IMWA Proceedings 1982 A | © International Mine Water Association 2012 | www.IMWA.info

N

HYDROGEOLOGICAL ASPECTS ASSOCIATED WITH BRITISH
IRONSTONE MINING

by 7.R.C. Aston and S.F. Smith

Department of Mining Engineering
University of Nottingham
Nottingham
U.K.,

ABSTRACT

The paper discusses hydrogeological effects encountered when room and
pillar mining is used on a British ironstone deposit of Jurassic age.
The production cycle, mine geology and localised groundwater system are
discussed and four main sources of water access to the workings identi-
fied. A mechanism of induced micro-fractures superimposed onto an ex-
isting natural network is proposed for conditions where the ironstone
roof beam remains intact. Sipilarily, s seasonal veriation in mine
vater yield has been determined and is related to the overall groundwater
regime. Individual areas of water access to the mine workings are iden-
tified and discussed along with their mode of operational de-watering.
Finally, production hazards and problems caused by water are outlined

in relation to the daily mine operation.

INTRODUCTION

The object of this paper is to examine the hydrogeological aspects of
the underground workings at Santon Ironstone Mine, near Scunthorpe, the
problems encountered and the methods and equipment used to deal with
them.

Two mines, Santon and Dregonby, separated by a large fault existed with-
in the Frodingham ironstone during the 1950's. A plan showing the
location of the Frodinghem orebody is given in Figure 1. The drivage
of a connecting rosdwsy during the late 1960's, resulted in the formation
of one lerge complex known ss Senton Mine. A work force of about 100
men, produced 20,000 tons of ore per week, by room snd pillar methods
on a two shifs loading system. Water pumped from the combined workings
totals 4500 m’ (1 million gsllons) per dsy or 1.6 m? (350 gallons) per
ton of ore. An sdditional 25-30000 tons per week of ore from nearby
opencast workings, supply a total of 50,000 tons per week of iron ore

to the Scunthorpe steel making complex.

Reproduced from best available copy



IMWA Proceedings 1982 A | © International Mine Water Association 2012 | www.IMWA.info

10

PRODUCTION METHODS

The room and pillar method used at Santon, consists of drilling and
blasting 6 x 6 m roome, leaving 15 m square pillars for permanent roof
support. Figure 3 shows the layout of the combined Santon and Dragonby
workings. The square pillar method is favoured to maximise production
rates and minimise vehicle travelling distances when loading out ore.
Trials indicated thst roead heading machines, such as the Dosco 18600,
could be successfully used, but required separate drivages to achieve
a room height of 5-6 m.

Drilling operations in the headings were carried out using a twin-boom
Emico Secona ATH-24 jumbo, which produced 56 holes of 4 m depth at an
average penetration rate of 7m/min. 110 kg of explosives/heading with
instentaneous and % second delayed action electric detonstors, fired in
a burn cut pattern, produced 250 tons of fragmented ore. In each case
firing would occur at the end of the afternocon shift to allow for the
dilution of fumes.

The recently blasted heading would initially be made safe before
loading out, by 'trimming' crews using pneumatic picks and trimming bars
to clear any loose material from the roof and sides. Similarly, any
pieces on the surface of the rock pile too large to travel the conveyor,
would be broken at this stage. Caterpillar 980 load-haul-dump (LHD)
machines would then transport ore from the rock pile to a Hopper/Plate
feeder, where it is fed onto the conveyor system. The LHD machine has

a 4 m3 capacity bucket and is capsble of delivering 550 tons of ore/shift
to the conveyor at speeds of up to 24.km/hr.

The setting of supports within the remaining 2 m thick ironstone roof
beam would complete the production cycle. Support consisted of 19 mm
diameter by 1.5 m long full column resin roof bolts, set at a maximum
spacing of 2 m. Drilling and setting of the roof bolts and holes was
carried out using a Tamrock roof bolting machine.

Two geparate production districts were operated on an 80 hour week,
two ghift system, using identical production cycles. However in the
Dragonby 1 East development ares, conditions were complicated by water
problems.

MINE GEOLOGY

The Frodingham Ironstone comprises alenticular ferruginous bed, vary-
ing in thickness from 2-11 m, which lies within the Lower Lias of the
Jurassic System. The orebody dips eastwards at 1 in 50, Figure 2, and
is overlain by 80 m of variable Jursssic sediment in the Santon area.

A major fault (Figure 3), with a throw of 27 m divides the workings into
the Senton and Dragonby districts. Some smaller faulting is found with-
in the workings, but are restricted to throws of less than 1 m.

The geological sequence overlying the orebody is shown in Figure 4.

Lower Lies with a thickness of 70 m underlies the ironstone. This com-
prises of blue shaley clays interbedded with thin ergillaceous limestone
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bands. Wilson [1], refers to these strata as the Blue Lias Clays. "

Above the ironstone lies a further 45-55 m sequence of clays, also
belonging to the Lower Lias. Mid-way, lies a band of ironstone known
as the Pecten Bed, after the profusion of fossiliferous material found
there. A thin band of sandy ferrugineous limestone, known as the
Marlstone Rock, marks the junction between the Lower and Middle Lias.
The nature of the Marletone Rock varies regionally, with the development
of en economic ironstone horizon, Wilson [1].

The Upper Lias, comprising 13-20 m of shales interbedded with thin
mudstone and limestone bands, rests immedistely upon the Marlstone Rock.
This in turn is overlain by members of the Oolite Series (inferior and
Great) which comprise a variable sequence of sendstones, limestones,
clays etc. The basal member is often known as the Northampton Sends or
Lower Estuarine series and comprises a varisble thickness of frisble
sandstons Wilson [1]., The Inferior Oolite Series contains the aquiferous
Lincolnshire Limestons.

Superficial deposits consiot of a limey sandstone (known as the Cornbrash)
which in turn is overlain by a cover of sand end sendy soil,

Minerslogically the frodingham ironstone compriseés two distinet Lypes,
Whittaker (2);

1. A elay ironstone, containing limonitic oolithe in a clay maetrix,
vith essocieted eiderite and chamosite.

2. A limey ironstone, containing limonitic ooliths in @ sideritic
limestone.

Pyrite in the form of nodules is also encountered within the orebody.
THE OCCURRENCE OF MINE WATER

A daily total of 4500 m? of water is pumped from the combined Santon
and Dragonby workings. Close examination reveals that although water
occurs throughout most of the mine, its method of entry is restricted
to four main sources. These are listed below and discussed separately
in further detail:

1. The Entrence Portsl.
2. Near Portal Feeders
3. Faults and Fissures
4. Roof Instability

1. The Entrance Portal

This water flows directly through the entrance portal from surface, along
the access road and via rosdside channels to the workings. Its origin
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is principally runoff from the localised portal surface catchment, but
with a base component supplied by the superficial and near surface
geology. The quantity varies with both rainfall and season, but measure-
ments reveal 130-320 litres/min (30-70 gpm) entering during the summer
months . ’

2. Near Portal Feeders

Along both sides of the access road from the portal towards the workings,
for 8 distance of 200-300 m, numerous small feeders can be seen issuing
from the roadwey sides. The number of feeders decreases with increasing
depth. Measurements indicate between 90-180 litres/min (20-40 gpm) is
made by the sum of these feeders, although the quantity again varies
with rainfall and season. The origin of the feeders is thought to be

an aquifer horizon which is recharged by direct surface rainfall-runoff.
Since a base component exists even during prolonged dry spells.

A combination of meesurementes and experience indicates that the combined
water make from the portal and near portal feeders seldom exceeds a
total of 900 litres/min (200 gpm).

3. Faults and Fissures

In general, roof conditions are extremely good and few faults or joints
have been intercepted. However, water has been encountered in small
quantities throughout the workings and enters in two main ways.

(a) Where workings intersect a fault, small feeders or droppers are
usually associated. Three significant occurrences of this type have
occurred in the Dragonby 1 East and 2 West districts and the Main Fault
drivege. In each caee the initial maximum flow decreased with time
either to zero or a residual yield. Quantities ranged from 200-900
litres/min (50-200 gpm).

(b) The formation of rooms by blasting can result in the formation or
aggrevation of the micro-fracture matrix within the overlying ironstone
roof beam. This allows the interception of water flowing through the
overlying strata, with the resulting formstion of small feeders or
droppers, which may or may not decrease with time. Water from this
source was encountered in sufficient quentities in the Dragonby 1 East
5 South districts to cause production difficulties.

4. Roof Instability

In some areas of the workings, instability problems have led to the
collapse of the ironstone roof beam. This has led to the formation
of ‘chimney' structures, which may or may not migrate upwards, due to

the gradual in situ failure of the overlying strata Figure 4, Whittaker
[2].

The interception of an aquifer horizon by a migrating void, can result
in the direct access of water to the workings, along with accumulations
of washed out material. Similaerly, liquifaction of the relatively
unconsolidated plug material can result in a mud flow. Both of these

occurrences have been recorded in the Santon 3 West and Dragonby 1 West
districts.
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The near surface proximity of a void results in the formation of a
surface sink hole, which can vary in size up to 30 m in depth and dia-
meter. However, the nature of the sub-surface conditions dictate
whether or not it becomes filled with water. In some cases, the Lower
Liae clays have formed impermesble plugs, which ragtric@ wvater flow to
the workings, but allow the surface sink hole to fill with water.

SEASONAL VARIATION IN WATER QUANTITY

A seasonal variation in the quantity of water entering the mine has
always been recorded in the Santon workings. While, in the Dragonby
workings, the quentity has remained remarkedly consistent except for
the cummulative increase due to new production areas. ’

In the Santon workings, measurements indicate an average pumping rate
of 2700 m°/day (560,000 gpd) during the months April ta November.

During the winter mgnths December to March, the average pumping rate
increeses to 6000 m”/day (1,300,000 gpd). Twice as much water is there-
fore pumped from the Santon workings during the winter months than the
summer, In the Dragonby workings a consistent average pumping rate of
1700 m3/day (375,000 gpd) is mainteined throughout the year.

Figure 6. shows the annual average rainfall figures (in millimetres) for
the period 1941-70 at the Meteorolgical office rainfall station - West
Butterwick (NGR SE 835065). The high July and August rainfall figures
are due to summer thunderstorms which effect the region and produce
intense reinfall of short duration. Also shown on Figure 6 is the annual

average Soil Mixture Deficit (SMD) values for the area in millimetres.

The SMD value is a measure of the amount of moisture usually rainfall,
which is required to return the soil to a seturated condition., A

value of zero is usually present during winter (soil saturation). During
spring the value rises, reaching s summer/asutumn maximum (up to 150 mm),
which vith the onset of autumn rains returns gradually to zero. A

zero SMD value indicates sufficient moisture available for soil infil-
tration, groundwater percolation and aquifer recharge. Therefore,
throughout the summer all rainfell is either returned to the atmosphere
by evapotranspiration or used to redress the SMD balance. ODuring winter,
rainfall is available for recharging underlying aquifers, which in turn
will have an increased volume of water to discharge to the workings.
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GROUNDWATER HYDROLOGY

The methods by which water enters the workings have already been described.
However, it is important to attempt to identify the aquxfer horxzqns ]

from which water might be flowing, as well as the mechanism by which it
enters the workings.

The principal squifers which lie within the Oolite series are the
Lincolnshire Limestone and Northampton Sands. Both are excellent sources
of water supply and can yield many tens of cubic metres (thousands of
gallons) per hour. In addition, the general sequences of the Inferior
Oolite have been recorded by Downing et al [3] as yielding 1-2 m’/hr
(200-400 gph) to wells and boreholes.

The Upper and Lowver Liaw, normally considered impermeable have slso been
recorded, Downing et al [3], as ylelding 1-4 m’/hr (200-800 gph) to wells
and boreholes. However, it should be noted that minor aguifers in the
Lover Lias below the Frodingham Ironstone awi known as the Hydraulic Lime-
stones, Wilson{l], are also included in Lhe upper range of thesr values.
Above the Ironstone, the Marlstone Rock is recorded, Dowiaog et i {3},
as yielding tens of m3/hr, where flow is primarily via recharge along
numerous fissure systems which traverse the rock.

A regional groundwater flow regime exists which trends eastwards. Aqui-
fer recharge will occur st outcrop or via infiltration through superfi-
cial deposits. Vertical movement of groundwater will also occur between
aquifers and aquitards. The presence of natural discontinuities within
each stratagraphic sequence, will act as focal points for the collection
and transmission of water, both laterally and vertically.

I@ is therefore considered that flow to the mine is principally by
fissure-fracture networke within the overlying strata, rather then inter-
granular transmiseion between adjacent rock types. The extraction method
results in the formation of induced fracture/fissure networks, which

are Lhen superimposed onto the existing natural flow network and allows
vater to enter the workings.
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OPERATIONAL DE-WATERING

A schematic plan showing the system by which water is removed from the
various mine districts is shown in Figure 7. It consists of a series
of sumps and pipe ranges which collect and carry the water to one of two
centralised storage resservoirs, from where it is pumped to surface by
means of lined boreholes. At surface it is discharged directly to local
vater courses.

The collection system can be divided into two main parts:-
1. The Santon Main Reservoir

2. The Dragonby Main Reservoir

1. The Senton Main Reservoir

This was formed by damming the Santon 2 East district. Water is collec-
ted from five main sites within the workings and pumped to surface

using two Mather and Platt 2.3 m/min (500 gpm) pumps. The five sites
are listed below and dealt with separstely.

(a) The Entrance Portal
(b) Santon 1 West District
(c) Santon 3 West District
(d) The Main Fault

(e) Dragonby 1 West District

(a) The Entrance Portal

Water from both the portal and near portal feeders is allowed to flow
via open channels at the roadside until it is collected by an open sump.
It is then discharged by means of a B 80 pump and suitable pipe range

to the Santon 1 West district, from where it is allowed to gravitate via
open channels to a large sump in the 2 West district. A Bi50 pump is
then uged to discharge it via pipe ranges to the Santon Main Reservoir.

(b) Santon 1 West District

This water originates from throughout the Santon 1 West and 2 West dis-
tricts from small feeders and roof droppers. In certain areas, contamin-
ation by a phenolic substance, possibly from nearby slag heaps, suggests
a close rainfall re-charge mechanism. The water is allowed to gravitate
through the districts via open channels to the large sump in the 2 West
district, from where it is pumped to the Santon Main Reservoir.

(c¢) Senton 3 West District
This water is associated solely with the bad roof conditions and sink
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hole structures found in the district. 1t is collected behind_damd
off areas and allowed to gravitate to the Santon Main Reservoir, by
means of pipe ranges.

(d) The Main Fault

A feeder with a yield of about 220 litres/min (50 gpm) has been associated
with this fault for meny years. The water is collected by an open sump
and then allowed to gravitate by pipe ranges to the Santon Main

Reservoir.

(e) Dragonby 1 West District

Weter from this district originates primerily from the bad roof condi-
tions and sink hole structures, which are thought to have tapped over-
lying aquifer horizons. The yield is allowed to gravitate across the
Dragonby 1 West District via open channels, until it is collected with-
in a large natural hollow in the Oragonby 29 West Road. A B8O pump
then discharges it via pipe ranges to the Main fault, after which it is
allowed to gravitate vis pipes to the Santon Main Reservoir.

2. The Dragonby Main Reservoir

This was formed by damming 8 centralised section of the Dragonby 1 East
district, see Figure 7. Water is collected from three main sites within
the workings and pumped to the surface using two Mether and Platt

4.6 m3/min (1000 gpm) pumps. The three sites are listed below and
mentioned separately.

(a) Dragonby 2 East District

(b) Oragonby 2 West District Fault

\

(c) Dragonby 1 tast and 5 South Districts,

(a) Dragonby 2 East District

Ungtable roof conditions and the formation of sink hole structures have
led to the occurrence of water on this district. Water from the affected
asrea is collected and fed to the 3 N district via a horizontal borehole,
which allows it to gravitate vis open channels to a sump. A B8O pump
then discharges it via pipe ranges to the Dragonby Main Reservoir.

(b) Dragonby 2 West District Fault

A feeder with a yield of sbout 220 litres/min (50 gpm) has been assoc-
iated with this amall fault (throw < ) metre) for several yeers. The
water is allowed to gravitate vie open channels to a sump in the
Dragonby & North district, where it is then discharged to the Dragonby
Main Reservoir by a B150 pump.
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(c) Dragonby 1 Esst and 5 South Districts

The workings run almost parallel to the dip of the orebody. All water

will therefore collect in the lowest workings, unless previously inter-
cepted. It was found that many of the 1 East and 5 South headings
produced sufficient water to hinder production, but insufficient to warrant
the installation of elaborate disposal facilities. Most of the water
entered via small roof feeders or droppers assoeciated with natural or
induced micro-fracturing of the ironstone roof beam.

To overcome this problem, small portable Ingersol-Rand Pneumatic pumps
were installed within the headings and the resultant water discharged
via natural channels and pipes to a sump at the point of lowest working.
A B150 pump, then discharges the water to a 1 East District, sump, from
which it could be subsequently pumped to the Dragonby Main Reserveir
using a Mather and Platt 2.3 m3/min (500 gpm) pump.

PRODUCTION HAZARDS AND PROBLEMS

In general, the water entering the workings only constitutes a nuisance
to everyday working conditions, rather than a controlling factor on
production or as a potential hazard to the work force or mine life.

The hazards and effects of the water on mining can be summarised in three
sections which are listed and mentioned below:

(a) Mud
(b) De-watering Procedures

(c) Sink Holes

(a) Mud

Few of the headings made sufficient water from the small feeders or
droppers to cause more than a nuisance. However, the cumulative effect
of these combined with water flowing across floors and along open chann-
els, sometimes resulted in headings and roadways becoming water logged
and muddy. This in turn made travelling unpleasant and at times diffi-
cult for both men and machines. A further consequence, is the need to
construct main roadways out of hard materials such as concrete, where
persistent use would ultimately render passage impossible.

The formation and deposition of mud and silt in channels and pipes,
results in the need for periodic cleaning and flushing of sumps and
reservoir valves.

(b) De-watering Procedures

The long term planning of new districts and there projected water yields
is essential. This can be undertaken by the collection of records and
detailed study of existing water occurrences. Optimum use should be
made of existing reservoirs with provision for their extension and the
construction of nev ones. The extension of existing pipe ranges, the
construction of new ones and disposal of water by natural drainage
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systems must also be considered. Finally, adequate pumping capacity
should be envisaged at all times.

(c) Sink Holes

These constitute a special hazard, even though restricted to specific
areas of the mine. Adequate provision must be made to allow drainage
of these areas, even though the expected yield will fluctuate given a
change in existing conditions or the formation of a new hole.

Mud flows have been recorded from these areas and need particular
attention. The provision of retaining walls to prevent a mud flow
from entering a working district or access road is essential. However,
adequate drainage must be provided from the area both prior to and
after such an event.

In summary, the drainage facilities must be sufficient to confine a
mud flow should it occur, allow adequate drainage and remain suffic-
iently accessible for regular inspection and cleaning.

CONCLUSION

The mine water has been identified as originating from aquifer horizons
contained within the overlying Lias and Oclite series. However, whether
the yield is fed directly from aquifers or by a more complex rainfall-
recharge - discharge process is still a matter of speculation. A
mechanism of natural and induced micro-fracture networks is put forward
as the means by which water primarily penetrates the ironstone roof beam.
Similarly the access points within the workings have been identified

and the system of mine de-watering outlined.

Finally, it is considered that had sufficient time been available,
further studies on the seasonal variations in flow could have been
undertaken. Similarly, the initiation of geochemical surveys could
have identified the horizon of water yield, as well as its original
source.
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