has been divided up into two
strata, a thin top layer of medium dense gravel overlaying a variably thick layer of
soft sandy silt. The soil properties of these assumed layers, such as the strength
parameters have been approximated from the resultant tests on the borehole samples.
A cross-section of the slope profile is shown in Figure 20, the topographical
dimensions were taken from a 1m contour plan surveyed and produced by Rendel
Geotechnics for NFDC. The slip surface co-ordinates shown in Figure 20 have been
generated from strata depth approximations given by the boreholes and the
knowledge of the slip plane created by the Chama Bed. The “F” slip surface in the
Middle Barton Clay, as discussed by Barton (1973) and Barton & Coles (1984),
prompted the front slip as shown in Figure 20. Based on the system for the
classification of landslides according to the shape of the landslide mass by Skempton
& Hutchinson (1969), the slope failure at Barton-on-Sea is classed as a compound
Totational non-circular slip. Non-circular slips are types of mass movement that are
distinguished as a rotational slide. Rotational slides occur characteristically in slopes

of fairly uniform clay or shale. The characteristics of non-circular slips are further

discussed in section 6.4.
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Figure 20 - Cross-section indicating the presumed profile of undercliff pre-existing

slippage. Note: Not to scale.

5.3 Slope Stability Analysis

The main concerns in a slope stability analysis are firstly, to ascertain the particular
characterisation of the soil layers actually present in the slope and secondly, to
establish accurate estimation of the pore water pressure. The latter data obtained was
not sufficient for accurate analysis, however the pore water pressure has been dealt

with, as explained in the next section.

5.3.1 Effects of Soil Parameters on Analysis

The geology of the slope has been identified through the site investigation, yet before
any slope stability analysis technique can be applied, several parameters have to be
rearranged into a usable form. In order to calculate the pore pressures on a slip
surface, information regarding the pore pressure distribution throughout the soil mass
is required. The pore pressure distribution can be defined by the position of the water
table with the aid of flownet diagrams. However, in the absence of sufficiently
detailed information about the slope’s water table, the alternative method of using an

average pore pressure ratio (R,) has been adopted for the purposes of analysis.

To calculate the total stresses in saturated clay, i.e. ¢ = 0, the pore water pressure nor

& pore pressure ratio are required. Whereas the pore pressure ratio, r, concept is
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applicable in strata where the shear strength is dependent on pore pressure, i.e. where
shear strength (g) is greater than zero as in effective stress analysis. All strata tested
at the Barton-on-Sea site have shown ¢ greater than zero. It is recognised that
excavations and regrading alters the pore pressure and although the slopes at Barton-
on-Sea have experienced both of these events several times, consideration of these
pore pressure changes is far too complex to consider in this analysis. As stated
previous, the slipped zone which includes the excavated and regraded material has

been simplified into two layers.

The effects of soil suction considered as negative pore water pressure, are

insignificant and will be ignored in the slope stability analysis.

The slope under question extends down to the shore line and the sea level has been
taken at low spring tide, where wave conditions apply. Again, for non-complexity,
the portions of the water surfaces outside the slope, in front and behind, have been

considered horizontal, i.e. similar to static conditions.

3.4 Non-circular slips

The cliff face at Barton-on-Sea cannot be idealised as having either long or uniform
slopes, therefore cannot be analysed as an infinite slope. This technique, as discussed
by Skempton (1964), can be dismissed for the analysis of the Barton-on-Sea cliffs as
the effects of external loads and surcharges are not taken into account. However,
realistic analysis for the stability of the cliffs may still be investigated by considering
any localised destabilising effects at the top and/or bottom of the cliff. It is also
Necessary to establish the variation in the slope gradient and ground conditions, where
the infinite slope method is insufficiently detailed. Inclusion of these extra factors

Info the slope stability analysis provides a more general technique which can be

applied to all slope conditions.
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a) CIRCULAR SLIP b) NON-CIRCULAR SLIP

Figure 21 - Typical profiles of a) Circular and b) Non-Circular slope slips.

Circular and non-circular slip surfaces can be analysed for any slope but non-circular
slips can be assumed where there are reasonably well defined pre-existing planes of

weakness, as identified in the cliffs at Barton-on-Sea.

A method of analysis for non-circular slips can be based on Fellenius’ (1927)
conventional “Swedish Method of Slices”, where the slope under question is divided
up into slices of known dimensions and properties. By assuming the resultant
interslice forces as zero the Factor of Safety (#0S) can be obtained by resolving
forces parallel to the slip surface for each slice. Hence a slope with a non-circular
slip can be divided up into slices similar to that shown in Figure 22. The method
works for non-circular slopes because the errors in its assumption of zero interslice
forces tends to cancel out the errors from its application due to departures from

circularity.

Figure 22 - Typical slice section for slip analysis indicating dimension required.

S —
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5.4.1 Janbu’s Method: Interslice Forces

This method developed by Janbu et al. (1956) and furthered by Janbu (1973), can be
applied to both circular and non-circular slip surfaces. It is a method suitable for
general routine use by resolving the horizontal and vertical forces acting on each slice
and assuming that the resultant of the forces act in the horizontal direction. The

equation for the semi-rigorous method of Janbu can be written as;

Z[(c'm (W - ub) tan(ﬁ.){ 1+ tan’ & ﬂ

l+tanatang'/f

FB=1. 3 [ tana]

Where;
W = Weight of the soil mass u = Pore Pressure
¢’ = Compressive Strength @' = Strength of Soil
b = Width of section slice a = Angle of section
J = Initial estimation for FOS fo = Correction Factor

The equation shown above considers the pore pressure () acting within the slope, the

equation can be re-written incorporating r, rather than u, thus the equation becomes;

Z{(C'M(l—ru)tw-)[ 1+ tan’ H

l+tanatang'/f

> [W tana]

FOS = f,

This solution is more convenient to solve than Janbu’s rigorous method which
satisfies the equilibrium criteria as originally indicated by Janbu. The discrepancy
between the two methods is developed through the following assumption used in the
semi-rigorous method. The assumed force distribution satisfies the overall vertical
and horizontal equilibrium but not the moment equilibrium. This leads to errors in
the calculated factor of safety. Although the errors are on the safe side, they can be in
the order of 15%. This potential misleading result can be excessive and thus not

acceptable for Factor of Safety approximations. It was found that the errors increased

e
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according to the ratio of depth to length of the slipped mass, giving large errors for
deep slips. Using a correction factor (f,) related to the depth/length ratio of the slip
which has been deduced from the solutions of the rigorous method gives a satisfactory
Factor of Safety. Thus the true Factor of Safety using the semi-rigorous method is
calculated by multiplying each iteration by the correction factor. Hence, the

introduction of f; equates to give the following;

2 %
F OS(Tme) - fo (calc)

The values of £, are taken from a graph of £, plotted against the ratio d/I. where the
correction factor is a function of the d/L ratio, curvature ratio (the slip shape) and the

soil condition & type. The graph of f, against d/L. is shown in Appendix B.

It is this equation (Janbu’s semi-rigorous) that has been used for the slope stability

analysis of the cliffs at Barton-on-Sea.

5.5 Slope stability Analysis: Barton-on-Sea

On consideration of the geology of the cliffs and slopes at Barton-on-sea, as shown by
the cross-section in Figure 20, a cross-section slip surface could be identified.
Considering all the points mentioned in the previous sections, it was concluded that

two failure slip planes were feasible, as indicated in Figure 23.

Figure 23 - Proposed slip profile through undercliff, Note not to scale.

-48 -




MOLE DRAINS CHAPTERS

SLOPE STABILITY

The location of the cross-section was determined by the boreholes discussed in
section 6.2.1 and shown in Figure 19. The Ordnance Survey grid reference

coordinates for the ends of the cross-section are;

Landward End  -E 423753 N 92985

Seaward End -E 423741 N 92862

and a location plan of the cross-section is given in Figure 24.

_ '-N'92'900+ | . ; —I'—N 92900

‘E 423700 R . E 423800

Figure 24 - Location plan of cross-section used for stability analysis.

The two failure slips considered are;
1)  Front Mass Slip
2)  Entire Slope Slip

The first slip surface examined considers that the front slope shall slip on the weaker

“F” plane in the Middle Barton Clay. As this fails the upper potential slip mass

resting on the Chama Bed slides downwards. This is considered as a secondary slip
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as it is dependent on the first slip occurring. The second slip surface identified
considers the entire slope as a single entity, i.e. failure in one slip. The reasoning
behind this theory was invoked by the fact that the slope has two pre-existing slip
surfaces, the Chama bed and the “F” plane. The occurrence of either failure slip
results in the total failure of the slope. The purpose of distinguishing between the two
failure modes will help in the understanding of the slopes stability, i.e. the analysis
shall give each failure mode a Factor of Safety. The more analysis of failure modes
the better the understanding for slip prediction. However in this case the failure
modes are straight forward, the pre-existing slip surfaces have significant influence on

the slopes stability.

Once the slip surface(s) have been clarified, the methodology of Janbu’s interslice
stability analysis may commence. A cross-section profile of the cliff at Hoskins Gap
is shown in Figure 25 and the breakdown of both slips into slices for the analysis is

given in Appendix B.

Since the Pore Pressures within the slope were unknown, the incorporation of an
average Pore Pressure ratio, R,,, was used. The slope at Barton-on-Sea is not likely to
sustain a high level of saturation without failure, due to its strata configuration and
the manner that the two top layers have been placed in past remedial measures. It is
believed that a maximum average pore pressure distribution ratio of 0.5 is achievable,

the analysis will determine whether the cliff will fail before this value is reached.

Usually when the average pore pressure ratio, within a slope, reaches 0.5 it is
rendered unsafe and extreme values greater than 0.5 seem highly unlikely. It is
considered as the authors approximation, prior to analysis, that an average pore
pressure ratio within the Barton-on-Sea slope would be around 0.50, possibly less. To
validate the analysis, the two failure modes were analysed over a range of R, values,
from 0.20 to 0.60 in 0.05 intervals. This would enable a graph of the ratio R, against
the Factor of Safety (FOS) to be plotted and would be unique to that cross-section at

Barton-on-Sea.
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In the analysis of the slope stability, various values of ¢°, ranging from 12° to 18° &
24° specific to the Chama Bed and the “F” plane were used. This was done as an
exercise to test the sensitivity of the slope and was applied to both failure modes. The

values of ¢* specific to the remainder of the slip surface remained constant throughout

the analysis.
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3.5.1 Results of Analysis

As expected, there is a linear relationship between FOS & R, and that increasing ¢*
will increase the #0S for a given value of R,. The extent and sensitivity of the slope
section taken at Barton-on-Sea has interesting findings which requires discussion and

decisions on future remedial measures to be taken,
Failure Mode 1) Front Mass Slip

The computation of Janby’s slope stability theory for failure mode 1 is presented in

Appendix B, where the findings are summarised as 3 graph in Figure 26,

The effects of R, on the FOS for the front slope slip are very influential where the
factor of safety alters in approximate steps of 0.25 if the R, ratio changes by 0.1. For
example, if R, is equal to 0.2 then FOS equals 1.25, if R, increases to 0.3 then FOS
reduces to 1.0, the point at which the slope will fail. Conversely, if R, decreases the

FOS increases with the same proportionality as Figure 26 implies.

The front slope slip ceases to be stable, ie. FOS is less than 1.0, between g pore
pressure ratio range of 0.32 and 0.53 when @ is equal to 12° and 24° respectively. It

is clear that the failure of the front slope is adversely effected by the change in angle

of shear resistance, ¢ This can be explained by discussion of the procedure of the
interslice method of analysis. The front slope was divided up into ten interslices
where the preferred slip plane, the “F> surface, corresponded to approximately 22m
from a total slip surface of 45.5m. Thus the “F” surface of the front slip contributed
to 48.5% of the slip surface. Therefore by changing the value of ¢* for the “F>

surface will have dramatic affects on the FOS with respect to the pore pressure

distribution.
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Figure 26 - Graph of Failure Mode 1
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Failure Mode 2) Entire Slope Slip

The computation of Janbu’s slope stability theory for failure mode 2 is presented in
Appendix B, where the findings are summarised in Figure 27. Figure 27 is a graph of
R, plotted against 7OS, the Factor of Safety of the entire slope failure.

The correlation between the FOS and R, for the entire slope failure is as follows; an
0.1 interval of R, relates to an approximate S change of 0.2, again this relationship

is dependant on the ¢ used for the Chama Bed & “F” slip planes.

As shown on Figure 27, R, varies from 0.34 to 0.47 for ¢‘ equal to 12° and 24°
respectively when the FOS equals 1. This difference in R, is mildly significant to the
sensitivity of the slope in terms of the soil strength parameter ¢ In the interslice
analysis for the entire slope, fourteen slices were taken representing approximately
80m of preferred slip surface. 10.3m corresponded to the Chama Bed slip surface and
22m lay on the “F” surface, totalling approximately 32.3m, equivalent to 40% of the

total slip surface.

The sensitivity of the entire slope failure is less dependant on the variant of ¢° as
discussed in the last section for the front slope. This is due to the reduced percentage

of variable ¢ slip surface length, which is made up of the Chama Bed and the “F”

plane.
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3.5.2 Comparison of Entire & Front slip failure

The effects of changing ¢ to test the sensitivity of the slopes stability, can be used to
generalize the type and profile of the slopes at Barton-on-Sea. The results of the
analysis, in terms of ¢‘ and R,, when compared are similar, but the front slope failure
has a noticeably wider dispersion of R, in relation to the change in ¢ The results for

the comparison are summarised in Table 5.

12° 13° 14° 18° 24°

FRONT SLIP 0.32 0.34 0.37 0.44 0.53

ENTIRE SLIP | 0.34 0.35 0.36 0.41 0.47

Table 5 - Comparison of R, for the Front and Entire slope failure with ¢ equal to
12,13,14,18 & 24° within the Chama Bed & the “F” slip surfaces for a FOS = 1.

This difference effected by the changing of ¢° is due to the percentage of preferred
slip surface to the total slipped surface length of each failure mode, as explained in
the previous section. The significance of minor changes of ¢* in either failure mode
has some influence on the factor of safety, but it is the change in pore pressure that

controls the slopes FOS.

The realistic fluctuations of ¢ along the Chama bed or on the “F” plane are most
probably small and can be generalised as a unity figure along the plane, as utilised for
the calculation in this report. The results, as summarised in Table 5, suggest that the
analysis can be confident with its #OS predictions once an appropriate ¢ value is

given for the preferred slip surfaces.

The confidence lies in relating this slope section taken at Hoskins Gap to the rest of

the cliff section at Barton-on-Sea. There is enough confidence to suggest that the

entire cliff will act similar to that identified through this slope stability analysis.
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The effects of pore pressure distributions for each failure mode, as noted before, give
different gradients for the linear relationship between R, and ¢ The relationship
between the front slope slip and the Entire slope slip is different for each value of ¢*
This can be seen in Figure 28, Figure 29, Figure 30 & Figure 31 for ¢’ equals
12°,14°,18° & 24° respectively.

These graphs represent, whether the slopes at Barton-on-Sea shall fail as an entire
slope or if the front slope will fail first. Although the failure through either mode will
result in total slope failure, the knowledge of which mode of failure will affect the
measure of remedial work. Stabilising the front slope will prove considerably less

costly than stabilising the entire slope.

Figure 28, comparison of entire slope with front slope stability for ¢‘ equals 12°,
shows that the intersection of the two lines lies below the critical FOS of 1.0. The
significance of any values below this threshold of FOS as 1.0 should be ignored as it
represents that the slope has failed. The severity of failure is not required as no useful
gain can be made from this information, except in relating a present failure position
to a desired FOS. Figure 28 implies that if the preferred slip surfaces contained an
angle of shear resistance of 12° then the slope would fail initially by the front slip
followed by the rest of the slope when R, exceeds 0.31. This same result would occur
in the slope for values of ¢ up to and including 14°, as shown in Figure 29, where the

intersection of the two lines lies directly where the FOS equals 1.

Obviously, for ¢* greater than 14° the results indicate that the slope will fail as an
entire slope slip, as shown in Figure 30 & Figure 31 for ¢ equal to 18° & 24°
respectively. The intersection of the two lines lie well above the FOS threshold of
1.0, in fact they do not intersect until the slope is practically displaying arid
conditions, i.e. when R, is around 0.1 - 0.05 which is a highly unlikely state for a

coastal cliff.
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Figure 29 - Comparison of Front Slip & Entire Slip for Phi’ = 14°,
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Figure 30 - Comparison of Front Slip & Entire Slip for Phi’ = 18°,
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Figure 31 - Comparison of Front Slip & Entire Slip for Phi’ = 24°,
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3.5.3 Significance of Results

The slope failure mode is dependent on the values of ¢ of the slip plane(s). It has
been suggested that failure mode 1, a front slip, applies when ¢' is equal to or less
than 14° and values above 14° correlate to failure mode 2, an entire slope slip. The
exact value for ¢* to be used for the Chama Bed and the “F” plane requires further
Investigation as the references available and used for this analysis do not agree on a
singular value. The difference between the texts varies from 12° to 18° and as Figure
28, Figure 29, Figure 30 & Figure 31 show, this variance is significant to the

prediction of a failure mode.

The majority of the texts studied for this analysis indicated that the ¢ for the Chama
Bed is more inclined to the higher value of 18°, the certainty of this value is low,
However, a value has to be applied for this analysis to be relevant to the stabilising of
the undercliff slopes at Barton-on-Sea. Thus, it is accepted, for the purposes of this
report, that the value of g equals 18° for the Chama Bed and the “F” plane. This
implies that the undercliff slope section at Barton-on-Sea will fail as an entire slip

when an R, value of 0.41 is reached.

This R, value of 0.41 is not a desirable condition as it lies on the critical FOS of 1.0, a
recommended condition as stated in the current design codes, for a slope is to have a
FOSof1.20r15if possible. For a FOS of at least 1.2, Figure 30 for ¢ equal to 18°
indicates that the Pore pressure ratio, R, has to be less than 0.32 and 0.20 for a 1.5
FOS. 1t is realistic to restrict R, to a minimum of 0.25 for this area of coastline,
where it may possibly reduce down to 0.2 in very dry periods. Thus considering the
minimum consistent yearly R,, within the undercliff to be 0.25, the corresponding

FOS equals 1.38, which is within the desired safety range.

However, when focusing on the yearly winter values of R,, a realistic estimate would
Suggest around 0.55 as a maximum value, with around 0.5 as a normal annual winter
level. Figure N clearly shows that the slope will fail when R, reaches 0.41, this value

is well below the estimated maximum value and the annual winter level. This

s B o
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suggests that the slope will fail during the wet seasons even in those which are not

necessarily of adverse conditions.

The above statement suggests that the slopes at Barton-on-Sea will probably fail
annually as an entire slope during each wet season. This is not the case in reality, the
last major slip occurred four and a half years before this study. This stability can be
explained by the land drainage installed in the undercliff removing groundwater and
thus reducing the pore pressures within the undercliff. It seems that these land drains
can cope with removing enough groundwater to keep the cliff stabile in normal wet
season conditions. In excessive condition, as experienced in the winter of 1993, the

slopes will fail and they have.

5.6 Worked Example of Stability Analysis: Barton-on-Sea

The actual groundwater conditions within the slope at Barton-on-Sea are unknown.
This missing factor/information affects the significance and relevance of the slope

stability analysis and is crucial in assessing the true behaviour of the slope.

Although the groundwater information within the undercliff is unattainable an
approximation of the groundwater profile can be made and than converted into pore
pressures. This estimation of the pore pressures can be further exploited to enable an
approximation to be made on the efficiency of the drainage systems located in the

undercliff.

5.6.1 Treatment of Pore Pressures in Slopes

An approximation of the groundwater conditions within the undercliff can be
estimated if a known groundwater level within the cliff is specified. By estimating
the groundwater level within the undercliff during a wet season a comparison to the

Potential value of R, can be made. This comparison will provide an estimate of the

efficiency of the drainage systems within the undercliff
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This can be achieved by producing a flownet for the slope and establishing the
groundwater profile. The flownet of groundwater can then be converted into values

of r,; at nodal points on a grid produced over the flownet.

Where;
U = Pore Water Pressure
U
Vyy; = — = Bulk Density of Soil

h = Depth from G.L.

The values of r,; can be contoured and divided into » equal width areas, for each area
the r,; values can be averaged to give an average pore pressure ratio, R,, where for

each slice area;

2hor . i
Ty = e ME when 3 are 3 in both cases
Zki |

7= The number of pore pressure zones in each area.

Once each slice area has been averaged an overall average for the slope can be given

by;
LAy ry n
R, = L when 3. equals 3. in both cases
i 4, 1
Where; A, = Number of equal areas.

Tu, = Number of average »,’s for each area.

3.6.2 Estimation of the Pore Pressures: Barton-on-Sea

The procedure explained in section 6.6.1 for estimating average pore pressures can be
applied to the undercliff slopes at Barton-on-Sea. An initial groundwater level

established far back into the cliff top will enable a flownet of the undercliff to be

————
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produced on the bases of a few investigated assumptions. Before these assumptions
are discussed, it is appropriate to deliberate why the groundwater profile used by
Robert West & Partners (1991), for their analysis of cliff stability of the Barton area
on behalf of NFDC, is not utilised in this estimation.

Figure 32 is an approximate (not to scale) representation of the groundwater profile
used by Robert West & Partners (1991) for their analysis of cliff stability at Hoskins
Gap, Barton-on-Sea. It is clearly shown that the groundwater profile, indicated by the
dark blue line in Figure 32, penetrates the Chama Bed and passes through the Middle
Barton Clay. The profile shown does not represent the adverse affects of the pore

pressure differences between the Upper Barton Sand and the Middle Barton Clay.

Figure 32- Cross-section of cliff and undercliff indicating G.W. levels produced by
R. West & Partners(1991 ) and the newly determined boundary flowline.

The Middle Barton Clay would restrict the flow of groundwater to within the Upper
Barton Sand creating a bounding flowline along the length of the clay layer.
Although some groundwater will percolate into the clay, i.e. acting as a leaky aquifer,
it can be safely assumed that the top undercliff section will act similar to an
unconfined aquifer. The identification of the “F” slip plane within the Middle Barton

Clay will further help develop a more realistic profile of the groundwater conditions.

Robert West & Partners report to NFDC does not recognise or acknowledge the
Presence of the “F” plane in its stability analysis.
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The “F” plane has been considered to be responsible, along with the Chama Bed
surface, for the potential failures of the slope. Therefore, the intersection within the
colluvium between the Chama Bed & the “F” slip plane will display groundwater
conditions as effected by slipped debris and not clay. Thus, the boundary flowline
now follows the Chama Bed and then traces the contours of the “F” slip surface, as
indicated in Figure 32 as g light blue line. The boundary flowline stops where the
bottom scrap of colluvium joins the top scarp of denser material. It is suggested that
the groundwater seepage point for the undercliff is located at this juncture. This
assumption is acceptable, as site visits to the cliffs confirms that water is seeping out

of the undercliff at this level.

Now that the boundary flowline has been established, considering the effects of the

Middle Barton Clay and the “F” plane, a groundwater flownet can be developed.

Two separate flownets of the same slope section have been analysed to test the
sensitivity of the pore pressure with slight changes in groundwater level. The two

flownet are identified as;

Case 1 - Upper boundary maximum groundwater level

Case 2 - Lower boundary maximum groundwater level

Figure 33 & Figure 34 are flownets of the slope section at Barton-on-Sea,
Tepresenting, respectively, upper and lower boundary groundwater levels estimated
for a likely worst period, usually experienced in the month of March. The
calculations converting the groundwater pore pressures into an average pore pressure
ratio are given in Appendix B. An initial groundwater level of 24.0m AOD, for the
flownets, has been generated from several borehole standpipes within the Upper
Barton Sand in the cliff top area. These borehole standpipe readings are for the

period of early March, which experiences the rainfall and groundflow from the

Preceding winter months of January and February, resulting in high groundwater
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levels in March. When the groundwater level within the cliff top is 24.0m AQD, the
undercliff slope displays an average R, ratio of,

0.55 - Case 1 (Upper)

0.49 - Case 2 (Lower)
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There is approximately a 10% difference between the two average pore pressure ratio

values calculated using the flownets. This difference amounts to 0.06 in the total

average pore pressure estimated to be within the slope. An average of the upper and

pressure ratio of 0.52 for the cliff slope at Barton-on-Sea during the worst period, the
month of March,

3.6.3 Correlation of Flownet & Slope Stability

reached. As mentioned earlier an expected average pore pressure ratio for the slope

would be 0.5 (authors approximation), this figure is supported by the flownet analysis

Systems are retracting from the undercliff.

It is a fact that the undercliff slope at Hoskins Gap does not fail through slippage

during the wet season of each year, but does faj] during or immediately after adverse

Weather conditions. It can be assumed that during normal winter periods the cliffs
Saturation leve] is quite high but the cliff is still stabile. The stability analysis
determined a maximum average pore pressure distribution ratio of less than 0.41

could occur.

Figure 35 illustrates the failure pattern for the factor of safety of the undercliff slope

at Barton-on—Sea, as calculated in the stability analysis. The calculated failyre point,
FOS €quals 1, corresponds to the average pore pressure ratio of 0.41, where 0.52 is

the estimateq potential value without the current drainage scheme, The difference in

\-‘\____——__
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the ratio’s is 0.11, as indicated on Figure 35, this difference would correspond to a
large change required in the groundwater profile. On the assumption that these
figures are within reasonable accuracy, it can be concluded that the drainage systems
present in the undercliff, as a combined system, have to withdraw enough water to
reduce the pore pressure by at least this difference. This difference increases to 0.19

in the average pore pressure ratio if a #OS of 1.2 is desired.

These pore pressure ratios can be converted into groundwater levels, this is discussed

in the next section for further studies.

Graph Indicating Slope Stability and the amount of
groundwater calculated within the slope, where Phi' = 18°
1.500 1 - s e —

KEY:
sz Phi' = 18° for

Chama Bed & " plane,

-1 Est. amount of
water caught
by drainage.

0.000

0.41 045 0.5 052 g5 0.6

Average Pore Pressure Ratio

Figure 35 - Graph of predicted stability conditions for the undercliff slope ar
Hoskins Gap, Barton-on-Sea.

5.7 Recommendations & Further Study

The investigation into the slope stability is by no means complete, much of the data
required for the analysis had been estimated, approximated or crudely calculated from
information provided by various sources, These sources did not always correlate,
leaving Judgement up to the author. Although the author has confidence in the data
generated in this report, the validity of the data obtained is unknown. It has been

Made clear which sections of data are suspect while unsyre data has not been used in

———
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this analysis. It is recommended that a full site investigation specifically aimed at the
objective of a slope stability analysis should be undertaken. The high cost
implications of a site investigation are recognised, but to fully understand the cliffs

stability and also to establish the effectiveness of Mole Drains, then it is imperative,

Due to the time constraints invoked on this project several exercises and studies
proceeding the stability analysis were not initiated. It is recommended that these
related actions are executed as these will further benefit the understanding of the cliff
stability and will provide essentia] information for a precise analysis of the Mole

Drains.
The following is a list of actions recommended for further study;

e Convert the average R, ratio values from F igure 26 & Figure 27 into
ground water levels. This is a worth while exercise despite it being a
cumbersome and time consuming task. It has not been done for this
report due to a recent slip failure at Hoskins Gap during December
1997, thus rendering the conversion worthless. No thorough site
investigation has been made so the exact profile and extent of this
recent failure is unsure, but it is believed by NFDC to be an entire
slope slip as identified in the analysis. This information of a slope
failure was not received by the author’s until early March 1998, by
which time a revised analysis was intangible if the project submission
date was to be met. A revised slope stability analysis is required
before the conversion into groundwater levels commences, where the
critical water levels are useful to the NFDC for recommending further

protective remedial works.

* Establish the true phreatic surface in the undercliff slope at Barton-on-
Sea throughout the vear. This will identify the potential danger areas
of the slope where large pore pressures are present. By establishing

the groundwater conditions that occur in the slopes, superior analysis
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can be made, not only in the stability analysis but also in

approximating the efficiency of the Mole Drains.

e Continue the analysis in terms of considering different 7, values for
each soil strata. For simplification of the initial analysis r, remained
constant for each strata. As already noted, 7, alters in strata that has
been excavated or re-profiled, but the fact that 7, is different for each
strata type requires further analysis. This relies on the extent of

advanced site investigation to that done to date.

° Deeper Investigation into the slipped material and re-analyse if
required. The slip material that occupies the two top strata layers as
shown in Figure 23 have been approximated from the borehole data
available. Further investigation, although extremely beneficial, would
not be considered cost effective in any term except for establishing
accurate precipitation rates which affect the efficiency of the Mole

Drains. This need for further investigation has to be examined deeper

for its other advantages before it can be considered.
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6. FUTURE WORK

6.1 Aim of a Future Project

The original conception for this project was to make a study of a new technology for
cliff drainage, namely that of Mole Drainage systems, Initially it was thought that
enough records and monitoring data of various natures were available to make this
study comprehensive, unfortunately much vita] information was not available. With
the difficulties encountered throughout this project in pursuit of this unattainable
goal, it is now possible to outline the data which would be required to assess the

effectiveness of Mole Drainage technology for a future project.

be broken down into a series of questions needing answers with Separate research
requirements. It should be understood here that when placing the drains, they are
only being considered with respect to permeable overlying strata (as is the case at
Barton-on-Sea). The problems of going through confined layers with wildly varying
piezometric heads are not currently considered to be suitable for Mole Drainage
Systems, however since each situation is different this is a problem specific

consideration,

The questions requiring clarification are outlined below:

L. To understand how the placement of a Mole Drain affects the existing strata and
what affect the removal of fines by the Moles has on the stability of the

surrounding soil.

2. Can any problems (from 1) be overcome by the selection of suitable pipeline

Materia]?

3. What arrangement of pipelines would be the most effective and what would be

the best profile of the pipelines?
.--—-_‘____—_‘;
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6.2 Research Experiments
6.2.1 Soil Testing
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6.2.2 Pipelines

The pipelines utilised were custom built for the application, they were the first of

their kind and as such, no commercial pipelines were available. They consisted of a
75mm external diameter MDPE pipes with 10mm holes at 75mm close centres hand-
drilled into the circumference to create the necessary perforations for water to drain
through. This arrangement clearly does allow the water to drain through, but is it the
best arrangement? Especially when considering the fine soil particles which are able
to wash through it, is there some Wway to test how a pipeline might function and to use

this knowledge to Improve on the design?

; Any pipeline must be practical in that it would need to be able to survive the Mole
installation process, some kind of geotextile lining around the pipe might be ideal but

how could this be installed?

In Rendel Geotechnics initia] report (1994) on the Mole Drains it was suggested that
two pipelines might be installed one inside the other with a filter medium between the
inner lining of the outer pipe and the outer lining of the inner pipe. The outer pipe
could then be withdrawn after installation leaving just the filter medium and inner
pipeline, the medium could consist of stones or geotextile. The difficulty with this
method would lie in the flushing through of any particulate filter materia]. After
Correspondence with Rendel other options were brought to the groups attention for

the installation of a filter fabric (geotextile):
® Asasock around a single drain pipe.
® Asan internal liner between an inner and outer pipe.

® As a liner between an inner and outer drain pipe, using rubber or grout

“O7 rings to prevent flow in the annulus between the two pipes.

The last of these options would probably be the most satisfactory, though also the

Most expensive. In all cases none of these methods have been tried before, and there
IS 10 guarantee over the integrity of the filter. Fine filters may also become clogged

35 a result of the formation of iron-hydroxide gels.

&
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If a filter medium were practical there is stil] the consideration of how to perforate the
Pipe and what size of pipe would be most efficient. The size of the pipe which would
be most efficient js likely to be a function of the amount of water which would be
removed. The type of flow would ideally at all timeg be open channel, if the pipe
were to fill completely (causing pipe flow) this would Create pressure within the pipe

which would act to expel the water, at some point this pressure could exceed the

may not be worth the additional effort, depending on what, if any significance is

placed on redistribution of water to lower lying strata,

the Mole pipelines to detect where water wag entering into the pipeline and how
much silt if any had accumulated within the pipe. This work has still to be

accomplished.

Additionally a relatively simple modelling experiment could be undertaken to

determine the best type of pipeline effective in various medium with various filter

Surrounds. Very basically the exXperiment would consist of:

-76 -
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A short length of pipe (possibly 2 or 3 metres) surrounded by soil characteristic of the
strata to be drained within a controlled environment (Iaboratory). This would
facilitate comparison of the different arrangements, a fixed amount of water would be
discharged into the soil and the ground water level and discharge through the pipe

could be recorded as well as the volume of sediment removed.

The experiment could be refined during the course of the work, it might also be
possible to model a full cliff section to look at the wider picture though benefits to
this approach probably do not outweigh costs especially with the lab distorted

conditions.

6.2.3 Survey of Installation

The Mole Drains were initially installed with the aim to have a nominal maximum
spacing at the ends of the moles at the clifftop of 20m using the minimum number of
manholes (Rendel). This was based on the “feeling” of the engineers at Rendel
responsible. The aim of the subsequent monitoring was in part to optimise the
arrangement for future design, Unfortunately the lack of any accurate knowledge of
the position of the Mole Drains has acted as a major obstacle to achieving this.
Information required includes grid references of the manholes, Mole Drain entrances
and exits, as well as the reduced levels and the profile of the moles between each end.
To obtain the grid refs, of the visible parts of the scheme is relatively simple, however

the profiles of the installed Mole pipes could not casily be surveyed.

During installation this information could (and should) have been recorded, however
since it was not, to understand what arrangement of pipelines would be the most
effective, and what would be the best profile of the pipelines, it may be simpler to
Start again. That is to say since no knowledge on this issue is readily obtainable from
the existing installations, from a purely research point of view, selection of an

appropriate site and installation of new Mole Drains is desirable.
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Mole head.

6.2.4 Groundwater Monitoring

To understand the effectiveness of the drawdown requires knowledge of the

groundwater levels before and after installation of the Mole Drains, At Barton this

6.2.5 Flow Monitoring

The flow monitoring of the cliffs at Barton-on-Sea has not been entirely satisfactory
from a research point of view, it has been conducted piecemeal by two different

monitoring bodies, with significant gaps in the data,
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Automated flow monitoring systems typically consist of some kind of hydrauljc
control structure with an electronic depth ruler, with the known characteristics of the
section and contro] structure this can be converted into a rate of flow. Selection on

the type of contro] structure depends upon the range and size of flow expected.

For the flows in question the most practical hydraulic structure would be 5 “Vee

Weir” this ig considered accurate over the low flows present at the Barton-on-Sea

b
L5
z;
¢)
8 7]
Qs = '13 2g tan(‘é‘)hl 72

e
byl
z an2

ki ] —
P,

Figure 36 - Veo. Weir Diagrams ang Equations for q Rectangular Channel
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Usually @is set at 90° therefore it is possible to work out the height /; necessary that

the structure will not become overflown for the range of discharges expected to occur.
In the case of these Mole Drains, suitable flows for measuring could vary:
Omin= 5I/m = 83.33 x 10 m’/s
Omax = 15/m =250 x 10° m%/s
Rearranging the equation for flow shown as part of
Figure 36 and multiplying out the constants gives:
11 = (Qidea0.978CA)Y*

Cd being a coefficient due to loss of energy, for 6 = 90° Cd = 0.59 the required values
of height A, are:

hjmm = 29.09mm
h]max =45,14mm

Height P must be sufficient that there is a gap between the base of the Vee and the

downstream flow.

These values are practical for the flows and sizes of pipeline in question, they have
been calculated here for a rectangular channel though in fact the pipes are circular.
Rectangular channels could be fitted to the exits of the mole pipelines within the
manholes. The calculation can also be modified for a circular channel, due to the
added complexity it may be helpful to construct a design chart for this. ‘Basic theory
on the design of Vee Weirs can be found in a good hydraulics textbook such as those

listed in the bibliography at the end of this report.

Now that a suitable control structure has been selected the upstream depth requires

monitoring. This is facilitated by a sonic transducer, positioned above the flow so

that it produces a sonic beam perpendicular to the water surface, this combined with a
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data logger and inputs on the characteristics of the control structure can be set up to
convert readings directly into flows, Alternatively the depth alone can be recorded
and converted to flows utilising a spreadsheet, A data logger will typically be capable
of logging 45 days worth of flows every 15 minutes. The system has an accuracy of
0.25% of range.

One complete system will cost approximately £1000, economies may be made if
more than one pipe flow is monitored by utilising the same data logger and power

pack.

A new citing of a Mole Drain installation might also consider placement within an
easily defined catchment area so that water balance calculations can be made

confidently.

6.3 Similar Technologies

Though Mole Drains are unique several similar technologies exist, these are also

relatively new and/or uncommon.

Horizontal draing (Which will not be explained fully here) have been in use since the
1930’s around the world, some exist in the UK, the technology is also relatively
common in Hong Kong and severa] studies have been made, this has led to the
development of some design procedures. If a method for the design of Mole Drainage
systems is to be invented it would undoubtedly be similar to methods utilised for the
design of horizontal drainage systems. The theory for horizontal drains is simpler due
to the pipes being parallel to each other and (almost) horizontal. Any person
continuing work on Mole Drains would be wise to familiarise themselves with

horizontal drain technology, a good starting text is included at the end of this report.

Beach Management systems, a Dutch invention rely on the pump assisted drainage of
beaches to prevent erosion, the typical sand conglomeration of a beach is in many
Ways similar to the sandy cliffs at Barton-on-Sea, There is currently research being

Undertaken at Southampton University into this technology and progress may have
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some implications towards Mole Drain technology. Some texts are again included at

the end of this report.

6.4 Summary

The design of Mole Drains is very much three dimensional, it requires a great deal of
thought power to unlock the secrets to its understanding, this is highlighted by the fact
that no commercially available computer package is up to the task to date. Progress
towards a greater understanding can only currently be made through a great deal of
practical research. This needs to be undertaken in the field at a new site of carefully
selected, known, properties.  Some monitoring of the pre-installation ground

conditions will be necessary with peizometers installed. The research may be
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7. ConcLUSION

This report has comprised two main facets, though primarily envisaged as a study of
“Mole Drains”, analysis of the specific problems of the cliff instability at Barton-On
Sea has taken up most of this report.

7.1 Soil Cliffs

conducted, the main points of which were:

® The volume of water seepage in this area is greater than that for adjacent

coastline. This explains why this area is so prone to slippage.

® The vast majority of the water present is being picked up by the drainage
schemes. Though interception is not necessarily occurring soon enough to

prevent slippage.

®  The slope failure mode is dependent on the values of ¢* of the slip plane/s.
The analysis implies that failure mode 1, a front slip, applies when @' is
equal to or less than 14° and values above 14° correlate to failure mode 2,

an entire slope slip.

® ¢‘has been variously reported to be between 12° to 18°. A ¢ value equal
to 18° is believed the most likely by the authors of this report for the
Chama Bed and the “p» plane. This implies that the undercliff slope
section at Barton-on-Sea wil] fail as an entire slip (mode 2) when an "y

value of 0.41 is reached.

® This R, value of 0.41 corresponds to a critical FOS of 1.0 when a FOS of

12 0r15if possible is recommended For a FOS of at least 1.2 for ¢°
equal to 18°, the pore pressure ratio, R,, has to be less than 0.32 this
reduces t0 0.20 for FOSof 1.5,
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° However without the drainage measures in place a realistic estimate of the
peak yearly winter values of R, would suggest around 0.6 as a maximum
value, with around 0.5 as a normal annual winter level. This suggests that
the slope would fail during the wet $easons, even those which are not
necessarily of adverse conditions, These values of R, are supported by the

flownet analysis. where a ratio of 0.52 was established,

Therefore the drainage schemes in place must at all times be sufficient to draw down

water levels to maintain R, below 0.41 to prevent failure, With the instability

experienced along this stretch since late 1997 it is clear that drainage measures in
place are not sufficient for extreme conditions. The water balance calculation
identified that water draining from this stretch of cliff could have fallen as rain as
long as three months ago. It would be realistic therefore for this area to be put on
alert for landslip after three months of consecutive torrentia] rainfall have accrued,
Torrential rainfall could be considered to have occurred if monthly totals approach or
exceed 100mm per month or the three month total approaches or exceeds 300mm.
Though it would be wise to exercise judgement over this definition since groundwater
recharge, amount of surface flow and type of rainfall event, will all affect the amount

of water entering the ground.

7.2 Mole Drains
In respect of the Mole Draing at Barton-on-Sea several facts should be emphasised:
® The second set of Mole Drains installed in May 1994 cost £10,000. This

set contained five drains with a tota] pipe length of 170m where one pipe
extended 60m through the cliff

® This equates to £58 per linear metre of pipeline for a “typical” system as

they are currently envisaged.

® Ittook just 5 days to install the first four Mole Drains with a tota] length of
115m,




MOLE DRA!NS CHAI"TER7
CONCLUSION

* Note that the previous two points Tepresent significantly quicker and
cheaper construction and installation than any conventional remedial

measures.
® The Mole Drains have consistently extracted water since their installation.

Scrutiny of the monitoring data also revealed that the Mole drains cover 37% of the
stretch and about 20% of water extraction. This is to be expected in that the Mole
Drains were intended only to complement the conventional stabilising measures, the
idea being to draw water levels down before they could contribute to increased pore
water pressures within the undercliff, Specifically it has been identified that the

Chama Bed and the “F> plane, are responsible for the slip failures experienced.

Unfortunately the ultimate aim “to produce a method for the design and placing of
these drains” has proven beyond this project, not least due to the complexity of the
three dimensional problem, but also because there i1s a dearth of valuable information
on the subject. The research and practical work required to ascertain the necessary
data was outlined in Chapter 6. Tt is hoped that the production of this report will act

as a stepping stone to achieving this ultimate objective.
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@ Angle of Soil Friction.

N Effective Angle of Soil Friction
AE Actual Evapotranspiration.
AOD Above Ordnance Datum,

(Mean Sea Level at Newlyn, Cornwall, England)

Y Soil Cohesion.
& Drained Cohesion of Cohesive Soil.

CP Catch-Pit

FAO Food and Agricultural Organisation of the United Nations.
FOS Factor of Safety.

MH Man-Hole.

NFDC New Forest District Council.

0S Ordnance Datum.

PE or ET, Potential Evapotranspiration,

pwp Pore Water Pressure.

R Average Pore Pressure Ratio,

#, Pore Pressure Ratio.

S.U Southampton University.

uworJ Water Pressure
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PENMAN-MONTEITH CALCULATIONS 1990

ey
All information in Blue has been entered by hand
Information in red 1s the output used for the next part of the vater balance calculation

Give : Station name BARTOH ON SEA
Latitude 51.00 51 00 0 89 rad
Altitude 30 =
Parametlers : Short Wave Rad a = 9.25 b = 0,50 alphas
Albedo alpha = 0.23
Long Wave Rad. a = 2.%90 b = 0.10
al = 0 34 bl = -0.139
Instrument height wind tenp Cropheight AsroT CEf
AerDyn Resistance ra *» U = 208 200 190 12 300
Grass Alfalfa
Canopy resistance rc = 70 Be 12
JAN FEB AR APR MAY Jun JUL AUG SEP ocT HOV DEC
Tnaz 10.4 11.2 11.9 13.6 18.4 17.0 21.% 22.7 19.1 16.1 10.8 7.9
Twin 5.4 6.3 5.6 4.3 8.6 108 12.6 13.5 9.7 10.3 5.8 3.3
Rimzan 93 91 87 82 84 1] 84 86 B4 an 93 30
in 77 76 69 57 13 70 60 62 3] 73 77 76
Vind (kw/d) 272 333 205 217 175 198 218 188 175 243 196 210
Sunhours 1.52 3.24 5.15 813 9.63 £.60 10.18 8 64 6.34 3,52 3.02 1.35
ET fac mw/day 0.3% 072 129 22 7 2 53 .91 JuiA 214 1.03 0.47 0.36
Avg Teup 7.90 8. 75 B.70 8.95 13.50 13.90 17.25 18.10 14,49 13 .20 8.30 5.60
n 19% 33% 447 593 63 28% 64% B1% S1x 34% 35% 25%
Vind (n-s) 315 3.85 237 2.51 203 229 2.52 2.18 2.03 .81 z.27 2.43
Ea(Tnax) 1.28 1:33 1.38 1.56 712 1.9¢4 2.863 Z. 76 2.21 1.83 1.30 1.07
Ea{Tnin} 0.90 0.95 0.91 0.83 1.12 1.30 1.46 1.85 120 1.25 0.92 0.77
Ea(Tx)-Ea(Tn) 1.08 1.34 1.15 119 162 162 2 04 2. 1% 1.9 1.54 1.11 0.92
Edew 0 98 1.01 0.9% o 89 122 136 1.87 1.70 1.31 1.34 1.00 0.81
RH(max-nin) 93% 91% 874 824 8dx 88x% 8dx B6% 84% 904 93% 0%
D1t (ET%-ETn) 0.07 0.08 0 .08 0 .08 0.10 010 0.13 0.13 D.11 0.10 0.08 0.06
P-atn, 100 9 100 3 100.8 100 9 100 9 100 9 100 .3 100.9 100.3 100.9 100.9 100.9
lambda 2.48 2.48 248 248 2 47 247 2.46 2.45 2.47 2.47 2 48 2.49
ganna 0.87 g.07 0.67 0.97 .07 0.07 .07 0.07 0.07 0.07 0.07 0.07
o 70 70 70 20 70 70 70 70 70 70 70 70
xa 65 53 87 ae 102 90 8z 95 102 73 91 85
gamna# 0.14 0.18 g.12 0.12 0.11 0.12 0.12 0.12 011 0.13 0.12 0.12
disdi+gne 0.35 0.34 6 .39 0.39 0.48 0.47 0 51 0.54 0.45 0 44 0.39 0.35
gr/dl+gna 0.32 0.29 0.34 0.33 0.31 0. 30 a.27 Q27 0.30 0.29 0.35 0.36
Aeratern 0.33 0.47 0.50 0.81 0.77 0D 55 0.98 0.82 0.76 0.51 0.28 0.32
Month 1 2 3 4 5 6 7 8 9 10 11 12
dayno 15 46 76 107 137 168 198 229 259 290 320 351
soldeclin -0.370 -0.230 ~0.0833 0.179 0.334 0.408 0 372 0.233 0.036 -0.178 -0 336 ~0.408
X% -0 281 -0.178 -0.026 0 138 0.255 0 308 0. 282 0.179 0.028 -0.138 -0 256 -0.308
vy D.587 D.613 0.629 0.819 0.59% 0.578 0.586 0 612 0.629 D 620 0 594 0.578
onega 1.07 128 1.53 180 2 01 213 2.07 1.87 162 1.38 1.13 1.01
dr 1.63 1.02 1.01 0,99 0 98 097 g.97 0.%8 0.99 1.01 1.02 1.03
Ra 8. 28 13.83 22.32 3173 38.54 41.71 39 99 33.79 25.10 15.95 9 54 6.89
it 8 18 9.7% 11.68 13 72 15 38 16.30 15.84 14.27 12 .34 10.30 8.60 7.70
Rns 2.2 4.4 8.1 13.3 16.7 126 17 .86 14.4 9 5.2 31 20
£{n-N) .27 0.40 0.50 0.63 0.66 0.3% 0.68 0 .64 0.56 0.41 G.42 6,33
signa(Tx_Tn) 30.59 30.96 30.95 31.09 33.1% 33.30 34 91 35.32 33.5% 32.97 30 77 29,60
enissivity 0.z20 020 020 021 0.19 0.18 6.17 0 16 018 Q.18 0.20 0.22
Rbo 6.19 6. 19 6.32 6 49 6 16 5 91 5.77 5. 60 6 .06 .89 6.17 6. 35
LVRr 1.886 2.47 3.14 412 4.10 z2.10 3.93 3.82 3 42 Z2.40 2.57 2.09
Bn (Rns-R1l) .53 1.96 4.94 9.23 12.561 10.486 13 67 19 .77 6. 38 2.76 055 -0.09
G 0.32 0.12 -0 01 0.04 0.64 0 06 0 47 0.12 -0.52 -0.17 -0.69 -0.38
En-G 021 184 4 95 9.20 11.37 10 41 13.20 10.65 6.90 2.93 1.24 g.29
Rad Term 007 0.27 0.78 147 2 46 199 2.83 2.38 1.28 0 49 0. 0% -0.01
Rad Tern({-G) $.083 825 8,78 146 2.34 1.99 2.73 2.32 1.38 0.52 020 0.04
ETconb 0.40 0.74 129 2.28 3.23 2.54 g1 317 2,04 0o 036 6.30
11.3% 2.2% =0 1% 0. 2% 3.8% 0. 4% 2 5% 8% -5.1% -3.0% -29.8% -17.3%
ET (-G} 038 Q.72 1.29 2.27 3.11 2583 3.71 314 2.14 103 04 0.36
Grass Alfalfa 2.58
Gannan CEE GanmanCE | 2.8% (STD)
034 042 2.56




PENMAN-HMONTEITH CALCULATIONS 1991

Key
4ll information in Blue has been entersd by hand
Information in red is the output used for the next part of the vater balance calculation

Give Station nana BARTOHN OF SEA
Latitude - 51.00 51.00 0 89 rad
Altitude 0 =
Parameters Short Wave Rad a = 025 b o= 8.50 alphas=
Albedo alpha = 0 23
Long Vave Rad & & 0.99 b = g.10
al = 0.34 bl = -0.139
Instrument height wind temp Cropheight AeroT CEf
AerDyn Resastance ra = [ = 206 200 190 12 900
Grass 4Alfalfa
Canopy resistance e = 70 13 12
JAN FEB MAR APR HAY JUR JUL AUG SEP ocT KoV DEC
Trax 7.3 5.1 11.0 12.2 15 5 15.5 20.5 21.0 200 14.0 10.9 8.5
Twin 3.1 -0.5 5.4 4.8 7.0 9.4 123 12.8 11 .4 8.1 4.8 4.0
91 95 91 86 84 88 92 91 92 92 a2 91
RHuin 77 76 74 65 61 71 70 68 57 74 73 77
Yind (lwsd) 232 173 213 249 168 242 202 18§ 188 172 222 190
Sunhours 2.20 2. 76 155 5 80 5 81 5.21 7.20 £.60 6.16 3.00 2.20 1.70
ET fao mw day 0 36 0 47 0.93 1.86 2.42 2 42 285 2.83 199 0.92 0.53 0.32
Avg Temp 5.20 2.30 8.20 B 50 11.25 12 .45 16.70 16 90 18.71 11.08 7.85 6.25
n’N 2% 28% 0% 42% 38% 3zn AS% 60% 0% 29% 26% 22%
Wind (n/s) 2.69 Z.00 247 2.88 1.91 2 BO 2 34 2.14 215 1.99 2.57 z.z0
Ea(Tmax) 1.0z 0.88 1.31 1.42 1.7% 176 2.41 2 43 2.34 1.60 1.30 1.11
Ea(Tain) 0.76 0.59 0.30 0.86 1.00 1.18 1 49 1.48 1.3% 1.08 0.86 0.81
Ea(Tx)-Ea(Tn} .89 073 1.10 1.14 1.39 1.47 1.95 1.98 1.84 1.34 i.08 .96
Edew 0.7% 0.67 0.97 0.92 1.08 1.28 1.63 1.68 1.57 1.19 0.95 0.8%
RH(max—min} 91 g5% 91 86x 84 88x 92% 91% 92% 92% 92% 91%
DLt {ET%-ETn) 0.0e 0.05 0.07 0.08 0.09 0.10 0.12 0.12 012 0.09 0.07 8.07
P-atm 100 .9 180.9 100 3 100.38 100 38 100.3 100.9 100.3 10609 100.3 100.9 100.9
lanbda 2.49 2.50 2.48 2 48 2.47 2.47 2.46 248 2.45% 2 47 2.48 2.49
garna o a7 0.87 0.0z 607 0.07 0.07 0.07 D.o7 0. 07 0.07 0.07 0.07
rc 70 70 70 70 70 70 70 0 70 70 70 70
Ta 77 103 84 72 108 74 a8 96 96 104 89 94
ganna® 0.13 011 012 0.13 0.11 0.13 0.12 012 0.12 0.11 0.12 0.12
dl/dl+gne 0.33 632 0,38 0.37 0.45 0.43 051 0.52 050 044 0.37 0.37
gn/dligne 0.35 0 41 0.34 0.32 0.33 0.29 028 0.28 0.29 033 0.34 0.36
Aerotern 0.31 0 18 0.35 0.64 0.61 0.58 052 0.56 0.53 g.32 e.36 0.28
Honth 1 2 3 4 5 [ 7 ] 9 ip 11 12
dayno 15 46 76 107 137 158 198 229 259 230 320 351
soldeclin -0 370 -0.230 -0.033 0179 0.334 0 408 0 372 0.233 0. 038 -0 178 -0.338 ~0.408
xx -0.281 -0.178 -0.026 0 138 0.255 0.308 §.282 0.179 0028 -0.136  -0.256 ~0.308
vy 0 587 0.613 0 629 0.619 D .55 0 578 0.586 D.612 0 629 0 620 0 594 0.578
onega 1.07 1.28 1.83 1.80 2.01 2.13 2.07 1.87 162 1.38 1.13 1.01
dr 103 1.02 1.01 G.93 a 9e .97 0.97 0.3%8 o 99 101 1.02 1.03
Ra g 28 13 .83 22 32 31.73 38.54 41.71 39.99 33.79 25 10 15 95 9.54 6.89
i1 %.18 3.75 11.68 3.7 15 38 16.30 15.84 14 .27 12 .34 10.390 8. 80 7.70
Ens 2.5 4.2 6.9 11.3 13.0 13.2 147 14 3 9.7 4.9 2.8 1.9
f(nsN) 0.34 0.35 0.37 0 48 0 44 0.39 0.51 0 64 0.5% 0.36 0.33 0.30
signa(Tx_Tn) 29 43 28.23 30.73 30 87 32.10 32.63 34 63 34 73 34.18 31.99 30 .58 2%.88
enissivity v.z2 n.z3 D 20 021 0.20 0.18 0.16 .16 0.17 019 0.20 0.21
Rbo £.35 6 38 6 22 6 36 6.27 6.01 S.50 5 54 5 66 6.02 §.23 6.31
LVR 2.18 2.27 233 3.06 2.76 2.34 Z 81 3.57 311 2.18 2 06 1.89
Rn (Res-R1) D27 1.90 1.59 .21 19,286 10 .82 11 8% 10.78 6.54 287 071 0.02
G -0.15 -0.41 0.83 0.04 0.39 0.17 0.60 0.03 ~0.17 -0.65 ~0.45 -0.22
Rn-G 042 2.31 3.75 8.17 $.87 10 6é 11.29 10.75 6.71 3.33 116 0.25
Rad Tera 004 021 070 1.23 1 88 187 2.45 2.28 1.34 0 48 0.11 0.00
Rad Texn{-G) 0.06 030 U4 1.22 1.8t 1.84 2.33 2.27 137 B 60 0.17 0.04
ETconrb 0.34 0 42 1.08 187 2.49 2.45 2.97 2.84 1.87 0 80 0.45 0.28
-5 7% -12.4% 12.0% 0.3% 2 8% 12% 4 1z 0.2% -1 8% ~14 6% -14 5% -11 6%
ET (-G) 03§ 0.47 1.92 1 .86 2 42 242 .88 2.83 1.90 092 653 0.32
Grass Alfalfa z.18
Gammaw Cif Gamna#Cf f 5 B% (STD)
0 3 0.42 237
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|
Key
All information in Blue has been entered by hand
Infornation in red is the output used for the next part of the vater balance calculation
Give . Station name . BARTON ON SEA |
Latitude 51.00 51 .00 0.89 rad *
Altitude - 30 m. |
Paransters - Short Wave Rad a = 0.25 b o= 0.50 alpha= |
Albedo alpha = .23 \
Long Vave Rad. a = 0.90 b = 0.10 |
al = 0.34 Bl = -0.139 |
Instrunent height wind tenp Cropheight AeroT CEE |
AerDyn Resastance ra = U = 206 Z00 1%0 12 900 |
Grass Alfalfa |
Canopy resistance e = 70 85 12 |
JAN FEB MAR AFR HAY JUN JuL AUG SEP ocT Hov DEC i
Taax 7.2 3.0 10.9 12.7 18.7 20.6 20.1 19.5 17 6 12.9 12.3 1 J\
Tuin 1.7 3.1 5.3 5.6 9.2 10.8 13.5 13.4 12.0 5.4 6.2 2.7 |
RHEmean 94 13 89 87 86 a5 90 92 30 90 93 93 |
Rinin 76 69 73 67 60 59 72 74 74 67 74 75 |
Wind (kwsd) 174 163 245 228 186 183 201 253 197 192 232 176 |
Sunhours 2.40 2.80 2.08 5.45 325 825 5.43 5.20 470 420 2.00 1.70 |
ET fao mn/day Q.25 0 .64 102 1.81 3.04 3.38 2.1 2.25 1 66 1.02 0.47 0.32
Avg Temp 4.45 6.04 8.10 9.15 13.95 15.70 16 80 16 45 14 .80 9.15 9.28 §.45
N 29% 29% 18% 40% 604 51% 34% 36% 38% 41% 23x% 22%
Vind (mrs) 2.01 1.89 2.84 2,64 2.15 1.77 2.33 z.93 2.28 2.22 2.69 2.04
Ea{Tnax) 1.02 1.14 1.30 1.47 2.18 2.43 z 35 2.27 201 1.49 1.43 1.09
Ea(Tnin) 0.69 .76 0.89 0.91 1.16 1.30 1.58 1.54 i.40 0.90 9 9% 0.74
Ea(Txy-Ea(Tn) 8.95 D95 1.10 1.19 1.66 1.86 1.95 1.90 1.71 1.19 1.19 0.9
v 0.77 078 0.95 0.98 123 1.44 1.69 1.68 1.49 1.00 1.06 0.82
Ri(max-nin) 943 86X 89x% 87x% B86% 85x 90% 92z 0% 0% 93% 93%
DLt (ETx-ETn) .06 o7 0.07 0.08 6.11 0.12 0.12 .12 0.11 o.0s 0.08 0.06
P-atn. 100.9 100.9 100.9 100 .9 100 9 100.9 100.9 100.9 100 .3 100.9 100.3 100.9
lambda 2 43 2.49 2.48 2. 48 2. 47 2.46 2. 46 2.46 2 47 2 48 2.48 2.49
gamiz n.o7 0.07 0.7 0.97 0.67 0.07 0.07 0.07 0.07 0.07 007 0.07
roc 70 70 70 70 70 70 70 70 70 70 70 70
Ta a2 108 73 78 96 116 89 70 aq 93 77 101
ganman 0.11 011 0.13 0.13 g.11 0.11 0.12 0.13 012 0.12 0.13 0.11
dlsdl+gne f.35 0. 38 0o 3aé 0,39 0.48 0.53 0.51 0.48 0.48 0.41 0.3% 0.36
gu/dlygns 0.3% 0 38 0 32 0.32 0.30 0.30 0.28 0.26 023 0.34 0.32 0.38
Aerotern 0. 20 0.39 0.45 0.57 0.7% 0.69 0.53 052 0.45 0.46 0.35 0 24
Honth 1 2 3 4 5 6 7 8 9 10 11 12
dayno 15 46 76 107 137 168 158 229 259 290 320 351
soldeslin -0.370 -0.230 -0 033 0.179 0.334 0. 408 0.372 0.233 0.036 -0.176 -0.336  -0.408
xx -0.281 -0.178 ~-0.028 0.138 0 285 0.308 0 282 0.179 0.028 -0.136 ~0.256 -0.308
122 0.587 D613 0.629 0.619 0.595 0.578 0 586 0.612 0629 0 620 0.5%4 D.578
omega 1.07 1.28 1.53 1.80 2.01 2.13 2.07 1.87 162 1.35 113 1.01
dr 1.03 1.02 1.61 .39 0.98 .97 0 97 0.98 0.99 1.01 1.62 1.03
Ra 8.28 13.63 22.32 31.73 38.54 41.71 35.99 33.79 25 .10 15.95 9.54 6.89
i 8.18 3.75 11 63 13.72 15 .38 16.30 15.84 14 27 12.34 10 39 8 60 7.70
Rns 2.5 4.2 5.8 110 16 3 16.2 13.0 11.2 B.5 56 257 1.9
f(n/H) Q.36 0,36 0.26 0 46 0. 64 0 56 0.41 0 43 0 44 0.47 031 0.30
signa(Tx_Tn) 29 12 29.79 30.68 31.15 3335 34 17 34 .66 34 .49 337 31 16 3119 29.54
enissivity 0 zz U.22 0.20 0.20 v.18 0.17 U.16 016 0.17 0.20 020 0 21
6.33 & 45 6.27 6.29 6.06 5.91 §. 52 5 49 5.72 6.24 6.12 6.31
LR 2.31 2.32 1.64 2.89 3.89 3:29 z.26 2.36 2.54 2.92 1.90 1.89
Rn (Rns-R1} 0.22 1.8% 4.19 9.08 12 4% 12 .87 10.72 .89 5.97 2.65 0.79 0.02
G -0.14 0.22 0.29 0.1% 0.67 0.25 0.15 -0.05 -0.23 ~-0.79 0.01 ~-0.53
Ra-G 0 36 1.85 3.90 7.93 11.78 i2.62 10 56 8. .94 6.20 3.44 0.78 0 .55
Rad Term 0.03 0.29 0.62 1.27 2.43 2.74 z.21 1.72 117 0.44 0.12 0.00
Rad Term{-G) 0.0% 0.8 $.57 1.24 2.30 2.69 2.18 1.73 1.21 0.57 9.12 0.08
ETconb 023 .68 1.08 1.84 17 3 44 2.74 2.24 62 0.89 0.47 0.24
-B 4% 5.0% 4.0% 1.3% 4.1% 1.5% 1.2% -0 4% -2.8%  -14.6% 0.5%  -32.3%
ET (-G) a.25 0.64 1.02 1.81 .04 3.138 2.71 z.25 1.66 1.02 0 47 0.32
Crass Alfalfa z2.28
Ganma# Cff Ganna®Cf £ 5.7% (STDY
0.34 042 2.27




PENMAN-MONTEITH CALCULATIONS 1993
Key
4ll information in Blue has been entered by hand
Information in red is the output used for the next part of the vater balance calculation
Give . Station nams . BARTON OB SEA
Latitude 51 0p 51.00 0 89 rad
Altitude 30 m
Parameters Short Wave Rad 8 = 0.2% b = 8.50  alpha=
Albedo alpha = 0.23
Long Wave Rad. a = Q.30 h = 0.10
al = 034 bl = -0.139
Instrument height wind tenp Cropheight AeroT CEf
AerDyn Resistance ra ®» U = 206 200 190 12 500
Grass Alfalfa
Canopy resistance TG = 70 BE 12
JaN FEB MAR APR HAY JUK JUL AUG SEP ocT Hov DEC—'
Taax 9.8 7.8 10.4 13.2 16 5 19.5 19.1 19.8 17.1 13.0 9.4 9.7
Tain 5.1 3.3 3.9 6.5 8.8 11 .4 12 .4 11.3 lo0.0 7.0 2.8 4.1
Rimsan 94 91 87 92 88 89 89 88 8% 89 89 32
RHmin 79 76 &8 72 66 66 70 13 89 71 69 75
¥ind {kwn-d) 267 146 171 208 231 188 216 172 171 193 160 273
Sushours 1.10 2.30 4 60 4.50 6. 70 B.30 6.00 8.20 4.50 4.30 2.80 1.90
ET ta0 mmsdas 0 36 057 t.12 160 2.50 316 2.75 276 1.65 097 0 51 0.35
Avg Tenp 7.45 5 55 7.10 9 85 12 65 15.45 15.75 15.45 13 55 10.00 6.10 £.90
nd 13% 24x% 39% 33% 44 51% 38% 57% 36% 42 33% 25%
Vind (a/s) 309 1.69 198 2 .38 2.67 1.54 2 8¢ 1.99 1.98 2.23 1.85 3.16
Ea(Tmax) 121 1.06 128 1.82 1.88 2,22 221 2.28 1.958 1.50 1.18 1.20
Ea(Tnin) 0.88 0 77 0.80 0.97 113 1.35 1.44 134 1.23 1.00 0.75 0.82
Ea(Tx)-Ea(Tn} 1.0% 0 92 1.02 i.24 1.50 1.81 1.83 1.81 1.89 i.2s 0.96 1.01
v 0.98 081 0.86 1.09 1.25 1.50 1.55 148 1.35 1.06 0.81 0.90
RH(max-nin) 94z 21 87z 925 88 89x 8% oz 89 69% 89x 92%
D1t(ETx-ETn) 0.07 0,06 0.07 0.08 0 10 .12 0.12 0.1 0.10 0.08 0.07 0.07
P-atm 100 3 1080 .9 10G.3 1009 106.9 108 .3 i00.9 180.9 100 8 108.9 100.9 100.9
lambda 2.48 2 49 Z.48 2.48 2.4 2 46 246 2.4 Z2.47 2 .48 2.49 2.48
ganma 0.07 0.07 0.07 0.97 007 0.07 007 0.07 0. 07 0.97 0.07 b.07
rc 70 70 70 70 70 70 70 70 70 70 70 70
Ta &7 122 ia4 :13 77 1ige az 104 164 92 111 65
ganmar 0.14 0.10 0.11 012 013 0.11 0.12 0.11 011 012 0.11 0.14
dl/dl+gne 8,35 0. 38 0.39 0.41 0.4 0.51 0.49 0.51 0.48 0.42 03§ 0.34
gn/dl+gn* 0.32 0.40 0. 37 0.33 0.30 0.30 0.28 0.29 031 0.33 0.38 .32
Aeroters 0.28 0.22 041 0.39 0.64 g 55 080 0 61 0.47 0. 44 0.35 0.37
Honth 1 2 3 4 5 6 7 8 9 10 11 12
dayno 15 46 76 107 137 168 198 229 259 290 320 351
soldeclin =0.370 =0.230 -0.033 0,179 0.334 0 408 0 372 0.233 0.038 -0.17¢ ~0.336 -0.408
XX ~-0.281 -0.178 -0.026 0.138 0.255 0.308 D 282 0.179 0.028 -0.136 ~0.256 ~0.308
vy 0 587 0.623 D 629 D 61% 0.595 0.578 0 586 0 612 0 629 0620 D0.594 0.578
onega 1.07 128 1583 180 2.01 2.13 2.07 1.87 162 1.38 113 1.01
dr 1.03 102 1.061 0.39 .38 Q.57 G.97 g 98 0939 161 1.62 1.03
Ra B8.28 13 83 22 .32 31.73 38 54 41.71 39.99 33.79 25 .10 15,95 9 .54 6.89
¥ .19 3.7% 1169 13.72 15 3¢ 16.390 15 84 14.27 12 34 i0.39 9.0 7.79
Rnz 2.0 3.9 T2 101 13.9 16.2 135 14.0 g4 5.6 3.0 2.0
£(nH) 0.22 0.31 0.45 0.40 0.49 0.56 0 44 0.e2 0.43 0.48 0.339 0.32
signa(Tx_Tn) 30.39 29.58 30.28 31 456 32.73 34 04 34 .17 34.04 33 14 31.52 29 .83 30.16
enissivity 0.2y 0.1 0.21 0.20 0.18 0.17 0.17 b.1? 0.18 0 zo 0.21 0.21
Rba 6.19 6.34 6.38 6.13 6.04 5.76 5.69 £.81 5.91 6.18 6.39 6.27
LVr 1.37 1.99 2:91 Z.43 Zz.98 3.22 Z2.51 3.59 2.53 2 95 2.52 2.0z
Rn (Ras-R1) 0 &S 193 477 .69 10 .91 12.98 11.02 10.39 5.82 2 68 9.52 ~0.04
G 0.08 -0 27 0.22 039 039 0.39 0.04 -0.04 -0.27 ~-0.50 ~0.55 0.11
Rn-G 0.57 2.20 4.56 7.30 18.51 12.59 10.98 10.43 6.09 3.8 106 ~G.15
Rad Term 9.09 0.30 0.75 1.27 1.92 2.68 217 214 1.13 0.45 0.08 -0.01
Rad Tern{-G) 4 03 0.34 0.71 i.21 1.86 2.61 216 .15 1.19 0 54 0.16 -0.02
ETcorb 0. 37 0.53 1.16 1.66 2 57 3.24 2.77 2.7% 1.60 o 0.42 D36
2.9% -7.7% 2 9% 3.8x 2.7 2.5% 0.3% ~0.3% -3 2% -9 4% -19. 8% 4.2%
ET ¢-5) 0 36 Q.87 112 1.60 2.50 1.18 2.76 2.78 1 65 Q.97 0.81 035
Grass Alfalfa 2.21
Gamnna*  Cff GanmasCEf 4.2% (STD)
o34 0.42 2.20
|
|
|
(




PENMAN-MONTEITH CALCULATIONS 1984
All information in Blue has been entered by hand
Information in red is the output used for the next part of the wvater balance calculation
Give . Station hane . BARTON ON SEA
Latitude 51.900 51.00 0.89 rad
Altituds a0 m.
Parameters - Short Vave Rad a = 0.2% b = 050 alpha=
Albedo alpha = 0.23
Iong Vave Rad. a = 8.99 b = 8.10
al = 0.32 bl = -0 139
Instrument height wind teup Cropheight AeroT Cff
AerDyn Resistance ra » U = 206 200 190 12 300
Grass Alfalfa
Canopy resistance rc & 70 86 12
JAN FEB HAR AFR HAY JUN JUL AUG SEP ocT Nov DEC
Tnax 9.5 8.2 11.8 12.2 14.8 18.7 22.2 21,2 17.5 15.6 13.8 11.3
Tmir 4.1 2.1 5.6 4.4 8.6 10.4 13.8 13.7 10.9 7.7 5.6 5.3
Rinean 93 94 91 85 87 87 89 87 89 92 95 94
RHuin 76 75 73 63 70 64 66 67 71 118 82 75
Wind (kwsd) 249 201 284 241 196 224 166 202 202 192 176 260
nhours 2.50 2.70 1.7 6.30 5.80 9.50 9.00 6. 80 5.00 5.70 1.30 2.00
ET fao mmsday o.37 0.54 106 1.9% 2.26 3 28 3.39 2.78 1.76 1.02 937 0.41
Avg Temp 6 .80 §.15 B.55 8 .30 11.70 14 .55 18 00 17 45 14 20 11.65 11.70 8.30
N ix 28% a2z 46% 3% 58% 57% 48% 1% 55% 15% 26%
Vind (a’s) 2.88 2.33 3.29 2.79 2.7 2.59 1.92 2.34 z.34 z.2z z.04 3.01
Ea{Tnax) 1.13 1.09 1.36 1.42 1.68 2.18 2 68 2.52 z.00 1.77 1.58 1.34
Ea(Tnin) 0.82 0.71 0.91 0.84 1.12 126 1.58 1.57 1.30 1.08 1.20 6.89
Ea(Txy-Ea(Tn) 1.00 0.99 1.13 1.13 140 171 2.13 2 04 1 6% 1.41 1.39 1.11
Edew 0.%0 0.81 099 0.8%9 1.18 1.38 1.77 1.68 1.41 121 1.30 1.00
RH{max-min) 937 94% 9ix 85 87z 87 89 87 89 92% 95% 4%
D1t (ETx-ETn) 0.07 0.06 0.08 0.08 0.09 0.11 0.13 D13 0 11 0.09 0.09 .08
P-ain. 100.% 108.9 108 .8 100.2 100.9 100.9 109 .8 100.9 100.9 100.9 100.9 100.9
lanbda Z.48 2.49 2.48 2.48 2 47 2.47 2.46 2.486 2.47 2.47 2.4 Z2.48
ganxa 0.07 0.7 0.07 007 0.07 0.97 [ 0.07 0.07 .97 0.07 0.07
TC 70 70 70 70 70 70 70 70 70 70 70 70
xa 72 89 63 74 91 8a 107 g es 93 101 68
ganman 0.13 0.1z 0.14 0.13 0.12 012 0.11 0.12 0.12 0.12 0.11 0.13
dl/dl+ome 0,3s 0.3s 0.35 0.37 0.é4 0n.47 0.58 0.52 b 47 .44 o458 0.36
gnsdl+gne 0 33 0.37 Q.31 0.82 0.32 0.28 0.268 0.27 .30 0.3z 0.33 0.32
Asrotern 0.31 0.24 0.47 0.68 0.51 0.7% 0.59 0.71 0.52 0 45 0.19 0.34
Month 1 2 3 4 5 6 7 8 9 10 11 12
dayno 15 16 76 107 137 168 198 229 259 290 320 351
soldeclin -0.370 -0 230 -0.033 0.179 0 334 0.408 0.372 0.233 0.036 -0 1786 -0.338 ~0.408
XX -0.281 -0 178  -0.026 0 138 0 255 D.308 0.282 6.179 0.028 -0 136 -0.256 -0.308
vy 0.587 D.613 0.629 D 519 0.59% D.578 0 586 0.612 D.629 0.620 0.5%4 D.578
orega 1.07 1.28 1.53 1.80 2.01 2.13 z 07 187 1 62 1.35 1.1 1.01
dr 1.03 1.02 1.01 0.99 ¢ .38 ¢ §7 G6.37 0 98 0 99 1.61 1.02 1.63
Ra 8.28 13.83 22.32 31.73 38 .54 41.71 39.99 33.79 25.10 15.9% 9 54 6.89
] 3.18 2.7% 11 .58 13.72 15.28 15 .30 15.84 14.27 12.34 10.30 3.0 7.70
Rns 2.6 4.1 7.0 1.7 13.0 17 .4 16.4 12.7 8.7 6.5 2.4 20
f(nsH) Q.38 G.35 0.38 0.51 0. 44 0.62 0.61 0.83 0.46 0.60 0.24 0.33
signa(Tx_Tn) 30.12 29.42 30.88 30.79 32.2% 33.62 35.26 34.98 33.44 3z2.28 32.27 30.77
smissivity 0.2 021 0.20 .21 0,19 U.18 0,16 0 16 0.17 0.19 0.18 0.20
Rbo 6.25 6 .30 6.22 5 .41 6.10 5.93 5.46 5 58 5.82 6.02 5.85 6.17
LWR 2.38 & Z.40 3.30 2.69 3.7t 3.35 2.96 2.72 3.61 1.39 z.08
Rn (Rns-R1y 0.22 1.93 § 62 B 42 10.33 13.87 13.10 9.7% 6.02 2.86 1.01 ~0.05
G -0.21 -0.23 D.48 -0.04 0.48 0.40 .48 -0.08 ~0.46 -0.36 .01 -0.48
En-G 0.43 2.16 4.14 8 45 g.85 13 28 12.42 2.83 6 49 3.21 1.60 G 43
Rad Term 0.03 0.27 0.66 1.26 1.84 2 59 91 2.08 1.18 0.5% 018 -0.01
Rad Tern{-G) 0.0¢ 8.30 0.59 1.27 1,78 2.5% Z.80 2.07 1.24 0.58 018 0.08
ETconb 0.34 0.51 13 1.94 2.3% 3.3% 3.50 2.76 1.87 0. 9% 0.38 34
-6.6% ~5.3% 6. 0% -0 3% 3.6% 2.3% 3.1% -0.6% -5.2% -6.7% a.3% ~20.6%
ET (-G} Q.37 054 106 195 2.26 3.28 3.9 2.78 1.76 1.02 0.37 0.41
Grass Altalfa 2.36
Ganmas CEE GanranCE £ 3 7% (STD)
0.34 .42 2.35




PENMAN-MONTEITH CALCULATIONS 1995

ey
All information in Blue has been entered by hand
Information in red i= the output used for the next part of the vater balance calculation

Give Station pams : BARTON ON SEA
Latitnde 51.00 51 .00 0 89 rad
Altituds 30 =
a s —_— e e
Paraneters . Short Wave Rad a8 = 9.25% b = 0.50 alpha=
Albedo alpha = 0.23
Long Vave Rad. s - . 9¢ b = .10
al = 0.3 bl = -0.139
Instrument height wind tenp Cropheight heraT Cff
AerDyn Resistance ra ® U = 2086 200 150 12 00
Grass Aifalfa
Canopy resistance o . 7 86 12
JAN FEB MAR APR HAY JUR JUL AUG SEP ocT Hov
Taax 9.2 i0.6 10.7 13.6 16.7 20.2 22.8 25.5 18.5 17.2 12.4
Tmin 3.2 5.8 2.6 5.7 7.8 10.2 13.7 13.8 10.5 1.9 51
Rirean 91 91 84 85 81 84 88 a7 89 92 2
RHmin 73 7 61 53 se 58 64 57 66 74 70
Vind (hwrd) 276 263 224 180 171 198 188 188 130 170 150
Sunhours 1.70 2.70 6.20 6.20 8 70 8.40 8. .50 9350 5. 70 390 3.00
—
ET fao mm-day a 42 0 62 1.42 194 295 1.19 343 3.53 1 9 0.94 0.54
Avyg Temp 6.20 8.20 6.55 3.65 12.25 15.20 18.25 19.65 14 50 14 10 8.75
nN 21% 28% 53x% 45% S 52% Sdx% 69% 46% 38 5%
Vind (nss} 3.19 3.04 Z.59 2.08 1.98 2.29 z.18 194 2.20 197 1.74
Ea(Tnax) 118 1.28 1.29 1.56 1.90 2.37 278 3 2 z.13 1.98 1.44
Ea(Tnan) 0.77 g .92 0.74 0.92 1.06 1.24 1.87 158 127 131 0.88
Ea(Tx)-Ea(Ta) .97 1190 im 1.24 149 1.81 .17 2.42 1.7 1.64 11
Edew 0.84 0.98 0.78 0.98 1.10 1.37 1.76 1.88 141 145 1.00
RH{max-min} §1% 91 84 85% 81x% 8¢x :2:34 a7x 89 92 925
DLt (ETx~ETn) 0.07 0.07 0 07 0.08 6.10 0.11 0.14 0.15 0.11 0.11 0.08
P-atnm 108.9 100.3 108 .9 100.9 180.3 106 .9 1089 108.9 100.9 100.9 100.9
lanbda 2.49 2. 48 2 49 2 .48 2.47 2.47 2 46 2.4 2.47 2.47 2.48
ganna 0.97 0.07 0.07 .07 a.07 0.97 0.07 0.07 0 g7 0.97 0.07
rc 70 70 70 70 70 70 70 70 70 70 70
Ta 65 68 60 39 104 90 95 106 94 105 119
gannax 014 0.13 0.12 011 011 0.12 012 0.11 0.12 0.11 0.11
dl dl+ons 0.33 0.36 0.36 0.42 0 47 049 054 0.57 0.48 0 49 G.43
gu/dl4gne 0 32 0 32 0.34 0.34 0.32 0.29 027 0 26 0.30 0.31 0.36
Aeroternm 0 41 0.37 0.65 0.58 0.76 0.89 0.73 0 88 0.59 0.38 0.32
Honth 1 2 3 4 5 [ 7 8 9 10 11
dayna 15 46 76 107 137 168 198 229 259 290 320
soldeclin -0.370 -9 230 -0.033 0.179 0.334 G.408 0 372 0.233 0. 03¢ ~0.176 ~0.335
KX ~0.281 -0 178 -0.026 0.138 0.255 0 308 0.282 0.17% 0.028 -0 136 0. 256
vy 0.587 0613 0,629 0.619 D.595 0.578 D 586 D.5612 D.629 0.620 0 594
onega 1.07 1.28 1.53 1.80 2.01 2.13 2 07 1.87 1.2 1.35 1.13
dr 1.63 .62 101 G. .99 0.98 a.97 0.97 .98 .99 1.61 102
Ra §.28 13.83 22.32 31.73 38.54 41.71 39.99 33.79 25.10 15.95 9 54
X 2.18 3.7% 11.63 137 15 38 16.30 15.94 14.27 12 .34 10.30 8.60
Rns 2.3 4.1 8.9 11.6 15 8 16.3 16.0 15.5 9.3 £.4 3.1
f{nsN) 0.29 0.35 0.58 0.51 0 61 0.56 0.58 0.72 0.52 0.44 0 41
sigma(Tx_Tn} 29 .86 30.72 30.07 31 38§ 32 .56 33.94 35.39 36.11 33.59 33.39 30.98
enissivity 0.21 0.20 0.22 b.20 019 0.18 0.16 0.15 0.17 017 0. 20
Rbo 6.33 6.20 6 .51 634 6 31 6 00 5 49 5.43 5. 86 5.76 6.21
LVR 1.82 2.17 3.77 3.22 3 65 3 39 321 3.95 3.03 2.54 2.58
Rn (Rns-R1) D41 1.97 5.09 8. 41 11.%6 i2.91 12.76 1059 5.27 2.8% B.54
G 0.31 0.28 ~0.22 042 0.35 0.41 0 43 0,20 -0.72 -0.06 -0 75
Rn~-G 0.13 1.69 5 30 7.99 i1.89 12.50 12.33 11.39 6.99 291 1.29
Rad Tern 0.08 028 0.73 1.43 2.25 2.58 2.79 2.70 1.22 0.56 009
Rad Tern{-G) 8.0z 0.24 8.7¢ 1.3% 2.18 2.80 2.79 2.68 1.37 0.57 8.22
ETconb 0.46 066 1.39 2.01 3.0 3.47 3.52 58 182 0.92 0.41
8.7% 6 1% ~2 3% 3 6% 2.3% 2.4% % 1 -7.8% =1.2%  -31 4%
ET (-Q) 0 42 a g2 1.42 194 2.95 3.39 3.43 3.53 1.9 .94 0.54
Grass Alfalfa 2.62
Gannas CEf GannasCf f 3 6% (5TD)
0.34 042 2 59




PENMAN-MONTEITH CALCULATIONS 1996
Yey
All information in Blue has been entered by hand
Information in red is the ocutpul used for the next part of the vater balance calculation
Give - Station name . BARTON OB SEA
Latitude 51.00 51.00 0 89 rad
Altitude 30 m.
Paransters Short Fave Rad &8 = 825 b = 9.50 alphas=
Albedo alpha = 0.23
Long Wave Rad a = 0.90 b = o.10
al = 0.34 bl = -0 139
Instrument height vind terp Cropheight AeroT Cff
hderDyn Resistance ra # U = 206 200 190 12 300
Grass Alfaifa
Canopy resistance TC = 70 g6 12
JAN FEB MAR APR MAY JON JUL AUG SEP ocT Nov DEC
Tnax 7.2 6.6 8.0 12:2 13.5 18.9 20.5 21.0 7.8 15.5 10.4 6.3
Tuin 3.5 -0.1 2.1 4.7 5.4 9.3 L9 1t.2 16.9 3.3 3.1 1.4
Rimean 94 90 90 87 82 B84 86 87 87 90 91 93
RHrin az 69 71 &5 80 59 63 61 5 72 68 77
Vind (knsd) 250 208 179 145 254 162 187 173 173 213 211 181
Sunhours 1.30 3 90 2.70 5.20 6.60 2 30 8. 70 8.80 5.60 450 370 1.30
ET fao mmsday o 26 o &1 a 90 169 2 47 3 37 331 2.97 187 101 a 57 0.25
Avg Temp 5.35 3.25 5.08 8 45 9.45 14.10 16.20 16.10 13 90 12 40 6. .75 3.85
n’N 16% 407 23% a8 43% 61% 55% 62% 45% 44 43% 25%
Vind {n/s) 2 89 2.41 207 1.68 z.94 1.88 216 z.00 2.00 z 47 Z.44 2,09
Ea(Tnax) 142 0,97 1.07 1 42 185 2.18 2.41 249 z 04 1.78 1.28 g.95
Ea(Tmin) 0.79 0 61 0.71 0.85 0.90 1.17 1.39 1.33 1.23 1.17 076 0.68
Ea(Tx)-Ea(Tn} o 90 8.79 0.89 1.14 1.22 1.68 1.90 1.9 1.63 147 101 0.82
Edew 0 63 0.67 06.77 0.93 0.93 1.28 1.82 1.51 1.33 127 0 86 0.74
RH(max-min) 94 90 90 8vx 82x 84% 86% B87x% 874 90X 81% 93%
D1t (ETx-ETn) 0 06 0.06 0.06 0.08 0.08 0.11 012 1 011 D.10 0.07 0.06
P-atn 100 % 100.9 10e.2 100.9 100.9 160.9 100.9 100.3 100.9 100.9 100.9 100.9
larbda 249 2.4 2 4% 2.48 2.48 2.47 2.46 2 46 2.47 47 249 Z 49
ganna 0.07 D.07 0.97 0.97 0.07 b.97 0.87 0.07 0.07 0.07 .07 0.07
rc 70 70 70 70 70 70 70 70 70 70 70 70
ra 71 86 99 123 70 11a 9s 103 103 4 84 98
ganna® 0.13 012 011 0.10 0.13 0.11 012 0.11 0.11 0.12 0.12 0.11
dl-dl+on® .3z 0.3z 0.36 0.42 0.38 0.50 .51 052 D.49 0.44 0.36 0. 34
gr-dl+gnm 0.34 0.38 0.38 0 37 0 31 031 0.28 029 0.31 0.31 035 0.39
Aercotern 0.21 0.34 p.32 0. 41 0.85 072 0.74 o 71 0.59 0.48 0.41 n.21
Honth 1 2 3 4 S [} 7 8 9 10 11 12
dayno 15 46 76 107 137 168 198 229 259 290 3z0 3s1
soldeglin -0 370 -0 239 -0.033 0 179 0. 334 0 408 0.372 0.233 0,036 =-0.176 ~0.33¢6 -0 408
xR -0 281  -0.178 -0.026 0.138 0.2585 0.308 6.282 0.179 0.028  -0.13% ~0.256 -0.308
¥y D.587 0.613 0 629 D 619 0 .59% 0 578 0.586 0.612 D 629 0. 620 0 594 0.578
cmnega 1.07 1.28 1.53 1.80 2.01 2.13 2.07 1.87 1.62 1.35 113 101
dr 1.63 102 1.01 G.99 0.98 0 97 0.97 0.98 g.39 101 102 1.03
Ra 8.28 13 83 22 .32 31 73 38 54 41.71 39.99 33.79 25.10 15 95 9 54 6.89
¥ 3.18 9.7% 11 %3 13.72 15.323 16 3% 15.84 14 .27 12 34 10 39 8.60 7.70
Rns 24T 4.8 6.3 0.7 13.8 17.8 16.2 145 3.2 5.8 34 2.0
£{nN) 0.24 0.46 0.31 0.44 0.49 0.55 0.59 0 66 051 0.49 0.49 0.3z
signa(Tx_Tn) 29 49 28.63 29.38 30.85 31.30 33 .42 34 40 34.36 3131 32.861 30 11 28.87
enissivity U.21 0.23 D.22 0.21 021 U1g 017 0.17 U.18 0.18 021 b.22
Rbo 6.27 6.45 6 40 6 34 b 43 6.09 5 B0 5 80 5.98 5.97 6.34 6.36
LR 1.53 2.97 1.97 2.81 3.14 3.95 3. 45 3.81 3.0% 2.95 3.10 205
Rn (Ras-R1Y 0.57 182 A 7.93 1D 85 13 .83 12 .70 10.72 6,17 2 80 D.32 -0 07
G 0.21 -0 29 0.25 0 48 014 0.85 8 29 -0.01 ~0.31 -0.21 ~0.79 -0.41
Rn-G .36 2.11 4.05 7 46 10.51 13.18 12.41 16.73 & 48 3.01 1.11 Q.33
Rad Term 0.07 0.23 g 62 1.36 1.64 2.79 263 2.26 1.21 0.50 0 05 ~-0.01
Rad Tern{-G) 0.9% .27 ¢ 58 1.28 1.62 2.66 2.57 2.26 1.27 0.54 0.16 .05
ETcozk 0,28 0.57 2.93 1.77 2.49 3 50 3.37 2.97 .81 0.98 0 .46 020
9 6% -6.5% 3.9% 4.6% 0.9% 3.7 1.8% -0 1% -3 4% -3 8% -25.3% ~27.5%
ET (-G} Q.26 Q.sel Qg 9q 1.69 2.47 1.37 331 297 187 101 0 .57 025
Grass Alfalfa 2.41
Gamma® for 33 Gamma*CE f 3 0x (STDY
.34 U.42 2.39




PENMAN-MORTEITH CALCULATIONS 1997
Key |
4ll information in Blue bas besn entered by hand
Information in red is the output used for the next part of the water balance calculation
Giva . Station nase | BARTON OH SEA
Latitude 51.00 51.00 0.89 rad
Altituds 0 m
Paraneters Short Yave Rad a = 0825 b = 0.50 alphas=
Albedo alpha = 0.23
Long Vave Rad. a = g.90 b = Q.10
al = 0.34 bl = ~0.139
Instrument height wind terp Cropheight Aerol Cff
AerDyn Resistance ra * U = 206 200 190 12 900
Grass Alfalfa
Canopy resistance Ic = 70 g6 12
JAN FEB HAR AFPR MaY JUN JUL AUG SEP oCT NOV DEC
Tmax 4.9 9.1 11.8 13.7 16.3 18.0 20.6 22.0 19.1
Tuan -0.2 3.8 4.7 3.9 rZ 11.0 9 14.6 0.9
Rilwssn 96 92 92 a0 85 28 87 92 B9
RHmin 78 78 70 55 60 68 64 71 86 [1} o a
¥ind (knd) 1606 277 162 170 202 198 158 160 141
Sunhours 1.60 2.720 4.70 8.60 9.80 5. 60 9. 40 5.90 7.20
ET fao mm-day o 15 n 54 109 2.30 2 84 2 &7 338 2 47 2 02 IDIV/O0 ADIV-/D1 #DIV-OL
Avg Tenp 2.35 6.45 B.2%5 8.80 11.78 14.50 15.25 18.30 15.00 0.08 0.00 0.00
nN 20% 23% 402 3% 59% 34% 59% 41% 58% 0% 0% o%
Vind (nrs) 1.85 1.21 188 1.97 .34 .29 1.B3 1.85 163 0 00 0.00 0.00
Ea(Tmax) 0.67 1.16 1. 38 1.87 1.85 2.08 Z2.43 Z.64 221 (3 0.61 0 61
Ea(Tmin) 0 60 0.80 0.85 0.81 1.02 1.31 1.39 1 66 1.30 0.61 0.61 0.61
Ea(Tx}-Eal(Tn) 9.73 0.9% 112 1.19 143 1.69 1.91 2.1% 17 0 61 0 61 2,61
Edew 0.68 0.87 0.97 0.8% 121 1.41 1.55 1.88 1 45 0.00 0 00 o 00
RH{max-min} 965 92% 923 B8O 85% 88% ¥ ed g2 89% 0% oz 0%
D1t(ETx-ETn) 0.0% a.07 0.08 0.08 0.09 9.11 Q.12 0.13 0.11 0.04 0.04 0.04
P-atn. 100.9% 100.9 100.9 100.9 100.9 100.9 100.3 100.9 100.9 100.9 100.9 1060.3
lambda 2.50 Z 49 2.48 2.48 2.47 2.47 2.486 2.486 2 47 2 .50 2.50 2.50
ganaa .07 0.07 9.07 0.07 0.97 007 007 0.07 007 0.07 .07 .07
re 70 70 70 70 0 70 70 70 70 70 70 70
Ta 111 64 110 108 B8 90 113 111 126 #DI¥-/0l #DIV/Q! #DIV-/O!
gannan 0.11 014 0.11 0.11 0.12 012 0.11 011 0.10 #DIV-/04 #DIV-0L  #DIV-01
dl/dl+gne 0. 33 [Ick] fo41 0n.42 044 0. 48 0.53 0.58 0.52 #DIV-/0! ¥DIV/0I  EDIVAD)
an/dl+gns 0.41 0.32 .36 6 35 031 0.29 0.29 0.28 0 31 #DIV-0l #DIV-0I #DIV/OI
Aerotern 014 6.35 033 0.73 074 0.58 0.61 0.42 0.48 #DIV/01 #DIV/0D!  #DIV-0!
Month 1 2 3 4 5 b 7 8 9 i0 11 12
dayno 15 46 76 107 137 168 198 229 258 250 320 351
soldeclin -0 370 -0.230 -0.033 0.179 0.334 0.408 0.372 0.233 0.03s -0 176 -0 3386 -0.408
XX -0.281 0178 -0.026 0.138 0.255 G.308 0 282 0.179 0.028 -0.136 -0.256 -0.308
vy D 587 0.613 0629 D619 0.%9% 0.57% 0.586 ©.612 D.629 0 620 0.594 0.578
omega 107 1.20 1.53 1.80 2.01 2.13 2.07 1.87 1.62 1.35 1.13 1.01
dr 1.63 102 1.01 0.89 0.98 0.97 .97 .98 0 9% 1.0t 1.02 1.03
Ra 8 28 13 83 2z.32 31.73 38.54 41.71 39.99 33 79 25 10 15.95 9.54 6.89
¥ .18 975 11 %8 13 72 15.38 1638 15.84 14,27 12.34 10 30 8 60 7.780
Rns 2.8 3.9 7.8 13.8 16.1 13.5 16 8 1.9 10.5 dax 1.8 L
£(n-N) 0.28 0 30 0.46 0.66 9.63 0 41 063 0 47 0 63 0.10 0.10 0.10
signa(Tx_Tn) 28.25 29.97 30.76 31.03 32.34 33 58 34 42 35.39 33 83 27.28 27.28 27.28
enissivity .23 021 0.20 0.21 0.19 0.17 017 0.15 0.17 0.34 0.34 0.34
Rbo 6.3% 6. 2§ 6.24 6.54 6.24 5.86 5.74 527 5.82 9.25 9.28 9.25
LWR 176 1.91 2.89 4.35 3.92 Z2.40 3 85 2.49 3.65 0.93 0.93 033
Rn (Rns-R1y D 46 196 496 941 12.19 11 14 13.19 9.33 5. 83 214 091 0.40
G 0.33 057 0.25 0.08 0.41 0.39 0.25 0.29 -0.46 -2.10 0.00 000
-G 0.13 1.38 4.61 g.34 11.77 10.78 12.94 9.10 7.29 4.24 ¢.91 G 40
Rad Tern 0.06 0.26 081 1.59 2.17 2.16 2.83 2.11 1.44 #DIV-Ol #DIV-OI #DIV-/OM
Rad Texn{-G) 0.02 8.18 0.76 1.6¢ 2.10 2.08 2,77 .08 1.54  ¥DIV-0! #DIV-/01  #DIV/QI
ETconb 0.20 0.61 113 2.31 2 91 2. 3.43 2.53 1.92 ¥DIV-/DlI #DIVADI  #DIV.O!
21.9x% 12 4% 3 7% 0.6% 2. 5% 2.7 1.6% 2.5% -5 1% #DIV-Q! #DIV-0! #DIV-OI
ET (-5) a.1s a.54 1.09 2.30 2. 84 2.67 3.38 2.47 2.02 #DIN-/00 ¥DIN/OL #DIV-O!
Grass Alfalfa #DIVA01
Ganna® CEE Ganna®*Cf £ #DIV-01 (STD)
034 0 42 Lin v Egil




CALCULATION BREAKDOWN FOR EACH YEAR OF ESTIMATES FOR THE

EFFECTIVE RAINFALL
1990 |Actual Potential |The Lower |Estimate of|Estimate of|Effective
Rainfall  |Evapotran- Soil Evapotran-|Rainfall
spiration. Moisture |spiration
Deficit
Jan 112.7 11.0 11.0 100.0 11.0 101.7
Feb 166.5 202 20.2 100.0 202 1463
Mar 6.4 399 64 100.0 6.4 0.0
Apr 439 68.2 439 80.0 35.1 8.8
May 11.2 96.3 11.2 60.0 6.7 4.5
Jun 55.3 76.0 55.3 20.0 11.1 442
Jul 12.2 115.0 12.2 50.0 6.1 6.1
Aug 23.1 973 23.1 60.0 139 92
Sep 28.9 64.3 28.9 70.0 20.2 8.7
Oct 98.6 31.9 31.9 80.0 255 73.1
Nov 53.6 14.1 14.1 100.0 14.1 395
Dec 62.3 11.0 11.0 100.0 11.0 513
Totals 674.7 645.4 4933
1991 |Actual Potential |The Lower [Estimate of|Estimate of|Effective
Rainfall ~ |Evapotran- Soil Evapotran- |Rainfall
spiration. Moisture |spiration
Deficit

Jan 88.5 11.3 11.3 100.0 11.3 7112
Feb 293 13.3 13.3 100.0 13.3 16.0
Mar 77.9 28.8 28.8 100.0 28.8 49,1
Apr 423 559 423 80.0 33.8 8.5
May 4.0 75.0 4.0 60.0 2.4 1.6
Jun 113.0 72.6 72.6 20.0 145 98.5
Jul 633 883 63.3 50.0 31.7 31.7
Aug 12.3 878 12.3 60.0 74 49
Sep 48.6 57.1 48.6 70.0 34.0 14.6
Oct 63.0 28.4 284 80.0 22.7 40.3
Nov 492 16.0 16.0 100.0 16.0 33.2
Dec 33 4 9.8 9.8 100.0 98 23.6
Totals 624.8 544.4 399.1




1992 |Actual Potential |The Lower [Estimate of]Estimate of|Effective |
Rainfall  |Evapotran- Soil Evapotran- |Rainfall
spiration. Moisture |spiration
Deficit
Jan 21,1 7.8 7.8 100.0 7.8 13.9
Feb 28.6 18.7 18.7 100.0 18.7 99
Mar 51.6 31.7 it 100.0 3L7 19.9
Apr 70.4 54.4 54.4 80.0 43.5 26.9
May 19.6 943 19.6 60.0 11.8 7.8
Jun 32.2 101.5 322 20.0 6.4 258
Jul 63.1 84.0 63.1 50.0 31.6 316
Aug 88.1 69.8 69.8 60.0 419 46.2
Sep 78.9 498 49.8 70.0 34.9 440
Oct 81.5 31.7 31.7 80.0 254 56.1
Nov 145.3 14.2 14.2 100.0 14.2 131.1
Dec 81.2 9.8 9.8 100.0 9.8 71.4
Totals 762.2 567.7 484.6
1993 |Actual Potential |The Lower [Estimate of|Estimate of|Effective
Rainfall ~ |Evapotran- Soil Evapotran- |Rainfall
spiration. Moisture |spiration
Deficit

Jan 98.0 11.3 113 100.0 113 86.7
Feb 6.2 15.8 5.2 100.0 6.2 0.0
Mar 452 348 34.8 100.0 34.8 10.4
Apr 74.7 479 479 80.0 38.3 36.4
May 45.1 77.5 45.1 60.0 24.1 18.0
Jun 61.6 947 61.6 20.0 12.3 493
Jul 86.2 85.6 85.6 50.0 42 8 43 .4
Aug 35.8 85.4 35.8 60.0 21,5 14.3
Sep 120.7 49.5 49.5 70.0 347 86.0
Oct 169.3 30.2 30.2 80.0 24.1 145.2
Nov 64.4 15.2 15.2 100.0 15.2 492
Dec 185.0 10.7 10.7 100.0 10.7 1743
| Totals 9922 558.8 713.1




1994 |Actual Potential |The Lower |Estimate of{Estimate of|Effective
Rainfall  |Evapotran- Soil Evapotran-|Rainfall
spiration. Moisture |spiration
Deficit
Jan 1322 11.4 11.4 100.0 11.4 120.8
Feb 894 15.1 15.1 100.0 151 74.3
Mar 57.8 33.0 33,0 100.0 33.0 248
Apr 61.3 58.4 58.4 80.0 46.7 14.6
May 81.7 70.2 70.2 60.0 42.1 39.6
Jun 23.4 983 23.4 20.0 4.7 18.7
Jul 19.6 105.1 196 50.0 9.8 9.8
Aug 47.6 86.0 47.6 60.0 286 19.0
Sep 70.9 52.8 52.8 70.0 37.0 33.9
Oct 125.8 31.8 31.8 80.0 254 100.4
Nov 91.4 11.2 1.2 100.0 11.2 80.2
Dec 116.9 12.6 12.6 100.0 12.6 104.3
Totals 918.0 586.0 640.4
1995 |Actual Potential |The Lower |Estimate of|Estimate of|Effective
Rainfall ~ |Evapotran- Soil Evapotran- [Rainfall
spiration. Moisture  |spiration
Deficit

Jan 1438 13.2 132 100.0 132 130.6
Feb 116.8 172 172 100.0 172 99.6
Mar 40.2 43.9 40.2 100.0 40.2 0.0
Apr 27.1 58.3 274 80.0 21.7 54
May 22.2 913 222 60.0 13.3 8.9
Jun 10.1 101.6 10.1 20.0 2D 8.1
Jul 26.7 106.3 26.7 50.0 13.4 134
Aug 3.4 109.5 g5 60.0 20 14
Sep 142.9 58.9 58.9 70.0 41.2 101.7
Oct 38.6 29.1 29.1 80.0 233 153
Nov 1443 16.2 16.2 100.0 16.2 128.1
Dec 81.7 10.4 10.4 100.0 10.4 71.3

797.8 655.9 583.8




1996 |Actual Potential |The Lower |Estimate of|Estimate of|Effective
Rainfall ~ |Evapotran- Soil Evapotran- |Rainfall
spiration. Moisture |spiration
Deficit
Jan 58,3 8.0 8.0 100.0 8.0 503
Feb 952 17.7 1d 100.0 17.7 T7.5
Mar 36.5 278 278 100.0 27.8 8.7
Apr 36.2 50.7 36.2 80.0 20.0 72
May 58.7 76.6 58.7 60.0 352 235
Jun 26.7 101.2 26.7 20.0 53 214
Jul 154 102.6 154 50.0 T 1.7
Aug 76.7 92.2 76.7 60.0 46.0 30.7
Sep 453 56.0 453 70.0 31.7 13.6
Oct 58.5 314 314 80.0 25.1 33.4
Nov 132.0 17.2 17.2 100.0 7.2 114.8
Dec 34.0 i 7.9 100.0 19 26.1
Totals 673.5 589.4 414.8
1997 |Actual Potential |The Lower |Estimate of|Estimate of|Effective
Rainfall ~ |Evapotran- Soil Evapotran- |Rainfall
spiration. Moisture |spiration
Deficit
Jan 172 4.8 438 100.0 438 12.4
Feb 82.2 15.0 15.0 100.0 15.0 672
Mar 32.0 33.9 32.0 100.0 2.0 0.0
Apr 13.2 69.0 132 80.0 10.6 2:6
May 34.5 88.0 34.5 60.0 20.7 13.3
Jun 75.8 80.1 75.8 20.0 15.2 60.6
Jul 13.2 104.8 13.2 50.0 6.6 6.6
Aug 84.1 76.6 76.6 60.0 459 38.2
Sep 11.9 60.5 11.9 70.0 83 8,6
Oct
Nov
Dec
Totals




7

APPENDIX B

Graph of d/I. Vs CF

Janbu’s Interslices Sheets 1-3
Failure Mode 1: Front Slope
Failure Mode 2 : Entire Slope

Flownet Calculations : Case 1 & 2
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Ratio d/I —s=

Correction factor f, as function of curvature ratio
d/L and type of soil.




¢ 0] 133HS

o9 3swig oau
Q_Nm_mx\
't sy
i

Whaibal \ i i iy 1 | hiLlst i ! m i i | . L dididi
auikasliitiiibiiisshiidisi b L i .




¢402 133HS

Rm& :

g

fidi

ji: 114 {
L \-\:1‘_ S ERFTTFIRRIFEFTTFAsES FTF



¢40¢ 133HS

O -L SLINIog H04 SIDITSYILN]




HdOTS INOQYA ‘1 HAOW TNV

$SE0 PO 6L5°0 w0 8660 0L LOTT  6€ET £y 09T GhLT 68 STo%  poie | te—ma
LETO0  L9S°0 7910 990 69L°0 980 S86°0 S60'T 90TF  RICT €T SPS'T  16S9'T  pLLY 81 =14
9TT0  €0S0  S8E0 1950 7S9°0  SPL0 0P80 SE6'0  TEO'I 0ET'T  6TT1  SIS'T 81  8ISI PI=.1ud
£IT0  L8T0 99€70 PESO  ZTO0  TIL'0 €080 9680 6860 ¥80'T 6LI'T PLTI 0LET  LOP'T | €1=.md
0020 1L.T0  Lveo 3050 €65°0_ 6L9°0  L9L'0 9S8°0 9¥6'0 _LEO'T  8TI'T 0T ULT SOF'L | Ul=0ud
80 'SL°0 L0 90 S50 0 St'0 b0 S€°0 €0 ST'0 z'0 SI°0 1°0 =1
ureqd g, % pog vwivy)) - s3dvpans difs 1oy padueyd 1yg
LLS0 0¢ 100°0- 0 0 00'v€ 0 00T S0°0- 0L’ 01
LLSO f3 6¥1°0 i o 0 08seZ | 00T PT'E 058 05 6
LLSO 0 650 | o 0 00891 | vze 9LT 0L0¢g 08T 8
LLSO 0€ 8€5°0 1 o 0 U 9651 | 9LT or'C 0£'8T or'e L
M L10°0- ; 0 | 06'15€ 0 vy f o0vLe | obE 00T $6'0- 0$'8 9
L10°0 1 o £1'969 | ¥I'v sT9 | o089z | a0z 00T 670" 0L'9 S
e L10°0- I o L8988 | <z9 $8'9 |l ogoLz | 00T 00C $6°0 LLO ¥
LLSO (1} P80 I o ELCrr | 89 09 Il oTLel | ooz 00CT 0012 £r'e 3
LLSO o€ 8L9°T I o PPl | +09 It 08'95 00T 00T 0T 65 Wl 2
i SN W4T 7 000 _ 8S1eL | 11F 0 2509 00T | oyt 00°SL 8L'1 !
(s22432(7) | (enzn | By HT _} (wan) | By HI |} (o) | B4 | HT [[(s00@f  (w)
Jqque | gg e ug) £ 1M € 901[§ JO "Il T M T 997]S JO 14 1 _19901$ 30 14 k| g, 08
RIS ; € a4 jrog 7 2d4], pog 1 2d4[, pog eydiy o yipiag
SUNY 00°0T
, SMUNY 0007
W/NY veScy = ssew paddyg SUUNY00'0T
f e)sgs [fo§ jo
/N 0 = [10S JAISIY02 JO. UOISAOI Paurea( 1] _uB1A Jug) ying




oCl = .IHd - HdOTS INO¥d ‘I IAON TINTIVA

(O0TO WO LYEQ 9TFO 8050 €650 690 LOLO 9S8O OK60 LEVI STUL 0ZZL TIET Sl soa

8TYEL  B6OLE  8Y'SOV  PI'86Y  ETHES  91'€69  86'€6L  €9968 1970001 ELSOIT  ¥8'IITT 09'8IET TI'9THL TI'VEST ZTLTHOL 1T'TELI :SIEIOL

P6'€ (434 06°¢ 889 98'L ¥8'8 86 0801 8LTI /i A} SLEL ELYI ILST 6991 LO°LT £0°0- 0l
S¥6l 6£9C Py te 1S°0F 6S°Ly 89%¢ YL19 I8°89 98'SL 1628 ¥6'68 L6'96 66'€0I  00'1LL 10°811 PTSE 6
L96 8 ¥l 086l ¥’ ST £Lle IFLE 6GEY L8'6¥ 12798 6579 20’69 9F'SL £6'18 I+'88 16%6 SL'66 8
£E6 L8EL 688l o1've 9%°6T LT'SE 98°0¥% 99 £F'ZS 8286 91'+9 ¥0°0L S6'SL 9818 6L°L8 £1°98 L
(4% 60'6€ 8L 9% LY'vS L1'T9 L8'69 LS'LL 8768 66'C6 69001 0¥'801 ARIN €8°€T1 Pe1El STotl ¥O'CI- 9
LI 26'1S £1'eo PETL LET8 0826 £0°€01 9Tl 06°€TT PLEEL 86'¢rl CTHSI Ly 91 IL¥LT S6¥81 66'GI- S
11°0¢ SETO 09'vL L3898 Y166 [AA0N IL°ETT 00'9¢€1 6T 8F1 65091 88°CLI 81681 8¥'L6l 8L°60T 80'TTT 0T6l- %4
I¥9t 8L°CS 9T°0L GE8s 88901 IL°¢sZ1 99 %11 SLE9L 0681 01°20T ECITC  9S°0vT [8°65C 906LT ££86T | 8£7ZC £
ST°GI 8I'vC [0°¢¢ €LY 6809 19°6L 81’6 S L01 IS 741 112k S1°091 PS8LI ceLel LE9IT  TL'SET | 90°LEE T
80°LI 00°LT CL '8¢ LIS 299 $9'18 18°L6 8911 60 CTEL 96'6%1 £T°891 87981 £9°60T  69FCC  66'EFT | 68861 1

J0JRIIWN N 0N

o HDITS

00T0 ILT0 LYE0 9o 80570 €65°0 6L9°0 L9L70 958°0 9670 LEO'L 87I'1L 0Tl <IEL SOF'T =4

80 SL'0 Lo $9°0 90 §5'0 S0 SP'0 #0 SE0 £0 ST0 70 SI°0 0 =na
0 u w I j [ 1 q 8 3 3 P o q e

ENV.L M = 101Bumoudaq LSSTIT'0 = ,Jyd uey PSO'T =0}

{(d/ md ver e wey +1)/(e ;ues +1)} (1qd wey (nu-1) M + 99) = JojRIIWNN L =g  wEg g, ¥ vwey) 0 =2




of 1 = IHd - HdO'IS INOMYA -1 HAOW FANTIVA

€170 LSTO 99E0  6hV'0 PESO 7790 TILO €080 9680 6860 PSO'L GLIT  PLZL OLET LO¥T  SOd

SToye  PL'SEE  TO8TF  BLPES  ILPT9  TSLTL  1STE8 1686 T€LFOL  SPOSIT  TBO9TI S8'LLED 9V 68F1 LL109L 69FILL 1TTETL :S[EI0L

¥6'€ (454 06°S 889 98'L 88 86 0801 8L11 LLTL GLEl £L Y1 1LS1 6991 LOLT £0°0- 01
1861 SL9T 6Lt 98°0F £6'LY 00°Ss LOTY tl'e9 L19L 128 ¥ 06 LT L6 8TH01  6TIIL 08Il PTSe 6
90°01 c6'vl Te0T ¥0'9T 96'1¢ 90°8¢ 8T LS0S £6°95 7e'e9 LL°69 £T9L 0L°T8 6168 IL°G6 SL66 8
696 0E¥I ol FOvT z10¢ PLSE OF'1f LY LO'ES 16'8S 08'%9 0L 0L 19°9L £5°C8 L¥'88 £1°98 L
FIvE Ly¥'Tr 806 8l6¢ ¥S°LY 06'SL LT3 ¥9°T6 10101 6£'601  9L'LII £1°9C1 ISvEl o8Trl  9TISI ¥o'Cl- 9
439 1¥9¢ 05'L9 09'8L 0L'68 18°001 £6'LIT  ¥O'ETL  9T'¥ElL  8TSHI [+ocl €GL9T  99°8L1  8L68I 1600 | 66'SI- S
SPvS YL'LY €018 LEFO ILLOT  SO'IZI  6EvEl  #LLVFI 607191 SPPLl  08L81  9l'loc TSVIT  88LZTC  ¥TI¥PC | OCTOl- 14
19°LE PIvs IL'1L £6'68 8¥'801  TELTZT  €E9F] I#F'69T  09%81T  8LEO0T  €0'€TT  8TTHPT  TS19T  8LOST  SO'00E | 8E'TTT £
c6°61 6T'ST 0¥’ 9t So'ey 06'C9 98'LL EL'E6 LE0IT  LSLZT  0C€SPL LSE9T  8IZBI  60'10C  €E€0TT  98°6ET | 90°LEE [4
97 81 8L 8T 121y YT S5 15°0L 76'98 tT¥0l  ¥TTCL  T6oFl  FO09L 896L1  ¥966l  L86IT  1¥OPT  TTI9T | 6886% 1

J0jeauwn N “ON

‘woua(q DTS

€170 L8TO 99¢€°0 6¥F'0 PES'O w90 (AVA] £€08°0 9680 68670 ¥80°1 6L1°1 vLTL 0LEL LT =4

80 SL'0 L0 590 90 §5°0 50 SP°0 ¥°0 SE'0 €0 S7°0 70 S1'0 1o =na
0 u w I b f 1 q 3 3 3 p 2 q e

2NVLM = Jojeuaimonda 8980€7°0 = ,1qd uwy ST =90

{(d/ wyd uey e wey 1)/ Luer +7)} (yd vey (U-1) M + q0) = Iojesemmny €I  =Jyd ‘ureld 4, ¥ vwey) 0 =9




o¥1 = JHd - HdO’IS INOHA ‘T HJOW ddNTIvd

9770  £0€0 S8E0  ILFO 1950 7SO0 SvL0  Ov80  SE60  TEOL  OEI'L  6TTT  SIET ST ST SOA

9I'¥9T  TPPSE  BPOSF  PO'ISS  PESS9 10T9L  16°0L8  OL'186 S9°€601 ¥OLOTI SYPITEL LL9EPD 89'TSST 0£6991 9€98L1I 1TTELL :SEIOL

€6’ (4% 4 06°s 889 98°L 788 86 0801 8L'TT LLTI SLET eLvl LS 6991 LYLL £0°0- 01
10T 80°LT IT'¥%E LT'T¥ ST8F [ess LETY v 69 S¥9L 61'€8 [$°06 ¥S'L6 SSH0I 96111 LS'811 yose 6
ol 6£S1 7807 LS9T LS'TE 69°8¢ Wy Y18 09°LS 10°%9 9 OL £6°9L (A% 76'68 P¥ 96 GL66 8
€001 oLyl LL61 (AR 99°'0¢ 0£9¢ £0'ch 8Ly ¥o'€s 15°6¢ 0F'59 I€1L TTLL o1'¢€8 6068 €198 v
88°9¢ 68'Sh 06'%S 6'€9 C6'TL 66'18 0’16 90°00L 0l601 S18ILL 61'LT] YT oLl TSPl £EPsl 8E£°€91 FOCI- 9
66'8% 609 T6'TL 06'%8 68796 68801 06'0C1 06'CElL 1611 26951 £6'891 S6°081 96 T61 86%0T 6691¢C 66°61- S
78'8¢ 81 €L 9¢°L8 6’101 YEOLI SLOLT LT'S¥FI 86661 00'vLI T 881 $8T0C LTLIT 0L°1€T (AR 44 §509¢C 0cel- ¥
GL'8E I#'sS LOEL ve16 £0°0T1 88 '8C1 68°Li1 10°L91 #1981 SES0T  8SVWCT S8 EFC  O1'E9C  LET8T  £9'10€ | 8€£'CTC £
PLO1 9£92C OL'LE L90S 16v9 1108 61796 €0'gll 0F 0£1 9€'8p1 8L°991 65581 69'¥0Z 01T ELEYT | 90°LEE 4
S¥6l gS0g 89ty 75’88 98'¥L ST'T6 79011 £8°6T1 £9°6¥1 LOOLT 00°161 LETIT SOVET 90'95T 1€8LC 6886V I

JI0jpIouInN "ON
“woudq |ADITS

9TT’0 £0€°0 £8€°0 ILP0 19570 590 SPL0 ¥8'0 ££€6°0 €0°1 0€1’L 67T’ 87¢’1 8P’ 8I¢'L =4

80 SL'0 L0 $9°0 9'0 $S°0 §0 $9'0 ¥'0 S€0 £0 §T°0 0 ST°0 0o =na
o u w 1 A f ! 4 3 J ° p 2 q ®

BNV M =J01euimoudq gze6rT0 = 1ud uey PSO'L  =0)

{(4/md vey e vey 4 )/(e ;uey +1)} (1yd uey (w-1) A + G0) = a0jesOWINN PI =g e g, B ewer) 0 =2




081 =.IHd - 9dOTS LNO¥A ‘T AAOW TdNTVA

CEECE  L88TY  IE0PS 09959  8T'OLL 00668 60VTOL  OZISIT SS'6LZ1 £860P1  S60PST  80°€EL91 OI'9081 TL'6E61 SOPLOT 1TTEZI S[EIOL

£6°¢ 6+ 06'S 889 98'L +8'8 86 0801 8L11 9LTI SL'EL ELFI IL°ST 6991 L9°LT €00~ 01
(A4l KA L1'8T 81°¢6¢ £TTY LT6t [€9¢ SEE9 8€°0L I¥'LL 18 Y16 S¥ 86 SP'SOL SPTIT S6ll PTSE 6
EL'TT 9691 65'CT [A%:14 [9%¢ £8°0V ST'LY £5°¢€S 5665 0¥'99 88'CTL 8€'6L 6868 76 $6'86 $L66 8
ET11 AR 9¢'IT $8°9T Ir'TE 81'8¢ 96'tY 086t L9'SS 9¢'19 LY'L9 ob'€L rE6L 8T°¢8 £T'16 €198 I
(%17 98'6¢ 19'1L LEES ri'se 16901 69°8IL  L¥'OEl  STTYL  $OPST  Z8S9T  19LLI  OF68I  61°10T 86°CIT | +OTI- 9
16°¢9 05°6L [1°%6 ELOTT  LE9TT  00THL  S9°LST  G6TELL  ¥6'S81  6SV0T  STOTT  06SET 9s'1sT  TTL9T  L8'T8T | 66°S1- S
vLOL 9F'S6 [Tyl 96TET  ELIST  ISOLT  6T681 80807  L89ZT 99'SHT  9p+9T 9T°¢8C  90TOE  980TE  99'6£f | 0Z6I- 14
POt 2868 08°LL £€96 60°SIL  90%El  PLIEST  0€TLL  0S'I61  TLOIZ 96677 TI6VYT  64'89T OL°L8T  EO°LOE | 8€'TTT €
8961 0b'0€ L8'TY 98'9¢ 66'1L (AR} LO'SOT  OLTZI  L8OVL  0S'6ST  €S8LL  06'L61  LS'LIT OVLET  8SLST 90'LEE z
1142 99°LE L9°€5 L8TL LL'16 ECEIL  L6SEL #8651 19%81  SI0IT  6E9EC  vT€9T 29067  1b8IE £9°0¥¢ | 68861 1

I0)JBIIUINN ‘ON

LLTO L9E°0 P 795°0 ¥99°0 69L’0 9L8°0 £86°0 S60°T 907°1 1350 ! IEP'I S¥S'E 65971

80 SL'0 L0 $9°0 9'0 §5°0 s0 SP'0 o $€'0 €0 §7°0 0 S1°0
0 u w I b f I q 3 J ? p 9 q
ENVL M =10jeurmoud( ovzeo = ,tqyd uey

{(d/ md vey e wey +1)/(e ;uey +1)} (yd ues (na-1) g + 99) = J0)EsRUMY 81 =144 :weg 4, ¥ vweyg)




o¥C =I[Hd - 4d0OTS INOY4 ‘| HAOW TINUVA

e e SRR
o B M,w,%

EESE

6ELLY  0SLI8  TGI96 S8BOIL bO'6STL LETIPT 99T  SSITLL TL'SL8T 60°LEOT 89'961T SOLSET LT8IST 1TTETI :S[EIOL
£6'¢ 16% 68'S 889 98/ ¥8'8 786 0801 8L11 9LZ1 SLEL €L VL IL'ST 6991 LYLT £0°0- 01
8€'TT  bE6T FEOL 9’ sy 8€°0S LS £ $9 Zan SH'8L 9'c8 906 9’66 9901  SPEIl  #v 071 | vTse 6
£€°€1 98'81 wve 18°0€ £0°LE 9¢'cy 9L 61 619 L9'T9 L1'69 69°SL 17728 9.°88 1€S6 987101 | SL66 8
69C1 €8°L1 STET 98°8T 8S'v¢ LEOF T 01°2S 10°8S ¥6°€9 L8'69 78°SL LL1S €L°L8 69°€6 €198 L
£0'99 €128 ve86  OtPIl  8VOET  TOOPL  OLTOL  06'8LL  bO'S6l  6111Z  PELIT  6YEHT  ¥9'6ST  08SLT <616z | vozi- 9
OL'L8 80601  8Y0OEl  68'IST  T1€'€LL  pLP6L  LI9IT  [9LET  SO6ST 0S08T S6'10€  Overs  98vbe  1£99c o185 | 6651 S
[€S0L  86°0L1  L9OST  8£'T81  OI'80C  €8'EEC  9S6ST  1E€S8T  90TIE  I89LE 05796  TE8RE  SOWIP  b86Eh  195op | 0z'6I- v
0TLy £6'¥9 9CE8 867101  16'0Z1  L6GEL  €I'6ST  TEBLI  9S'L61  T89IT  LOOEZ  +ESST 7oL  68€6z  9lclc | sezzz £
69°€T €8°6¢ 99°6 7679 ST'18 6V'86 89Tl I0SET  SOVSL  ISELT  STE61  LTEIT  LSEET  ¥OVST  OLvLZ | 90 Lgs 4
1Z°1€ 6v' 8t 88'89 80T6 TOLIT veSpL  OLWLL  19'SOT  68LEC  BEILT  LL'SOE  SO'TVE  ITLLE 66'€ly b ISH 68'86¥ I
Jojerawin ON
‘womq {ADI'TS
pSE0 yor 0 6LS'0 669°0 80 8960 LLO'T L0T'1 6€€'T LYY L09'T WL 6L8'1 910'Z $S1'T =4
80 SL°0 L0 $9'0 90 §5°0 S0 SP0 ¥0 S0 €0 §T0 (4] ST°0 I'c =m
0 u w I 1 t ! q 3 J d p 2 q e
BNV M = 10)guimoud(q 62TS¥r'0 = ud ue) $S0°1  =0)
{(d/ myd were uey +1)/(e ;uey 1)} (1yd ues (nu-1) g + G0) = Jojesowny ¥¢ =1ud  uiglg 4, % vwey) 0 =2




AdO7TS DULLNA T JAOW 2dNTIvVd

LS00 TZEO 610 €870 9L€0  9LP'0 €850 S69°0 VIS0 7660 LSOT 98L1  LIE1 ISk L85 | rz=uud
€00 S600  LSTO. 6228 80D  SGE'D 880 9850 0690 L6L'0 6060 PIOT  PFTT  S9TT 0661 | 81=.ud
FEOD . BLOO  IEL'0 . F6L'0 SO0 TR0 9TF0 SIS0 0190 60L'0 €180 076'0 00T PFET 1971 | #1=.ud
TE00  FLO0  STIO 98F0 €570 TS0 IIF'0  L6HO 0650 L89°0 68L0 P60 00T Il 8TTT | sr=.ud
0o . L0 8110 K0 TFC0 SIE0 S6£0  08F0  OLSO $99°0 $9L0  L9RO FL60 €801 9611 | wr=.ud
S6°0 60 G840 80 SL0 L Sog 90 i | <0 S+ 0 £€°0 €0 ST =nl

I

I

ureld f, 3 pag wvwey)) - sadepans dis 10§ padueyd g

LLSO 0g 10070 00FE 0 0 00'FE 0 00T SO0~ 041 t1
LSO 0€ 6F10 08'5¢7 0 0 08'5€T 00C FoE 058 0St 1
LLSO 0% 680 00'801 0 0 00’801 [ 07 0L70¢ 087 o1
LiS0 0€ 8E5°0 95'6¢ 1 0 0 06681 9T or'T 0§87 01r¢ 1
BHER Y L1000 | o6'szL 0 06'15¢ 0 FIf 00tLE or'z 00z <60- 058 0l
HupaniY L1000~ | €106 0 £1°060 PLF €79 00'89¢7 00 002 SG0- 0L 6
YRS | i1oo- | 19:i€nt 0 L8088 ¢T'9 ¢80 08'0LT 007 002 $6°0 LL9 g
LIS 0¢ r8L0 CL6LS 0 vy $8'9 ¥0'0 07L€ 00T 00T 0012 e L
LSO 0 8,971 £6°002 0 €Irl Foo 1183 0895 007 0% 0768 w1 9
HHBHH L100- | sFLzz PO Zr1 Iy LEE 0 g 00T 082 $6 0 i g
B fHHE L10°0- | 99€ZT1 | SL8FL (8¢ 9%'f 0 8811 087 08¢ $6°0" 8’8 s
£LS0 0¢ £L00 ol'6F8 | LO0€LS o6t 0L 0 FLWLY 082 087 0ol 6y ¢
LLS0 0€ 1650 o1'¢ss | 007009 0L o0'L 0 0F 9FT 082 087 09°0¢ oF't z
6E80 o 8.0€ 1978t IFLFE 6074 0 0 0TLET 08¢ 000 00T 0ot I
(x2a4dacy) (uny) | LNy HY HT { AT ) Hy HT (M) HY HT [(szadoqy] ()

JgJuey | yg vue) LAy, JUSIBAY € m ¢ 201G JO JH T m Z 20IS Jo 1H [ 1 2011$ 30 1H B, A, 918 | oy

20Y [1og [vio ], ¢ adi| pog 7 adLy pog [ 3d<] pog eydiy | o wipiay | 90ns
HUNY 00708 ¢
AENY 0002 z
WNY §¢98L  =ssew paddyg MUNY 0007 [

vjeng jlog jo adAp

MUNY O = [10S 3AIS30D JO UOISIYOD pauTe.I(] B Jup) ing | oS




oCl = IHd - 9dOTS TIIINY ‘T HAGOW TINTIVA

0€00 0L0°0  8II'0  9LI'0  THT'0 SIED S6E0  08Y'0  OLSD  S990  PIL'0 LIS FL60 €801 961'T  SOA
69°8L  SIT8L  LEOle  VETOF  OT'SE9  LEOT8  99VEOL TLLSTI €OV6YI 68TWLI 897007 89TLIZ 1TTSST 80'6£8T TEVELE 9Ob'€ELT S[EI0,
001 861 96T v6'€ w6t 06'S 880 98°L ¥8'8 786 0801 8L11 LLT] SLEL €Lyl £0°0- vl
081 £2'9 9071 8981 $9ST  8LTE  866E  GILF  OFPS 0919 8L89  S6'SL  OI'ES8S  vZ06  9tL6 | vTse €1
£5°0 % $0°S 06'8 LS€T $8'81 85HT [90€  989¢  8T¢h 18°6% 179 L0€9 SL69  Ly9L | sLé66 Al
Z50 61T w6 19'8 P0€1 66°L1 £€°€T  T68T  69FE  650v  LSOF 1976  0OL8S  6L%9 16°0L £1°98 I
vL'8 ST91 98°€C  0S1E  SI'6E  €89F  OSPS 6179 8869  8SLL 3768 8676 89001 6£80T O[9Il | +0ZI- 01
1911 6S'1T  OLIE  ¥8'IF  00°ZS 6179  6£7L 0978  T8T6  VO'EOL  LTEIT  OS€TL  €LEEl  96°€hl  0THSI | 66°¢I- 6
$6°€l T6'ST  90'8E €C0s w79 89WL  T698  8I'66  SPIIL  TLETT  009El  6T8PI  LS'09T  98TLI SISl | ozsl- 8
62T 176 000Z  L6€E  800S 8S'L9  TO9®  TOSOL  vEWZT  ToErl  19°€91  S€E81  1T€0Z  00°€TC  Z87ThT | sezze L
990 867 1T°L 19°€1 ITee  8sTe  S8%F 98 LL'EL 9006  IE€L0T  OF'STL  OTHPI  0S'€9T  9¢'€8l | 90°Lgs 9
VLT 60°S 8L L86 LTT1 L9PL 80°LI 6v 61 06'12 €%  TLOT  vI6T  SSIE  L6'EE  8EO€ LLE- S
vL b1 OFLT  €Z0F  OI'SS 0099 €6'8L 8816  ¥8VOL  08°LIT  8LOEL  9L'S€PI  vLOST  ZTL691  ILT8T  OL'S6I | 620z 12
86¥1 ¥$'8€  PLE9 €688  ILCIT  I8'8ET  v8'E9 08881 69€ICT  PSBET SEEOT  €188C  88'TIE  09°LEE  1£79¢ | L1'sz £
897 1€11 196 €Sk $6'89 [L'S6  8LVTI  OF'SST  OL'L8T  S96IT  TLTST 0T98CT 86GIE  +8'€SE 0648t | 9stos z
SH'T VT 11 16'LC  ¥EPS I¢16 888El €9L61 L699C  8YObE  009Eh  OLPES  SI'THY  +O'8SL TL'O88 T60T0L | 816kl I
J0JRISUINN ‘ON
"woudq |IDITS
0€0°0  0L0°0  8IT'0  9LI'0C ZT¥TO SISO  S6E0 81°0 0LS°0  S99°0  $9L°0  L98°0  PL6O S80I 9611 =4
$6°0 60 $8°0 80 SL'0 L0 59°0 9'0 §5'0 S0 Sh0 v'o SE0 €0 ST0 =1
o u w I 1 f I y 8 ] ? p o q ®
BNVIL M = lojeurmoud( LSSTIT0 = ,1yd uey 0T =0
{(d/d wer e uey +1)/(e 2wy +1)} (yd uep (n-1) M + 99) = J0)EIRIAN W =J4d  :uely , p vwey) DR = 2




o£1 = THd - 4dO1S SUILNY ‘¢ 3AON TdNTVA

600 PLO0  STI'0 9810 €ST0  6I€0 IIVO  L6VO 0650 [89°0 68L0 ¥68'0 T00L  €IIT  8ZT1 SO
1€v8  SI€61  ILLZE  179%8F 00499  8L198 16'SLOI  Z9LOSI O0C9PST  99°0081 899907 +OTYET LO9TOT LI'SI6T LS'SITE OV'EELT :S[BIOL
001 861 96T v6's 6V 06'S 889 98°L v8'8 786 0801 LTI el SLEL €L V1 €00 1
88'[ €9 SETI 10'61 S66T  80EE 9TOF  whLV  ¥9PS  TSI9 0069 91'9L  6T€®  Tr06 £5°L6 | vTse €1
95°0 £ET 9T’s €26 €6€1 LT61 $0ST  90IE  PELE  9L'EF  0€£0S 0695  ¥S€9 120L  T69L SL'66 71
950 67T i 768 9¢€1 2€'81 YL'ET 1£'62 11°s¢ 101y 00'L¥ £0°€S 01°6S 8I'S9  0f'1L £1°98 I
756 89°LI v6'ST €T ¥E SSTY 8805  TT6S  LS'LY €6'SL  6TV8 §9Z6  10°TOT  8£601  SLLIL  TIL9ZL | +0TI- 01
§971 8V'ET  SPYE  L¥SF  TS9S  8SL9  99'8L GL'68  S800T S6TIIT  SOETT O9I'bEl  8TSHFI  6£9ST  ISL9T | 66SI- 6
8I'ST  61'8T  LEIF  65¥S 98,9  SIIS SPP6  LLLOT  601ZL TYVEL  9LLPL  OUI91  vbvLl  6L°L81  €1'10T | 0T6I- 3
wT 19'6 9,0z  ZOSE  PI'IS  6L89  9TL8  9I1'90L  ¥SSTI  80SKI  8LPOL IS8l 9THOT  TOHIT T8 EKT | 8ETTL L
1.0 N3 65°L 9T ¥1 1622  99€€ P19  TO09  LESL 0816  ST60l  EFLTL  TOVT 19691  TS'S8I | 90°LEE 9
86T bS'S £1'8 €401 YEEl S6°S1 9581 8I'IT  6L'€T 1+92 €067  991€  8TVE  069f  TS6E | LLE S
5091 0867  ELEF  OLLS €L1L  LL'SS €866 I6€Il  66LZ1 80ZFT  819SI  8TOLI 8EPSI  6F861  09CIT | 6207 ¥
SEST 668€  $8E9 0068  LOPIT  SI6ET  vI¥91  P0681  TO6EIT  SL'SET  SS€9T  TESST  SOEIE  9LLEE  9vTot | LI'ST 3
$8'T P8I €L97  689F  PLOL  88L6  OILZI  ¥9°LSL  IS681 90TTT TTSST  99'88T  TETTE  ¥I9SE  9L°06E | 95+0S z
197 98’11 66T  TTLS 666  9LWPL  €9V0T  06WLT  LE9SE  6€Lbr  OI'SPS  VO'LSO  VLELL  LL'L68  ST6I0L | 8F'l6vl I
J0JBIIWNN *ON
‘wow( |IDIIS
7€00  ¥LO0  STI'0 98I0  €STO0  67€0 1’0  L6P'0 0650  L89°0  68L°0 680  T0OT I 81 =4
$6'0 60 $8°0 80 SL'0 Lo 59°0 90 $5°0 S0 St'0 v'0 SE'0 €0 §T0 =na
o u w I b | [ I y 3 J ° p 2 q ®
BNV.I M =10jguimioudq 8980€7'0 =.!yd uey P01 =0}
{(1 7 yd uey & uey +1)/(e 2wy +1)} ( yd ues (ni-1) M + g9) = J0jBrRWNN €I =,Jud urely 4, ¥ ewey) 0 =2




o1 = IHd - Hd0TS HULLN: ‘T JIOW 5407 0VA

PEDO L0 U0 TYED  9TY0  §I§0 0190  6OLD  £I80 0760 OF0°L  ¥PIT 1921 S04

$6'68 91+0T  SEPFE  9S'805  (9'E69  €L968  CIQIIT  ST'0SEL  8P'86ST  wEBRSHL BL6ZIV [S0IVT S8'669C L6L66T TEEOEE OV ELLT :S[EI0L

00’1 861 967 Pe'E 6 06 839 98, P83 786 0801 SL1I1 LLTI SL'EY ELYT £0°0~ #1
LT 199 651 LT 61 5T9T peee 10t R9'LY L8FS PO 07'69 SEGL L €8 6506 0L L6 yTSE €1
650 ST &Y 81'6 0gb1 99'61 v ST 0S'1€ 08'L€ Wy SL'0S SELS 86°€9 99°0L 9ELL SL'66 zZl

650 68T og's 916 0L°E] L8l 01+t 1L'6T 156¢ I+ 1¢ 0v'L¥ res 8F'6% LES9 £9°1L £1'98 It
0£01 vlal 08¢ 00'LE 36'5Y 86'FS 86°¢9 D0'EL (A0 SO'T6 80001 [redl  SE8IT  6LLTT TT9EL rocl- 0t

69°¢l 6E'5T PTLE AN LOI9 To'EL 8678 9696 76801 €601  T6'TEL ol TE'9SI 6391 £5°081 66°GI1- 6
P91 6F 0€ TLpp 00°68 TEEL 80°L8 ¥0O'2OL TP otl 187051 TS+l 19651 I0OPLT  TP'88T #8207  STLIT | 0T61- 8
€6T 666 6812 £8°6¢ A4S 98°69 SE8s TELOT L9997 8T 9T 987591 95681 87'S0Z  ¥0'5TC  OB'PPT | 8ETTT L
SL0 0£€ 16°L LL¥T 9L'ET P9pE €LY rr19 P6'9L 0¢'g6 GOTII €06T1  TT8PL  TLL91 69°L81 90°LEE 9
€Ut 66'S aL's 6511 ¥vl €CLI SQ0T B8'TT 0L'ST €8T 9¢'1¢ 6l'¥¢ COLE 98'6¢ 69Ty LLE S
LELI £TT LT LY 9¢'T9 0S°LL L9T6 98 LO1 90'€TI LT8ET 8P €SI TL891 er'ERl 9166l 0P ¥w1T  ¥9°6TT | 6T0T ¥
0L'Sl 1¥'6g €799 €68 PEIT PP 6Ll 0P P9I 6T 681 SI'vIT 96'8€C ¥L'E9T  6%'88C ITEIE U6LEE  197T9¢€ L1'8T £
10°¢ Qe §ILT 818 £9TL [8'66 L1°6TI T6'6S1 TRI6L LEVWTT  TSLST €5°05C  9SPTE  UP8SE  6E£TE | 9SHOS T
LL'T 877 ¥80¢ [5°65 3056 ool $OTIZ  (QT'E8C  S199¢  £98SF  8L09S ELIL9  0T68L 60'5L6  £8Ly0L § 8F 16w 1
JOJEIHN N ON

WOw( | HOT'IS

ren0 $L0°0 FET'D 6170 59770 (4241 14 Al 51870 019'0 60L°0 IR0 6" 0£0°1 PPl Wt =4

S6" 60 $8'0 80 SL'0 L0 $9°0 90 550 §°0 SP'0 ¥'o SE'0 €0 570 =
0 u ur 1 b f 1 q g pi @ P 2 q B

2NV M = Io)eutwomq 82€6¥7°0 = Jud uey §H0'T  =0)

{(d 7 yd vey & umy 4-1);(e ;ues )} (1qd ) (U-1) M+ QP) = JoyesImnN| L =Jud  :ulgld ., % ewe) 0 =2




o081 =.IHd - 3dOTS ILLNA ‘T GO TINTIVA

LBTIT 1682  6€CTIFr  0T009 TT808 8TSEOL 1$'8LZI S6SEST 1TLOBT 816807 E€HTRET 9L 89T 8870667 CEESIEE 99'1¥OE OV EELT SpEIof,

660 L6'L S6°C £6'¢ wr 06'¢ 880 98'L ¥8'8 786 0801 8L11 LLTI SLEL ELYl £0°0- 4!
€2 6C'L L¥'el TT02 81°LT LT¥E 68’y ES 8 JAESY 6LC9 [6'69 co'LL ZI'¥8 0’16 8T'86 ¥Tse £l
€L0 58T 819 1501 [43! LO'1T L6'9T ITeg 1413 L3Sk or'cs L6'8S 19°¢9 STTL €6'8L SL66 41
Lo 6LT 009 1ot w8l 0002 L¥'ST El'1e 96'9¢ S8y C8'8% €8¢ 6809 699 [AVR¥3 £1°98 I
6Fcl 10°¢T $9'9€ (4514 £0°09 OL'IL 05°¢8 §TS6 00°L01  9L7811  €S°0€1  0E€TPl  8OPST  $8$9T  €9.L1 | vozI- 01

16°L1 (4% LO'8Y 81¥9 £L6L 1£°66 06°011 05921 A4 41 PLLST LEELT [0'681 9 +07 8T 0CT £6°6ET 66SI- 6
1§'1T 68°6¢ '8¢ 90'LL FL'S6 eyl 91°¢cl 06151 SO°0LT 1681 L1°80C $6'9CT TLSYT  0SH9T 6T €8T 0T6l- 8
(A3 16711 L8'ET 006 6L'SS CLEL LETB 8CIIT 1L°0¢T €1°051 69'691 62681 96'30T 86T ¥e 8T 8ETCT L
P60 S6'¢ 9Z'6 2691 69°9T Ch'RE 68'LS ZL'99 +8'C8 L8'66 CRLIT £ 9Ll VLSST TrSLL LS'S61 90°LEE 9
b 4 P8'L St'11 ricl 1881 6F'TT L1°9Z c8'6cC £5°¢CE TTLE 160y 09'vt 8T 8 86'1S L9°S¢ LL e S
EL'TT o1'Tk 8L°19 o' 18 0T'101 960C1 SLOFI 95091 LE081 0T'00T  P0O'0TC 88'6£7 €L°65T 8S'6LT PP 66T 6T 0T 4
8691 S80F 79°¢9 6506 (4528 P orl 0€°591 11061 o6viT CO'6£T 8E+9C 60°68C 8BL'ELE Sh'gee 11°€9¢ L1°8C €
Lg L¥ ¥l I¥1e RC'ES £8'8L 86901 169¢1 £0'891 +1°00T TLTET 78°69C 91'66T [4: X439 8¥99¢ T1£°00v 96 +0S 4
oF'€ IT°¢1 19°9¢ LEGO 12 238! 8F'691 88'9¢C £0°S1E 0 +0r £1'708 9L'609 Sy STL £L°6¥8 90086 TSLIVL | 8¥ 16bI1 !
JI0)RIIUWNN ) ON

WO IADITS

€50°0 £60°0 LST'O 6270 80€°0 $6£°0 88170 9850 069°0 L6L™0 606°0 ¥o'l PPl $9T°1 61 =4

$6°0 6'0 80 80 SL'0 L0 §9'0 90 §5'0 §0 S 70 $€°0 £0 §T'0
0 u w I b f I y g I ° p 2 q v
BENVI M = 10]2uimoud( 6vTe0 = ,qd ug) €F0'1

{(d / 1yd ves v ues 41)/(e ey +1)} (1yd uey (U-1) A + 40) = Jojesomny 81 =,yd ugg 4, % wWEy) 0




o¥C = IHd - 4dOTS HILLNH'T O TINTIVA

ov'8vl  vO'8lE  II'LIS T0IbL  SE€686 S6'LYTL LI'LZST 6£0T81 8L'STIT S$6'THYT 8T OLLZ 10°'LOIE TL'ISHE [9°C0BE  9T'09T¥ 9P’ €ELT S[BIOL

660 L6 567 £6'¢ 6% 065 889 98/ 8’ 786 0801  8LIL  9LTL  SLEl  €Lvl | €00 | vl

LT T8 TPl €EIT 0E8T  SESE TP TSeY 1995 69°€9  LLOL  VSLL 068 966 0066 | boee | e

¥60  Tye  8I'L  L8T11  9ULL  88TC  168C  ¥I'SE  OSTy  96Ly 8PS 9019 999  szvr 1608 | stes |z

60 pEE €9  SEIl  0€91  TYIT  6ILT  T6TE  SL'BE  LOWb  €90S €99 €979 8989  1bL | erog | 11

LS'81  E¥¥E  8€0S  6£99 kT8 IS'86  09FIL  OLOSL  I89KI  €6T91  SO'6LT  8IS6l  zellz  svizz esevz | vozi- | o1
99vC €Sy 1699 8188  6v'601  PSOEl  ITTSI  6SELl  66'W6I  OVOIT  T8LEZ bT6ST  L90ST  0120f  bseze | s6si- | 6
1967 T6¥S  SE08  88'SOT  LPIEL  LILST 9LT81  PP'SOT  ¥IVEC $86ST 958 STIIE  10Lec  +LToc  svsss | ozer- | g
€6€  SSEl  60LT  VOEF  9€09  SS8L  TEL6  GE9IL  €9SET  TOSSI  8FBLL  00b6l  IS'€IT  voscz  sszsz | sezze | 4

€T 16 211 100z €606 WL 618§ Y6EL  PLOG6 6801  669C1  bIOPL  TLSOT  bL's8l 80907 | 90'Lss | o

¢8'S  6L0T  6L'ST 080T  €8'ST  L&0E  16SE 960K  109F  90IS 1195 LI'T9 799 sziL  veor | ire- s
0ETIE  v0'8S  €6'v8  I6'ILL  L6'8E1 90991  8I'€6l  TEOZT 6VLYT 99bLT  $R10E  TO6ZE  TTose  zpess 901y | ezoz | ¥
LEBT  L€T¥  OIL9  ¥6'16  9L9IL  SS'IPI  TE99L  90'I61  LLSIT LVOVZ SISO  18°68C ovbie  orese  sreoc | cisz | ¢
oLy OVLL  6¥9E  9T09  II'L8  PIOTL  SLOVT  €E8LL  PSOIT  6TEPT  6E€9LT VLGOS  SI'Ehe  bLOLE  Scolp | 9sbos | 2
09 9061 _ LoSy  ILI'¥8 OESEl  TS861  OSPLZ  OTI9E  96'LSy  €999S  0T089 OIb08  €8%€6 Ze2lol 2ozl | svisvl | 1

JOJEI0UN N *ON

'wouaq |FADrIS

LS00 izro Lel0 £87°0 9.€°0 ILY'O €85°0 §69°0 Lig'o €670 LSO 9811 LIET 1S¥°1 L8S'T =4

$6°0 6'0 S8°0 80 SL0 Lo §9°0 9°0 §5°0 g0 SH'0 ¥ SE'0 €0 STo =
o u w I b | [ ! ! 3 3 e p o q e
BENVIL M = 10jeurmous(g 67Tshr0 = ud ury €40’ =0)
{(1/md vey e uey ¢ 1)/(e ;uer +1)} (wyd wey (1) M + G2) = LojBrmIny ¥ =Jud  wmed 4, % ewey) 0 =2




Average Pore Pressure Ratio Calculation for Cliff at Barton-on-Sea

Case 1

pore Pressure Head height, h, @ grid points (m).

(1123 ]4]s5]6[7[8[9[1w0]uu|r]|B|@]lBllolEl5
alo7ofo31foar] o
p|400[3.8313.65/345(3.011258]1.53| 0
Cc|730]724]1718}7.12(7.10]6.84}5.59[4.08|2.97]1.99|073| 0
D 8281763]1721(690(6621401[3.01{258]151] o
E| 8.90|7.20|7.18]|6.88]|6.36|5.93|3.28
pore Water Pressure, U (kPa), @ grid points. U =wt of water * h wt of water = 9.81 kN/m?

1 2 3 4 5 6 7 8 9 10 | 11 12 13 | 14 | 15 | 16 17 18 | 19

aAl69 30 1.1]00
B[392137.6(358]33.8/29.5(253]15.0{ 0.0
C|716171.1(705]69.8)69.6|67.1]549[40.0]29.11196| 7.1 ] 0.0
D 81.2(748|708(67.7165.0]39.3]295[253(14.8( 0.0
E 873]706[704|675|624]582]322

G.L. height, ha, for Pore Pressure Ratio, ru, @ grid points.
1 2 3 4 5 6 7 8 9 10 ) 11 { 12 } 13 [ 14 | 15| 16 | 17| 18 | 19

A| 98| 9897 00

B|13.1]13.1]13.0[129|100| 64| 3.7 ] 0.0

C|164[164)163]162|133| 97| 70| 50| 47]30]27] 00

D 83180163 (6054474340 33| 00

E 80| 76| 73|66]| 57| 47] 33

Pore Pressure Ratio, ru,@%rid points, ru= U/ (ha * wt of soil ) wt of soil = 20 kN/m?
1 2 3 4 5 6 7 8 9 10 | 11 | 12 [ 13 ) 14 | 15| 16 | 17 | 18 | 19

A[0.0410.02]0.01

B{0.15]0.14]0.14]0.13|0.15/0.20] 0.20

C]022/022/0.22]{022]|026(035]0.39/040(0.31]0.33]0.13

D 04910471056(0.56(0.60]042]1034]032|0.22

E 0.551046]0.48]0.51]0.55(0.62]0.49

0400381 0.36[ 03 |041]0.54/0.59[0.89[0.78|0.89[0.70]|0.60[0.96[0.81[0.80[0.74] 055 0.62]0.49

Height, hi, for Pore Pressure Ratio, ru, @ grid points,

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 ] 16 | 17 | 18 | 19
9819897 00

33 133(33]129(100| 64 37|00
33 1333333333333 [50(47{30]27]00
33 |133(33]33]54|47]43|40](33] 0.0

B 33133[33]3357]47]|33
[ 164]16.4]163]162]133[ 97 70| 83|80 63| 60| 54|80 76| 73|66 57|47 33

<=l — I -~ I~ g

fbar for each slice area ru bar = SUM(hi * ru) / SUM(hi)
11213 (4|56 7|1 8]9|lwo]nfn]B3]ua]is]16]17] 18] 19
0.40]10.38]10.3610.35/041[0.54]059]0.89]0.78]0.89]0.70]0.60]0.96|081[0.80[0.74| 0.55] 0.62 ] 0.49

Area of slices Area = width of slice * average ht of slice width of slices= 3.33 m
32713271323] 43 [33.3[213[123[16.7[157] 10 [ 9 [ 18 [15.7]143]133] 11 | 19 [ 15.7] 11 |
Total slice area = 377 m?

Ubar * glice area

B32]123]11.6]149]13.6]11.6]7.33]148]12.2]888[6.27] 10.8[ 15.1] 11.6] 10.7] 8.10] 10.4] 9.7 [ 5.36 ]
Total (ru bar * slice area) = 208

WWerage Pore Pressure Ratio, ru bar Total (ru bar * slice area) = 0.55
Total slice area




Average Pore Pressure Ratio Calculation for Cliff at Barton-on-Sea

Case 2
pore Pressure Head height, h, @ grid points (m).
r"1—234567s919111213141516171319
A[070] 061 041
B 4001397 1382]356]3.09] 1.90
C 730) 73417221726 721|676 468 | 2671 0.56
D 761|673]651|618|6821324(215]1.56] 054
B 8.621693|676|659]623]|522]262
?Drg_\yater Pressure, U (kPa), @ grid points. U = wt of water * h wt of water = 9.81 kN/m?
1 2 3 4 5 6 7 8 9 10 11 |12 ) 13 | 14| 15|16 17 18] 19
4687595401
B [39.24(38.99137.43|34.92(30.32] 18.61
C|71.61]72.03|70.85| 71.27|70.70{ 66.27] 45.95] 26.19| 546
D 74.65166.03]|63.88|60.63|66.94(31.75|21.12|15.32] 5.35
E 84.61168.02166.32|64.68|61.12|51.18{25.68

G.L. height, ha, for Pore Pressure Ratio, ru, @ grid points,
1 2 3 4 5 6 7 8 9 10 { 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19

A[980] 980970

B[13.10]13.10| 13.00] 12.90{ 10.00} 6.40

C|16.40(16.40{16.30{ 16.20}13.30| 9.70 | 7.00 | 5.00 | 4.70

D 830 8.00]630]600|540|470]430] 400/ 3.30

E 8.00 ) 7.60 | 7.30 | 6.60 | 570 | 4.70 | 3.30

Pore Pressure Ratio, ru, @ grid points. ru = U/ (ha * wt of soil ) wtof soil= 20 kN/m?
1 2 3 4 5 6 7 8 9 |10 ] 11|12 )13 ]| 14)15]16] 17| 18] 19

A[0.04 ( 0.03] 002

BlOI5(0.15f0.14] 014 0.15] 0.15

Cl022(022(022]022(027|034]033] 026/ 006

D 04510411051 (051]062]034]025]0.19]0.08

E 0.53]1045]045) 049 054 0.54 ] 0.39

0401040/ 038] 04 [042]049[033]071}047{051]|051[062]087[069]065|057[054]054(039

Height, hi, for Pore Pressure Ratio, ru, @ grid points.
1 2 3 4 5 6 7 8 9 10 [ 11 | 12 | 13 | 14 [ 15| 16 | 17 | 18 | 19
98 1 98 | 97
33 1 33|33 (129|100 64 | 37
33 [ 3333 (33333350 4730/ 27
33 (333333 54| 47| 43| 40/ 33
L. 33 13333 (33| 57| 47| 33
164]164]163[162]133] 97| 70| 83| 80| 63 60 | 54| 80 ] 76| 73| 66| 57| 47| 33

o — Al -
wa
[5%3

Mbar for each slice area ru bar = SUM(hi * ru) / SUM(hi)
1121345167 8lofJmwo]Juln2]w3[1a]15]16]17] 18] 19
040]10.40]0.38]0.36]042[0.49]033]0.71{047]051|051[062[087]069]065]057]054]054]039

Area of slices Area = width of slice * average ht of slice width of slices= 3.33 m
327132.7]323] 43 [333[213]123]16.7[15.7] 10 | 0 | 18 [15.7] 143]13.3] 11 | 19 [15.7] 11 ]
Total slice area= 377 m?

Uhar * slice area
B2] 13 [123]153[13.9[104[4.05[ 11.9] 7.37] 5.07] 455 11.2] 13.6] 9.93| 8.61] 6.28] 10.2] 8.53 | 4.28 ]
Total (ru bar * slice area) = 184

'\vemge Pore Pressure Ratio, ru bar Total (ru bar * slice area ) = 0.49
Total slice area




-

APPENDIX C

Results of accuracy experiment

NFDC Flow Monitoring Data:
Manholes - Raw data
Catchpits - Raw data
Manbholes - Estimate of total flow

Catchpits - Estimate of total flow and comparison with
manholes estimate of total flow

Mole Drains - Estimate of total flow
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APPENDIX D

Project Plan

Budget

Minutes




GDP

GROUP PROJECT REVIEW FORM

Project Title: MOLE DRAINS
Team : Richard Drury, Louis Le Pen

Breakdown of tasks;

Set objectives.

Read relevant literature & Compare with other drainage methods.
Study geology and topography of Barton-on-Sea.

Study New Forest D.C. Monitoring data.

Develop a Water Balance Analysis for the Cliff Area.

Develop a Slope Stability Analysis for the Undercliff.

Analyze and assess effectiveness of mole drains.

Develop a cost effective flow monitoring system for mole drain outfalls.
Draft Write up.

Final Write up.

W 0 N O U s WON =

e
- O

Final edit and binding

WEEK ENDING
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BUDGET PLAN: 1997/98 GDP - MOLE DRAINS

Z
! 2
& 7
Printing
Research
Reports 25 15
Data - Yes
Drawing Plots 10 9
OS maps 2 -
General Maps 1 -
Colour Copying -
Final Report (200 page @ 3p/page = £6/copy + £3 binding)
Group Members 3 1
MEng Office 3 0
Others 1 0
Stationary
Graph Paper A4,
A3:
Folders A4
Printer Ink Cartridges  (Cost of ink B&W:
covered in printing) Colour:
Telephone Free service
Fax Free service
Photocopying Free service
Presentation
Refreshments
OHP's & Slides
Consultant
Travel Expenditure
Site Visit: Barton-on-Sea 5 No. Travel
Parking
NFDC Head Office 4 No. Travel
General use - Travel
TOTAL EXPENDITURE
ALLOWABLE BUDGET

TOTAL - BUDGET

g
& =2
§ 1
P 7]
& S
10 £ 1.50
» £ -
d £ 2.00
2 £ 38.00
1 £ 5.00
80 £ 1.00
2 £ 9.00
3 £ 9.00
0 £ 9.00
1 £ 2.00
1 £ 2.00
10 £ 0.50
2 £ 13.00
2 £ 15.00
0 hours
225 miles
160 miles
60 miles

£ 424.85

£ 525.00

£ 10015

Hh B

M h

ot o e

Cost to Group

15.00
2.00
76.00
5.00
80,00
18.00

27.00
9.00

35.00
30.00

57.25

42.30
19.30




Minutes from GDP meeting Thurs 26th Sept

Commenced at: 4pm Duration: 1hour 30mins
Those present : Louis Le Pen
Richard Drury
Dr Barton (Supervisor)
Items Discussed:
Background reading.
Topics to search for literature about.
The type of study to be undertaken.
Making contact with NFDC.
Setting a slot for regular meetings between group and supervisor.

The possible automation of flow monitoring for the Mole Drains.

Travel expenses.

Actions Resulting and Any Reports Made:

Team members agreed to familiarise themselves with basic seepage theory, a number of books were
recommended by Dr Barton.

Dr Barton gave some ideas about where to start searching the literature from (key words).
It was broadly agreed that the study would be field work based.

It was decided that the group should meet with the NFDC a.s.a.p. in order to discover exactly what
information they could provide. To facilitate this Dr Barton provided a contact number,

Richard Drury agreed to investigate the possibility of an electronic flow monitoring system for the
Mole Drains.

Louis Le Pen agreed to investigate the possible purchase of a 1:1250 scale OS map and also to write
| up minutes.

Weekly slot Monday at 10am allocated for meetings between students and supervisor. The first
meeting to commence on the 13th October.

Telephone numbers and addresses were exchanged.

Dr Barton agreed that some form of compensation was appropriate for travel expenses to and from the
study area.

Richard and Louis agreed slots on Mondays and Fridays when they could meet if required to discuss
project progress.

_




Minutes from GDP meeting Monday 30th September

Commenced at: 12noon Duration; 30mins
Those present : Louis Le Pen

Richard Drury

Dr Barton (Supervisor)
Items discussed:

Obijectives for the project - filling out group project authorisation form.

Questions to ask NFDC for meeting set up for Tuesday 3 1st September at their HQ.

Actions Resulting and Any Reports Made:

Preliminary list of objectives drawn up.

After discussion the project authorisation form was filled out, Richard agreed to get this signed and a
copy to be circulated to the team members and supervisor.

List of questions drawn up for said meeting,

Minutes for GDP meeting with NFDC Tuesday 31st September.

Commenced at: 11.30am Duration: lhours 45ming
Those present : Louis Le Pen
Richard Drury
Andrew Bradbury (Engineer NFDC)
Steve Cook (Engineer NFDC)
Items discussed:
Exact location of Mole Drains.
Rainfall data.
Geological data.
Logged piezometer readings.
Flow monitoring,
Possible electronic monitoring system for Mole Drains.
Any other information the NFDC possesses which could be made available to the project.

What were the NFDC looking to get out of the project?

Actions Resulting and Any Reports Made:

NFDC reported that they did not have precise locations for the mole drains, though during installation
the mole pipeline had been precisely located and guided to its intended position. They would therefore
attempt to ascertain what had happened to this information.




NFDC reported that the contractor was A.E. Bartholomew and that they did not know if other Mole
Drains had been installed for other clients.

NFDC reported that rainfall and geological data was abundant and would provide the group with all
that thev had.

With regard to flow monitoring NFDC confirmed that records do exist but that they are infrequent,
being only monthly at best. Though some weekly readings do exist from the very beginning of the
project (1994). All records would be made available to the group.

NFDC reported that piezometers are only installed at one location and that water levels were not
currently being logged, though they had been in the past and agreed to make these records available to
us.

NFDC stated that without attending a three day working in confined spaces health and safety training
scheme the group would not be able to work in the mole drains without trained NFDC staff present.
Therefore the group agreed that the next time that the NFDC monitored the drains the two group
members would come along. This ruled out the possibility of the GDP team members monitoring flow
rates themselves.

NFDC stated that they would be interested in any electronic monitoring system that the group could
come up with, though funding was unlikely to be available for it this fiscal year.

NFDC provided the team with some information that they had gathered together prior to the meeting
regarding monitoring of the mole drains, and agreed to send additional information requested to Dr
Barton by the end of the following week.

With regard to what they would like to get out of the project, after extensive discussions two main
areas of interest were ascertained. Firstly the design of a method for the optimum placing of new Mole
drains, and secondly the design of a practical cost effective electronic flow monitoring system for the
Mole Drains. The second of these to eliminate the current need for a costly 2 day manual monitoring
operation.

Minutes from GDP meeting Friday 10th October

Commenced at;: 1lam Duration: lhour

Those present :  Louis Le Pen
Richard Drury

Items Discussed:
Assigning roles
Division of labour - Filling out group project review form (part 1).

How to tackle the work.

Actions Resulting and Any Reports Made:

Louis agreed to be sccretary.

Richard agreed to be Treasurer.




It was decided that with a group of only 2 assignment of a chairman was not necessary.

It was agreed to share the workload without formally dividing up tasks, due to the small size of the
group.

A new list of objectives was drawn up based on new information gathered and a Gantt chart was
drawn up showing the broad order of works and anticipated duration’s. These to be typed up in neat
and handed in with the completed review form by Richard before the end of the day.

The team members agreed to dedicate each Thursday to working together on the project, this to be in
addition to other actions that would be necessary throughout each week.

Minutes from GDP meeting Monday 13th October

Commenced at: 10am Duration: lhour
Those present :  Louis Le Pen
Richard Drury
Dr Barton (Supervisor)
Items Discussed:
Information provided by NFDC which arrived on this day.
Outstanding actions from previous mectings which had largely been held up whilst waiting to sce
what the NFDC could provide.

Actions Resulting and Any Reports Made:

NFDC had provided us with an autocad map of the study area. therefore Louis agreed to try to find out
if there was a copy of autocad that the team could use on the university campus.

Richard agreed to go through the information provided by the NFDC and catalogue everything that
the group had.

Louis to continue searching for climatic data and conducting a search for useful literature on the
subject of mole drains & also to investigate possible purchase of OS map.

Other outstanding actions are no longer relevant due to the re-ordering of work (see Gantt chart).

Richard and Louis to meet this Thursday for the first all day attack on the workload.

Minutes from GDP meeting Monday 20th October

Commenced at:  10am Duration: Thour
Those present :  Louis Le Pen

Richard Drury

Dr Barton (Supervisor)

Items Discussed:

Appointment of 2nd examiner

-




Copies of Gantt chart and list of objectives to Dr Barton
Contacting Bartholomew

Reports on actions from last GDP meeting

Actions Resulting and Any Reports Made:

Dr Barton stated that he had someone in mind for the role of 2nd examiner and would contact them
shortly.

Louis reported that he had faxed the Met office with a list of questions regarding climatic data for the
study area, and had also approached some academics within the university. As yet no response has
been received from either source.

Louis also reported that after discussions with Dr Clark (of the Civil and environmental engineering
Dept), with regard to calculating a water balance equation for the study area, very detailed
topographical and hydrogeological information would be required. Dr Clark recommended that a
visual survey of the area would be the best way to gain a feel for it.

In connection with the topography of the area Louis had also investigated the possibility of obtaining
an OS map. Reporting that with a number of options available, the most appropriate would be the
purchase of a 1:10,000 scale map of the area (Cost £37). However nothing definite was decided on
and investigations for the water balance components will continue.

Richard reported that he was still going through the information supplied by The NFDC, but already
he had found gaps and inconsistencies in the data provided. The group therefore decided that it would
be necessary to get back to the NFDC on this but not before a full review of the information by
Richard has been completed. Ongoing action - Richard to catalogue data provided by the NFDC.

Having discovered that the Autocad map provided by the NFDC could be imported on and printed off
using autosketch a hard copy had been printed on Al. The map showed the coastline along Barton-
On-Sea where 3 of the 5 mole drain manholes are located. It was produced in 1993 and shows detailed
contours of the coast as it was then.

With regard to contacting Bartholomew Richard stated that he would prefer to do this after the
catalogue of the NFDC data had been completed.

It was decided to contact the NFDC after the catalogue had been complete in order to clarify what

other, if any information they had and to check when there next monitoring of the mole drains would
be due.

Minutes from GDP meeting Mon 27th Oct

Commenced at: 10am Duration: 45mins
Those present :  Louis Le Pen

Richard Drury

Dr Barton (Supervisor)

Items Discussed:

2nd examiner.

_




Alterations to Objectives list and Gantt chart.
Reports on ongoing work.

Meeting arranged with NFDC.

Research council money.

Formal review meetings.

Reports and any actions

Dr Barton stated that Dr Pitts had agreed to be second examiner,

Dr Barton suggested some improvements to the objectives list and Gantt chart, these were noted.
Richard to make the alterations agreed upon.

Richard reported that he was continuing to catalogue the data supplied by NFDC, and Louis reported
that a meeting had been arranged for Thurs 30th Oct to meet with the NFDC to discuss gaps in the
data. Richard to fax NFDC with a list of queries prior to this meeting.

Dr Barton suggested that the research council might be persuaded to contribute money into research
of mole drains, though this would not be part of the project, the idea only being to state a case for
future study.

Louis reported still no response from the met office, and that he would continue to pursue climatic
data. Also that he had taken out some BEng dissertations as part of the literature search and would try
to assess if there was any relevant information contained within them.

Louis also reported that the NFDC next monitoring of the Mole drains had been put back a week and

was now due to take place in the first week of November. As previously discussed, group members
would attempt to accompany NFDC employees on this two day job.

Minutes for GDP meeting with NFDC Thursday 30th October,

Commenced at: 10am Duration: 2hours
Those present :  Louis Le Pen

Richard Drury

Andrew Bradbury (Engineer NFDC)
Items discussed:

List of queries on fax.

Next monitoring trip of Mole drains.

Reports and any actions

NFDC allowed the group access to their library regarding Cliff recession at Barton on sea. After
looking through this information the group requested copies of several reports.

The copy of fax containing queries enclosed shows the basis of discussions for the meeting.




NFDC answered most queries, unfortunately it seems that a lot of data has been lost. Other
unanswered queries were referred to absent colleagues, who will hopefully be able to enlighten the
group when, and if, they can be contacted.

NFDC stated that the next monitoring trip would likely be on Tuesday the 4th November.,

Minutes from GDP meeting Monday 3rd November

Commenced at: 10am Duration: 1lhour

Those present :  Louis Le Pen
Richard Drury
Dr Barton (Supervisor)

Items Discussed:
Meeting with NFDC last Thursday
How to best continue with the project in the light of new information gained from the meeting with

the NFDC.

Actions Resulting and Any Reports Made:

Dr Barton explained a method of calculating the Water Balance that he had come up with, however
required data has still not been forthcoming despite a number of enquires.

Dr Barton suggested that the Mole drains could be modelled using a 2D soil seepage package, and
that the group should contact Dr Cooper to discuss what computer packages are available.

The group explained to Dr Barton that some of the stated objectives were unobtainable because the

information simply did not exist and that therefore, the groups approach to the project needed
redefining, the group to consider how best to do this over the next week.

Minutes from GDP meeting Monday 10th November

Commenced at: 10am Duration: lhour
Those present :  Louis Le Pen

Richard Drury

Dr Barton (Supervisor)
Items Discussed:

Monitoring trip with NFDC (4/11/97).

Problems with objectives.

Actions Resulting and Anv Reports Made:

The group reported that the monitoring trip with the NFDC had been very useful, giving a valuable
insight into the project and highlighting a number of problems, specifically with the monitoring




system and also with several of the group objectives with respect to what would and would not be
possible.

Given this new insight the group expressed concern that the data for the project was imperfect and
that empirical modelling of the Mole drains as had previously been envisaged was impossible, this
was due to not knowing exactly where the Mole drains were and not having enough monitoring
readings.

Dr Barton said that this should not affect the validity of the project and that it was not necessary to
produce a report that contained new understanding of the Mole Drains, provided that the report
demonstrated that learning and thought had gone into its production.

The Group still to contact Dr Cooper who had unfortunately been out.

Louis reported that he had contacted Rendel and was awaiting a reply to a list of queries sent by fax.
Unfortunately Bartholomew were unobtainable at the time of phoning.

Louis reported with respect to climatic data, that the Met Office still had not got back to him with the
data requested and that university academics were still not responding to messages left for them,

Minutes from GDP mecting Monday 17th November

Commenced at: 10am Duration: lhour
Those present : Louis Le Pen

Richard Drury

Dr Barton (Supervisor)
Items Discussed:

Meeting with Dr Cooper

Redefined objectives

Actions Resulting and Any Reports Made:

The meeting with Dr Cooper gave the group to understand that the problem was too complex for
current computer modelling software. In the light of this the group also met with Professor Powrie
who suggested that a package called “slope” could be utilised to assess the before and after stability of
the cliffs at Barton On Sea, and hence assess the effectiveness of the Mole drains without directly
modelling them.

Dr Barton handed out a sheet redefining the group objectives taking into account new information
gained since the start of the project. (See new objective sheet)

Louis again reported that climatic data had not been forthcoming,

No response from Rendel. the Met office or Nigel Arnell as yet.

It was decided that Richard would work on the slope idea and that Louis would continue to try and do
a water balance calculation.




Minutes from GDP meeting Monday 24th November

Commenced at: 10am Duration: 45mins

Those present : Louis Le Pen
Dr Barton (Supervisor)

Apologies: Richard Drury (due to illness)
Items Discussed:

Water balance calculation.

First formal review meeting.

CIiff recession rates.

Actions Resulting and Anv Reports Made:

Louis reported that after finally making contact with Dr Amell he had been able to obtain climatic
data direct from the Everton met office weather station at only the cost of a journey to pick it up. This
information being only in its raw form will require a lot of time consuming processing. Louis to
continue work in this area.

First formal review meeting deferred until week eleven or twelve.

Dr Barton suggested that it would also be useful to try and calculate cliff recession rates, The NFDC
to be contacted regarding this.

Minutes from GDP meeting Monday 1st December

Commenced at: 10am Duration; lhour
Those present :  Louis Le Pen
Richard Drury
Dr Barton (Supervisor)
Items Discussed:
Photos from NFDC monitoring trip

Richard and Dr Barton discussed “slope” assumptions.

Progress.

Actions Resulting and Any Reports Made:

The group showed Dr Barton the photographs taken during the trip to monitor the mole drains. These
visually show the difficulties in analysing the effect of the drains.

Team members continuing with their respective work for the project.




Minutes from GDP meeting Mondav 8th December

Commenced at: 10am Duration: lhour
Those present : Louis Le Pen

Richard Drury

Dr Barton (Supervisor)
Items Discussed:

Formal review meeting.

Contacting Rendel and Bartholomew

“Slope”

Water Balance.

Actions Resulting and Anv Reports Made:

Formal review meeting deferred until next term due to a lack of a convenient time for all parties to
meet.

Louis reported that a fax had been sent to Rendel containing questions as discussed with Steve Foi:t
(from Rendel) over the telephone, this had not been received by Rendel and had needed to be re faxed.

as such no response has yet been reccived. Nigel Eglon from Bartholomew had again been
unobtainable.

Team members continuing with their respective work for the project.

Minutes from GDP meeting Monday 15th December

Commenced at: 10am Duration: lhour
Those present :  Louis Le Pen

Richard Drury

Dr Barton (Supervisor)

Ttems Discussed:

Progress.

Actions Resulting and Any Reports Made:

Richard and Dr Barton agreed on a meéting to discuss assumptions regarding slope.

Work continuing.




Minutes from GDP meeting Monday 2nd February

Commenced at: 10am Duration: 1hour
Those present :  Louis Le Pen

Richard Drury

Dr Barton (Supervisor)
Items Discussed:

Formal review meeting.

Reports on work completed over the Christmas vacation.

Actions Resulting and Any Reports Made:

Formal review meeting with 2nd examiner Dr Pitts arranged for 3pm 6th Feb in Dr Barton’s office.
Brief overview of the project written by Louis to be passed on to Dr Pitts by Dr Barton Prior to Friday.
Rendel have responded to the letter and questions faxed to them prior to Christmas, providing the
group with some useful information. a similar letter has been written and posted to Nigel Eglon of

Bartholomew by Louis, which it is hoped he will respond to A.S.A.P.

Richard and Louis both progressing with their parts of the analysis, having spent some considerable
time on their respective tasks over Christmas.

Actions to prepare for Friday and also continue with respective work.

It was also agreed to suspend weckly meetings until after the deadline for MDP projects had passed.




AGENDA GDP FIRST FORMAL REVIEW MEETING
3PM FRIDAY 6TH FEBRUARY 98:

HISTORY OF BARTON-ON-SEA:

Failure history.

Previous consultations.

Measures taken and Effectiveness.
Installation of Mole drains.

Lol A o

INITIAL PROGRESSION/DIRECTION:

1. Site Investigation.

2. Investigation of data supplied by NFDC.

3. Research of further literature.

REALISATION OF NEW PROJECT DIRECTION:

1. Problems with data supplied.

2. New set of objectives.

WORK DONE - ANALYSIS OF DISCHARGE RATES
1. Water Balance study.

2. Slope stability.

WORK INTENDED:

1. Overall Effectiveness of Mole Drains
2. Design of a monitoring system.
3. Recommendations.




Minutes from GDP meeting Monday 9th March

Commenced at: 10am Duration: lhour

Those present :  Louis Le Pen
Dr Barton (Supervisor)

Apologies : Richard Drury (due to other engagement)
Items Discussed:
First Formal review meeting.

Progress.

Actions Resulting and Any Reports Made:

The group members felt that the review meeting had been safisfactory.

Louis reported that the water balance calculations had now progressed to the point of purchasing
maps in order to estimate catchment areas. These maps were examined and how best to make these
estimates was discussed.

Dr Barton agreed that he would try to contact Nigel Eglon of A E. Bartholomew, since despite
numerous messages left and one written request to provide information regarding the installation of
the Mole Drains, there has been no response. It now seems likely that the project will not receive any
input from Bartholomew.

Dr Barton confirmed that the minutes would form an appendix in the final report.
Louis reported that Richard was encountering difficulties with “Slope”, due to code errors in the
universities copy of the program. The package itself being commercially for sale at a prohibitive cost

and with the universities copy having been obtained for free, it did not seem likely that the authors
would provide support to remedy this. The calculation may therefore have to be made by hand.

Minutes from GDP meeting Monday 16th March

Commenced at: 10am Duration: Thour
Those present : Louis Le Pen

Richard Drury

Dr Barton (Supervisor)

Items Discussed:
Slope stability calcs.

Writeup.

Easter vacation availability of project members.

Date for final project presentation.




Actions Resulting and Anv Reports Made:

Richard hand calculating the slope stability analysis.

Draft copy to be prepared for Dr Barton to read on the Friday at the end of the second week of the
Easter vacation.

Group members and Dr Barton confirmed the dates that they would be available over Easter. (at least
3 weeks in all cases).

Several possible dates put forward for presentation exact date to be confirmed.

This to be the last formal meeting before the hand in, though group members and Dr Barton to liase
frequently to agree how best to write up the project.







