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Devil's Dingle ash disposal works dam

Le barrage de dépôt de cendres à Devil's Dingle
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SYNOPSIS The paper describes the geotechnical aspects of the design, construction and
performance of a 66m high earth fill embankment dam at Devils Dingle near Ironbridge, Shropshire, 
U.K. The dam is located across a steep-sided valley formed in weathered mudstone. Extensive 
landslipping has occurred in the valley and this necessitated the adoption of residual shear 
strength parameters in design stability analyses, which in consequence led to a shallow overall 
downstream slope for the embankment. Observations made of dam and foundation behaviour are com
pared with expected performance.

INTRODUCTION

The dam is part of a scheme for the disposal of 
pulverised fuel ash (p.f.a.)from the 1,000 MW 
Ironbridge 'B' coal-fired power station. The 
structure, constructed mainly of p.f.a, is built 
across the lower end of a valley (dingle)(Fig.U 
As an impounding reservoir the dam is subject to 
the Reservoirs (Safety Provisions) Act 1930.
The dam was raised in stages to keep ahead of 
the ash disposal and, on completion, reached a 
height of approximately 66m with a crest length 
of 570m. Some 250,000 tonnes of ash were dis
posed of per annum and in total approximately 3 
million tonnes of ash were placed in the embank
ment and another 2 million tonnes in the lagoon. 
Ash arrived at Devils Dingle in two ways. Condi
tioned ash having a moisture content of about 
23% was delivered by truck for use in embankment 
construction. The remainder of the ash was 
slurried and delivered to the lagoon by pipelina 
Construction of the dam was carried out between 
1967 and 1983. The layout of the scheme is 
shown in Fig. 2.

GEOLOGY AND GEOMORPHOLOGY

The site is mainly underlain by the Hughley 
Shale of Lower Silurian (Upper Llandovery) age. 
This is a heavily overconsolidated fissured 
argillaceous deposit mainly comprising 'mudstone' 
but with occasional thin bands of calcareous 
siltstone or sandstone. Following exposure of 
the deposit during excavation prior to the start 
of dam construction the lithology and structure 
were studied (Cocks and Walton, 1968). The 
position of a normal fault was noted along the 
eastern stream of Devils Dingle having a throw 
of at least 18m and smaller scale faulting 
trending WNW-ESE was also observed. The bedding 
of the material revealed in the excavation 
showed a variety of dips, the material having 
been affected not only by structural disturbance 
but also landslipping. Dips of up to 12° were 
noted trending down the west valley.

The site lies in an area which has been affected 
by both glacial and periglacial conditions 
which have resulted in deep weathering of the 
mudstone. As a consequence of the glacial 
effects and the oversteepening of valley sides 
due to downcutting of the streams extensive 
landslipping has occurred in the area. A well 
documented case is the Jackfield slide near 
Ironbridge (Henkel and Skempton 1955).

The Devils Dingle site straddles the confluence
of two small streams flowing down to the River
Severn in valleys having side slopes of up to
40° and bed slopes of about 8° (Fig. 1).

SITE INVESTIGATION

Twenty seven boreholes were sunk in 1964 to 
investigate the feasibility of developing Devils. 
Dingle for the ash disposal scheme. The bore
holes encountered up to 6m of soft to stiff 
silty clay overlying the weathered Hughley 
Shale. Based on the borehole information, the 
results of laboratory tests, site reconnai
ssance and desk studies it was considered that 
the site, although far from ideal from geotech
nical considerations, could be developed for 
the proposed ash disposal scheme.

Additional information was obtained on three 
subsequent occasions. In 1975 undisturbed 
samples of the weathered mudstone were taken 
from the borrow area and in 1978 and in 1980 
the installation of additional instrumentation 
provided the opportunity to take further sam
ples for testing. Altogether a total of 40 
boreholes were sunk. The maximum depth of 
borehole into natural ground was 28m.

Laboratory tests were carried out on samples of 
the weathered mudstone and the results are 
summarised in Table I together with the design 
parameters adocted. Because of the evidence 
for extensive landslipping on the site reversal

1253



3 /C /7

, 150: 

: 100-

CREST LEVEL + 124.3 m. A.O.D. CROSS-SECTION

Fig.l Location and contour plan of the 
disposal works Bite

Fig. 2 Plan showing the disposal works

TABLE I

Soil parameters for in-situ weathered mudstone

Laboratory _ . _ 
Test Results e,1̂ n 

(Range) Values

Natural Moisture Content(%) 10 to 34 -
32 to 69 
17 to 29 
15 to 40 

1800 to 2250 
19 to >26 

13.5 to 17.5 14 
0 to 44 
0 to 51 0 

:o 3.4x10-4 9x10-5 
5 to 2.95x10"7 1.8xl0-7

Liquid Limit(%)
Plastic Limit(%) 
Plasticity Index(%)
Bulk Density (kg/m3)
0' peak (degrees)
0' residual (degrees) 
c' peak (kPa) 
c1 residual (kPa)

(kPal-1 7x10-5
(m2/sec) 3,. 81x1,0"

"kr
cv

shear box tests were carried out to determine 
drained residual shear strength parameters and 
shear strengths on bedding planes.

The design value of drained residual strength 
assumed initially (1964) was 15°. This was 
changed to 14° following a review of additional 
test data obtained during construction.

DESIGN CONSIDERATIONS

The main factors governing the design of the dam 
were the need to ensure at all stages of con
struction and lagooning:

o stability of the structure 
o adequate height of the embankment to allow 

uninterrupted disposal of slurried p.f.a. 
o safe disposal of the p.f.a. and of the super

natant water from the lagoons without causing 
environmental pollution, 

o maximum use of conditions p.f.a. for the 
construction of the dam. 

o aesthetic acceptability.

The above factors related to the founding condi
tions for the dam led to the design which is 
shown in Figs. 2 and 3.

A compacted clay embankment with drainage layers 
and upslope rockfill berm were required for the 
initial lagooning prior to the conditioned ash 
becoming available. The main body of the dam is 
composed of compacted p.f.a. with a rockfill 
berm at the downstream toe. The upstream face 
of the dam above the clay embankment was sealed 
by a 3.5m thick clay blanket which was protec- 
tec from wave erosion by a layer of coarse 
gravel and rockfill.

A vertical chimney drain was provided downstrean 
of the final crest line of the embankment, 
connecting with a drainage blanket under the 
whole of the downstream shoulder. Two rows of 
100mm diameter drainage wells were also insta
lled under the downstream shoulder.

The spillway and supernatant water outlet works 
were combined in the form of a vertical con
crete tower of 4.6m diameter. The water dis
charged into a pipe laid in a 2.5m high culvert 
under the dam, which led to settling tanks 
where "floaters" (ie. the buoyant ash fraction) 
were removed in order to ensure satisfactory 
quality of water returned to the river.
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The site is in close proximity to the village of 
Buildwas (Fig. 1). For environmental protection 
temporary ash surfaces were water sprayed 
against dust blow, and final surfaces were land
scaped, soiled and sown.

GEOTECHNICAL DESIGN

Embankment Construction Materials

Test results and design values are given in 
Table II.

TABLE II

Soil parameters for compacted p.. f. a. and clay fill

P.F.A. CLAY

Laboratory 
Test Results 

(Range)

Design
Values

Design
Values

0'(degrees) 36 to 39 33 20
c' (kPa) 0 to 63 0 10
Buü'c density 
(kg/m3) 1570 to 1810 1630 2160
Moisture
Content (%) 21 to 30 
Specific
Gravity 2.57 
Coefficient of 
Permeability (m/s) 4xlO-7 2xl0"l°
cv (m'/sec) 0.88 to 7.1x10 ' 1.2xlO-7
mv (kPa)”l 
Opt m.c (%) 21 to 26 21

1.9xlO-4 
16

Max dry density 
(kg/m3) 1370 to 1440 1400 1800

For construction of the rolled clay embankment 
the weathered mudstone existing on site was 
found to be suitable and borrowing upstream 
increased the volume of the lagoon.

Local limestone was used for the rockfill bunds 
and drainage zones. Furnace bottom ash (f.b.a.), 
from the power station, formed the filter 
between p.f.a. and drainage stone. Gradings of 
materials are shown in Fig. 4.

[CL | SILT I SAND I GRAVEL 1 C I B | 

Fig. 4 Gradings of construction materials

Design analyses

The dam was designed against partial drawdown 
of the lagoon, and against sliding on the found
ation or deeper seated instability, both for 
the whole embankment section and for the down
stream part only. The design allowed for earth
quake intensities predicted for a 75 to 100 year 
return period (a=0.05g).

The initial design was reassessed regularly 
throughout construction taking into account both 
the additional information obtained from the 
results of new laboratory testing and also the 
results of monitoring. Information obtained 
from boreholes sunk in 197 8 and 1980 for addi
tional instrumentation revealed evidence showing 
a wider extent of pre-existing slip surfaces in 
the foundation mudstone beneath the dam. Follo
wing comprehensive reanalysis of stability using 
Sarma (1973) and the revised 0' of 14° the 
embankment profile was subsequently modified 
with the design final crest being relocated up
stream and more p.f.a. placed at the lower part 
of the embankment. A factor of safety for the 
critical end of construction condition of 1.3 
was demonstrated. For the upstream slope rapid 
drawdown was the most critical condition. To 
achieve the design factor of safety of 1.25 a 1 
in 3 profile was adopted. The original and 
revised final embankment profiles are shown in 
Fig. 3.

Foundation preparation

Excavation was carried out prior to construction 
to remove unsuitable clay and other material 
from the site of the dam. Shallow slips which 
were evident on the valley sides were stabilized 
by means of trench drains.

INSTRUMENTATION AND MONITORING

The instrumentation consisted of 26 hydraulic 
piezometers, 16 pneumatic piezometers, 4 stand
pipe piezometers, 4 observation wells, 7 incli
nometers and 2 settlement gauges (magnetic 
probe borehole extensometers). The instrumenta
tion is shown in Figs. 2 and 3. All instruments 
were monitored regularly on a monthly basis.

The following were also recorded: daily rainfall; 
seepage flow weekly; culvert invert levels 
periodically; tops of inclinometer tubes, posi
tions and levels periodically.

PERFORMANCE

Pore water pressure
Fig. 5 shows typical piezometric levels.
At shallow depth in the upstream side of the 
clay embankment beneath the lagoon piezometric
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levels closely followed lagoon water levels.
(eg B12 and B18). Water head loss of about 15m 
occurs through the upstream clay blanket (eg B13 
installed within the clay blanket). All piezo
meters installed within the pf. a. embankment 
remained dry indicating that the drainage mea
sures performed satisfactorily. The foundation 
piezometers indicated that the piezometric level 
remained at least 0.9m below the bottom of the 
drainage blanket, and there were no excess pore 
pressures.

Embankment movement

No untoward movement has been observed.

Seepage

The yearly average seepage flows through the 
drainage blanket are shown in Fig. 8 together 
with the annual rainfall and lagoon water level. 
The total average seepage flow is about 1.6X10"5 
m3/s compared with an estimated flow from the 
lagoon into the drainage blanket of lxlO-6 m3/s 
(assuming a high permeability for the clay fac
ing of 10-8 m/s). The flow discrepancy is pro
bably mainly due to seepage from the valley 
sides. Fig. 8 also shows typical weekly seepage 
flows and the corresponding rainfall and lagoon 
water levels. Two brine tracer tests of the 
drainage blanket showed good hydraulic continuity 
and coefficients of permeability of 2xlO-3 and 
4xlO-2 m/sec.

Fig. 6 Recorded and calculated downslope 
deformation

The deflection profile at the end of construc
tion for a typical inclinometer (W8) is shown 
in Fig. 6 compared with the profile on instal
lation. The total downslope deformation, i.e. 
the difference between these profiles, is also 
shown together with the results of analyses 
made on the basis of an incremental simple 
shear elastic model. This indicates deforma
tion moduli (E) for the mudstone and weathered 
mudstone of 60,000 and 12,000 kPa, respectively, 
and of the order of 50,000 kPa for the p.f.a., 
all within the ranges expected.

Over three years the tops of the inclinometer 
tubes were precisely surveyed by the Building 
Research Establishment .to check whether the 
lower parts of the tubes which were installed 
to a minimum depth of 7m into mudstone were 
stable. The maximum observed movement of the 
top of an inclinometer tube was 21mm. The sur
vey results and the concurrent inclinometer 
readings confirmed base stability.

A.aC. DISCHARGE POINTS

Fig.8 Seepage flow observations

CONCLUSIONS

The dam was constructed successfully on a stee
ply sloping weak foundation. Design modifica
tions were made in response to monitoring 
throughout construction. Discharge measurements 
and tests of the blanket drain show its contin
ued effectiveness. F.b.a. is an effective 
filter between p.f.a. and drainage stone. Pie
zometers show substantial head loss through the 
clay facing. No excess pore pressures occurred 
in the embankment p.f.a. and no seepage down
stream of the chimney drain. Excess pore pre
ssures were not recorded in the foundation 
mudstone presumably because of the slow rate of 
construction. Consequently further settlements 
are expected to be small.
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Fig. 7 Settlement of outfall culvert.

Fig. 7 shows culvert settlement at the end of 
construction with fill height, and a time plot 
for Bay 30, beneath the crest. Under 47m of 
fill settlement was 244mm. Back calculation 
gives mv for foundation mudstone of 4xl0-5 (kP̂ ~ 
compared with the design value of 9xlO”5 (kPa)-!'
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