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SUMMARY

I1UrOdudion
This report is the result ofa MSc-thesis for the Wageningen Agricultural University. Thethesis was undertaken
within theframework of the Irish-Dutch Peatland Geohydrology and Ecology Study. The aim of the research
program is to develop appropriate procedures conceming conservation and management of two Irish raised
bogs, Clara Bog and Raheenmore Bog. Both'bogs are relatively well-developed and intactand situated in the
Irish Midlands. On Clara Bog three soaks occur, which make it a special raised bog. This thesis gives an
overview of theregional hydrogeology of Clara Bogand surroundings. Special attention ispaid tosoak-systems.

GeoIor3
The Clara Bog region is dominated by (Pleistocene) glacial deposits and Holocene bog development
Geomorphologically, the Clara Bog region is characterised by the hilly topography of eskers in the nonh
northeast and an undulating to hillytill-area in the west-southwest. A large pan of the bog-area is underlain
with tilL The till in the Clara Bog region varies texturally from clayey loam to gravelly tilL Thepeatformation
started with the growth of fenpeat. Fenpeat accumulates under eutrophic circumstances. Sphagnum peat is a
younger peat form which usually covers the[enpeat. It mainly consists out Of Sphagnum species which are
associated with an ombrotrophic situation.

Five hydrogeological cross-sections arecompiled to increase insight in the geological framework of the whole
Clara Bogregion. Some simplification hadto bemade. The profiles showvery clearly that Clara Bogisformed
in a limestone depression and that several mounds at and near the bogoccur. In most of cases the mounds
consist of clayey till. The glacial deposits are covered with a blanket of lacustrine clay, which fills in the
depressions. The[enpeat has almost everywhere a thickness of ca. 4 m, except at the cut-away areas.

Raised bogs
The current raised bogdevelopment started some 10.000 years ago, afterthe lastglaciation. Sphagnum species
are very important for raised bogs as they sustain the bog, draw up water, keep the surface wetand make the
soil moreacid.
Clara bogis famous for hersoaks. Soaks areareas with a minerotrophic vegetation in an ombrotrophic bog
environment. The three soaks On Clara Bogaredifferent from each other which canbe seen in the vegetation.
A raised bogis mostlyconfined byeutrophic fen vegetation, as it is the contact-zone of the acid, nutrient poor,
peatwater and the basic, nutrient-rich (mineral) groundwater. This is called the lagg zone.

Hydrologically two layers (acrotelm andcatotelm) can bedistinguished in a raised bog. The acrotelm is a thin,
panty saturated, surface layer of living vegetation. The catotelm is the layer where thepeat is conserved in a
waterlogged situation. The acrotelm protects the catotelm, which can be subsequently destrayed by oxidation,
if it is exposed and allowed to dry out. The permeability of thepeat increases significantly towards the surface.
Thepermeability in the acrotelm is about 25-1000 mlday and of the catotelm about U!3 mtday.
Drainage andcultivation ofpeal soils induces irreversible changes in thephysical andchemical characteristics.
It is obvious that due to the intensive drainage the Sphagnum carpet (acrotelm) is the first layer that will
disappear, and consequently peat development will stop. With the destruction of the acrotelm the catotelm is
exposed to the atmosphere and the bogis degraded to dry heatherland.

The excess rainfall on Irish raised bogs is about350mmtyear. Mostof the excess (230 mm!year) runsthrough
the acrotelm towards the drains near the bog-margins. The surface runoff is relatively small. From the 80
mm!year which is estimated to flow through the catotelm, about half of the amount flows to the mineral
subsoil and another half to the margins.

Hydrology
Two aquifers are distinguished in the Clara Bog Region. The first aquifer is the top-layer of the peat (in
undisturbed, naturalsituation: the acrotelm). The second aquifer comprises the limestone, the eskerand the
(f/uvio-glacial) gravelly-sandy layer direct upon the bedrock.. This aquifer has a hydraulic conductivity varying
from 10to 100 mlday. The clayey till, the lacustrine clay and the catotelm act as confining layers.
The drains have strong effects on thefirst aquifer and in somecases alsoon the second aquifer. Some gravelly
till mounds and the eskerseem to be recharge areas for the second aquifer.
The mean difference in hydraulic heads between the first and second aquifer on the bog is some -3 m; this
implies downwards seepage. Only nearthe Bogroad a positive difference is found, which means that upward
flow prevails.
The phreatic watertable in the acrotelm changes some 0.1 - O.3m, during theyear. The hydraulic headsin the
catotelm show the same (a bit flattened) pattern.

.-" "'1
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TheClara Bog Region is, viaa smalldrainage system, drained bytheRiver Brosna and the Silver River. Most
of the surface water flows to the Silver River. The discharge-pattern in the drains alongthe Bogroad and the
Deep drain coincides with theprecipitation-pattem. Most ofthe rainfall discharges quickly from the bog-area
to the drains along the Bogroad.

SUMMARY

Temperatun
Temperature measurements were carried out to investigate if there is vertical water and associated nutrient
transport in or nearby the soaks on Clara Bog. The temperature prOfile has been measured in boreholes and
cobra-drillings near and at the bog and piezometers on the bog. The temperature was determined in the
beginning ofApril andat theend ofJune 1992, bylowering a resistance thermometer in the tube. Thedataare
put into isothermic transects and in graphs with temperature and temperature gradient against depth. The
results didnotgive anyevidence for upward flow nearthesoaks. Seasonal influences can recognized very well.
There seems to be no correlation between the different types ofpeat and hea_t_c_o_nd_U_C_tiv_ity~. ~-_- . ~I-

---HjdiOiJiiiiiiii
Two kinds of hydrochemical data have been used; the electric conductivity (EC) and the hydrochemical
composition of water.
In 1992 three hydrochemical sampling sessions took place ie. in March, June and September. The ionic
balance-error is usedasa measure for the usefulness of theanalysis. In thisreport twice the marge, according
to the literature, is used. With this marge 7 % of the March samples and49 % of the September samples are
useful: For June the percentage is 95 %. This is the result of the estimation of the HCOj--conceneation; as
it was not analyzed in June. The high percentage was one of the reasons to use only the June samples for
interpretation.
The Van Wudum procedure, Stiff_diagrams, Stuyfzand classification and pH- and EC-values were used to
interpret theJune-samples. The mineral groundwater haspH-ranges of about 6-8 and an EC of 300 - 700
Slcm and can be characterized as a rather hard CaHCOj watertype. The till-samples show the greatest

influences of the lithology and the gravel-samples the smallest.
The surface water is in general of the moderate hardCaHCOj watertype with a pH Ofabout 7/8and an EC
of about 300-400 Skm. The rivers showmost lithological influence. The drain west of the Bogroad has a
much lower EC (145 Skm] -. It can also be seen in the drains- along the Bogroad, the Deep drain and the
Silver River that, when the waterlevel is rising the EC decreases. The River Brosna does not show this
behaviour. Therefore it is likely that this river is less dependent on bogwater than the SilverRiver.
The precipitation, which has a very low content of ions, is of the soft CaSO4 type and has a pH of 5.5 and
EC of 35 Skm: Two bogwater types can now be diitinguished. In the shallow filters a soft NaCl/CaCI type
occurs with a pH of 4-5.5 and an EC of aboUl 80 Skm (real bogwater}. In the deeper bOgfilters a
soft/moderate hard CaHCOj-type is present with an' pH of 5/6 and an EC of 100-499 Skm (more or less
influenced by mineral groundwater) TheStiff-configuration of the deeper filters in the bog have the same
configuration as the surface water and the mineral groundwater, bUl with much lowerconcentrations. In most
cases the allbutonedeepest tubes havethe most pronounced features of a minerotrophic watertype. On Clara
east; site II9 is as a whole strongly influenced by minerotrophic water.

SynIbesis
The regional hydrogeology of the Clara Bog Region is characterized by two aquifers, separated by series of
confining layers. The current hydraulic heads show a downward seepage on the bog. This seepage willbe very
small because of the large hydraulic resistance of the confined layers. The downward seepage seems to
contradict with the occurrence of CaHCOj watertype in the lower layers of the Sphagnum peat.

Twomechanisms arepostulated to have contributed to theoccurrence of a minimal watertype and associated
development of a soak system:
I} The escape ofminerotrophic water from below a closing peat nlat.
2} The removal of minerotrophic water from thepores of the lower fenpeat layers, because ofcompaction

as a result of the overlying load of Sphagnum peat.
Mechanism 1 stopped about5000-300 years BC, whereas mechanism 2 willstop as the peat, which contains
minerotrophic water, cannotbe compacted anymore or because of a non-increasing load.

•
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RecommendaJions
In general a good data management is recommended. This will improve the integration of the several
disciplines. More attention for the regional hydrogeology isdesirable. The quality of the chemistry datashould
be improved: Furthermore hydrochemical bog-samples outside the soak-areas are needed to know which
difference prevail between the soaks and the remaining ordinary bog. More knowledge about the age of the
water in the bog is necessary. Calculations 10 investigate the hypothesis around the soak-systems are also
necessary.
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1.1. Irish-Dulda PrDl10nd Study

This MSc-thesis for the Wageningen Agricultural University, is undertaken within the framework of the Irish
Dutch Peatland Geohydrololff and EcolOlff Study. It is a multidisiplinair project which was initiated in
September 1989and will lasttill theSummer of 1993. The Irish Nature Reserves Clara Bogand Raheenmore
Bog, owned by Wlldlife Service (pan of the Office of Public Works), are the subjects of the Irish-Dutch
Peatland Study. They both have a relative well-developed and intact raised bog-system.
A raised bog generally is a dome-shaped' mass of peat centred in 'depressions of former lake basins. The
vegetation on the bogonly depends on precipitation for theirnutrients. In this situation a paucity of species
occurs. Bogmosses, sedges and ericaceous shrubs make up the low-growing open community. Nowadays intact
raised bogs arerare in North-west Europe. But, there wasa time when at large pans of thisregion, raised bogs
were present (Scandinavia, North-west Germany, The Netherlands, Britain;Scotland and Ireland). Originally,
17 % of the Irish landsurface wascovered inpeatland (1.1 m hal, of which 317.000 ha (5 % of Ireland) was
composed ofraised bogs. This isproportionally marethan anyothercountry in the world, except Finland and
Canada. Peatland has long been regarded as wasteland suitable onlyfor rough grazing or for cheap, but hard
won fuel: A piece of peat; cut for fue~ is called turf. The primary use of bogs has been for fuel and very
extensive areas havebeen cutaway byhand WIth theestablishment of Bard na Mona (the Irish PeatAuthority
Development) in 1946, cutting became highly mechanised. Cross (1989) stated that at the present rate of
decline, no really we~ mare orless intact bogeastofthe Shannon will exist in three years, (except for three bogs
which arepantyprotected) andthose west ofthe Shannon willhavegone by1997. Due10 turf-cutting, drainage
and afforestation only 21.000 ha, 7 % of the[ormer raised bogarea, is suitable for conservation. In fact all
domed mires on the island suffered from some drainage and excavation at their margins. In the Netherlands
most of the raised bogs have been cutaway and onlysome small relics are left.

Reasonsfor conserving peatlandare:, ':'.
Peatlands areessential pans of thebiosphere. Because of there waterlogged, poorand exposed conditions they
form a special habitatforanimals andplants. Many plantsonlylive on bogs e.g. certain .Sphagna, while several
birds live most exclusively on bogs during the breeding season.., - .,
Peatlands are genetic resources and reflect the climate and history of the last 10.000 years. Large structures.r ,
such as wooden trackway- andfield-systems as well as smaller items, such as gold amaments, amber beads;
bog 'butter' ( a soft cheese) and human bodies have been encountered. ..
In addition bogs are in a certain way places of great beauty and some larger areas ha'~e a wildemess aspect.,
about them which manypeople I'alue high (Cross, 1989).

I
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The aim of the project is 10 develop appropriate programs conceming conservation and management of the
two earlier-mentioned Irish raised bogs. The acquired knowledge can help to cboose the best option for
conservation andrestoration of Irish raised bogs in general. Moreover, it mightbeimplemented in regeneration
programs for Dutch raised bogs. Organisations takingpan in the project are:

Irish WIldlife Service of the Office of Public Works
Geological Survey of Ireland'
Dutch National Forestry Service;
Dutch Department of Nature Conservation, Environmental Protection and WIldlIfe Management;
Teagasc;
Trinity College Dublin;
University College, Galway;
Sligo Regional Technical College;
Imperial College London;
University of Amsterdam;
Wageningen Agricultural University.

1.2 ClmaBog

This report onlydeals with Clara Bog. Figure 1.1. shows the study-area which willbe considered in thisrepon.
Clara Bogis a raised bogin County Offaly, pan of the Irish Midlands. It is situated 2 km southof Clara town
on either side Ofthe road to Rohan (the Bogroad).
Clara Boglies in between the River Brosna to the nortb and the Silver River and Clodiagh Riverin the south.
In thisrepon the Si/ver/Clodiagh Rivers aremeant as Silver River is mentioned. The bogis separated from the
RiverBrosna by the Esker-Riada. The area from Clara Bogto the Silver Riveris mainlycut-away bog. Clara
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For more information on thesection 1.1. and 1.1. readers arereferred to:Anonymous, 1990; Bell, 1991; Cross,
1989; Flynn, 1990; Sijtsma and Veldhuizen, 1991.

Bog is with 665 Iu1, one of the largest remaining Midland raised bogs. It is relatively intact but as all raised
bogs in Ireland it is not free from human influences. As one of the last Irish raised bogs, Clara Bag is very
special becauseof the soak-systems. Three soaks can be distinguished, Lough Roe, Shanley'sLough and the
Far west soak (fig. 1.1.). They have there own characteristics, but each of them is richerin nutrientsthan the
rest of the bog. As a result, an anomalous minerotrophic vegetation occurs in an ombrotrophir bog
environment Plants characteristic offens occur in soaks.
Clara Bogis divided in twopans by the Bogroad. This road is already marked on the Ordnance Survey map
of 1840. Many roads like these are built in the 1700's (Be14 1991). From the Bogroad several abandoned,
limestone-based tracks leadon to the bog. They areprobably constructed for turf-cutting and removal during
the famine, in the 19th century.
Since 1983, the eastern sideof the Bog has badlybeen damaged by a networkofdrains installed by Bard no
Mona. The Wtldlife Service of the OfficeofPublic Workspurchased Clara Bagfrom Bard no Mona, in 1986.
SUbsequently in 1987, the Irish Government declared 460ha (69 %) ofClara Bog as National NatureReserve.
The attempt to block the drains on Clara Bog East seems to have worked well (Flynn, 1990).
The area south-east oftheBogis a cut-away area where coniferous tree species have beenplanted.At the edge
of Clara Bag, especially on the south-west side, private owners actively cut turf for fuel For turf-cutting the
people ofClara have dugseveral drains. Not onlyon the south-west sidebut also at the otherborders ofClara
Bog, some drains occur. Alongeach side ofthe Bogroad a drain has been dug. The drainsalong the Bogroad
finally come together in the, so called, Deepdrain. This drain might be half-natural. South-east of Clara Bog,
the Deep drain enters the Silver River.
There are several hydrological measuring points at and around Clara Bog, such as boreholes, domestic wells,
piezometers, gauges and weirs. Those points are marked on map 1 which also gives an overview of the
drainage-pal/em. The mostup to date Ordnance Survey mapfor the Clara Bagregion has beenused. This map
dates from 1910 (Bell, 1991). In the appendices 1 and 11 an explanation is given about the measuring points.
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Clara Bog is a specialraised bog because of the three soaks.
There are several questions about soaks:

What are the water resources for the soak-systems?
How is a soak-system working and is that the same as in the past?
Did human influences at or near the bog affect the working of the soaks?
What is the reason for ecological and hydrological differences between soaks-systems?

As a soak-system differs from the rest of the bog, regional surroundings of the bog and the mineral subsoil
might have there influence on soaks. Therefore it is imponant to investigate the relations between the geological
layers, their hydrogeological characteristics and the regional and sub-regional waterflow-systems.
This thesis tries to give an ol'erview of the regional hydrogeology of Clara Bog and surroundings. With this
knowledge and the hydrological and ecological data gathered during the project some remarks will be made
about the soak-systems.
As geology is the framework for the genesis of Clara Bog, the repon starts, in chapter 1, with a general
description ofthegeology ofIreland and in particular ofClara Bogandsurroundings. Geological cross-sections
are compiledto increase insight. The developmentof the raised bogstook places in recentgeological times. In
chapter 3 the development and associated characteristics of raised bogs are discussed.
Chapter 4 deals with the general hydrological features of Clara Bag, such as permeability of the different
geological layers, drainage-pal/ems, groundwater contourlines and (downward) seepage. The measured
temperature-profiles are explained in chapter 5. In chapter 6 the results of the several electric conductivity
measurements and the hydrochemical data are discussed.
At last, the information of the chapters 1-6 is put together in chapter 7. This results in a overview of the
regional hydrogeology ofClara Bagand a hypothesis aboutthedevelopment and the behaviourofsoak-systems.
Chapter8 comprises the conclusions and recommendations.
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1.U. Pre-Quaternary
Ireland is composed of a central Carboniferous limestone plain which is surrounded along the coast by
mountains of varying geological ages (like a saucer). The majority of the mountains originate from two
important tectonic periods: the Caledonian orogeny and the Hercynian orogeny (fig. 1.1., 22. and 23.). This
subparagraph will give a shorr chronological overview of thebasic geological structures in Ireland from Silurian
till Quaternary. All the older rocks have been very muchdefomled and metamorphosed.

21. GmooJ geology ofIreland
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Figure 21. Ireland in relation to the major structural divisions of Europe (Synge, 1980)

About 450 million years ago (Silurian) there was a plate collision of the American and Eurasian plate
(C6hJJonimt CJrogrny). The main parr of Ireland (except thesouth-west) is influenced by this orogeny, whose
structures have a east-west direction.
In the following period (Devonian) the area, now known as Ireland, was above sealevel and exposed to
atmospheric erosion. The rivers at that time seem to have flowed sluggishl)i but by the end, they have
transported great masses of sandand gravel, nowcemented as sandstone (OldIWl Sandstone). Fluctuations
in river actiVity suggest marked seasonally changes andthistype of climate tendsto favour rapid erosion. Some
terrestrial plants had evolved by this time but were probably not present in sufficient coverage to protect the
land against erosion.
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Figure 22 Outline ofgeologicalmap of Ireland (Mitchell, 1990)
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In the Carboniferous period North-west Europe was invaded by a great area of sea, whose waterwas warm
and rich in the element calcium Animals and plants used the calcium for supporting skeletons of calcium
carbonate (calcite). When the animals and plants died, their skeletons largely disintegrated into calcareous
debris which accumulatedon the sea-floor or sometimessurvived to becomefossils. Great thickness ofdebris
built up and the lower layers becameconsolidated into Iinwtone. First the sea was clear, but then sand and
clay began to be carried in to it. These sediments consolidated into smrdston.e and shD1e, which lay on top of
the limestone. Ultimately the water became so shallow that tropical forests could invade its margins and
vegetable debris accumulated in backwaters and swamps. With passageof time this debris transformed into
coaL This has stripped away virtually due to subsequent denudation, so that there is hardly any coal left in
Ireland.
The Carboniferous cycle was brought to an end bytectonic movements about 300 millionyrs B.P. whenthere
was relative movement of the European and Africanplates. This is known as the Hm:yrrian orogmy, As it
approached Ireland, disturbance was beginning to loseforce and its main effectwas confinedto the south of
the country, where a great lateral thrust from the south caused extensive rock defomlarion. The Old Red
Sandstone and the overlying Carboniferous deposits were folded and faulted into plates which run east-west
Further north the thrustprogressively diedaway. Theresulting structures were effected by the weakerforce and
the already existing older Caledonia structures, and tended to follow a nonh-eastlsouth-west trend. Following
on the Hercynian disturbance, in the Early andMiddle Mesozoic, atmospheric denudation proceeded to whittle
awaythe upliftedrocks. Erosion wasvery vigorous in the Irish area. Most ofthe erosion productsthat followed
the Hercynia were carried off into basinswhere they[ormed the New RedSo1rIJstone.
In the Cretaceous period (about 100 million yrs B.P.) continued erosion overmuch of Western Europeseems
to have produced a land surface of very low reliefwith rivers incapable of carrying substantial amounts of
sediments into the sea. At that time seawater flooded across Europe. On the bottom a calcareous sediment,
free from sand and clay, was deposited. This was laterconsolidated and uplifted as a finegrained limestone,
chalk. Siliceousdebris, latercoagulated as flint layers in the chalk, was deposited as well. This chalk, which
must once have covered almost the whole of Ireland, has been completely stripped away by later erosion.
About 60 millionyearsago(Teniary) Greenland was drifting awayfrom Europe. Due to this, fissures developed
in the North of the Irish Sea and quantities of molten material welt up from below. The molten substance
flowed out over the surrounding countryside in Scotland and Antrim (Nonhem Ireland), burying it beneath
greatsheets of basaIJ (a great example is the Giant's Causeway in Antrim). If the molten material-solidifies
in thefissure beforeit reaches thesurface oftheground it becomes a dyke. Dykes tending nonn-westlsoutb-eas:
are known throughout the northem half of Ireland. These plutoniclvolcanic features are associated,with the
Alpine Orogeny. ."

As soon as extensive areasoflimestone had been exposed to atmospheric conditions, theybegan to beattacked
by different physicaland chemical processes of denudation which resulted in a karstic landscape. A landscape
form which today can be seen in the Burren (area south of Galway).
Due to the post-Hercynian denudation only the rootsof the Hercynian mountains did remain. Together with
the otherperipheral upland areas of Ireland theysuffered Tertiary uplift relative to the centrallowlands. That
gave rise to rejuvenation of the landscape with the highest mountain in the south-western part of Ireland
(Carrantuohill of 1042 mi. Thefact that the margins of Ireland did undergo a stronger uplift than the centre
are reason for the present saucer form.

21.2. Duaternary
21.21. The glacialperiods
The Quaternary period started about 2.5 million years ago and is divided in two epochs, the Pleistocene and
the Holocene (Fenitian and Littletonian in Ireland, fig. 2.3.).
The Pleistocene is characterised by periods of extreme cold climates in which large icecaps were formed
(glacials] and warmerperiods (interglacials). In Ireland certainly two cold stages occurred: The Munsterian
(200.000-130.000 yrs B.P.) and the Midlandian (30.000-13.000 yrs B.P.). The latter is named after the Irish
Midlandbecauseitsdepositsarewelldisplayed there. These ice-stages also occurred in the Netherlands where
they are calledSaalien and Weichselien.
In the Munsterian large ice-masses were [ormed and most of Ireland was covered by ice, where in the
Midlandian the ice masses did not reach south Ireland (fig. 2.4.). In North- and Central Ireland the
Munsterian glacial sediments were removed by the Midlandian ice. In South-Ireland permafrost (periglacial
conditions) dominated duringthe Midlandian which resulted in a much smoother landscape than in the rest
of Ireland.
In the following text the most important geological, ice-related phenomena from the glacial periods are
described (fig. 25).
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Figure 24. Quaternary deposits of Ireland (Synge, 1980)

The ice-sheet picks up the superficial weathered materialthat lies in itspath, and thus comes in contact with
the underlying bedrock. It is then armedwith incorporated sand andpebbles and can abrade the rock,
producing a surface which is in general rounded but showson closer examination scratches or striae. produced
as stones were dragged across the rock. The ice comes not only thepebbles, sand and clay, that it picked up
as it advanced, but also the new material detached from the underlying rock. This material can range in size
from block of rocks to the fmest rock-flour. When the ice thaws its load is deposited. There is littlepossibility
of sarong and this indisaiminate mixture is known as boulder c1qy or tl1l. Because of the poor sarong the
permeability of these deposits is rather low. The ice sometimesmould the till into ovoid masses aligned with
the direction of its flow, and when the icehas gone a field of drumlins is revealed. Depending on the.climate,
a ice-mass ablates away in situ and leaves a deranged topography.
'Meltwater on the icesurface sinks down through fusures in the iceto its base where major discharge tunnels
gradually are established. When the ice ultimately disappeared, the tunnelfill will emergeas an poorly sorted
drift, shaped into narrow sinuous ridges: eskers (from the Gaelic word eiscir). Later on, in a boggy courury,
suchridges provide natural causeways. Thefact that in eskers fine andcoarse sedimentsalternateone overlying
the other, reflects the constantchanging of eneTID' l..-ets due to changes in the water-volume with fluctuating
atmospheric temperatures. Eskerridges vary in height from 5-25metres. Thenormalwidth ofeskerranges from

,15 to 250 metres and the length can vary from a few hundred metres to 500 kilometres.

2.1.2.2. Period afterthe last glaciation
Some 13.000 years ago the last ice-sheet had gone, .but permafrost-conditions still remained sometime.
According to theeskerpattern, thedirection ofthe iceretreatment hasbeen from westto east. The eskerswhich
were imbedded in tunnels lost theirside-walls an a considerable settling, collapsing and slumping along the
eskerridges occurred. At the end of the Pleistocene depressions started to befilled in with 1DcustriM deposits.
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Figure 2.5. Marginal landforms of cOMfIOI1al glaciers

Because of the poorly developed drainage system at the endof the glaciation, nearly stagnant waters covered
large. low-lying areas and deposited fine-grained sedimenis. A still-existing example of such a geological
environment is Lough Ree in theRiver Shannon. Lake deposits are confined to topographical laws within the
glacial landscape. The fine deposits in thebasins sometimes contain coarse material. such asstones. which have
been brought in by floating ice. An area developed where rivers deposited their sediments. Sometimes the
boundary between river- andlacustrine deposits willbe difficult todetermine asa result of thegradual transition
in thesedimentary environmems involved (lake. standing water, broad law-energy river. small low-energy river).

Themost important feature of theHolocene in Ireland. is pearland. As during the Holocene the climate slowly
improved, vegetation returned and aftersome timepearstonedto develop in the wettest areas. Thefinal result
of the lastprocess aretheexunsiv« organic deposits which arethemain concern of thisprojeer. Chapter J deals
withthe development of pearland. In thefollowing paragraph a briefoverview willbe given of the Quatemary
geology in the area of Clara Bog.

For more informaiion on thesection 2.1. readers are referred to: Synge. 1980; Mitchell, 1990; Warren and
Daly.

2.2. General geology of the Clara Bog region

2.2.1. Geomorphology .
The present landscape of the Irish Midlands, pan of the Central limestone plain. is largely a feature of the
Quaternary period !fig. 2.6). According to this the Clara Bog region is dominated by glacial deposits and
Holocene bog development.
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Figure 26. Quaternary geology of County Offaly (Daly)

Geomorphologically, the Clara Bog region is characterised by the hilly topography of eskers in the nonh
northeast and The Island; an area of undulating to hilly topography in the west-southwest (See map 1 from
Van Tatenhove, 1990.)
The height of the eskers is about 10 to 25 m above the surface of Clara Bogand therefore it is the highest
elevated feature within the study area. The Clara esker is not a simple ridge but it is composed of a number
of interconnecting ridges which sometimes run parallel and sometimes converge (Warren and Daly). In the
southern pan of the bogthe mostpronounced topographical feature is Ballina Hill, co. 20 m above the bog
surface (Van Tatenhove, 1990). The area direct south of Clara Bog west, where 'several [acebanks occur, is
marked by small scale undulations andmanydrains. Especially nearthe[acebanks theground is equalized for
turf-cutting. South of the forest (south-east of Clara Bog) the undulations are less frequent and lower and
larger in diameter (Van Tatenhove, 1990).

222 Geology
The Clara Bog region is underlain by Cluboniferous limestone. In the north-northwest and southwest of the
study area the limestone has a reeflithology andin the otherareas a purefine-grained lithology. Outcropsof
bedrock have not been found within the'study area. The limestone consist almost entirely ofCoco~ with only
smallquantities of clay apparent.
Everywhere at the surface of the Clara Bog region Quaternary deposits are present (fig. 27. and Van
Tatenhove, 1990). The (fluvio-)glacial deposits are the oldest. Van Tatenhove distinguished several kinds of
till which varytexturally from clayeyf/oamy till to gravelty till. A till which is typical for the Clara Bog region
has a sandy-loamy and stony texture, with a high content of big boulders. This unit probably underlies the
southwestern pan of Clara Bog. A gravelly till/gravel is found in several other places in the studyarea. These
deposits are sometimes clearly related with geomorphology. Examples are the conical hills north-northeast of
Ballina Hilland thebroad medium-scale hummocks nearthe Silver River. As gravellY tills canalso be expected
inflat terrain, it may be that large areas of themap unit ·Cut·away Bog'areactually underlain bygravelly tills
orgravel. South-southeast of Clara Bogan 'undefined' till is found in an undulating to rolling landscape with
broad medium-scale hummocks. If these tilldeposits underlie Clara Bog, thesametype ofmorphology can be
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expected here (Van Tatenhove, '90). At the north-eastern part of the bog the till is clayey and contains some
coarser material (Flynn, 1990).
In the ClaraBogregion 9 boreholes'are drilled into the limestone (see map 1 and appendix 1).At the boreholes
2,4,6,9 and 10 gravelly-sandy deposits underlain a clayey till At the boreholes 7 and 8 only gravelly-sandy
deposits occur and at borehole 5 clayey till lies directly on the limestone. Some of the domestic wells in the
study-area are not deep enough to reach to the limestone. As theyhave to be in a permeable layer one can
assume that theyreach to a gravelly layer rather than to the claytill Those gravelly-sandy deposits have the
characteristics of[luvio.glacial deposits. On the other hand till can occur in all kind of texturalvarieties. In
the case of[luvio-glacial deposits the explanation could be that the last ice-sheet did not remove all those
deposits but covered it with tilL In this report clayey till and gravelly.sandy deposits are distinguished, because
the distinction is relevant from the hydrogeologicalpoint ofVlEw. The clayey tiHis poorly sorted. It consistsof
coarse material in a clayey, silty matrix. The gravel/y-Silndy dqlosits are poorly sorted; coarse material in a
sandy matrix. Although poorly sorted, they are better sortedas the clayey tilL
Extensive[luvioglacial esker-deposits arelocatednorthofClara Bog. TheEslan arecharacterised bylenticular
units ofpredominantly cobble and boulders. The esker-deposits aredominated by medium sand, well sorted
and sub=01Igt,Jar to subrounded in shape. This boulder rich eskertunneldeposit restson bedrock (pers. comm.
W. Warren, 1992). Theesker-<L'SOCiiiiid SIJIId.j QNI grllVds have"a overall similarity to esker.depositsalthojJgfI,
1arg~ proportion of finer material is envisaged reflecting the less energetic conditions vf the margin ufo-----
subglacial meltout: The majority of the stones in the Clara esker are grey limestones from the Midlands.
Sandstones are common as welland occasionally Galwaygranite is found confirming a west-eastmovement
ofthe ice-massduring the Midlandian. Esker deposits aregenerally better sorted than tilL They are gravelly to
sandy in grain sizeand usually stratified. .
The gravelly-sandy deposits which underlie the bogarenot related to the eskergravels. The latterareyounger.
It is thought that the older gravelly-sandy deposits may underlie partof the eskerbut can not be distinguished
due to the Ilihological similarity with the younger [luvioglacial deposits (pers. comm. R Flynn, 1992).

Formore information on the section 22. readers arereferred to:Bloetjes, 1992; Lenting. 1992; Van Tatenhove,
1990.

Clara Bog has been [ormed in a depression where the glacial deposits at first had been covered by a blanket
of lacustrine dqlosits which seals the peat of from underlying layers. The thickness of the lacustrine deposits
varies from 0.1 to 5.5 m (Bloetjes, 1992), depending on the local topography of the (jIuvio-)glacial deposits
and the distance to the lake edge. It should be-notedthat the lake levelwas probably not constant. In most
of the times the clay includes fine sand and pebbles. Bloetjes (1992) distinguishes a marion top of the
lacustrine clayin the middleof the bog. A marl consists of more than 30 % calcium. It is likely, but not quit
sure, that the lacustrine clayalso consists of > = 30 % calcium. Fa; that reason the marl ofBloetjes (1992)
is calleda fossil rich layer, in this report. Near the shores offormer lakes the sand and gravelcontent of clay
increases. Also dropstones can be present embedded in the clay. It is expected that these dropstones are
concentrated at the shallow lake shore. The clay is very stickyand has a lowpermeability although the peat
clayinterface may berelatively permeable. Remarkable is thepresence ofa thin band ofgritty clay outcropping
in the drains alongthe northern boundary of the peat (Flynn, 1990).
Van Tatenhove (1990) distinguished Holocene river-deposits. According to M. Smyth and W. Warren the
river-deposits arepartly till or lacustrine clay and are mixed up in a lot ofplaces because ofhuman activities
(pers. comm. 1."StreeJkerk). For this study these differences arenot relevant.
As during the Holocene the climate slowly improved, vegetation returned andsame 9000yearsago,peat started
to develop in the wettest areas (Mitchell, 1990). Geologically one candistinguish two typesofpeat in the Clara
Bog region: [enpeas, and Sphagnum peat.
F~ is the oldestone and contains layers of reed, sedges and trees which accumulated under eutrophic
circumstances. The thickness range from 1-3.5 m and shows a rather high spacial variability. SpIUlgrwm peat
is a youngerpeatform which usually cO"ers" the[enpeat. It mainlyconsists out Sphagnum which depends on
a ombrotrophic situation. There are two kinds of Sphagnum peat, old and young:
Older. black. highly humiffed Sphagnum peat, consisting out of Sphagna and roots, twigs from plants as
Heather. This peat originates from a relative drier, wamler climate which occurred some 4500 years ago in
Ireland. In this kind of climate the peat grows at a slower rate.
Younger. white. poorly hummed Sphagnum peat, due to a wetter and colder climate.
The prefixold doesnot necessarily means that old is older in age than the young Sphagnum type. Especially
on higherground, the old Sphagnum peat is younger than the young Sphagnum peat on the lowerpans.

I
I
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23. HytJrogmlogiaU profiles

23.1. Introduction
Five hydrogeological cross-sections are compiled to increase insight in the geological framework of the whole
Clara Bogregion. Cross-sections give an impression aboutthe geological conditions and helpto explain some
phenomena. Cross-sections, however will always be only abstractions of reality. The geological information
(222.) is simplified for the cross-sections:
I) The eskerand the esker-associated deposits aredrawn together as oneesker-complex deposit.
2) No difference is made between the esker-complex deposits and the (flu,'io-glacial) gravelly

sandydeposits. Thepermeability and the structure of those two deposits arerather similar in
comparison with the clayey tilL Hydrogeologically pumpingtests have shown that the esker
complex deposits havea permeability which isan order ofmagnitude higher than the gravelly
sandylayer underneath the bog (pers. comm. R. Flynn, 1992). Thepemltabilir of the sandy
loamy, stonytill (clayey tillin thisreport) isprobably in the order of10-5 to UT mldaywhere
thepermeability ofgravelly till couldbe in the range of 10 mtday. The permeability ofeskers
is 10 to 100 mlday (Van Tatenhove, 1990).

Theavailable data, on which the sections arebased, were sometimes a handicap and determined the locations
of the transects. Particularly the boreholes are very important and had to be included in the transects.
The cross-sections are named A, B, C, D and A' (jig. 27.).
Enough information wasavailable offour important drains to compilecross-section for them as well: the Deep
drain, the two drains along the Bogroad and the drain north-east of Clara Bog.
The sections were made at a horizontal scale 1:10.000 and a venical scale 1:200. See the maps 2 and 3.

23.2 Data and methods
The available data are:

Borehole and cobradrilling information, G.S.l. (1992);
Levels at pegs on Clara west, D.P. W. (1990) (Appendix Il.C};
Levels at pegs on Clara east, D.P. W. (1991) (Appendix Il.C};
Levelsfrom P. McGowan, July 1992 (Appendix Il.D.};
Cross-sections of the RiverBrosna, Silver and Clodiagh River, D.P. W. (1947);
Quaternary geology map and augerings, Van Tatenhove (1990);
Augerings at removed bog area south of Clara Bog, Leming (1991);
Augerings on whole Clara Bog, Bloetjes (1992);
Augerings near mound and soak at Clara Bog west, Sijtsma & Veldhuizen (1992);
Geophysical maps of Clara Bog, Smyth (1992).

The methods that have been usedare:
a. First the information from theborehole logs andthe augering-sites from Bloetjes, Lentingand

Sijtsma & Veldhuizen aremarked. If the transect runs between 2 augerings-sites theprofile
on the section has been determined by linear interpolation. For the data on the bog the
interpolation has been done using the maps from Bloetjes (1992). These maps are
interpretations of the augering data and sometimes the augering-description differs from the
maps. The data from Leming are interpolated using the profile descriptions (1991).

b. The surface-levels are pur into the transects. At the used scale it does not mailer that the levels are
ofdifferent years. '

c. With the cross-section of the rivers (D.P. w., 1947), the river-profiles and ifpossible some geological
profiles near the rivers are put into the transects.

d. The Quaternary geology according to the map from Van Tatenhove (1990) is notedat the top of the
cross-sections.

e. At last the geophysical mapsfrom Smyth (1992) areused. With thesemaps and the information from
the earlier-mentioned reports, contour-lines are compiled. The way of compiling the contour-lines is
discussed later in this subparagraph.

Theprofiles are in most cases from river to river. As for the areas around Clara Bogfew data are available,
onlyrough estimations can be made there.
Thefallowing remarks have to be made at the cross-sections:I

I
I
I

•
•

As bedrock is geophysically easy to distinguish (Smyth, 1992) the geophysically determined
bedrock-line is taken as the bedrock-surface.
For the layers other than bedrock, geophysics are used as check. The till which has been
distinguished by the geophysics consists either of clayey till or the gravelly-sandy layer.
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In almost all Ihe cross-sections the geophysically determined surface of the mineral layers
isubpeat-surface} is too high according to the augerings. Therefore this surface is mainly
defined using the augering and borehole infotmation. The maps from Lensing and the
'augerings from Van Tatenhove are used as makeshifts.
The geophysically determined till-surface lies in most cases (except transect E) too high 
probably in relation with the too high subpeat-surface.
The lacustrine clayunder the bogwillneverbe thicker than 7m (Smyth, 1992) and lies not
much higher than ca. 52 MOD (Bloetjes, 1992).
Sphagnum peat often overgrows [enpeat right up to the bogmargin. Because of the influence
ofnutrient-rich groundwater from the surroundings there willoften be a zone of[enpeat. At
the borders ofClara a lotofturf-cutting isgoing on whkh removes the upperSphagnumpeat
layer. This meansthat thepresent situation can belikein figure 28. and not as in the cross
sections.
Thefenpeat on the top of the mound at Clara west (cross-section C) might not be laterally
connected to the surrounding[enpea: (pers. comm. R. Flynn, 1992).
Figu~.29.,gives.an,overview_of-the,situation,near_the,esker_wilhout.the,simplification.that' _
aremade (see also cross-section A and A").

I
I

I

I

I
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Figure 28. Bogmargins (To R. F/yM, 1992)

23.3

"

"

"
"

"

Figure 29. Bog nuugin near esker without
simplijicalions (To R. Flynn, 1992),

Results
The hydrogeological profiles (maps 2 and 3) show very well that Clara Bog is formed in a ,
iimestone-depressimL The (fluvio- )glacial deposits follow most of the time the surfaceof the'
limestone. The limestone and the (jIuvio- )glacial deposits aredeepest situated in the middle
of the Bog, near the Bogroatl.
There are several mounds of (fWvio-)giadal deposiU at and near the Bog. These mounds
consist in most cases of clayey till. The mounds can befound:
- near the edge of Clara Bog east (transect A and A*); At transect A it is a high

mound of gravelly-sandy deposits. At transect A" the mound consists of gravelly
material which underlies clayey till. "
at the southern pan of Clara Bog west (transect C);
No Young Sphagnum peat is found on the mound at Clara Bog west
Maybe this pan was not wet enough after the dry period or the peat has
been removed or oxidised (Bloetjes, 1992).
south of Clara Bog west to the Bogroad (transect C,D);
Thebottoms ofthe Deep drain and thedrains nearthe Bogroad reach this
mound.

At the'removed bogarea, near the Silver River there is probably no clayey till but only a
rather thin layer (2-5m) of gravelly-sandy material (transect A).
The /aaJslrine deposiU really act as a blanket which fills the depressions in the underlying
deposits. Only in the middle of Clara Bog, around the Bogroad (deepest pan of the former
lake) a layer with molluscs and carbonate-precipitates ispresent (transect B). Near the edge
of the bogthe clay-layer is very thin (all transects).
It is "try clear thatbothClara Bogwest and east[om: a dome. Originally therewas only one
dome (Bell, 1991). The effect of the roadcan very well be seen in transect B. Because of the
Bogroad the boghasshrinked 5-6 m. More infomration about thissubjectis availablein the

I
I
I
I
I
I
I
I
I
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The geophysically maps of Smyth (1992) give also a good impression of the depressions and hills in the
geological subsoil of thepeat. For more information about the different peat-layers the readers arereferred to
Bloetjes (1992).

•
•

•

•

•

•

reponsfrom Bell (1991) and Samuels (1992).
Thefenpei1l hasalmost everywhere thesame thickness, i.e. ca. 4 m. Remarkably the[enpeat
layer is thicker under Lough Roe (transect A')
The eut-away areas have a I'ery i"egulartopography andin most cases onlya small[enpeat
layer is left.
The drains We.!t and eIJSt of the Bogroali stan in Sphagnum peat and in the middleof the
bogtheyflow in [enpeat (map3A). The east-drain reaches the[enpeat ca. 200m before the
west-drain. Between CLBHI0 and CLCD2those drains passes a clayey tillmound. Nearthe
Bogroad-bridge, where they enter the Deep drain, the drains flow' through lacustrine clay.
The Deep drain starts on Clara Bog west (bottom consists of jenpea; map 3.B). Near the
edge of the bog till; some 0.5 km west from the Bogroad, it reaches a clayey till mound. In
between the border of this mound and the Bogroad, the Deep drain TUns through fenpeat
From the Bogroad on, it lies in lacustrine clay till it enters the Silver River.
The drain nonh~ast 0[ClJJra BogTUns through jenpeat from the Bogroad to CLBH2 and
in the lacustrine clay from CLBH2to transect A (map 3.C). More eastfrom transect A' it
passesagain fenpeat andmaybe alsolacustrine clay. Thebeginning of the drain liesprobably
in the clayey till.
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3.1. PeD1lDnd

Peat consist of panty rotted plants plus small quantities of animal remains, pollen and dust. It has
accumulated over thousands ofyears in areas where the rate of plant production exceeds the rate of plant
decomposition. In the waterlogged conditions ofpeatland; micro-organisms which causedecay, areunable to
survive so that the dead materialgradually accumulates. The history of the peat-forming system can be seen,
as the preserving goes withdistortion. Climatic changes areofmain importance for changes in the vegetation,
but also many internal and other external factors determine the evolution of the mire. Physically over 90 %
of the bog volume consists of water. Therefore bogs are very sensitive to amount and quality of water.

The main types of peatland are fens and bogs. Fens occur in eutrophic circumstances and bogs are
characteristic for nutrient-poor (ombrotrophic) conditions. There are several types of bogs. The twoprincipal
types are raised and blanket bogs. Blanket bogs occur in areas of very high precipitation (lowland of West
Ireland and highlands). Raised bogsdevelop in areas of impededdrainage (centre ofIreland). The word 'bog'
is derived from the gaelic word 'bogeach' meaningsoft.

3.2 Deve/opmoIJ ofraisedbogs

3.2.1. General development
The current raised bogdevelopment stoned some 10.000years ago when the lastglaciation endedand glaciers
retreated northwards. In a large pan of Central Ireland shallow lakes were left behinddue to the deranged
topography, causedby melting ice. In the lakes the free drainage was impededand so the waterwas trapped.
Raisedbogstarts in open water (lakefilling) orby swamping wherever the soil is moist enough throughout the
year (figure 3.1.). First a deposition of fine inorganic sediments occurs in the lakes (silt, clay and sometimes
also shell-rich marl). At the bottom a debris of floating plant material accumulates while the shores are
overgrown with a fen-bed (with for example reed). As the fen-plants die, their remains fell into the water.
Because of the anaerobic conditions this material only decomposes partiy and is deposited as peat on the
bottom of the lola. The accumulation ofplant material makes the lola shallower and in this environment
sedges and, lateron, alderand birch startsto grow. At first the lake is fed withmineral-rich groundwater. Once
the lola is overgrown the Influence of eutrophic water gradually declines. As the roots can not reach the
mineral groundwater, a mesotrophic environment develops. Plants of mineral-poor habitats invade. Very
imponant for the developmentofraised bogs are Sphagnum species. These Bog mossessustain the bog, draw
up water and keep the surface wet. They are waterlogged in all but the driest period, so that the bogis able to
continue it's upward growth. They also mala the soil more acid by its ionic-exchange activity (H+ ions are
exchanged by other ions lila No +, K+, Mg +, etc.). In time the plant is solely dependent on nutrient-poor,
meteoric-atmospheric water (ombrotrophic stage). Other plants typical of raised bogs, such as Heather,
Sundews and Deersedge then invade the bog.
Bogs are not very hospitable places for animals, mainly because of the fluctuating waterlevels and the
intermittent natureoffood supplies. The most abundant animals on bogsare tinymites and springtails which
are living in the surface layers of the deadplant material. There are numerous species of spiders and moths
on the raised bog. Large caterpillars and brightly coloured dragonflies and damselflies are also very common.
Numerous and for US unwelcome inhabitants of bogs are the small, biting midges. The most frequently seen
from the larger animals are frogs, hares and certain birds e.g. Snipe, Curlew, Kestrel; Skylark, Red Grouse.

3.2.2. Hummock and hollows
Theliving surface ofa raised bog is made up ofa series ofhummocks and hollows, formed by the differentiol
growth ofSphagna. Hummocks arehigher pans ofa bog-surface where hollowsare lower pans. On the wetter
pans some ofthe hollows[orm smallpools ofshallow waterwhich may consistentirely ofopen wateror may
be wholly orpartlycolonizedby aquatic plants. Some Bog mossesgrow on hummock and others in the damp
hollows, pools and drains. Hummocks are the driest places onth« bog. They are suitablehabitatsfor Cross
leaved heather, Bog rosemary, Deersedge and Bogcotton. The hummocks areoften colonised by rich mats of
Lichens, mainlyspecies ofCiadania. In the hollows White-beaked sedge, Bogasphodel and couon grasses grow.
According to Kelly (pers. comnL 1992) the theory that hollowsaregradually replaced by hummocks and vice
versa, is refuted. In pools Bogbean occurs. Nowadays, it is generally considered that pools are a product of
stability in the watertable and peat surface and that the vegetation pattem reflects this stability, which is largely
controlled by climate (pers. comment Cross). Bog rosemary and Cranberry are often creeping through the
Sphagnum carpets. Carnivorous plants as Sundew-species and Butterwort arecommon on the bog. They gain
additional nutrients by trapping and digesting invertebrate animals in its leaves. If the bog has been unbumt
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for many years a variety of .U::1ens may occur, often producing large grey-white patches, which contrast
strikingly with the Sphagna I

I
I

RAISED DEVELOPMENT
I

I
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The developmental stages from a lake to a ra,sed bog. A represents a JakewIth an o"eo
body of w.t~ and marginal r~beds. The lake has thin layers of marl and lalre pear (for .tn
._planation of the symbols. see previoos figurel. 8 represents a lake which ;s beIng ;nfiJled wIth
fen reed pear. C;s the fen stage. 0 is the TaiS«j bog wood/and phase and E is a l'rofile t"'pugh
iJ tJr~nr raised shoWing a Pine stump la~, buritd in acid peat.

I
I

Figure 3.1. Raised bogdevelopment (From Bell, 1992: Hobbs, 1986) I
I
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3.23. Soaks and lagg-zones
Much ofthe rainwater isheld close tothesurface of the bogthrough thesponge-like action ofSphagnum moss.
Excess ofrainwater nms off the bog's surface either directly or viaan internal drainage system known as soak
(Bel~ 1991). Soaks actas spillover in times ofhigh water, avoiding the bogto burst (Bloetjes, 1992). On Clara
Bogthe trend is towards enclosure of soaks by vegetation. The three soaks on Clara Bog are different from
each other. According 10 Kelly (pers. comm. 1992) Lough Roe is the most nutrient-rich: soak and Shanley's
Lough thepoorest Shllnley's Lough hasa lake which is rather shallow (1.35 m). From 3.8 m on,at theplace
ofthe lake, heathertwigs arefound, indicating drier stages. Woodand reed remains are onlyfound down from
a depthof6.4 m. The lacustrine clay was found to underlie thepeat (Bloetjes, 1992). At Shanley's LOUgh and
the Far wm soak:a well-developed birch woodland occurs. Lough Roe had originally a 0.8 ha area of open
water. In the secondhalfof the 1980's theopen water became covered by afloating mat offen vegetation. This
is how the laugh appears today. With the closure of Lough Roe there areno longer anymore large bodies of
open wateron Clara Bog East. According to sediment analysis (Connolly, 1992) all cores showsimilarity in
fen peat composition (fig. 3.2). Core 3 (centre of Lough Roe) and core X (control) show very different.
sedimenttypes oncethe bogsucceeded thefen. In core 3 a very darkbrown mud waslaiddown, between 1 and
6 m below the surface, with virtually no identifiable plant pans. This sediment was more characteristic of
organic lake mud and would appear to havebeen laiddown underwater. In core X a more typical raised bog
sedimentsequence is represented. The peat washighly humlfied in the lower pan of the bogsequence and less
humified above this. The othercores fellbetween those two types. So, this suggest that, sincethe onset of the
ombrotrophic conditions, Lough Roe was a open water system (figure 3.2). In the fen-stage the soaksystem
might been present in it's initialphase. The lough continued 10 increase in area (length was 25 m at the
beginning and reached to 200m in therecent past). The recent reduction in sizeappears to be a phenomenon
that has neveroccurred before at thesite. If the Ordnance Sun'ance Mapsof1838 and 1910areaccurate and
sedimentary analysis suggest it is, theenclosure ofthe open water occurred overthe last century. Humification
evidence, as wellas sediment description, suggest a much drier bog surface about one century ago. This dry
stageis also observed in the Birchwood on Clara Bog west. Theunderlying cause of this drying out isprobably
human impact on the bog. Macrofossil analysis proved to be inappropriate as very littleidentifiable material
wascollected. Therefore an evaluation of theoccurrence andtimecourse ofupwellingnutrient rich groundwater
is not possible (Connolly, 1992).

Soaks were common on the larger Irish bogs and there seemsto be a correlation between soaks and adjacent
ridges ofhigh ground, usually eskers. Preliminary studies of these soaks indicate that thepH and conductivity
ofthe wateris either thesame as, orslightly butsignificant higher than that ofthe mire expanse. These figures
suggest that the vegetation differences are a reflection of an increased nutrient budget (pers. comm. Cross).
On some raised bogs underground streams occur. There may be little surface indication of their existence
although not uncommonly their course can be traced by the presence of Molinia caerulea. Such streams are
a result of 'pipe flow' along the peat-mineral soil interface. Eventually the overlying peat collapses forming
swallow holes which gradually amalgamate to form a surface channel (pers. comm. Cross).

Accumulationofpeatat the margins of the bogis much slower than in the centre. The margins of the bogare
consequently drier andbetter drained so that decomposition isgoing faster. This is the contact-zone of the acid,
nutrient-poor, peatwater and the basic, nutrient-rich (mineral) groundwater. The nutrient-rich seepage-water
encourages rapid decomposition of the dead vegetation. As result a raised bogcan be confined by eutrophic
fen vegetation. This zone is called the lagg zone, and. has a com'ex surface raising above its surroundings.

In the past, the exact time is still unknown, raised bogsdried out, enabling trees to invade the surface. Trees
do not like a very wetenvironment and theyprefer a limited fluctuation of the waterlevels. Subsequently trees
died as the bogbegan to grow again. Their remains arepreserved in thepeat. The most common tree remains
arepine but birch, oak and yew arealsofound. Today most bogs are treeless.

Formore information on thesection 3.2 readers arereferred to:Anonymous, 1990; Bell; 1991; Bloetjes; 1992;
Cross, 1989; Flynn, 199a

3.3. HydrologU;al properties of raised bogs

3.3. 1. Introduction
In thisparagraph a general ol'eI'I'iew will begiven of the most important hydrological features ofa raised bog.
First the characteristics of the top-layer and the core-layer of the bog are discussed (3.3.2). In 3.3.3. some
remarks aremadeabout thepermeability. In 3.3.4. the influence ofdrainage and turf-cutting is discussed. The
hydrologic cycle of a raised bog is discussed in 3.3.5.
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This paragraph is based on the reports of the students from Ir. S. van der Schaaf (Wageningen Agricultural
University) andDr.P. Johnson (Imperial College London). More background information canbefoundin their
reports.

3.3.2 Acrotelm and calOrelm
Hydrologically two layers can be distinguished in a raised bog:
1M aaotdm: a thin surface layer of living vegetation; partly saturated (seldom more than a few tens of
centimetres thick);
1M CIJIoIdm; the layer where the peat is conserved in a waterlogged situation.

1M acrotelm
1M acrotelm is characterised by (Lensen, 1991):

Thepresence of a living plant cover, which constitutes the top-layer of the acrotdm.
An intensive exchange ofmoisture with the atmosphere and the surrounding area.
Frequent fluctuations in the levelof the water table anda changing contentof moisture. The
acrotelm retains the watertable close to the surface.
High hydraulic conductivity and wateryield and a rapid decline of these with depth.
A large quantity ofaerobic bacteria andmicro-organisms facilitating the rapid decomposition
and transformation intopeat of each year's dying vegetation.
The capacity to swelland shrink, depending on the weather conditions.
The presence of hummocks and hollows with a big difference in transmissivity at short
distance (because the different vegetation types of the hummocks and hollows). At long
distance thedifference is alsobig: on the edge ofthebogthere is apoorly developed acrotelm
with a low transmissivity and in the middle there is a well developed acrotelm with a high
transmissivity. Theotheraspect that makesthe transmissivity very complex, is thefluctuation
ofit during theyearin relation to the watertable andbecause of swelling and shrinkage (van
't Hullenaar & ten Kate, 1991).

The catotelm
The catotelm is typified by (Lensen 1991):

A constant or little changing water content.
A very slowexchange of water with the adjacent and subjacent mineral strata.
Very low hydraulic conductivity compared to the acrotelm.
No access of atmospheric oxygen 10 the pores of the soil.
No aerobic micro-organisms anda reduced quantity of anaerobic micro-organisms compared
to the acrotelm.

Thedepth of the water table in the acrotelm varies not only overtime but also with space. It is deepest on the
margins, which areconsequently drier and better drained andshallowest on the mireexpanse, which therefore
is weller. The acrotelm serves the very important function of protecting the catotelm, which if exposed and
allowed to dry out, can be subsequently destroyed by oxidation. This protective role is partly a function of the
remarkable properties ofSphagna which arethe dominant plantson an intactbogsurface. The acrotelm also
inhibits sheet flow bythe nature of its structure. Thepermeability of thepeat increases towards the surface so
that, during heavy showers, water-flow through the peat significantly increases, as the watertable rises.
The height of the watertable is dependent on rainfall rather than on capillary action. The rate of water loss
from the peat is so slow, that in an undrained bog, additional rain always recharges the water table before it
falls morethan a few cm (pers. comm. Cross).

3.3.3. Permeability
One of the most striking characteristics of peat is its ability to hold water. Three states of water can be
recognised (Bell, 1991):
1. Free water in large cavities of the pear;
2 Capillary water in narrow cavities;
3. Water boundphysically, chemically, colloidally and osmotically.
Physically, over 90 % of the bog volume consist of water, but the effective porosity can be less than 10 %
(Flynn, 1990). As Sphagnum peats aredeposits which are builtup in layers, theyshowchanges in nydrologica!
behaviour at different levels in the bog or in different parts of the bog (BeI~ 1991).
The pemJeability depends on (Bell, 1991):

Botanical composition; Sphagnum peat is least permeable and sedge peat most.
Degree of humification; the least humified peat of a given botanical composition is most
permeable.
Bulk density; this aspect is negatively correlated with permeability.
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Fibre content; fibre content andpermeabiliry are positively correlated:
Porosity; the higher the effective porosity, the higher thepermeability.
Surface loading; this decreases the pemteabiliry bydecreasing the porosity.

3.3.4. Drainarre and cultivation
Drainage andcultivation ofpeat soilsinduces irreversible changes in thephysical and chemical characteristics.
The principal effect of cutting and associated drainage is lowering the watertable. It removes excess of water,
stops peat accumulation, causes peat subsidence andchanges physical properties, such as permeability of the
peat
Peat subsidence is a result of different processes which gradually change the peat into a peat soil. Causes of
subsidence are shrinkage (due to drying), consolidation, contraction by capillary forces (result are cracks),
biochemical oxidation, humification, wind-erosion, burning andcompaction by machines or roads. According
to theobservations in different countries andclimates, theal'erage rate ofcollapse of a peat deposit afterdrying
overaperiod of 40·50years varies [rom 1-1 to 8 cmlyear (Lensen; 1991). ShrinkJzge is a physical process of
compaction as a result of water loss by the vegetation (transpiration). The roots of the vegetation absorb
moisture [rom the soil up to or above wilting point (pF=4.1), while deep drainage drops the water pressure
down to field capacity, i.e. pF 2.0-2.2 (Lensen; 199/).
While the organic structures stay visible during aridation (biochemical process), during htuniji&/tlion these
structures are decomposed by macro-organisms. Gradually, the organic structure disappears and becomes a
particular type of humus. Under very dry conditions peatbecomes tuif. During thishumification; organic matter
disappears and hence the surface falls (Lensen, 199/).
Of the three states of waterfound in peat, only the free water and capillary water can be expelled by
consolidatioll. Permeability controls the rate of consolidation of peat under load and therefore its strength. A
striking characteristic ofpeat is the remarkable decline in permeability with reduction in void ratio or water
content. The permeability falls by some three orders of magnitude againsta change in void ratio of half an
order. Based on laboratory tests, Hobbs reponed thatthepressure causing compression does not appear to be
imponant. The significant factor is the initialvoid ratio, reflecting the natural state of the peat, and the void
ratio attained under loading (Bell, 1991).

It is obvious that due to the intensive drainage the Sphagnum carpet is the first layer that willdisappear, and
consequently peat development stops. Moreover, before the acrotelm disappears totally, its hydraulic features
willchange as a result ofcompaction andhumification: Hence theacrotelm lost its regulating function, so that
during wetperiods overland flow is stimulated, while during drier periods the desiccated peat is subjected to
wind erosion. Both also accelerate the destruction and disappearance of the bog (Lensen; 1991). With the
destruction of the acrotelm the catotelm is exposed to the atmosphere and the bog ecosystem is degraded to
dry heatherland.
Another response of the bog to drying out as a'result of cutting is the development of large, vertical cracks
parallel to the cut margin. If the cut face is straight, the bog may slump outward in an 'attempt' to re-adjust
to its original shape byforming a new margin. The net effect is that the bog shrinks[rom the edge inwards
(pers. comm Cross).

TheBogroad and thedrains running parallel to thatroad have, hada major effecton the hydrology ofthe bog.
The bogwas originally one raised dome. The road and its drains have caused a subsidence of more than 6
metres and have in effect caused two domes (bell, 1991). The subsidence has increased the density and
decreased the permeability of the peat near the road. Water flows towards the Bogroad [rom Clara east and
west and it acts as the major drain On the bog.
The effect ofpeat-cutting (especially in thesouthof thearea) has increased the subsidence due to theBogroad.
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The difference in altitude of the Bogroad beTWeen 1910and 1990 would indicate that subsidence still occurs
(Bell, 1991).
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The areas of hand Wl-<lway bogrevegetate relatively quickly, but the original plant and animalcommunities
and the uniqueand irreplaceable pollen record are all lost. It has been suggested that cut-away is analogous
10 the lagg ofan intactbog. Cut-away areas therefore actsas a valuable buffer zonearound the intact bogand
its retention is imponant; not only 10 retain habitat and species diversity, but also to improve the chonces of
controlling the mirehydrology.1fthe cut-away is leftundisturbed for a sufficient longperiod (hundreds ofyears)
andprovided the conditions are sufficiently wet, raised bogcommunities will almostcertainty regenerate (pers.
comnl. Cross).

3.3.5. Hydrologic eyele
Lensen (1991) described in his repon a general hydrologic cycle of a raised bog (figure 3.3.). Sijtsma;
Veldhuizen, Veldkamp' and Westein (1991/1991) petfomledmeasurements on Raheenmore Bog andClara Bog
to precise the waterbalance. In this repon the hydrologic cycle of Lensen has beenJUSt

I
I
I

The hydrologic cycle (figure 3.3.) shows thattheexcess rainfall is about350mmtyear (85IJ.500 mmlyear). Most
of the ercess rainfall (130 mmtyear, 66%) runs through the acrotelm towards the drains nearthe margins of
the bog. The sutface runoffis some 11%of excess rainfall (40 mmtyear}. This means that 80 mmtyear flows
through the catotelm. According tofigure 3.3. onehalf (40mmtyear) flows to the mineral subsoil and another
half to the margins.
Romanov (1968) has quoted seepage velocities in the acrotelm as high as 103 mkiay (365 mmtyear, Bell,
1991). Veldkamp and Westein (1991) calculated a downward seepage in the middle of Raheenmore Bogof
maximally 1U4mlday (47-67 mmiyear), with a hydraulic headdifference ofsome 3 m (pets. comnl. RFIynn).
Nearthe margins the downward seepage is getting less. They usedgroundwater-head differences and estimated
the vertical hydraulic resistances for their assessment of downward seepage.
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4.1. IIIlI'Otbu:tion

Map 1 shows the drainage-pattern and the hydrological measuring sitesat and near Clara Bog. Injormaiion
about the measuring sites can be found in appendix L The waterlevel-data of the several boreholes, cobra
drillings, wells, drains and Rivers can befound in appendix IlIA. Althoughthe data ofthe bogpiezometers are
used, they arenot present in this appendix because theytake too much space and are not that important
In this report onlysome hydro(geo-)Iogical features ofClara Bogand its surroundings willbe discussed. Other
students of tne Wageningen Agriculturol University and students of Imperial College London look more in
detail 01 the hydrology of Clara Bog itself (see paragraph 3.3.). In this chopter the following subjects are
discussed.' permeabilities; horizontal groundwater movemem in the aquifers and vertical groundwater
movement; surface water. Hydrological data for thesepurposes, have been collected by studentsfrom Sligo
Regional Technical College, ImperialCollege London, Wageningen Agricultural University and by the author.

4.2 PtmWlbiJiliu

The Carboniferous limestones are aquifers with a very variable yield: lOO-IoS m3/day. II is likely that in large
pans oflhe Clara Bog region the glaciers have removed the upper, fissured layers of the limestone. Therefore,
the remaining limestone will have a relativeiy lowpermeability.
The permeability of tills is in the range of UTI 10 UT 7 mlday and seems 10 be relatively unaffected by
weathering. Thepermeability ofgravelly till/gravel couldbein the range ofItl mlday. Thepermeability ofeskers
is in the range of 100 to 10 mlday (Van Tatenhove, 1990).
The clayey, lacustrine deposits have a lowpermeability and therefore theyact as a confining layer. Due to the
textural variability of these deposits, the overall permeability will be aboul 1U5 mkiay.
The permeability of the peal layers is already discussed in paragraph 3.3. Most important is thai the
permeability of the acrotelm is larger than that of the catotelm. The major part of the rainwater will be
transported through the acrotelm to the Iagg-zones and only a small pan willflow into the catotelm.

I
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I 4.3. HorizontDl groundWaler movement in the aquifers
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4.3.1. Two aquifers
Although very thin, the toplayer ofthe peat (in undisturbed, naturalconditions, the acrotelm) is the first aquifer
in the Clara Bog region. The second, much larger, aquifer in the Clara Bogregion that has beendistinguished
is the aquifer comprising the limestone, the eskerand the (fluvio-glacial} gravelly-sandy layer direct upon the
bedrock. Although the permeabilities of those three layers are different they are pUI together. Reason for this
is the fact that they all have a much greater permeability than the overlying clayey till and the catotelm and
because no confining layers are in between.

4.3.2. Groundwater contourlines of the first aauifer
With the waterlevels of 9 July 1992, from almost all the bog-piezometers, a phreatic surface map has been
drawn (map 4A). At places where no piezometers are, the watertable is estimated by using interpolation
procedures. The watertable of the bog is everywhere some 0-30 cm belowthe bog-surface. The several drains
clearly showtheireffect Especially the drain north-east ofClara, the drains alongthe roadand the drains near
the new[acebank have a pronounced effect on the contourlines. At the[acebanks the watertablesdrop very
abrupt 10 a lower level. Most of the bog-water flows in the direction of the SilverRiver.

Appendix IlLBI shows the phreatic surface in November 1991. In that period less hydraulic heads were
measured. AI Clara Bog west the difference with the map ofJuly 1992seems to be small. For ClaraBogeast
tne differences seem to be bigger bUI this is because of the levelproblems thai occurred (appendix I).

4.3.3. Groundwater contourlines of the second aauifer
The piezometric surfaceof the second aquifer (map 4.B) is basedon the waterlevels from the boreholes and
the wells from 4 September 1992. One has to know that two days before the measuring-dale mosl of the
boreholes have been sampled.
Under the Island, where a limestone-hill-mound occurs, the piezometric surface is very high. Presumably, this
is a recharge area for the aquifer. A smallpart of thegroundwater flows towards the RiverBrosna. The main
part flows to the Silver River. The waterdivide in the aquifer lies under the bog in a NE-SW direction which
is similar to the direction of the geological structures in Ire/and.
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The esker(350 mmlyear) and the centreof the bog-body « 40 mmtyear) seem to be a recharge-area. Under
the south-west end of the bog and at the east-side the groundwater flow might be rather slow as head
differences are small. Wellj 8 (on the esker, in limestone) is only measured by the end of 1991. Those data
show that the waterlevels are some ten metresbelowthoseofthe nearbywellj 9. The reason, [or thisdifference
is not known yet: There might be abstraction from well_18.
The Deepdrain has a pronounced effect on the piezometric surface of the second aquifer. The drains at the
south-westside of the bog also seem to affect the groundwater flow in the second aquifer.

Appendix1II.B2shows the piezometricsurface from the dates of14 November 1991, 30 April 1992 and 9 July
1992 as compared with 4 September 1992 The differences are small and occur near CLBH4, CLBH5, the
wells 5-9, 15, 19, 21 and 23.
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4.4.

4.4.2. The bOll surroundinllS
Appendix llI.C1 contains the hydrographs of the waterlevels in the boreholes, wells and cobra-drillings over
the period from 3 September 1990 to II November 1992 One hydrograph shows the hydraulic heads of
different[dters at one site.
Some remarks are made:
• The hydraulic heads in the second aquiferdiffer not more than 0.2 m.
• The hydraulic heads are lowest in wintertime.
• No directrelation with the precipitation can be found.
• From September 1990 till September 1991 there is downwards seepage at CLBH2 After

September 1991 seepage occurs. The (downwards) seepage is thought to reflect the waterlevel
in the adjacentdrain. A high head will causedownward flow and a low head upward flow,
reflecting the hydraulic connectionbetween the drain and the second aquifer (pers. comm. R
Flynn)
The head in the clayey till at CLBH4 fluctuates a lot. probably because of a low storage
coefficienL
Most of the time there is downward seepage.

4.4.1. The two aquifers
____ MaR 4.C gilles_an,idea_ofthe_differences_in_the_hydraulic_heads 0[-the[lTSt-and-second-aquifer.-The-maps-4:A------

(phreatic surface, July 1992) and 4.B (potentiometric surface of second aquifer, September 1992) have been I
used to compilemap 4.C. The differentdates do not giveproblemsas the differences in the second aquiferare
small (see paragraph 4.3.3.). The mean difference in hydraulic head on the bog is some -3m; this implies
downwards seepage. Only near the Bogroada positive difference is found, which means that upward flow
prevails. The high negative values at the south-east side of the bog occur at the place of a till mound. .
The hydraulii: heads arealso put into the hydrogeological cross-sections (maps 2 and 3). The convexity of the
hydraulic head ofthe second aquifer, under the eskerin the cross-sections A and A· is most of the yeargreater
as the cross-sections show. Because thereis hardlyconvexity, it looks ifthereis a lateralflow throughthe esker.
The absence of convexity in the esker watertable is a function of the esker permeability which preveals a
significant recharge mound from developing (pers. comm. R Flynn). .
As can be seen in cross-section B the seepage near the Bogroad will be small because of the presence of the
lacustrine claylayer. Cross-section D, however, shows that the wateris goingto the drains along the road. This
is probable the resultof the till mound. Accordingto cross-section C thereis a seepage-zone just south ofClara
West, where no lacustrine clay is present. Nearthis site Carex flava is observed which indicate calcium-rich
water (pers. <omm. J. Streefkerk]. The Deepdrain willdischarge thisseepage water (map 3.B). Along the whole
cross-section the hydraulic head is higheras the bottom of the Deep drain. The waterlevel is not known yet.
If the hydraulic head of the second aquifer is larger as the head of the first aquifer (and the waterlevel in the
Deep drain), a significant seepage will not occur, because of the hydraulic resistance of the lacustrine clay.

4.4.3. In the peat
Appendix llI.C2 contains hydrographs of piezometersets on the bog. A piezometerset is a cluster of several
piezometers at one site withdifferentfilterdepths. A selection ofpiezometersets have been made. The following
piezometersets, which also are sampled for hydrochemically purposes, are taken into account.
On Clara Bog west: 46, 54, 57, 90, 92, 96, 901, 902, 903.
On Clara Bog east: 113, 114, 119, 120. (No hydrochemical samples of 114)
Because ofproblemswith the surface levelsoj the bog (appendix 1), the hydraulicheads of the tubes at Clara
Bogeast shiftfrom 1991 to 1992. Leveldata are in general not very accurate on the bog (Huisman, 1991). The
surface levels can vary 5- 10 cm as they are measured witha ruler and the surface around a tube is not flat.

1
'I
1
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Moreover, thebogis there treaded a lot, so thesurface level is lowered. Therefore, the hydrographs arejust used
for analyzing the relative differences.
According to the hydrographs everywhere in the peat downward seepage occurs. This supports with the
informarion discussed in paragraph 4.4.1. As expected there is no direct relarion between the hydraulic heads
and the precipitation. In wintertime, the watertable (acrotelm} is higher than in summertime (0.1-0.3 m
difference). The hydraulic heads in the catotelm show in general the same (a bit flattened] pattem as the
phreatic watertable in the acrotelm. The hydrograph of 114 shows seepage in January 1991. However, this is
onlybased on one measurement.

4.5. Surfaa WtltLT

4.5.1. Drainage panem
The Clara Bogregion is, via a small drainage system, drained by the RiverBrosna and the Silver River (map
1 and figure 4.1.). Most of the surface water from thisarea flows to the Silver River. Onlyon the west-side of
Clara Bogsurface water flows to the River Brosna. South-west of the Clara Bogregion the Silver River enters
the River Brosna. The drains nonn of Clara Bog transpon water from the eskerand bogwater. Most of the
otherdrains carry a mixture ofbogwater andwater from therill deposits. In the Deep drain a lotofthesurface
water of the Clara Bog region is collected andflows to the Silver River.

4.5.2 Stages in the drains and ri"ers
In appendix III.C3 the waterlevels of the drains and rivers during the period March - July 1992 can be seen
in relation with the precipitation. The sites of the gauges and weirs are marked on map 1.

Drains along the bogroad
Every weir has its own stakefrom which the waterlevel was measured. The reference height (MOD) of those
stakeswas unknown. Therefore, the three graphs ofthe weirs 921, 922, 923 can not berelated with each other
in absolute way.
All the weirs show the same discharge-pal/em. This pal/em coincides with the precipitation-pattern. There is
almostno delay between the rainfall and the discharge of the drains. The discharge of most of the rainfall is
very quickfrom the bog-area to the drains along the bogroad. During theperiod 19 March rill 11 June 1992
the maximal difference in waterlevel was about 0.2 m for the weirs 922 and 921 and 0.1 m for weir 923.
According to the data of weir 923, theprecipitation seems to have less effect on the notth-side of the east-side
drain. The drain north-east of Clara Bog enters the drain east of the roadjust before weir 923. This means
that thenorm-east drain flattens the peaks of the rainfall. At weir 922, downstreams of weir 923, the'bog' has
had its influence on the discharge. •
One has to have in mind that thosedrains aremanmade. In the natural situation quickrunofffrom the bog,
bydrains is impossible.

n
Deep drain
The stages of the Deep drain show the samepal/em as the precipitation and the drains alongthe road. The
figure is compared 10 the weirs 921 and 922 a bit flal/ened.

Silver River and River Brosna
The stages of the Silver Rivershow the samepal/ern, in a more extreme way, as the Deep drain (differences
during period March-June 1992: O.3m). The discharge pal/em of the RiverBrosna is different. It seemsnot to
react immediately on theprecipitation as theSilver River does. This canbeseen very well inJune1992 At that
time there is a peak discharge at the Silver Riverwhile the Brosna Riverreaches a dip. No clear flood wave
can be recognised. It could be said that the RiverBrosna has a much greater groundwater baseflow whereas
the Silver River is more dominated bysurface runoff.

4.5.3. Discha1T!es
At the end of May 1992 the discharge in the Deep drain and a drain at the east-side of the boghave been
measured with the dilurion or tracer method (appendix III.DI). June was a dry period and therefore the
discharge is relatively low.
Nearthegauge of the Deep drain a discharge of 25 I/s was measured. A drain east of Clara Bog discharges
then51/s (fig. 4.1.). Mr. P. MacGowan (Office of Public Works, Ireland) did alsosome measurements during
1992 (appendix m.D2). He measured the discharge in the Deep drain (February and June 1992) and in the
Silver River (at New Bridge, February 1992). The discharges in the Deep drain varied from 401/s in February
199210 201/s in June 1992 (appendix III.D2). The discharge of the Silver Riverin February 1992wasalmost
100 lis.
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Themeasurements give the discharge at a specific moment. They give an impression about theproportion of
the several streams. The drains which do not join in the Deep drain, have approximately the same size as the
measured drain east of Clara Bog. This meansthat the Deep drain drains less than half of the surface water
of the Clara Bogregion.

4.6. Discussion

Theregional hydrogeological system of theClara Bogregion is difficult to describe because data areincomplete.
Thedischarge ofthe bogin the drains on thefar west and eastsideofthe bogis not measured. More discharge
measurements at and around Clara bogduring the yearare needed.
In the summer of1992 some newrecorders were placed at thedrains alongthe road. Theq-nrelation ofthese
recorders is known. The stakes are not usedanymore.
Some data are onlyavailable for a smallperiod oftime. Thismakes it hardto use them as a basefor drawing
firm conclusions. Furthermore the leveldata on the bog are inaccurate, which makes its impact on the
reliability ofthehydrological data inaccurate. Differences lessthan 10 cm cannotbe usedfor the interpretation.
More information about the permeabilities of the geological layers in the Clara Bogregion is needed. Now,
pumping tests are planned to measure the permeability. Decisive answer is than given on the nature and
permeability of the several geological layers, which in this report are distinguished as the second aquifer.
The lasthundredyears, mankind intervened in thisregion by turf-culling, drainage and otheractivities. It would
berelevant to survey history to seewhatthe effect wason the hydrological system in the Clara Bogregion (e.g.
flooding of the R. Brosna).
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5.1. Theory

5.1.1. Geothermic principle
In the middle of the earth heat isproduced. As the earth-surface is relatively cold, heat transport takesplace
towards the surface. Because of thisheat·flux, the temperature of the earth willincrease with depth. The heat
transport in the deeper subsoil takes mainly place by conduction according to Fourier's law:

qh =- >. T6s OJ
qh Heat-flux density by conduction (Jm·2s·1)
>. Heat conductivity (Jm·1s·l °e1)
T Thm~ature fq
6"s 6,& + E;ty +~

If depth increases (depth (z) is negative) the temperature will increase as well; so qh is positive and has an
upwards direction (figure 5.1.; Gaag& Sauer, 1989). This is called the geothermic gradient

5.1.2 Deviations of the geothermic gradient
Figure 5.1. only holds for a homogeneous, isotropic, saturated soil in a steady state condition. In reality,
deviations of the geothermic gradient occur due to thefollowing phenomena: '
I) Seasonal fluctuations
2) Groundwater flow
3) Lithololrl
4) Unsaturated zone

Ad 1) Seasonal fluctuations
The geothermic principle applies to a situation with a constant surface temperature. In reality, the surface
temperature depends on daily, seasonal and annual fluctuations because of the heat inputfrom the sun. The
fluctuations alsodepend on climate and vegetation. In a forest thefluctuations aresmaller than on bare soil.
The fluctuations willbe damped with depth (fig. 5.2.; Gaag& Sauer, 1989).
In nature, the daily and annual temperatures fluctuations are more or less cyclic variations of the surface
temperature. Both can be approximated by a sinus function. The damping depth is the depth at which the
amplitude of the temperature fluctuation has decreased to 0.37 Ao Ao is the amplitude of he sinusoidal
temperature variation at the soil surface. Thedamping depth (d) depends on the thermal properties of the soil
(A, Ch) andVthe angular frequency of the temperature variation ~ according to

d = 2JrU:; (m]
w 21l7tc ($ )
A Heat conductivity (Jm'l$1K 1)

Ch Volumetric heat capacity (MJm'3Kl)
tc Time to complete I cycle of the wave (s)

Fororganic matter with a Ch of 2.5 MJn,-3K1 and a of 0.25 In,-1$1 K 1, the daily damping depth is 0.05m
andthe annualdamping depthis 1.0m. Organic matter hasa relarively very lowheatconductivity (table 5.1.),
and therefore the damping depth is rather low. Gaag and Sauer (1989) report that the daily fluctuations can
beneglected from some 0.5 metres below the surface and the annualfluctuations from some IS metres. These
figures are typical for a mineralsoil, however, for a peaty soil these will be far less.

Heat COnductivity of soil components atlOOC (Koorevaar et al., 1983).
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Table 5.1.

Material

:1 Air, saturated with watervapour
~ Organic matter
, Water
i lee (OOq
, Clay minerals
i Quartz

Heat conductivity, A
.' Jm,ls'lKl

0.025
0.25
0.57
2.18
2.9
8.8
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[3J

[2J
(In..2s-I)
(gm-3)

(Jt IOe I)
(ms· I )

Heat-flux density by convection
Specific mass of water
Specijic heat capacity of water
Volume fluxdensity
-koh!IB Darcy's law
k permeability
h hydraulic head

Ad 2) Groundwater flow
In the upper layers oftheearth; heattransponthrough groundwater flow (convection) occurs. This convection
equation can be written as:

qc=fwcw T v
qc

\'w
Cw
v
v

The total heat-flux in a saturated soil has to follow the continuity equation (no heat is created or lost). In a
homogeneous, isotropic, saturated soil with no transpon by diffusion the continuity equation is:

6qAi =fscs (;JEt +Q' [4J I'
----------'-q-=qh-+qc=-total-heat-flux (Jm-Jsi) ~ _

ys Specific mass of saturated soil (gn..3)
Cs Specijic heat of saturated soil (JtIOeI)
t Time (s)
Q Heat production (Jm-3s·I)

A /wrizontQI jIow of relatively warnl or cold water changes the geothermic conductivityheat-flux as well. In
caseofcold water at the bottom of the stream the temperature gradient increases and as a result of this, the
geothermic- heat-flux increases. The horizontal stream of water will be warmed up. Going upwards the
temperature gradient decreases andcan become positive ifthetemperature abovethe streamis higher (fig. 5.4.;
Gaag& Sauer, 1989)

Ad 3) Lithology
Thegeothermic principle applies to a homogeneous, isotropic medium. The eartnis builtofseverallithological
units with different physical characteristics. The heat conductivity ()J depends on those characteristics and
increases from peat; clay to sand (table 5.1.). Exact values of different saturated soils are hardlyknown.
Depending on the occurrence of different lithological layers, there will be vertical and lateral variation in the
temperature gradient ofthesubsoil (figure 5.5.). Thelithology affects not onlythe geothermiC heat-fluxbutalso
the heat-flux by convection. The volumeflux density (v) (see equation 2) depends on the permeability. The
permeability is a function of the lithology. Heat transpon by convection only exists if there is a difference in
hydraulic heads. The effect of the groundwater flow is more pronounced than the direct influence of the
lithology (Gaag & Sauer, 1989).

Because ofgroundwater flow, deviations in thegeothermic gradient occur. This flow is the resultofdifferences
in hydraulic heads andcan belateral or vertical. According to the equations 1, 2 and 3, a negative, downward
groundwater flow'has as result a negative downward heat-flux by convection. This heat-flux is than opposite
of the geothermic heat-flux byconduction.,lthen there is downward seepage the influences of the seasons will
be recognized deeper in the soil. In the nextexamples absolute values areused (increasing of the temperature
gradient meansgetting a higher negative value).
A venical; downwardflow of relatively cold water replaces warn, water by cold. The heat-fluxby convection
is opposite of thegeothermic (conductive) heat-flux.and decreases with depth. The temperature gradient will
increase with depth and as a result ofthis, thegeothermic heat-flux (conduction) willalso increase with depth.
The geothermic heat-flux increases in a positive way as the direction is opposite to the temperature gradient
(figure 5.3A).
A vertiaJI, upwardjlow (relatively warn' water) replaces cold water by warm. The heat-fluxby convection has
thesamedirection asthegeothermic heat-flux (conduction) andincreases with depth. The temperature gradient
willdecrease with depth as does the conductivity heat-flux (figure 5.3.B.).

SUbstituting [1J and [2J in [4J gives the equation:
. Q+>.g.T~ - yJvT6S = -~csf:Uj

ThIS equatum can only De used in an isotropic, homogeneous and saturated soil.
[5J I

I
I
I
I
I
I
I
I
I
I

Ad 4) Unsaturated zone
The geothernlic principle onlyholdsfor a saturated soil. Most of the time, however, thereis a unsaturated zone,
varying in thickness, between the saturated zone and the SOil-surface. The pores of this unsaturated soil are
filled with water orair. As airhasa very lowheatconductivity (table 5.1.), thegeothermiC heat-fluxis hindered.
Due to the very low heat conductivity the temperature gradient in the unsaturated soil is large (figure 5.6.).
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When there is downward seepage in the unsaturated zone, heat transport opposite to thegeothermiC heat-flux
prevails (Gaag&: Sauer, 1989). The water vapour in the soil willbe mainly transported by diffusion which is
also influenced by temperature. Water vapour diffusion takesplaces fromhigher to lower vapour pressures and
thusfrom higher to lower temperatures (Koorevaar et al., 1983). The acrotelm is the (partly) unsaturatedzone
of the peat It can be excepted that the acrotelm willabsorb most of thedaily temperature fluctuations and a
large part of the annualfluctuations.

5.2 Methods

I

I

I

I

I
I

I

I
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5.22 Fieldwork
The temperature profile has been measured in boreholes and cObra-drillings near and at the bog and in
piezometers on the bog. The measured piezometers on the bogaremost cases situated at or near a soak-area
(figure 5.7.). It is supposed that at every depth, the water in the tubes, has thesame temperature as the water
in the soil which surrounds the tubes.
The temperature was determined by lowering a resistance thermometer in the tube. The temperature was
measured at intervals of 0.5 metre. Two measurement sessions have been carried out The-first one at the
beginning of April 1992 with an !WACO-apparatus, and the second one at the end of June 1992 with a
BECKMAN-apparatus. Both apparatus use the sanie'measurement principle: the resistance of the water is
measured and is convened to a temperature.

,
!WACO: The !WACO apparatus is a platinum resistivity thermometer. It exists of a copper probe with a 
thermic isolated- platinum resistor. A smallelectric stream is sent through this resistor. The electric potential
difference overthis resistor is a measure for the temperature at the place of the resistor. A calibration curve
is available which specifies the relation of the potentialdifference and the temperature. The temperature is
calculated with the[ormula: T = 525.9290 • Rw-O.07368 - 273 in which R

w
is the resistance of the water in

the tube. Thisresistance is calculated bysubtracting the cable resistance from the total resistance (water and
cable). Both resistances are measured. The cable of this apparatus is some 100 metres long.
BECKMAN: This apparatus uses the sameprinciple. It is just a cable with a small resistor at the end. Here
one resistance value is measured which canbe converted to a watertemperature using a table. The table gives
onlyfigures for rounddata. Appendix WA gives this table. Furthermore the values calculated with the formula
usedfor the !WACO-apparatus are presented to investigate possible differences. Assumingthat a relative error
of 0.01 °c is acceptable, the formula of the !WACO-apparatus can be used for the BECKMAN-apparatus
when the temperature ranges from 2 to 30 degrees Celsius. In the important temperature traject from 12 to 21
degrees Celsius, the relative error is even close to zero. Forthat reason theformula has been used for both the
!WACO and the BECKMAN-apparatus. The cable of thisapparatus is onlysome 6 m long where some ofthe
measuring sitesaremuch deeper. In April1992 the bottom ofthe tubesandboreholes couldbe reachedwhere
in June 1992 with the BECKMAN-apparatus only to 6 m below groundlevel could be measured. .
Table WI (appendix WB). gives an overview of the sites which have been measured inApril and June 1992
Figure 5.7. gives the locations Ofthe sites.

5.21. Aim
Temperature measurements were carried out to investigate if there is vertil:al water and associated nutrient
transport in or nearby the soaks on Clara Bog. The hypothesis was that because of temperatures differences
water flow wouldoccur and with this transport ofnutrients as well. Water flowdue to temperature differences
has to be upwards to explain thesoak-systems. Supposing that deepf70.undwater in thesubsoilis at 10 degrees I

____-::Cc:els:;:.=wsc:,'-'upwards flow would occur in wintenime.when_the_surface.water.temperature_is.much.lower.(pers.---- 
comm. J. Streefkerk). Temperature measurement of groundwater can also give insight in the regional
groundwater flows (recognition Ofseepage and downward seepage areas).

5.2.3. Reliability of the measurements
The reliability of the measurements is determined by the physical features round the tubes, accuracy of the
apparatus and the observer andtheeffect of the descending probeon the temperature profile. In 5.22 is noted
that we assume that the water in the tube has the same temperature as the water in the surrounding soil:
However, if the tube is madeof material with a high heat conductivity capacity (for example metal), it would
influence the temperature profile. The measured temperature gradient is than lower than in the tube. Most of
the tubesare made of plastic, which has a low heat conductivity capacity..
If the tube is too wide, convection in the tube itselfoccurs and the temperature gradient will be smaller than
in the surrounding soil. In tubes with a diameter of5 cm and temperatures lower than 15 "c. convection only
occurs if the temperature gradient is greater than 0.1 rci« Most of the tubes which have been used had a
diameter smaller than 5 cm. Ofcourse, if there is an openspace between the tubesand the soil, the measured
temperature profile is not the same as theprofile in the soil (Gaag &: Sauer, 1989).

I
I
I
I
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It takes some time (15 sec.) till the probe has the some temperature as it's environment An error is made
when people readthe resistivity too early. The resistlvity of the cablecan change. With the!WACO-apparatus
this resistivity can be measured but this has not been done at every measuring-depth. With the BECKMAN·
apparatus thisresistivity can not be measured. For the!WACO-apparatus the verification-error is estimated
to be 0.1 °c, and the reading-error at 0.01 <c. The error made with the depth-measurements is some 5 em.

I
I

Because of the descending of theprobe, thetemperature profile is disturbed. Thisdisturbance is minimized by
descending very slowly and gradually.

Under normalconditions (plastic tubes, no convection in the tubes, good contactberweentubes and soil and
careful measuring) the error onlydepends on the apparatus. The !WACO.apparatus has an error ofO.IOC for
temperatures and 0.02 vc for temperature differences (Gaag & Sauer, 1989).

I
I

5.3. I
5.3./. Data
Appendix WB gives the measuring data. The following graphs aremade, to interpret the data:

Isothermic transects (see appendix WC andfigure 5.7).
Temperature and temperature gradient against the depth (April and June 1992 in one figure)
Temperature gradient at depth r is calculated:
T(x+a) • T(x_a) I

T Temperature fC)
d D~th (m)
a Depth-interval at which temperature is measured

Those graphs areput together with the hydrochemical data (Chapter 6). This makes it easier
to correlate thosedata. Graphs without hydrochemical data aregiven in appendix WD. and
graphs ,:ith hydrochemical data in appendix V. .

I
I
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5.3.2. Interoretation
5.3.2.1. lsothermic transects
Some remarks about these transects (appendix W.C) are made. In general no relation with the temperature
profiles and temperature gradients seems to exist.
CLARA WEST I (901-CLBH5; AprilandJune 1992)
• Due to the downward bending of the isotherms near CLBH5 groundwater flow is supposed

to go in that direction. The colder water flows towards CLBH5 and the temperature
decreases.
The higher elevation of the mineral subsoil nearsite 92 seems to have no influence on the
temperature.
From April to June the 10°C isotherm has moveddownwards in the profile. This means that
between April and June there was a downwards flow of cold waterfrom the surface.

CLARA WEST 2 (903-CLCDl; AprilandJune 1992)
• Remarkable is the dip in the io»: isotherm at site90 (April 1992) while theotherisotherms

do not show anything special: .
CLARA EAST (April 1992)
• Tube III and 114 have lower temperatures than the surrounding tubes. Maybe this is the

result of a higher downward seepage.
Tube 114 is situated in Lough Roe and represent very wet conditions. If the high water
content is the reason for the slower warming up, tube 119 (also in Lough Roe and wet)
should show the same behaviour.
Near the edge of the bog, a downward flow towards the margins is suggested by the lower
temperatures. Thiscan be explained bytheoccurrence of the lagg-zone andthe drainage due
to peat-cutting.

CLARA EAST (June 1992)
• The isothermic pattern nearthesurface runs parallel to the surface..
• In the lower 9.5 °c isothermic a dipoccurs in the tubes III and 114. Thetubes112 and 119

have this isothermic at a relatively higher depth.
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5.3.22 Temperature profile and temperature gradient
In general; there is no very clear difference between the measured temperature in the tubes. As discussed in
chapter 4 almost everywhere at the bog downward seepage occurs. This wiII have its influence on the
temperature graphs. The seasonal influences can be recognized very well in the graphs of the temperature and.
the temperature gradient against the depth (appendix WD and V). These graphs alsoshowthat in April 1992,
in most of the tubesconstantvalues are reached at about 4 m·G.L.. The temperature at thisdepth than about
10 degree Celsius and the temperature gradient about0 °Clm. As this is almost everywhere there seemsto be
no correlation wilh the different rypes o(peat and theheatconductivity. In June the measurements couldonly
be done to 6 m-GiL. Because of this limited depth hardly any interpretation is possible. The measured
temperature profiles and figure 5.2 show that the seasonal influence in peat reaches to about 7 m-G.L..

CLBH3 is a borehole wim a diameter of 15 cm. As expected convection has taken place in this tube whuh
is reflected in the constant temperature. So this measurement is of no use. CLBH4 shows a rather different
profile and gradient as the other boreholes (except CLBH7). It looks like there is moredownward seepage at
this borehole. Theshapeof theprofile is concave while theotherhavea convex shape. At a greater depth water
wilh a temperature of 10 degrees Celsius is present At the site of CLBH7 the same shapecan be found but
the measurement is not as deep. No relation between thelithology and the temperature profile or temperature
gradient can be identified.

5.4. Discussion

The geothermic principle applies mainlyto thedeeper subsoil. Gaagand Sauer (/992) onlyuse measurements,
deeper than 15 m·G.L. Although the seasonal influences in peat will not reach that deep, people have 10 be
very careful with the interpretations. The measurements, especially those in June are not done to a sufficient
depth. At least, an instrument is needed, which can reach the bottom of the several tubes. The theory is very
complex. If one couldconcentrate on thissubject might beuseful. The measurements shouldbe carried out in
special periods of time when changes in temperature are expected, due 10 seasonal variation.

The temperature-probe of the Dutch National Forest Service, which just can be pushed in the ground (mar.
2 m) and which measures electric conductivity and temperature couldbe very usefulfor more information on
the seasonal fluctuation. Then, this fluctuation can be eliminated from the measurements.
The temperature data show some remarkable features but as it is only a small part of this hydrogeological
study no relevant conclusions can be drawn now. Maybe later in this project, when more knowledge on
hydrology and hydrochemistry is available, a thorough interpretation of the data can be worthwhile.

37

...".
"



....
00

I

- - - - - _. - - - - - .. - - - 1- - - - -



I ~ HYDROCHEMISTRY

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

6.1. lnIrotIuaion

. The hydrochemical data of this report consist of two kinds ofmeasurements. The first and easiest to obtain,
are the electric conductivity data (EG) which gives an idea about the ionicmobilityofwater. Thesecondtype
ofdata comprise the hydrochemical composition of water which are obtainedfrom laboratory analysis.
In thischapter both methods areexplained and the results and problems, especially withthe chemical data are
discussed. From the literature (see chapter 3) it is very clearthat the bogwater is very nutrient-poor and due
to this it has a low EC (60-100pSlcm). The soak-area shauldhave, according to the minerotrophic vegetation,
some supply from mesotrophic water(more nutrients in amounts and type) which results in a relatively higher
EC. The mineralgroundwater is nutrient-ricb and has a high EC (500·600fIS/cm). This groundwater will be
rich in calcium due to groundwater flow through the limestone subsoiland glacialdeposits which are derived
of this limestone.

6.2 Methods

6.21. Electric Conductivity
The electric conductivity (EG) has been measured during the periodApril-July 1992. Field measurements are
carried out witha WIW-LF 91 (HE 1IT)from the Wageningen Agricultural University. TheEC ofthe samples
for laboratory analysis, were measured at Chapel Hill (Clara) with a WIW LF 91 (LS lIT-l.5) and in (the
laboratory (D.P. W. or State lab). The drains along the Bogroad and the Deep drain are measured regularly.
On and aroundthe bog the EC is occasionally measured. On the bog the waterin the piezometers is pumped
out to measure the EC in a sample.

6.2.2 Hydrochemical analysis
6.221 Fieldwork
Electric conductivity can just be measured in the field, but for laboratory analysis water samples areneeded.
In 1992 (till October) three hydrochemical sampling sessions took place i.e. in March, June and September.
The water in the tubes, which also arebeing usedto measure hydraulic heads, is sampled. ThepH and EC are
measured as soon as possiblemeasured at Chapel Hill (Clara). Figure 6.1. and table6.1. givean overview of
the sites that have been sampled.

In March 1992 the shallowfilters « 3m) were pumpedout with a handpump and the deeper withan electric
pump. Thesampling was carried out by Richard Henderson, Larissa Kelly and the author. The samples were
analyzed at the D.P. W.-laboratory in Dublin and showed very high contentsof HC03 and NH<t
There could be 3 reasonsfor this:

Because of time limitations the piezometers were not pumped out before the samples were
taken.
The use of an electric pump is likely to introduce a large amount of oxygen into the water.
Problems with analysis in the laboratory.

Normally, there is a high NH.content in recently dug boreholes (pers. comm. D. Daly). The figures from
March however, are extremely high.
To solvethe problems with the wateranalysis the sampling was carried out otherwise in June and September
1992:

a bailer is used to get out the minimum amount of water needed for the analysis, thus
minimising the introduction of O2 and COi
For most of the shallow filters the handpump is still used. The bailer is placed on a
gardenhose (14.5 m). The hose wasnot very good because of severalbends. Sometimes the
amount of water in the tubes wastoo small to get it out with the bailer. Then the waterwas
sucked out It was not exactly known when sufficient water was coming out of the hose.
Therefore the first amount of water at every site was not used.
the samples were taken at some 50 em above the bottom of the tube;
smaller bottles (250 ml) which can be filled to the top with water were used;
a coolbox, in which the bottleswere placed, directly aftersampling, was used; Samplesshould
be storedat approximately ec.
the tubes were pumped out till3 days before the samplingtook place and covered witha cap;
as SOOn as possible the samples were transported to the State Laboratory. There was asked
for a fast analysis.
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3
PT1,2 Sampling on 13/08/92

,
In June samples the concentration HCOJ is estimated

2 .
44/3 : Of total (44), 3 samples wlth an lIB_ERR1<= 5

, SITES ~CH JUNE! SEPTEMBER

CUlIA BOG. IIB_ERRI <=5 5-10 <=5 5-10 <=5 ~IO

~
"/A,B,D,F46 A,B,D,F "/ B, F" " "/A,B "/ D

54 A,B,D,F " "/F "/A,B,D,F "
57 A,C,D,E " " "/A,C,D " "/A "/ D
90 A,B,D,F " "/A "/A,B,D,l " "/A,B,D, "
92 A,B,D,F " "/A "/A,B, F "
96 A,B,D,F " "/A "/A,B,D,l " "/ D,F'"

901 A,B,D,E "/ B " "/A,B,D,E "
902 A,B,D,E " "/A "/A,B,D,E " "/ B, E "/A
903 B,C " "/ B "/ C "
905 A,B,D,E "/ B,D,F " "/ F"
Lake water,S.L " ",. ",. "
East
113 6,5,4,3,2,1 " "/3 "/6,4,3,1 " "/6,4,3,1 "
119 3,3",2,1 " " "/3,3",2,1 " "/ 2,1 "I

"/A,B,D,l " "/ B,D "/A120 A,B,D,E " "
SwfaceLR " ",. I

44/32 44/9 , 49/47 9/- 36/20 36/4
, ,

MINERAL GROUNDWATER, IIB_ERRI , <=2 '4 <=2 2'4
CLBH2 1,2,3 '/1,2 /3 "/1 '/2
CLBH3 , "/FTI,]' "
CLBH4 1,2,3 "/1,2 "
CLBH5 B,A '/B,A " "
CLBH6 1,2,3 '/1,2,3 "/1,2 "
CLBH7 1,2 "/1,2 i:/2CLBH8 1,2 "/1
CLBH9 1,2 " !"
CLBHlO 1,2 " "/2
CLCDl -r " "/" "
CLcm N,S "/5 "cia» ',. " ./" "

- - 10/9 10/1 26/13 26/3

SURFACE WATER, IIB_>RRI <=2 2'4 <=2 2'4
921

i "/" " " "
922 '/" " -r "
923 I i ",. "
924

I I
"/" "

Drain_wI " "
Drain_w2 I " "I
Drain_eI I I " "
Drain-,2 , I " ",.,
Deep_drain I

I ",. " " "
Brosna i ",. "I
Silver I ",. " ": - - 7/7 7/- 8/1 8/1

I

'IUJ'AL 180 :44/3 44/9 66/63 66/1 70/34 70/8

Percentage of samples with IB_ERR in the marge (bog samples < = 5,
mineral growulwater/swface water samples < =2) and Mice the marge

TOTAL MARCH JUNE ~ SEPTE1BER
Marge 2"marge marge 2"marge marge 2"marge , marge 2"marge
56 % 66 % 7 % /27 % 95 % 97% , 49 % 60 %

Ionic Balance Error (IB_ERR) of hydrochemical samples 1992Table 6.1.
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In June 1992 the sampling wasdone by Larissa" Kelly and the author and in September 1992 by Larissa Kelly
and RayFlynn. Theprecipitation data are the mean over theperiod June 1991 til/June 1992and gathered by
L. Kelly.

6.2.2.2 Computer program, Chemproc.
Thedata of the chemical analysis were stored and processed in Chemproc., a Dutchcomputer-program. With
the input of the analysis Chemproc. calculates some features (figure 6.2). The first three columns represent
the analyzed data and the last two columns, the calculated features, by Chemproc.. If there is no measured
temperature, theprogram assumes a temperature of Id'C.

H._ UFI ~O. tl.60 1','1; .
City . 03 ECfld
Map 1 Fe 0.19Is.cop
On. 199a.03:15 I'In 0.01 UVext
Unit 3 AI Color
Code 46.\ IS102 ee
Deptb phre.tic o.P04 0.01 SUlpK

;~i~;~~·~~09 =:~ C~~ If No
I-Coord. N02 Cblf

_____~H.T=Coord. CO,~ Pbuo-O.crrA
Typ. G TotdH DOC
!C '0.60 HC03dH 02
pH 6.5' Tot P 0.01 02'
T••p , 10.00 TOe COD
... 5.90 Pb SODa
I 0.11 AI BODd.
1'19 0.47 Ifi ,. T
C.. 1.42 Zn F
1Of. ce I)
Cl 12.00 lejet-N )
HC03 U.14 Q el
re••r.1

• •••••••• Calculations ••.••••••••
Su.. + 0.31

•• LOG lAPIn •• au.. - -1.07
Calcite -3.1' error' -4a.lS
Oolo.it -6.67 TIC aq/l 14.76
Siderit - •. 2. IOD.rat 0.05
ll!.odocb -3.51 'a. -0.77
Gyplu.. - •. 91 I· -0.13
OH-Apat -17.731'19. -0.34
Chalced -n.ol SO.. -1.09

-OUartz--11.5J-Ca· l-;-16-n~-------
Gibblit -9.11 Na+I+I'I~ 0.30
I.oliai -41.19 N.+K+!'I9c 0.36
pe K-.O 61.0.
Viviaai -1.07 sc-ae 71.33
P co. - a,01 nror' -7.79

AXC 7.23!-1
Buf-CO. 6.93E-7
Buf-tot 1.17E-3
Ituyf:nftd clall:
HC03H FO-IfIBC03
To'l; H ,. -NallC03
tx.eh ·0.06 I

Figure 6.2 Chemproc. datasbeet; sue 46 filter I

The following features are used in this repon:
loniI: ba!JuJa error % "
The ionic balance-e"o,4 (IB_err) is a measure for the usefulness of the analysis. The IB_errS calculated
according to Nota and Van de. Weerd (1989) is twice as large as the IB_e" according to Chemproc. Still the
standards from Nota and Vande Weerd areused. This because bogis hardto sample. Forbogwater with few
ions the IB-"" has to be less than 5 % and for mineral groundwater and surface waterless than 2 %. (Nota
& Van de Weerd, 1989).
Ionil: nuio
The ionic ratio (Ionjat.) is used in the Van Wirdum graph. Ionjat. = 0.5 • Co 1(0.5 • Co + CI) wuh Co
and CI in mmolll.
EC 20
The-electric conductivity at2d'C (EC_20), is calculated with the measured EC, at 2SOC6

Stuyfrmrd dIlssifiauion
TheStuyfzand classification is a system to classify watertypes. Thesystem distinguishes maintypes, types, subty
pes and classes. Thef"st classification is basedon the chloride content (Fresn-Bmckish-Hyperhaline water).
All the samples in the Clara Bogarea are of thefresh water type. Therefore the classification starts with a F.

I
I
I
I
I
I
I

(Sum cat • Sum an)
100 • --~---------~----

(Sum_cat + Sum_an)

(Sum_cat, Sum_an both positive and in meq/l)

I
I

I
I
I

IB err <= 5 X
n:err <= 2 X

SI.ID cat + Sl.Ill an < 2 meqll
SI.ID:cat + sum:an > 2 meqll

(Nota &Van de ~eerd. 1989)

6EC_20 = EC_25 • 0.885 with EC in Slem

0.5 • (Sum_cat + Sum_an)

(Sum_cat, Sum_an both positive and in meq/l)

5 .
IB err (X) =

- 100 •
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The second classification is based on the total hardness of the sampleZ The subtypes are marked by the
dominant anion and cation ofthe dominant anion-and cation-family. Every subtype is divided in threeclasses
(sum of Na; K and Mg corrected for thesea-salt contribution). These classes arenot considered in this repon
(Biesheuvel; 1990). Fora detailed description of the Stuyfzand classification method readers are referred to
Stuyftand (1986).

In'June, the HCOi-concentration wasnot analyzed, although it is an essential ion in most watersamples. Fur
thermore, the ionic balance-error, a measure for the usefulness of the analysis, was not calculated by the
laboratory. TheHC03'-content for theJune-samples have beenestimated by usingthe ionicbalance. An 1B_err
of < =2 or 5% was still accepted. Themeasured HC03'-concentrations from March and September are used
as guidelinaS. Differences in the HC03'-contentbetween samplesfrom June, March and September1992 are
very large for the following filters: 46F3,F4; 57F2,FJ; 90F3,F4; 96F3,F4; 902F3,F4; 905F2,F3,F4; 113FJ,F4;
119F2; 120FJ,F4; CLBH2FJ; CLBH5.F1,FJ. From these samples, only·the sites 901F2, 902F3,F4 and
113FJ,F4 are really doubtful as the samples of the other sites show in March and September 1992 ionic
balance errors larger than 5%.

•

•

•

•

6.3. Resu1J;s

•

6.3.1. Electric conductivitv from field measurements
The electric conductivity of the drains on or near Clara Bog are presented in figure 6.3A and 6.3.B. Most of
these data were collected in relatively dry periods. The following remarks can be made:
• The drains soath~ ofClara Bog have relatively high EC·values (3OO-700flS/cm) which

is an indication for groundwater from the limestoneor the tilL
The drain on the nonh-westside of Clara Bog collects bogwater: Just before the Bogroad a
stream with esker-water enters the drain (fig. 6.3.B).
The drain on the nonh~ side of the bogcollects both groundwater from the esker, till
deposits and from the bog. In the mainstream the EC is about 400-500J-lS/cm where in the ,
streams comingfrom the eskerthe EC reaches values of 7oof/S/cm. the influence of the. '.
esker and till-deposits is dominating. .
The drain along the west·side of the Bogroad has an lower EC (190-260f'S/cm) than the
drain 011 the tasI-side (4oo-6OO}J Skm). In the southem direction the EC-values are
decreasing due to the influence of60gwater. Near the cut-away areaon the east-side, bogwa
terflows into the east-drain alongthe road and this results in a lowering ofthe EC. However",
this bogwater has relatively high EC-,'alues compared to typical bogwater. This can be a
resultof the mineralisation which occurs in the peat due to turf-cutting.
Near the facebanJc area 011 Clara Bog westpeatwateris comingfrom the bog (70-80}JS/cm).
At the[acebank; with a lot ofdrains, the EC·values are increasing strongly (3oo.500f/S/cm).
This is a result ofthemineralisation ofpeat nearthe[acebankand becausepan ofthe drains
is incisedin till deposits.
The Deep drain has alongthe Bogroad relatively high EC-values (45~S/cm). The influence
of bogwater in is small (in theperiod of measuring).

I
I
I
I
I

I
I

I
I
I
I
I
I
I
I

7
Total Hardness Code

nmoltl
0 0.5 • Very soft
0.5 1 0 Soft
1 · 2 1 Moderate hard
2 4 2 Hard
4 8 3 Very Hard
8 · 16 4 Extreme hard

16 · >256 5-9 Extreme hard

81n March and September 1992 HC~. is expressed as alkalinity: [HCOJ-] + [COJ2-] + [ OK-]
For most 9r~wat~rs pH <= v' t ,e. looking at the carbonate phas~_diagram.

Co.' tHC~ is very small. So CC3 can be ignored.
In this ra~e the concentration OK is also very low. So OK can be ignored.

For most groundwaters (unless pH is very high or very low): Alkalinity =.[HCOJ-]
This is measured in mg/l CaC~ and has to be convert_ to bicarbonate (HCOJ ).

1 mgtl Ca::32_ =0.6 mgtI C~2_
0.6 mgtl C~ = 0.02 meqll C~
0.02 meqtl COJ2- =1.22 mgtl HCOJ-

mgtl caC~ = 1. 22 mgtI HC~
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The EC of the drains along the Bogroad, the Deep drain, the Silver River and the River Brosna; which are
measured regularly, are presented inappendix IIl.AI. Therelation between theEC andthedischarges, indicated
by the waterlevels, can bederived from figure 6.4.A·F. If the waterlevel rises in the drain along the east-side
of the Bogroad, the EC·value decreases (fig. 6 4.A/B). The cause of this is the greater influenceof bogwater,
which reacts quickly on precipitation (see chapter 4). Thesame can beseen, but less pronounced, at the west
drain, the Deep drain andtheSilver River. The RiverBrosna behaves differently, therefore it is likelythat this
river is lessdependent on bogwater thantheSilver River. Nearweir 923 aplace occurred withhigherEC·values
(550-600fS/cm) than thedrain itself(300.500!"Slcm). This maybecaused bywater comingfrom the Bogroad
fundament which consists of esker- and till-deposits.

The EC, measured at the several piezometer sites on and near the bogare given in appendix V. On one site
the EC has been measured at several depths (fdters). The graphs of the EC against depth can be found in
appendix W, together with the hydrochemical analysis. These willbe discussed in the next section.

6.3.2 Chemical composition
63.21. Introduction

-----From-a"bOg'piaometmerfilterTiSthDhallowest filter (mostlY pliiealii) aliir4or6"thedeepesCFoTthe--'
boreholes and the cobra-drillings filter 1 is the deepest.
The ionic balance-error (IB_ERR) of the sampling sites is given in 1M table 61. Table 6.1. shows tiuu the
(absolute) ionicbalance-error for 93 % of the March-samples and 51 % of the September-samples is too high
according to the standards discussed in 62.2.. From the March samples 27 % has an lIB_error I < =5 for
the bog area. From the September-samples 60 % has an IIB_error I <= 5 % for the bog area and an
lIB_error I < = 2 % for themineral groundwater and surface water. As the hydrochemical data ofJune 1992
have the most samples (95 %) with a ionic balance error whithin the marge, these data have been used. It
should be noted, however that this high percentage of samples with a low error is mainly caused by the
procedure usedto calculate theHCOi-concentration (~ee 6.3.2.2.). Other reasons to choosethe Iune-samples:
• The June-samples are not better or worse as those of March or September;
• In March onlya few samples are available;
• TheSeptember data arrived in the Netherlands when the author already had stoned with the

interpretation of the data from March and June.
• At first sight no principal differences between the three data-sets seem 10 occur.
The electric conductivity andpll-tneasurements of the othersampling dates are taken into account as well:

L. Kelly sampled the rainfall in Clara Bogseveral times during the period June 1991- June 1992. The mean
value of those data has been used in this report. The HC03'concentration of the precipitation-samples was
not analyzed, so it has been estimated (using the same procedure as discussed in 6.3.2.2.).

63.22 Van Wudum graph
First a Van Wudum graph ismade of theJune data. In a Van Wudum graph the ionicratio is set out against
the electric conductivity. A triangle can be distinguished with water strongly influenced by lithology at the top.
Theleft angle (low Ionicratio and lowEC) ismarkedbyatmospheric water and in therightangle salinewater
(seawater) is jouna (fig. 65.).
In the Van Wirdum graph (fig. 6.5.) the till-samples are in the top of thefigure (LITHO) and the limestone
in the middleofthefigure (except of CLBH6, at the top ofthe graph). The gravel-samples are in betweenthose
two types of samples. The sample ofCLBH6.2 (gravelly layer) is a strange one as it is very much to the Thalo
(Seawater) sideofthefigure. This isdue to the high Na+k and S04 concentration. Thelowera.nd upperfilters
from this borehole (CLBH6.3 and CLBH6.1.) do not show this saline influence.
Thesamples ofthe Silver River and River Brosna arefound in the LITHO·top. The samplesofthe Deepdrain
and the drain north-east of Clara Bogand the drain on the east-side of the Bogroad are just under the river
samples. The influence of the lithology is there still large. The sample of the drain on the west-side- of the
Bogroad has relatively large atmospheric influences (bogwater), which is supported by the low EC-values from
the field measurement (fig. 64.).
In the Van Wirdum graph three bog watertypes can be distinguished:
I) The deeper bogfilters (F3 and F4) which are situatednear the litho-pan of the figure (F3

often closer to thisthan F4).
2) The real bogwater-type under the lineATMO,THALo.
3) The filters in between the types 1 and 2
On Clara Bog west the lUbes 57F3; 90F3; 96F3; 901FJ,F4; 902FJ and 905F3,F4 belongto the first type, and
46F3,F4; 54F2,FJ,F4; 57F2; 90IFI; 902F4; 903F2 and 905F2 to the third type.
From the Van Wudum graph people canread that in all samplesfrom site II9 and I13F4 the litho-influence
is rather great (type 1). The samples of II3F6 and 120F4 are from the intermediary type. The rest of the
samples taken at Clare Bogeast are of the real bogwater type (type 2):

I
I
I
I
I
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Figure 6.4. Electric conductivity in relation with stageheight, March-July 1992
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Figure 6.6. Example of a Stiff-dillgram

EC: 300-400f. Slcm
EC: 145 fS/cm

EC: 500-750fS/cm

EC: 250- 6OOjJS/cm
EC: 350-1200f/S/cm
EC: 400- 650fS/cm

EC: 70- 90/-<S/cm
EC: 100-400 fS/cm

a-
1iC-° l 
:So" .
1'<°1-

pH: 6/7
pH: 6-12
pH: 7/8

pH: 7/8

pH: 7/8
pH: 7.4

pH: 4-5.5
pH: 5/6

General overview of the hydrochemical data, 4/6/92

SURFACE WATER
922-924, DEEP DRAIN,
SILVER, BROSNA

F1 CaHC03
921 ~CaHC03

BOGWATER
CLARA WEST

F1,F2: F" NaCI/CaCI
F3,F4: F"Tl_CaHC03

CLARA EAST
113, sameas Clara west
119, almost till surface minerotrophic influences
120, less minerotrophic influences than anywhere else

NOORBEEK SOUTH-LIMBURG
F2_CaHC03

MINERAL GROUNDWATER
LIMESTONE [Il/3 CaHC03
TILL FliTCaHC03
GRAVEL FlI~CaHC03

It:: .. k+ - 
Co-~+-
m..,H
.~."

Table 6.2.

The hydrochemical data of June are shown in appendix VI together with the temperature-data. Also the
lithology of the several sites is described, using the repon of Bloetjes (1992). The alTow on the right of the
liJhology-description marks the hydraulic head in the second aquifer. Figure 6.7. is an example of such a
hydrochemical profile.
The hydrochemical data willbediscussed in a short way. The Stiff-configuration present a mean ofall relevant
data (figure 6.8.). Table 6.2 gives an general overltiew of the data in appendix VI. The data of the Noorbeek
area (Chalk area in the Netherlands, without bogs) are usedas areference.

..... •'J, "~ o. ~ I 0.1 o.~ o.b 0.& ~ I
\olE'}' L. 1.0 0.0 1.0 ""4- L

The mineralgroundwater follows the statements made in section 6.1. The till of CLBH2 has extremely high
EC-values (2ooo-3000fS/cm) and has rather high Na+K-concentrations. EC-values >= as 1000 Slcm are
hardly possible in this type ofarea. It is not clear whatthereason could befor those values. The relatively low
values in the limestone andhigh values in the tilllgravelly layer are somewhat strange. People wouldexpect that
the limestone where the water mightstay very long has the highest values. Only if the limestone is karstified;
small travel timesoccur. Maybe the values in the tillare that high, due to the lowpermeability of the till (long
'residence time') anddue to the large contact area (high dissolution).

6.3.23. Hydrochemical profiles
The method of Van Wudum was chosen' to review all the June-samples together. Besides the Van Wudum
procedure, StifLdillgrams, Stuyfzand classification andpH- and Ec-volues areusedfor each sample.
The Stiff-dillgram is based on the concentration (meq/I) of5 cations (Na++r, Ca +, MI!+, F,r+) and 4
anions (cr, HCOi, SOl, NOi). In the diagram the concentrations of the cations areput at the left side
and the concentration of the anions at the right side (figure 6.6.). The concentrations of the anions have to
be almost the same as those of the cations (IB_ERR<=2 or 5%).
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6.8.A Mineral groundwater, Surface water

6.8.B Bogwater in filters 3 and 4 on Clara Bog West

6.8.C Bogwater in filters 1 and 2 on Clara Bog West

6.8.D Precipitation (Mean June 1991 - June 1992)



The swfaa water samples showthat the influence of the mineral soil and/or the deeper layers on the bogis
great: Weir 921 (drain on the west side of the Bogroad) is stillclassified as a FO_CaHC03 type of water, but
the ion-concentration is much lower than from the previous surface water samples. Instead of the expected
lower pH and higher EC-values at weir 922 (drain eastof the road), a rather highpH and lowerEC occurs.
At this weir thepeatwater has more influence on the drain than in all the restof the sampled drains. Reason
for the hydrochemical differences in the draw east and west of the Bogroad is the fact that the drain eastof
the road transport a lot of water comingfrom the drain at thenonh-east side of the bog. The water from the
north-east drain has a rather mineral resource. Nearthedrains there could beseepage ofthe groundwater from
the mineral subsoil (see paragraph 4.4.).

I
I
I

I
I

I
I

I
I

The StiJf<Ollfiguration ofthetwoshallowest filters (F1 andF2) on Clara Beg westis different from thedeeper
filterthere (F3 andF4) (fig. 6.8.). Thelastonesusually havethesamefiguration as the samplesofthe surface
water and the mineral groundwater but the concentrations are much lower. In most cases, the all but one
deepest tubes have the most pronounced features of a minerotrophic water-type. On Clara Bog west these
features can best be seen at the site 57, 90, 92, 96, 901 and 902
On Clara Bog east the site 119 is strongly influenced by minerotrophic water. Site 120, which lies outside a
soak area, is maybe an example ofan 'ordinary' bog-sample, with hardly anysoak-remarks (figure 6.7). Only
at great depth in the peat, the groundwater is classified as a CaHC03-type. The concentrations of Ca and
HCOJ however, are relatively low.. .
Table 6.3. shows some remarks at the several sites compared to the general notes (table 6.2).

The precipitation has a very lowcontent ofions, with a rather high conductivity value. The wateron Clara Beg
is different from thepr«ipiJotion (figure 6.8). Theprecipitation contains moreS04 and lessofthe otherions.
The sulphate becomes inreducing conditions (bog) sulphide. The Cl-concentration is ratherlowfor a location
with atlantic conditions. Calcium is at the sites 46, 901, I I3 and119 the dominantcationat the bog-surface.
Calcium is a mineral ion which does not belong to the bog. Maybe the calcium-ricn deposits, whlch. occur
everywhere around the bogs in the Irish Midlands, cangive an explanation to that. The famine-roads at the

-----bog can-also give rise-to-a-(smalltdispersion'o[calcwiil;-Biit no ffliitiOil seems-to exiSt-between tJii famin"'ec-------'=-
roadand the above mentioned sites.

Site 54:

Site 57:

Site 902:
Site 903:

Site 90:
Site 92:
Site 96:
Site 901:

I
I
I

I
IF2 already CaHC03·type

F4 relatively much Fe
F2 already CaHC03-type
F3 Extremely high EC and pH
F4relatively much N03
F4 relati"ely much Fe
F3 relatively much Fe
F1 CaHC03 -type with low EC
F2 NaCl-type with high EC, lowpH
F3 relatively much Fe
F3relatively much Fe
strange configuration, high Cl-content

Remarks on the hydrochemical data compared to the general overview (table 6.2)Table 6.3.

Site 113:

Site 119:

Site 120:

F2, Fe-type
F4 (5.5 m·G.L.) is more clearly a CaHC03-type as F6 (9m-G.L.)
F4 has relatively a high N03-concentration
F1 (1.5 m·G.L.) relatively much Fe
F3 less minerotrophic as the layers above and below
Less minerotrophic influence

I
I
I

Larissa Kelly sampled the surface water of two soaks: Lough Roe and Shanley's Lough. The samples of
Shanley's Lough are in general almost the same as those of the 'common'bogarea. The pH and EC values
are a bit higher. The Lough Roe samples how..-er show several differences with the bog area (table 6.4.). I

51
I
I
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I Table 6.4. Hydrochemical differences between the 'ordinary bog'andLough Roe (pers. comm. L. Kelly).

I
I
I

Bot!
pH 3/4
EC 75
Na 10
Ca 0.4/1.4
Mg 0.7
HCm >3
Sulfate not very different

Louen Roe
4
100
4/5
10/18
1.2/10
50

US/cm
/mg/I
mgll
mgll
mgll

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The higher Ca and HCO3 concentrations are very obvious. According to the hydrochemical and botanicdata,
collected by L. Kelly, the centre of the minerotrophic area of Lough Roe lies on the east-side of the soak.
MarcoSCheffmdid twiceelectric conductivity measurements at Lough Roe (June andJuly 1992) and hefound
the highest values on the east-side. The vegetation at Lough Roe indicates more minerotrophic influences as
at Shanley's Lough. The Bog myrtle (between Shanley's Lough and the [acebank) is an indication for
horizontal water movement in the underground. Motinia is alsopresent there. Molinia indicates besides a water
movement also relatively nutrient-rich conditions.

6.3.14. Electric conductivity and Stuyftand classification
In appendix ViI the electric conductivity is related 10 the Stuyfzand-classifications in several transects (figure
6.1.). The transects are the same as those from the temperature. Data are available from March, June,
September 1992 and in some cases from July 1992. The data from June will be discussed, and if great
differences with the other data occur they willdiscussed as well.

Transect 1 . Shanley's Lough sUe 901 - CLBH5
Sites 901 and 902show EC-values and Stuyfzand-types which indicate minerotrophic influences in the upper
layers of the old Sphagnumpeat. At the sites of 46 and 92 minerotrophic influences are lesspronounced and
occurat the bottom of the old Sphagnum peat. At all the dates (except March '92) the EC at the base of the
lacustrine claynear site 46 is relatively low (lOOj.JSlm).
Transect 2 Shanley's Lough sUe 903 - 90
The most minerotrophic influences seems 10 occurat 54 MOD near the sites 57 and 90, just below (site 57)
or above (site 90) the old Sphagnumpeat. At the otherdates the EC-values aremuch lower and the depth of
the minerotrophic influences is lesspronounced.
Transea 3 Lough Roe sUe 113-120
Site 119 ismarkedby a clearminerotrophic influence which reaches to 1.5m-G.L. Theminerotrophic influence
on site 120 seems minimal. On site 113 only at 54 MOD (Old Sphagnum peat) a strong minerotrophic
influence seems to be present At the others dates, however, this effect can not be seenand the EC's are even
lower than at site 120. At the Young Sphagnum peat of site 113 and 120 a Na-type of groundwater occurs.

The July-profile (sites 106-120) shows very high EC-\'alues near/he edge of the bog. This is maybe the effect
of some esker- and till- water in the bog.

6.4. Discussion

The hydrochemica! data, discussed in this chapter, give only an indication ofpans of the hydrochemistry of
Clara Bog, ie. at and near 10 the soak systems. It is a pity that therearealmost no data ofthe 'common' bog
surface. Furthermore the fact that the data of March and September were of IiI/Ie use is a great lose of
valuable information, time, money and energy. Even the data ofJune arenot very accurate as the HCOJ had
to be estimated. There are sometimes great differences between pH and EC valuesin the time. It is not clear
if this is due 10 inaccuracy of the measurements or seasonal influences. The June samples reflect the
hydrochemistry ofa relatively dryperiod. If the data of this report areput together withthe hydrochemical data
and botanic/vegetation data of L. Kelly, relations mightbecome clear.
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Z SYNTHESTS

7.1. RLgionalhydrogeology -- A very preliminary analysis

In this paragraph a shan overview is given of the regional hydrogeology of Clara Bog. Hydrological and
chemical features are shown in the figure 7.1. The Stiff-diagrams on the bog and of the precipitation are 5
times enlarged. The Stiff-diagrams on the bogare thosefrom site 120. It is not sureif this is a good example
of a bog-type wunoutsoak-influences. .
Thetwo aquifer: in thisregion are separated byseveral confining geological layers. Thecurrent hydraulic heads
show a downward seepage on the bog. This seepage will be small because of the hydraulic resistance of the
confined layer. In thepast, thedrainage from water from the bog-surface was difficult as the bogreached till
the SilverRiver. As soon as thepeat-cutting started and drainage was improved by man, the discharge of the
boghas increased. Oneknows for surethat the regional groundwater levels dropped in the eighteenth century
due to agricultural activities (pers. comm. S. van der Schaaf and R Flynn). From the nineteenth century on,
peat-cuttingand drainage also havehad a great impact on those waterlevels.

The mineral groundwater is flowing underneath the bog towards the Silver River and in a smalleramount
towards the RiverBrosna. These rivers are largely draining the mineralsurroundings of the bogs in this pan
of the Midlands. Thedrains of the Clara Bog region have also a baseflow of minerotrophic water. A quick
runoff from the bog occurs in times of rainfall. This has immediately influence on the composition of the
surface water, ie. a dilution of the baseflow with bogwater.

With the hydrochemical data (chapter 6) and the overview of theregional hydrogeology (paragraph 7.1.), some
hypotheses around thesoak-systems arepostulated. They are stillspeculative and theyhave to be worked out.
According to the hydrochemical data, discussed in chapter 6 it seems that there is still fossil minerotrophic
water present in the bog. In chapter 3 the general development of a raised bog is explained but this is not
sufficient to explain those data and the existence ofsoaks. The Sphagnum-species, which are the reason that
the bog has grown above the mineral groundwater influence, depend on nutrient-poor rainwater. However,
nowadays minerotrophic water is found at depths where peat, consisting of Sphagnum-species occurs.
Paleoecological research in Lough Roe (see paragraph 3.2.3.) shows that it always existed as a soak, or at least
as a wet area, different from the rest of the bog. From the time that the Sphagnum peat started to grown, the
soak-area increased till about 100years ago (paragraph 3.2.3).

I
I
I
I

7.2 Hypotheses around the soak-systems
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Figure 7.2 shows a raised bogdevelopment withsoak-systems. After the glacia! times a lakeformed in the till
depressions. Here lacustrine clay wasdeposited. There isno evidence for extremely dry periods directly afterthat
time. So the lakesituation will remain. Thelake wasfed byrainwater butmainlybymineral groundwater from
the surrounding soils (mainly esker deposits). Therefore jenpeat (developed in a nutrient-rich environment) is
found at top of the lacustrine layer (Bloetjes, 1992). The lake basin, in which Clara Bogis formed has a kind

•of threshold in the south (see hydrogeological cross-sections A and A ). This threshold separates Clara Bog
from the (former) bog towards the Silver River. Because of this threshold the deepest pan of the lake could
have been some 3 m deep. In such a deep lake it is impossible for plant-roots to reach the soil. Floating peat
mats may havegrown in such a deep lake (pers. comm. S. van der Schaaf). These mats filled up the lakefrom
the top to the bottom. When they reach a certain thickness growth of trees would have been possibleOn these
mats. Near the edge, where the lake is not that deep, trees can grow almost immediately. For simplicity, all
kinds ofpeat that havedeveloped directly on the top of the lacustrine clay we called [enpeat. Bloetjes (1992)
noted that this layer is a horizon with a rather complex nature: it consist ofseries ofalternative supersessions
of trees by reed and vice versa.
Even ifpeopledo notknowprecisely whatthe situation was, it is likely thatnearthe edges ofthe basinthepeat
mats first reached the lacustrine clay. So the groundwater from the esker wasblocked toflowfreely in the lake,
and the lake-water wastrapped in the middleof the basin. Therestof the basin was alsogradually filled with
[enpeat which shows that thelake stillmainly consisted of mineral groundwater. But when the lake wasgoing
to be filled by[enpeat, the excess water had to seek a outlet. The idea is that there where weakpoints where
the water, from below the peat mats, could flow to the surface and finds its way to a runoff channel (like
'chimneys'). Presumable a preferential flow was present. In the middle of Raheenmore Bog a much lower
volume density than anywhere else on the bog is found (pers. comm. S. van der Schaaf). It is likely that on
Clara Bogalsosuchconditions occur. The hydraulic conductivity willbe higher at these sites and it is easyfor
the trapped water to find its way out.
Thedevelopment of these 'chimneys' (initialstageof soak system) occurred at the begin ·ofthe Sphagnum peat
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development. Peat growth started in Nonh-westem Europe about 7()()() years Be. The ombrotrophic peal
(Sphagnum peat) startedsome 5()()() years BC to grow and, optimal growth occu"ed from 3()()() yearsBC on
(Srreefkerk & Casparie, 1991). But, todaystillminerotrophic influences arepresent in the bog-body. L. Kelly
found minerotrophic vegetation at Lough Roe, the Far westsoak and Shanley's Lough (map 1). Lough Roe
has the most minerotrophic features and Shanley's Lough least. Hydrochemically the minerotrophic influences
are[ound in the deeper peal-layers, but at some small sites also near the surface (especially site 119, Lough
Roe). Therefore it seems that the influence is still there or cenainly till the last years (see paragraph 3.23.).
The drains on Clara East; dug by Bard na Mona have been blockedagain. This was effective in terms of a
decrease ofdrainage, but Lough Roe now consists of stagnantwater which is filling in.
As the peat is growing, compaction will occur due to the own increasing peat-weight. As a result of the
compaction the (effective) porosity decreases and the waterin thoseporeshas to go somewhere. Compaction
is likely to be highest in the lower peat layers, i.e. the[enpeat is containing minerotrophic waler. Considering
thefacts, that the lacustrine clayis lesspermeable than thepeal, the minerotrophic waterwillseek its upwards
way in the peat. Then, the 'weak' sites will might act again as chimneys for this water. Wuh lime the
compaction reaches a maximal value and the porosity a minimal. From then on, the influence of upwards
flowing minerotrophic waterwill decrease.
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Figure 7.2 Hypothesis about a soak-system
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A reason for the greatest influence of mineral groundwater in the all but one deepest tube in the peat, could
be the c/imato/ogiu1l history. Another reason maybe that the compaction of the[enpeat already reached it's
maximum some 2000years BP. Afterwards the lower Sphagnum peat layers are compacted and waterfrom
this peat is also seeking its wayout. This water will be for less minerotrophic.

Although the tubes on dara West does not show the hydrochemical picture of 119, at most sites CaHCOJ
watercan be found in the subsoil. These tubes are similarto site 113 on Clara Bog east So, the same system
might occurat Shanley's Lough and the far west soak A remarkable fact on Shanley's Lough is it's relative
low surface-level: So, here the surface runoff ofmost ofClara Bogwest is collected. Maybe this surface runoff
does not enrich the bog, as people think, but to the contrary, it dilutes the minerotrophic water coming from
the subsoil.

So, there might have been two mechanisms which have contributed to the development of a soak system:
1) The escaOt of minerotrophic lake waterfrom below a closing peat mat. This process took

place by the end of the fenpeat growth stage.
2) The removalof minerotrophic waterfrom the pores of the lower fenpeat layers, because of

compaction as a result of the overlying load of Sphagnum peat. The resulting upward flow
ofminerotrophic water occurred, or is still occurring, in the Sphagnum peat growth stage.

Mechanism 1 stopped about 5()()().3000 years BC, whereas mechanism 2 willstop as the peat, which contains
minerotrophic water, cannot be compacted anymore or because of a non-increasing load, i.e. stop of peat
growth.

The mineral soils make almost everywhere contact with the fenpeat which underlie the Sphagnum peat.
Although the conductivity ofthe (fen- )peat is ratherlow, there mightbesome horizonIoIflowfrom the minoa!
groundwater to the fenpeat Thismineralwaterin the[enpea: had in the beginning maybe a greater hydraulic
head than the peatwater in the top layers and can flow vertically into the Sphagnum peat This will I

___ ._predominantly happ!'n a.Lt/te.sites.where.thepeat.has.a.weakslructure.(soaks).Jt.is.nol.very.likely.that.this .
waterhod its influences on the restof the bog.

ByC14~ the ageofpeat and or watercan be estimated. Maybe in peat soils this is hard as peat
consistmainly out carbon. Tritium radioisotope datingis also possible to confirm or disprove the presence of
fossil water (pers. comm. R. Flynn). To know if the minerotrophic water in the bog is old water one need
samples of this water, but also of ordinary bogwater (at the same depths) and of the mineral groundwater.

Nowadays there is downward seepage, but this will be very small. Calel,wtions are necessary to give an idea
of the time all the water in the bog-body willhave beenreplaced and how much minerotrophic waterhad been
stored in the[enpeat.

I
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I Ii CONCLUSIONS AND RECOMMENDATIONS

8.1. Conclusions

The most important conclusions of the several subjects are mentioned below.

Geology
There is a kind of till-threshold with no lacustrine clay, between the Clara Bog region and the bog near the
Silver River. In the past these two bog were connected. Nowadays, because of turf-cutting thisconnection is
lost and drainage from the Clara Bogregion is enlarged.
Hydrology
The water from the Clara Bog region and the water in the second aquifer is mainlyjlowingtowards the Silver
River. The drains alongthe Bogroad have an important drainage-effect on the bog.
The drains south-west of Clara Bogseem to drain the second aquifer.
TheIsland(tillmound) is a small recharge area for thesecond aquifer. Also the esker and even the bog (very
small; 40 mmlyear) are recharge areas for the second aquifer.
Everywhere at Clara Bog downward seepage occurs, except near the Bogroad. Although the head-differences
are big; the downward seepage is small because of the lowpermeabilities of the catotelm; the lacustrine clay
and the clayey till underneath the acrotelm.
Hydrochemistry
The basejlow of the drains alongthe east-side of the Bogroad, the Deepdrain, the Silver River and the River
Brosna consist mainlyof mineralgroundwater.
In the soak-areas of Clara Bog bogwater can be found in the upper 2-3 m. Below 2-3 m the influence of
mineral groundwater is obvious. In the middle of Lough Roe (site 119) the mineral influences are very clear
from 1.5 m-G.L. on.
Synthese
According to the hydrological information everywhere at the bog(except neartheBogroad) downward seepage
occurs. Therefore, the mineralgroundwater in the lower peatlayers in the soak-areas have to be fossil water.
The hypothesis is that after a particular bog development, entrapped water had to escape in an upward "
direction from the[enpeat. These sites stayed weaker points in thepeat-body, so they couldact lateras outlets
of mesotrophic water out of the [enpeat. Later, by compaction of the [enpeat by the overlying load of ',I,

Sphagnum peat, the outletswere usedagain to getloose of the compaction-water. Thedownward seepage was "
thenor is still being, counteracted by this mechanism. More infornuuion and calculation areneeded to prove "
these hypotheses.

In general a good data management is recommended. This will improve the integration of the several
disciplines, which is necessary to solve questions about the soaks and the laggs. Also the rer:ional
hydrogeological aspectof Clara Bogis important for the understanding offeatures on Clara Bog. This aspect
has to been taken more into account.
Some recommendations can be made about the several subjects of this repone

,
.;5..
".RecommmdiUions8.2

Geology
From the geologically point of view, more information should be gathered to know if the
gravelly material is a till or a jluvioglacial deposit.
In geological terms it is interesting to knowif the lacustrine clay is a marl.

Hydrology
Pumping tests are necessary to have more precise information on the permeabilities of the
different geological layers.
In 1992, the regional hydrogeologicalmonitoring network has been enlarged (newboreholes
and cobra-drillings}. Measurements should be doneregularly on all thesesitesduring several
years.
If a water balance is needed for whole Clara Bog (east and west) quantative data on the
drainage is necessary. Thus, not onlythedischarge oftheDeepdrain has to bemeasured, but
also in the others larger drains at the eastand north-west side of the bog.
There were a lot ofproblems with the level data. Good level data, however, are indispensable
for a study like the bog-project.
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Mostofthe above mentioned recommendations will not beofprime imponance for the aims ofthe Irish-Dutch
project.

Temperature
An apparatus to measure water temperature at great depths (about 30 m) is necessary to
acquire more information about (regional) temperature profiles.
A specific temperature-study seems to -be of no use for answering the questions of the
functioning of the soak-system. However, several measurements during the year (at time of
great temperature changes) could bring relevant additional information.

Hydrochemistry
Hydrochemical bogwater-samples outside the soak-areas are needed to known which
differences prevail between the soaks and the 'ordinary' bog.
To prevent ionic_balance errors > 5 % or 2%, the samples have to been anaiysised direct
after sampling. Improvement of the analyzing andsampling methods is also recommended.
L. Kelly has sampled the phreatic bogwater during the year. Correlation of these- data with
the hydrochemical datafrom this report could bring in some moreinfom,ation.

Svnthese _
The hypothesis about the soak-systems has a very. preliminary nature. To support this
hypothesis, calculations have to be made about the amount offossil water, the amount of

-aownward-seepage-and-the-timdnakes-before-aWthejossilwaterwill-be-replaced.~~~~~~---~--I

Cls-measurements should.be carried out to know the age of the water at several sites
(common bog, soaks, laggs and mineral soil) anddepths in the bog.
Connolly (1992) gives already some advices on possibly relevant locations nearLough Roe.
Climatic variation during the last 10.000 years could be a reason for the higher ionic
concentrations at 4-5m depth than at 7-10 m-G.I. So more infomuition about that should
be gathered.
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APPENDIX I

BASIC INFORMATION CONCERNING BOREHOLES.
COBRA-DRILL/NGS. WELLS AND GAUGES

A SHORT DESCRJFI10N;

B PRINT our OF L01TJSFILES;
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APPENDIXU SHORT DESCRIPTION

Domestic Wells
There are several damestic wells in the Clara Bog area. There is not much known about there age, depth and
geologicalprofile. According to R. Henderson noneof the wells isabstracted anymore (although I sawa farmer
pumpingat well_05). Most of the wells are in esker-deposits, with eskers-associated material or gravelly tilL
Well_00 reaches the limestone.

Cobra-drillin/!S
There arethree cobra-drillings on the bog. The first twohave been drilled at 13-03-1992 and the thirth one on
16-4-1992 They are marked as CLCDl,2 and 3 (CLara Cobra-Drilling} and are measured every fonnight
since 17 April 1992There were only estimations available for the tubelength, midfilter_depth and geological
profile at the sites CLCDl and 2 After 18/05/1992 CLCDl has a casing and waterlevels arefrom than on
measured with a ruler from the casing-bracket.

Wells 123 56 789 12 14 15 16 1819202122
Wells 0 23 5 7 9 12 1516 192021 2223.

Measuring of the waterlevels
Monthly, 21/10/91 up to and including 22/01/92:
Monthly, since 15 May 1992:

Measuring of the waterlevels
CLBH2 monthly, 19/09/90 up to and including 22/12/91
CLBH3 monthly, 02/08/90 up to and including 14/11/91
CLBH4,6 and 7 monthly, 21/10/91 up to and inclusive 22/12/91
CLBH2-7 every fonnight since 17/04/92
CLBH5 every fonnight since 5/9/91
CLBH8, 9 and 10 measured monthlysince the Summer of 1992

Boreholes at Clara Bog
There are 9 boreholes in the Clara Bog area. They are numbered CLBH 2·10. CLBH stands for CLara
BoreHole. The boreholes 2 and 3 were drilled in 1990, the boreholes 4,5,6, and 7 in 1991 and 8, 9 and 10 in
the Summerof1992 In appendix I.e. the lithologies andtheplace ofthefilters areshown. Number one is the
deepest and 2 or3 theshallowest piezometer. An exception is CLBH5, where thepiezometers arecalled A and
Band CLBH5.Bis the deepest piezometer. (see figure /.1.)

CLBH2 is located on the nonhem margin of the bog, 200m east of the bogroad.
CLBH3 is situated on the eskerridge 180m norm of CLBH2and at a surface elevation ofalmost6 m above
that of CLBH2
CLBH4 is-located at the baseof the eskeron the nonn west margin of Clara Bog.
CLBH5 is placedin an area ofcutaway peat to the south of Clara Bog west
CLBH6 is situated in the centre ofthe bog, nearthe bogroadandthe carpark. CLBH7 is located onfarmland
apprarimately 700m south of Clara Bog, and 300m east of the road.
CLBH8 isplaced onthe south-eastern margin ofthebog, some125 m nonh ofthe roadand some175 m east
of the track.
CLBH9 is situated at a track and old[acebank; south-west of Clara Bog.
CLBH10 is located at the forest road, south-east of Clara Bog and 48 m east of the bogroad.
CLBH2-7 have been levelled in 1991 and CLBH8-1O in the Summer of 1992 The levels of the borehole
casings ofCLBH2and3 from 1991 differs 0.466 m with the levelling data ofSummer1992 As it is quit sure
that the data of the last Summer are alright thoseare used.

Piezometers at Clara Bog
Several piezometers have beenplaced on Clara Bog. The ones that are used in this repon aremapped. The
piezometers on Clara West have beenplaced by students of the Wageningen Agricultural University and the
piezometers on Clara East are placed by Richard Henderson (Regional Technical College Sligo) and lain
BlackwelL Judy Bell installed some piezometers near the Bog Road. Piezometers are simply devices for
measuring" the hydraulic head at a point in the ground. Thepiezometer are PVC-tubes with a outerdiameter
ofl inch (=254 em). They have holesof5mm diameter over1 m for phreatic tubesand overa length of10
15 em for the rest of the tubes. The holesarecovered with a[Ille mesh geotertile stocking to prevent blockage
and a rubber capisbeenplacedat the bottom. (See figure 1.2) The midfilter-deptb has been usedas the depth



of a piezometer. Most of the piezometers are monitored every fortnight The head in each tube can be
calculated relative to Ordnance Datum (metres OD) by subtracting the distance to waterfrom the top of the
tube from the levelled value of the top of the tube.

The gauges near Clara Bog are:
RiverBrosna at Charlestown Bridge (1024 according to RHenderson);
The absolute level of this gauge is doubtful!
Silver River at New Bridge, (1025 according to R Henderson);
Deepdrain, (1026 according to R.Henderson).

Weirs and Gauges
There are several weirs (V-Notches) at or near Clara Bog:

921, westofBog road, Clara Bog south
9,?2, east ofBog road, Clara Bogsouth
923. east of Bog road, Clara BognoM
Tomson and Rossum with recorders, Clara Bog south west

~ _the rotJtl
These tubes are called NWI·5. NEI-4. SWl-5 and SEI-4. At every spot 4 tubes are present of which one
phreatic. For those tubes the information ofJ. Bell and H.Samuels has been used. They measured the tubes
in the summer of 1991 and 1992

I
I
I
I,wup_. GIl Clara £lui

The numbering ofthese tubes is such thot when on the bog, facingnorth, the tube-number decreases from left I
to right Thus. in genera~ the deepest tubehas the lowest number (1). and is positionedon the righl, while the
phreatic tubehas the highestnumber, and is'positioned on theleft..There are exceptions-to this.-R.-Henderson---- '.
levelliii/he deepest piezometers (.1) per site in 1991. L Blackwell and H. Samuels did the same in 1992 All
the tubesat one site had the same levelin 1991, where in 1992 the tubes at one site had a differentlevel: The I
levels ofCLBH2 and CLBH3 according to R Henderson (1991) differs 0.466m with the levelsmeasured by
L Blackwell and H.Samuels (1992). For the boreholes the levelsof1992 are used. Probably those boreholes
have beenused as benchmarks for the levelling of the bog-piezometers. Then the levels of the piezometersof I
1991 will change but this has not been done! .
Both R Henderson and 1. Blackwell have data for the tubelengths.For some tubes the lengths differs. In
general the tubelengths according to R Henderson areused. The data ofL Blackwellare usedin thefollowing I
cases (per set of tubes): .

The tubelength given by L Blackwell is > 0.1 m deeper than the tubelength according to R.
Henderson;
The tubelengths differmore than 0.7 m. I'

The filterlength of the piezometers is 0.20 m.
In most cases the midfilter-deptn (m - G.L.) in 1991 and 1992 is the same.
Most of those tubes are measures every fortnight from the summer 1990 up to and including 22-12-1991. In I
the summer of1992 some of the tubes are again measured every two weeks (see appedix LB.).

I
I
I
I
I
I
I

I'iaomete. GIl Clara West
The piezometers-sites on west arenumbered from 46 to 99 and from 901 to 905. In most cases thereis a set
ofpiezometers at one site. The letter after the number is a mark for the depth of the filter. Looking to the
North the most left one is a phreatic tube (letter A) and the one on the right is the deepest tube.
The filterlength of the phreatic tube (A) is 1.0 m and for the other tubes 0.15 m. As the level of the tube
changes in time the midfilter-depth. will also change.
These tubes are measured every fortnight from the summer of 1990.

4
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APPENDIX LB PRINT our L07VS FILES I
BASIC INFORMATION CLARA BOREHOLES, COBRADRILLINGS and WELLS

BOREHOLES
I

PIEZOM_NR CLBH21 - CLara BoreHole 2, Piezom. nr. 1
MATERIAL: PVC IOPENINGS: Perforated or slotted by drilling with exception CLBH3: Screen
Levels CLBH4-7 from summer 1991
CLBH2 and 3 levelledon 29-06-92 by Vincent and Manon: IChange of 0.466 m also calculated for filterlevels.
Levels CLBH8,9 and 10 from summer 1992

EXAMPLE: I-X_COORD national x-coordinate PIEZOj'{R
----·-Y:..CooRD national y-coordinate FILTER filterlength, m

DATEJNST installation date TOP top offilter. m - G.L. IGRNDLVL groundlevel, mod BOTTOM· bottom offilter. m - G.L.

COLLAR_HI collar_heigth, m MlDJLTR midpoint of filter, mod

C4S_LVL casinglevel, mod PIEZOJD inner diameter, m

IC4SJD casing inner diameter, m LAYER

BOREHOLE 2 IX_COORD 225360 PlEZO NR CLBH21 CLBH22 CLBH23

Y_CooRD 230760 FILTER 4.0 1.0 0.2

DATEJNST 1990 TOP 9.0 4.8 20 IGRNDLVL 57.73 BOTTOM /3.0 5.8 22

COLLAR_HI 0.63 MlDJLTR 46.73 5248 55.63

C4S_LVL 58.36 PlEZOJD 0.055 0.055 0.022

CASJD 0.20 LAYER Limestone Till Till I
BOREHOLE 3
X_COORD 2254/0 PlEZO_NR CLBH3.1 IY_COORD 230930 FILTER 20

DATEJNST 1990 TOP l/.2

GRNDLVL 63.83 BOTTOM /3.2 ICOLLAR_HI 0.47 MIDJLTR 51.62

C4S_LVL 64.30 PIEZOJD 0.146

C4SJD 0.15 LAYER
COMMENT Well screen I
BOREHOLE 4
X_COORD 223535 PIEZO NR CLBH4.1 CLBH4.2 CLBH4.3 IY_CooRD 230940 FILTER 29 1.0 0.2

DATEJNST 1991 TOP 9.6 4.2 25

GRNDLVL 58.82 BOTTOM 125 5.2 27

ICOLLAR_HI 0.70 MlDJLTR 47.77 54.12 56.22

C4S_LVL 59.52 PlEZOJD 0.055 0.055 0.022

C4SJD 0.20 LAYER Limestone Till Till

IBOREHOLE 5
X_COORD 223975 PIEZO_NR CLBH5.A CLBH5.B

Y_COORD 229606 FILTER 0.4 20 IDATEJNST 1991 TOP 4.5 4.9

GRNDLVL 55.74 BOTTOM 4.9 6.9

COLLAR_HI 0.47 MlDJLTR 51.04 49.84

ICAS_LVL 56.21 PIEZO ID 0.055 0.055

C4SID 0.09 LAYER Limestone Till

I
6

I



•
I BOREHOLE 6

X_COORD 224950 PIEZO_NR CLBH6.i CLBH6.2 CLBH6.3

Y_COORD 230320 FiLTER 3.0 i.i 0.8

I DATEJNST 1991 TOP 19.0 13.6 11.8

GRNDLVL 55.95 BOTTOM 220 ]4.8 126

COLLAR_HI 0.83 MIDJLTR 35.45 41.78 43.80

I CAS_LVL 56.78 P1EZOJD 0.055 0.022 0.055

CASJD 0.25 LAYER Limestone Tal TI1l

I
BOREHOLE 7
X_COORD 224670 PIEZO NR CLBH7.i CLBH7.2

Y_CooRD 228370 FILTER 1.2 0.4
DATEJNST 1991 TOP 5.5 3.7

I GRNDLVL 50.33 BOTTOM 6.7 4.1
COLLAR_HI 0.46 MIDJLTR 44.27 46.43

CAS_LVL 50.79 P1EZOJD 0.055 0.055

I CASJD 0.20 LAYER Limestone Till

BOREHOLE 8

I
X_COORD 226110 PIEZO_NR CLBH8.1 CLBH8.2
Y_COORD 229460 FILTER 3.0 1.0

DATEJNST June 1992 TOP 8.6 6.0
GRNDLVL 55.52 BOTTOM 11.6 7.0

I COLLAR_HI 0.20 MIDJLTR 45.42 49.02

CASJVL 55.72 PIEZOJD 0.055 0.055

CASJD 0.20 LAYER Limestone Till,. BOREHOLE 9
X_COORD 223470 PIEZO_NR CLBH9.i CLBH9.2

Y_COORD 229480 FILTER 3.0 1.0

I DATEJNST July 1992 TOP 8.9 4.0

GRNDLVL 57.66 BOTTOM 11.9 5.0
COLLAR_HI 0.24 MIDJLTR 47.31 53.16

I CAS LVL 57.90 P1EZOJD 0.055 0.055

CASJD 0.20 LAYER Limestone Till

I
BOREHOLE 10
X_COORD 224700 P1EZO_NR CLBHIO.1 CLBH10.2

YCOORD 229430 FILTER 1.0 1.0

DATEJNSTAug. 1992 TOP 9.0 5.8

I GRNDLVL 51.68 BOTTOM 10.0 6.8
COLLAR HI 0.35 MIDJLTR 42.18 45.38

CAS_LVL 5203 P1EZOJD 0.055 0.055

I CASJD 0.20 LAYER Limes/one Till

I
I
I
I
I

7
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COBRADRILLINGS
PIEZOM_NR: CLCD2_N/S - COBRA 2, N northern and S southern tube
MATERIAL: PVC
ALL CLCD IN TILL
Notes of CLCD1 and 2 are uncomplete, estimation fllterlength 0.2 m. tubelength measured afterwards.
Filterlength CLCD3 0.19 m, with 0.12 m in the till and cap of 0.03 m.
Date for levelling: CLCDJ 29-06-92 cian 23·06-92 CLCD3 22-06-92

CLCDJ: 18-05·92, Casing installed, tube_is now casing]
Tubejvt CLCDJ before 18-05·92, collar_hi + groundlvl29.06-92
TubeJvl CLCDJ after 18-05·92, heigth ofcasing-bracket

CLCDJ CLCD2_N. CLCD2_S CLCD3

X_COORD 224850 224560 224560 224019

Y_CooRD 230100 229240 229240 230132

DATE~INSr 13-03-9218-05-92- -13-03·92 13-03-92___~16-04-92

TUBE_LVL mod 55.62 54.23 51.81 51.72 58.89
GRND_LVL mod 54.1 54.12
TUBE_LNGTm 122 10.9 5.2 4.0 9.7
TUBEJDm 0.04 0.03 0.03 0.04 0.02

MIDJLTRmod 43.43 43.43 46.71 47.82 49.26
COMMENT Casing! Lac.clay

WELLS
NUMBER: WELL 01 - Domestic wellnr. 1
ALTITUDE: Point from where waterlevel is measured
Levels from september 1991 except well_OO.
Well_00 levelledon 22-06-92 by Vincent and Manon: Level from lip of floor. Floorlevel is 66.979.

NUMBER ALTITUDE DEPTH m DEPTH mod
WELL 00 67.00 34.05 3296 Boland, Clay-layer, 0.9 m.
WELL_01 60.12 3.80 56.32
WELL_02 58.53 2.95 55.58
WELL_03 57.71 3.73 53.98
WELL_04 53.98
WELL_05 60.42 4.40 56.02
WELL_06 60.26 3.65 56.61
WELL_07 60.51 5.10 55.41
WELL 08 60.89 4.25 56.64
WELL_09 60.04 3.50 56.54
WELLJ2 56.09 4.73 51.36
WELLJ3 6275
WELLJ4 3.80
WELLJ5 54.07 16.10 37.97
WELLJ6 51.15 3.77 47.38
WELLJ7 61.26 Dry well

WELLJ8 64.86 18.30 46.56 Flemings

WELLJ9 70.27 1290 57.37 Keen

WELL_20 54.03 4.25 49.78
WELL_21 60.04 13.95 46.09

WELL_22 55.41 6.00 49.41
WELL_23 57.85 3.75 54.10 Mitchels well

8
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BASIC INFORMATION PIEZOMETERS cLARA EAST

Levels June 1990 - December 1991 from Richard Henderson, Summer 1991
Levels April 1992 • July 1992 from lain Blackwell; June 1992
Tubelength according to Richard's data: 101-103(in 1990 and 1991), 104-109,II2,II4,122-127.
Tubelength according to lain's data: 101-103(in 1992),IIO,III,II3,II9,12O,I21,128,I29,130,131

141-153.

PVC
0.025 m
0.022 m
0.20m
6 mm, Perforated or slotted by drilling

IRichard Henderson,'91

and

Ilain Blackwel~ '92
IGRNDLJII.
Imod
57.39
57.57
57.27
58.68
58.68
59.46
59.54
59.69
59.73
59.81
59.76
59.80
59.79
59.69
59.74
60.01
60.14
60.78
60.89
58.83
60.97
60.93
60.43
60.61
60.72
59.86
59.78
57.64
57.51
57.78
60.33
60.97
60.52
60.16

9

GRNDLVL
mod
58.09
58.26
58.19
58.20
58.72
59.43
59.96
60.14
60.23
60.27
60.17
60.09
60.18
60.12
59.59
59.59
60.31
60.87
58.02
57.55
61.34
61.17
60.73
60.75
60.89
59.03
58.98

COLLAR_HI
m + G.L.
0.10
0.12
0.15
0.30
0.51
0.44
0.45
0.43
0.48
0.44
0.41
0.32
0.47
0.52
0.59
0.59
0.21
0.12
0.20
0.42
0.46
0.38
0.40
0.21
0.23
0.20
0.23

ITUBE_LJII.
TUBE NO. I mod

101 58.19
102 58.38
103 58.34
104 58.50
105 59.23
106 59.87
107 60.41
108 60.57
109 60.71
IIO 60.71
III 60.58
II2 60.41
II3 60.65
II4 60.64
II9 60.18
120 60.18
12/ 60.52
122 60.99
123 58.22
124 57.97
125 61.8
126 61.55
127 61.13
128 60.96
129 61.12
130 59.23
131 59.21
141
142
143
151
152
153
154

MATERIAL:
OUTER DIAMETER:
INNER DIAMETER:
FILTERLENGTH:
OPENINGS:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



PIEZONR Tube- Mid- Tube- Mid- MidJltr Comment Datejnst I
length filter level filter

'901'91 1992 June '92

Im mod mod mod m cO.L.

101.1 3.3 55.0 3.1
.2 23 56.0 21 I101.1 22 57.59 55.5 1.9 9205

.2 1.7 57.53 55.9 1.5 9205

.3 1.2 57.53 56.4 1.0 9205

I.4 1.5 57.75 phreatic 9205

1021 3.3 55.2 3.1
.2 23 56.2 21

1021 28 57.77 55.1 25 9205 I.2 22 ~7.77 55.7 1.9 9205

.3 E5 57.77~56.4 n 9205

.4 1.5 57.97 phreatic 9205 I103.1 3.4 55.1 3.1

.2 24 56.1 21
103.1 2.8 57.46 54.8 25 9205

I.2 22 57.46 55.4 1.9 9205

.3 1.5 57.46 56.1 1.2 9205

.4 1.5 57.73 phreatic 9205

104.1 4.5 54.1 59.09 54.7 4.1 I.2 3.5 55.1 59.09 55.7 3.1

.3 25 56.1 59.09 56.7 21

.4 . 1.5 57.1 59.10 phreatic I105.1 5.7 53.6 59.18 53.6 5.1

.2 3.7 55.6 59.18 55.6 3.1

.3 2.7 56.6 59.18 56.6 21

I.4 1.7 57.6 59.19 phreatic
106.1 5.6 54.3 59.87 54.3 5.1

.2 3.6 56.3 59.88 56.3 3.1

.3 2.6 57.3 59.88 57.3 2.1 I,.4 1.6 58.3 59.89 phreatic
107.1 5.7 54.9 59.95 54.4 5.1

.2 3.7 56.9 59.95 56.4 3.1 I.3 27 57.9 59.95 57.4 21

.4 1.7 58.9 59.97 phreatic
108.1 7.6 53.0 60.13 52.6 7.1

.2 5.6 55.0 60.13 54.6 5.1 I.3 3.6 57.0 60.14 56.6 3.1

.4 26 58.0 60.16· 57.6 21

.5 1.6 59.0 60.15 phreatic I109.1 7.7 53.1 60.18 52.6 7.1

.2 5.7 55.1 60.19 54.6 5.1

.3 3.7 57.1 60.20 56.6 3.1

I.4 2.7 58.1 60.20 57.6 21

.5 1.7 59.1 60.23 phreatic
110.1 9.5 51.3 60.24 . 50.8 9.0

.2 5.5 55.3 60.25 54.9 4.9 • I.3 8.0 528 60.24 523 7.5 •

.4 3.5 57.3 60.28 56.9 3.0

.5 2.6 58.2 60.28 57.8 20 I.6 1.6 59.3 60.30 phreatic
lI1.1 8.6 52.1 60.11 51.6 8.1

.2 7.5 53.2 60.11 527 7.0

I.3 5.9 54.8 60.12 54.3 5.4

.4 3.4 57.2 60.13 56.8 3.0

.5 24 58.2 60.14 57.8 2.0

.6 1.6 59.1 60.18 phreatic I ,
10 I,
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Datejns:
,

I PIEZONR Tube- Mid- Tube- Mid- MidJltr Comment
length filter level filler

'90/'91 1991 June '92

I
m mod mod mod m - G.L.

Il21 9.5 51.0 611.09 50.7 9.1
.2 7.5 53.0 60.10 51.7 7.1

I .3 5.5 55.0 60.[[ 54.7 5.1
.4 3.5 57.0 60./1 56.7 3.1
.5 25 58.0 60./1 57.7 21

I
.6 1.5 59.0 60.12 phreati:

Il3.1 9.5 51.2 60.19 50.8 9.0
.2 7.6 53.2 60.10 517 7.1
.3 6.0 54.8 60.19 54.3 5.5

I .4 3.5 57.3 60.15 56.9 29
.5 25 58.3 60.15 57.9 1.9
.6 1.5 59.3 60.13 phrea~

I 114.1 9.7 51.0 60.09 50.5 9.2
.2 7.7 53.0 60.09 51.5 7.2
.3 5.7 55.0 60.09 54.5 5.1

I
.4 1.7 59.0 60.09 phreatic

Il9.1 9.5 50.7 60.19 50.7 9.0
.2 7.5 51.8 60.19 51.8 6.8 @1
.3. 20 60.15 58.1 1.5 9206.01

I .3 5.5 54.8 60.19 54.8 4.8 • @2
120A 1.3 59.0 60.11 phreatic

.B 18 60.11 57.5 59.6 • @3 9103.23

I .D 4.8 60.11 55.6 59.6· @4 9203.23
.E 9.0 60.11 51.3 59.6· @5 9103.13

121.1 1.3 59.3 60.41 phreatic

I
.2 3.4 57.3 60.39 57.1 3.0 •
.3 5.4 55.2 60.37 55.0 5.1 •
.4 7.4 53.3 60.37 53.1 7.1 •
.5 8.6 511 60.33 51.9 8.3 •

I 122.1 1.3 59.8 60.93 phreatic
.2 33 57.8 60.91 57.7 3.1 •
.3 53 55.8 60.89 55.7 5.1 •

I .4 7.3 53.8 60.88 53.7 7.1 •
123.1 7.4 50.9 60.89 53.6 7.3

.2 5.4 52.9 60.89 55.6 5.3

I
.3 3.4 54.9 60.91 57.6 33
.4 1.4 56.9 60.94 phreatic

124.1 2.6 55.5 59.15 56.7 2.1
.2 1.6 56.5 59.25 phreatic

I 125.1 5.7 56.1 61.43 55.9 5.1
.2 3.7 58.1 61.43 57.9 3.1
.3 27 59.1 61.43 58.9 21

I .4 1.7 60.2 61.44 phreatic
126.1 7.6 54.1 61.15 53.8 7.2

.2 3.6 58.1 61.19 57.8 3.1 •

I
.3 5.6 56.1 61.14 55.7 5.1 •
.4 26 59.1 61.18 58.8 21
.5 1.6 60.1 61.34 phreatic

127.1 7.6 53.6 60.83 53.3 7.1

I .2 5.6 55.6 60.78 553 5.1
.3 3.6 57.6 60.74 57.1 3.1
.4 26 58.6 60.77 58.3 21

I
.5 1.6 59.6 60.78 phreatic

128.1 6.7 54.3 60.81 54.1 6.4
.2 4.3 56.8 60.81 56.6 4.0
.3 3.0 58.1 60.80 57.9 17

I .4 1.3 59.8 60.80 phreatic

[[
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PlEZONR. Tube- Mid- Tube- Mid- MidJ1tr Comment Date_ins! I
length filter level filter

'901'91 1992 June '92
m mod mod mod m - G.L. I

129.1 1.2 60.0 60.97 phreatic
.2 3.0 58.2 60.97 58.1 27 I.3 3.7 57.5 60.97 57.3 3,4 "
,4 3.0 58.2 60.96 58.1 27"

130.1 1.2 58.1 60.07 phreatic I.2 3.7 55.7 60.07 56.5 3.4 "
13I.l 1.2 58.1 60.03 phreatic

.2 29 56.4 60.10 57.3 26 "

.3 1,4 57.9 60.10 58.8 1.1 " I14I.l 23 57.79 55.6 20 9205

.2 1;8 57.79-56.1 1;5 9205

.3 1.2 57.79 56.7 1.0 9205 I,4 1.5 58.11 phreatic 9205

1421 28 57.67 55.0 25 9205

.2 22 57.67 55.6 1.9 9205

I.3 1.5 57.67 56.3 1.2 9205
,4 1.5 57.97 phreatic 9205

143.1 4.3 57.98 53.8 4.0 9205

.2 3.2 57.99 54.9 29 " 9205 I.3 22 57.99 55.9 1.9 9205
,4 1.5 58.23 phreatic 9205

151.1 9.0 60.60 51.7 8.6 9205 I.2 7.0 60.60 53.7 6.6 9205

.3 5.0 60.60 55.7 4.6 9205
,4 3.0 60.60 57.7 26 9205

.5 1.5 60.78 phreatic 9205 I
1521 9.0 60.97 52.1 8.9 92.05

.2 7.0 60.97 54.1 6.9 9205

.3 5.0 60.97 56.1 4.9 9205 I,4 3.0 60.97 58.1 29 9205

.5 1.5 61.11 phreatic 9205

153.1 9.0 60.84 51.9 8.6 9205

I.2 7.0 60.84 53.9 6.6 9205

.3 5.0 60.84 55.9 4.6 9205
,4 3.0 60.84 57.9 26 9205

.5 1.5 60.92 phreatic 9205 I154.1 9.0 60.45 51.6 8.6 9205

.2 7.0 60,45 53.6 6.6 9205

.3 5.0 60.45 55.6 4.6 9205 I.4 3.0 60.45 57.6 26 9205

.5 1.5 60.59 phreatic 9205

" and @ See notes. I
I
I
I
I
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MidJltr (m - G.L.) : when data in 1990/1991 differs less than 0.1 m
with the data in 1992 than the deepest one is taken.
If the difference is more than 0.1 m see @.

110 Piezometers 3 and 2 aremixedup.
119 No phreatic tube.
120 Piezometer depth increases from right to left facing wesL (The tubes are in a linerunning

north to south).
121 Piezometer depth increases from right to lefL
122 Piezometer depth increases from right to left.
126 Piezometers 3 and 2 aremixedup.
129 Piezometer depth increases from right to left

Piezometers 4 and 3 aremixedup.
Piezometer 4 or2 is redundant as depths areroughly the same. 2nddeepest tube waslevelled, not the
deepest one.

130 Piezometer depth increases from right to left.
131 Piezometer depth increases from right to left.

Piezometers 3 and 2 aremixedup.
143 2nd deepest tube was levelled, not the deepest one.

NOTES: .

• Exceptions to the rules:

13

@1· MidJilter 1992, 7.0m - GL.
@2· MidJilter 1992, 5.0 m • G.L.
@3· MidJilter 1992, 25 m • G.L.
@4. MidJilter 1992, 4.5 m - G.L.
@5.MidJilter 1992, 8.7 m . G.L.





Ir----------------------~

I
I
I

APPENDIXLC LITHOLOGYOF BOREHOLES AND COBRA-DRILUNGS

LEGEND GEOLOGY
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Lacustrineclay

Gravelly clay (Clayey till)

Gravelly sand (Eskerdeposits or Gravelly-sandy layer)
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Wells
The locations areknownfrom a map ofRichard Henderson. With help ofthismap coordinates areestimated.

Boreholes, cobra-drillinr:s and weirs
Coordinates of the boreholes, cobmdnllings and weirs arejust taken from a fieldmap. Theywere pointed out
on the map bymeasuring the distance in the field in footsteps (and convened to metres) and than readof the
map. The readings were done 10 10 metresbut the values arenot that accurate. The maximum difference will
be approximately 50 metres.

Bog·Piezometers
Coordinates of the tubes on Clara West are calculated from given OPW-coordinates. The coordinates of 905
are veryinaccurate because of the very wet area and the lack ofpegs.
There are two maps with the locations of thosepiezometers. One, hand-drawn map, made by students of the
Agricultural University ofWageningenand a typed map from the Dutch National Forestry Service (SBB). The
latter differs with the hand-drawn map and the coordinates. Those last two data-sets are taken as correct;
which means that the following numbers have been changed on the SBB.map:

48, 53, 68, 72, 73, 74, 90, 91, 97.
The OPW:coordinates of the tubes on Clara East have been estimated by lain Blackwell in the summer of
1992

SHORT DESCRIFI70NAPPENDIXII.A

Introduction
The Irish Office of Public Works (OPW) have installed wooden stakes over the bog whid: has established a
surveyed gridreference system. The gridhas a 1(}() metreinterval and isparallel to the bog-road. A combination
ofleiters for eastings!westings and numbersfor northing: is used. The origin is at the nonhem endofthe Bog
road. This, so calledOPWgrid, can only be found on the bog itself As in this study the region of Clara Bog
is the subjec~ the Nationalgrid has been used. This grid has a interval of1 km.
In Oscar's file GRID.UX3 a calculation is given for the transition from OPW-coordinates to coordinates of
the Nationalgrid. Some smallmistakes were discovered in his file and theyhave bun changed. The alterations
made are:
Step 4: calculation is alright but in the explanation wrong figures are used;
Step 5: the wrong coordinates for C have been taken;
These changes can be find in the file GRID_M.UX3 whi4h also gives more explanations about the used
method.



APPENDIX us PRINT omWTUS FILES I
COORDINATES CLARA BOG WEST

X Nat = X Nat (0,0 OPW) • sin (alfa+beta) • distance to (0,0 OPW) IY Nat = Y nat(0,0 OPW) • cos (alfa+beta) • distance to (0,0 OPW)

X Nat (0,0OPW) = 225108.1
Y Nat (0,0 OPW) = 230877.5 IBeta = 0.308748 pi
Distance to (0,0 OPW):

V [(X opw • X opw) + (y opw • Y opw)J IVectoreomer C with Y opw-as, Alfa:
In» [Tan(X opw / Y opw)]

. OPWGrUJ Nat GrUJ ITUBENO. X-Coord. Y-Coord. Dist: Alfa X-Coord. Y-Coord.
46--771:3 1226.6 1449.5 0.56223999.6 229943:6~

47 803.7 1213.9 1455.8 0.58 223973.6 229965.2 I48 843.9 1197.7 1465.1 0.61 223940.2 2299928
49 941.0 1188.0 1515.5 0.67 223850.6 230031.6 .
50 840.5 1095.3 1380.6 0.65 223974.6 230089.4 I51. 720.4 1254.5 1446.6 0.52 224040.6 229901.2
52 693.0 12420 14223 0.51 224070.5 229904.8
53 701.0 11320 1331.5 0.55 224096.3 2300120

I54 6022 1178.8 1323.7 0.47 214176.2 229937.4
55 591.0 1048.0 1103.2 0.51 124116.6 230058.6
56 673.0 1010.0 1213.7 0.59 224160.1 230119.7
57 865.7 1247.5 1518.5 0.61 113904.3 1299520 I58 808.0 1276.0 1510.3 0.56 213950.6 229907.3
59 771.0 1308.0 1518.8 0.53 123975.1 229865.9
60 731.0 1337.0 1524.3 0.50 124004.5 229826.1

I61 698.1 1355.7 1524.9 0.48 124031.1 129798.0
62 681.0 1368.0 1518.1 0.46 124043.6 22978/.1
63 664.0 1378.0 1529.6 0.45 224056.8 229766.4
64 769.1 1357.3 1560.1 0.51 213963.0 2298/8.1 I65 767.7 1387.6 1585.8 0.51 123955.1 229788.8
66 766.4 14122 1606.8 0.50 113948.9 229764.9
67 765.4 14327 1624.3 0.49 223943.6 229745.1 I68 764.8 1447.4 1637.0 0.49 213939.7 229730.9
69 7720 1463.0 1654.2 0.49 223928.1 229718.2
70 808.7 1066.6 1338.5 0.65 224013.6 230107.0

I70s 8029 1068.5 1336.5 0.64 214018.5 230103.5
71 763.9 1451.3 1640.1 0.48 223939.4 229716.9
71 763.8 1450.2 1639.0 0.48 223939.8 229727.9
73 764.1 1448.7 1637.9 0.49 213940.0 229729.5 I74 1884.1 1663.7 2513.5 0.85 211807.6 229865.0
75 1883.2 1663.1 25124 0.85 222808.6 229865.3
76 1881.9 16623 2510.9 0.85 222810.1 229865.6 I77 1877.7 1659.4 2505.9 0.85 212815.0 229867.1
78 1871.9 1655.4 2498.9 0.85 222821.7 229869.2
79 773.0 14720 16626 0.48 223924.4 229710.0

I80 ? ? ERR ERR ERR ERR
81 9.0 950.0 950.0 0.01 224810.9 229975.1
82 15.0 950.0 950.1 0.02 224805.2 229977.0
83 15.0 950.0 950.3 0.03 124795.6 229980.0 I84 45.0 950.0 951.1 0.05 124776.6 229986.1
85 70.0 950.0 9526 0.07 1147528 229993.7
86 100.0 950.0 955.2 0.10 224724.2 2300028 I87 200.0 950.0 970.8 0.21 224628.9 230033.2
88 300.0 950.0 996.1 0.31 224533.6 230063.6
89 400.0 990.0 1067.8 0.38 224416.2 230055.8

I90 213275.0 230050.0

32
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I OPWGrid Nat Grid
TUBE NO. X·Coord. Y·Coord. DUt. Alfa X-Coord. Y-Coord.

91 550.0 1150.0 1274.8 0.45 224234.7 229949.0

I
92 800.0 1000.0 1280.6 0.67 2240421 230167.9
93 950.0 1000.0 1379.3 0.76 223899.2 230213.4
94 1100.0 1000.0 1486.6 0.83 223756.3 230259.0
95 1250.0 1000.0 1600.8 0.90 223613.4 230304.6

I 96 1400.0 1000.0 1720.5 0.95 223470.5 230350.2
97 1500.0 1200.0 1920.9 0.90 223314.4 230190.0
98 1600.0 1400.0 2126.0 0.85 223158.4 230029.9

I
99 1750.0 1550.0 2337.7 0.85 222969.9 2299325

901 800.0 800.0 1131.4 0.79 2241029 23035804
902 800.0 900.0 1204.2 0.73 2240725 230263.1
903 998.5 1247.0 1597.5 0.68 223m.9 2299929

I 904 1300.0 1300.0 1838.5 0.79 223474.6 230034.0
905 1400.0 1520.0 2066.5 0.74 2233125 229854.8

PI01 728.5 1380.3 1560.7 0049 223994.7 229783.8

I Rossum weir
P103 625.0 1076.0 1244.3 0.53 224185.7 2300423

Soak gauge

I
PI05 771.0 1455.0 1646.7 0.49 223931.5 229725.6

Cutaway gauge
PIO? 804 1060 1330.4 0.65 224020.1 230111.9

Groundwater recorder

I CLCDJ 811.5 1041 1319.9 0.66 224018.7 2301323

BENCHMARKS

I WEST
A, Soak 600 1130 127904 0049 224193.1 229983.2
B, Mount 840 1235 1493.6 0.60 2239326 229956.1

I
D, Rossum 728.5 1380.3 1560.7 0049 223994.7 229783.8

I COORDINATES CLARA BOG EAST
X Nat. = X Nat.(0,0 OPW) - sin (alfa+beta) • distance to (0,0 OPW) ,

I
Y Nat. = Y nat.(0,0 OPW) - cos (alfa+beta) • distance to (0,0 OPW)

X Nat. (0,0 OPW) = '225108.1

I
Y Nat. (0,0 OPW) = 230877.5

Beta = 0.308748 pi
Distance to (0,0 OPW):

V [(X opw • X opw) + (y opw • Yopw)]

I Vectorcomer C with Y opw-as, Alfa:
lnv [Tan(-X opw I Y opw)]

I
OPWGrid Nat Grid

TUBENO. X-Coord. Y-Coord. Dist. Alfa X-Coord. Y-Coord.
101 295 40 297.7 -1044 225377.0 230749.7

I
102 295 44 298.3 -1042 225375.8 230745.9
103 295 49 299.0 -1041 225374.3 230741.2
104 298 65 305.0 -1.36 2253723 230725.0
105 255 60 262.0 -1.34 2253328 2307428

I 106 304 84 31504 ·1.30 2253722 230705.1
107 314 109 33204 -1.24 225374.2 230678.2
108 330 168 370.3 -1.10 225371.5 230617.1

I
109 359 278 454.1 -0.91 225365.7 230503.5
110 407 341 531.0 -0.87 225392.3 230428.9
III 436 422 606.8 -0.80 225395.3 2303429
112 419 505 656.2 -0.69 225353.9 230269.0

I 113 474 600 764.6 ·0.67 225377.4 230161.8

I
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OPWGrid Nat Grid ITUBE NO. X-Coord. Y-Coord.. Dist. Alfa X-Coord. Y-Coord.

114 552 663 8627 -O.(f) 2254326 230078.1

119 651 (f)2 950.1 -0.75 225518.1 230020.4

I120 804 755 11029 -0.82 225644.7 229913.9

121 774 510 926.9 -0.99 225(f)O.6 230156.4

122 772 180 81/.1 -1.22 225758.5 230376.1

123 800 194 823.2 -1.33 225811.4 230449.6 I124 916 66 918.4 -1.50 225960.8 230536.3

125 965 159 978.0 -1.41 215979.2 2304328

/16 1000 125 1025.0 -1.35 2259925 230359.2 I127 1029 420 1111.4 -1.18 225960.9 230164.7

128 1147 250 1173.9 -1.36 . 226124.9 230290.8

129 1124 /73 1137.2 -1.42 216126.4 230371.1

I130 1094 76 1096.6 -1.50 226127.3 2304726

131 1089 6/ /090.7 -1.51 226127.1 230488.5

141 295 42 298.0 -1.43 225376.4 230747.8

141 295 46 298.6 -1.42 225375.2 230744.0 I143 295 56 300.3 -1.38 2253722 230734.5

151 497 181 528.9 -1.22 225526.6 230554.0

152 639 100 6(f).6 -1.27 225656.1 2304928

I153 586 312 668.6 -1.07 225568.6 . 230391.6

154 657 457 800.3 -0.96 225595.2 2302424

BENCHMARKS IEAST
A (TBMA) 510.0 551.5 751.9 -0.75 215416.1 230196.1

B (TBMP) 587.5 1150.0 1291.4 -0.47 225318.4 229603.3 IC (TBMB) 967.5 161.3 1002.2 -1.31 225950.5 230334.6

D (TBM3/) 880.0 680.0 1112./ -0.9/ 225739.9 229962.2

E (TBM2K) 1140.0 237.5 1164.5 -1.37 126111./ 230304.8

I
I

COORD/NATES TUBES OF J. BELL, CLBH, CLCD, WELLS, WE/RS & GAUGES

Nat. Grid
I

According to
X-Coord. Y-Coord.

INEI 125280 230550 Judy Bell
NE2 215110 130520 Judy Bell
NE3 125060 130510 Judy Bell
NE4 125010 130500 Judy Bell INWl 224680 130840 Judy Bell
NW2 224800 230710 Judy Bell
NW3 224910 230570 Judy Bell INW4 224950 130530 Judy Bell
NW5 224980 230500 Judy Bell
SEI 225190 230080 Judy Bell

ISE2 224960 230030 Judy Bell
SE3 124890 230020 Judy Bell
SE4 124850 130010 Judy Bell
SWI 124440 130420 Judy Bell ISW2 224590 130260 Judy Bell
SW3 224750 230090 Judy Bell
SW4 124780 230060 Judy Bell ISW5 214810 230020 Judy Bell

I
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Nat. Grid According to

X-Coord. Y·Coord.
CLBH2 225360 230760 Mary Smyth
CLBH3 225410 230930 Mary Smyth
CLBH4 223535 230940 Mary Smyth
CLBH5 223975 229606 Mary Smyth
CLBH6 224950 230320 Mary Smyth
CLBH7 224670 228370 Mary Smyth
CLBH8 226IIO 229460 Manon van den Boogaard
CLBH9 223070 229480 Manon van den Boogaard
CLBHIO 224700 229430 Manon van den Boogaard
CLCD1 224850 230100 Manon van den Boogaard
CLCD2 224560 229240 Manon van den Boogaard
CLCD3 224019 230132 Manon van den Boogaard
CLCD4 225025 228990 Ray Flynn
CLCD5 225190 228940 Ray Flynn
CLCD6 224270 228860 Ray Flynn

Well_OO 223590 228980
Well_01 223620 231030
Well_02 223750 231250
Well_03 224050 231600
Well_05 226IIO 230780
Well_06 226290 230750
Well_07 226440 230730
Well_08 226570 230755
Well 09 226840 231000
wain 222740 228865
Wellj2 224020 228220
Well 15 222000 228950
Wellj6 221450 230370
WelU8 225500 231380
Wellj9 225350 231420
Well_20 222880 227880
Well_21 222485 228250
WelU2 227220 228840
WelU3 222150 229500

Nat. Grid
X-Coord. Y-Coord.

•
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Gauge Brosna River
Gauge Silver River
Gauge Deep drain
Weir 921
Weir 922
Weir 923 (former)
Weir 923 (new)
Weir 100 (former)

226060
225IIO
224830
224820
224860
225IIO
225100
225420

232210
227350
228300
230000
230040
230820
230800
230750

35

According to

Manon van den Boogaard
Manon van den Boogaard
Manon van den Boogaard
Manon van den Boogaard
Manon van den Boogaard
Manon van den Boogaard
Manon van den Boogaard
Manon van den Boogaard
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14-July:l992, New Bridge (River Silver) to Clara Bogsouth-east IbyPadraic McGowan, John and Manon

TBM at New Bridge 51.20 mod

IPegA, distance to New Bridge 165 m at Left Bank
Stan at Pega
End peg Nat. X·Coord 224992

Nat. Y·Coord 228839 I,65B A"", m

I
~ SILvE~ R'VEQ.

I- - •..

Distance Dist. to PegA Reduced level (mod) I
Peg A 0 0 48.51
Bank ofRiver 7 7 48.43

I9 9 47.46
Did not get bed 10 10 47.33

17 17 47.63
22 22 48.05 IBank ofRiver 23 23 48.69
96 96 48.75

143 143 48.70 I302 302 48.78
368 368 49.44
444 444 49.27

I501 501 49.29
604 604 50.13

PegB, edge road 608 608 5U8
PegB 0 608 5U8 IRoad 7 614 49.38

114 721 49.59
122 730 49.43 I186 794 50.78

Beside road 276 884 50.68
PegC, 11° east 280 888 50.96

IPeg D 324 932 50.67
PegC 0 888 50.96

23 911 50.77
170 1058 51.09 I220 1108 51.25
294 1182 52.03
354 1242 5161 I402 1290 54.88

PegD 0 932 50.67
415 1347 53.28

IEnd peg 463 1395 53.76

Middle ofdrain, 465 1397 51.57

edge of Bog

Check Bolt 14 in BogRoad 53.84 mod I
Other leveldata 53.87 mad
ERROR 0.03 m I

I
38
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I
15116117-July-1992, New Bridge (Silver River) to Clara Bogwest(peg G14)

15 July: From TBM, pole at house to Bog Road (station C)

I
by Padraic McGowan, John andManon

16 July: From BogRoad (station C) to Clara Bog west (peg G14)
by Padraic McGowan, John and VUlcent

17 July: From TBM, pole at house to New Bridge

I by Padraic McGowan, John and VUlcent

TBM New Bridge 51.20 mod

I
Peg G14 (OPW-grid) Nat.X-Coord. 224016

Nat.Y-Coord. 229756

I Distance Dlst. to New Bridge Reducedlevel (mod)
Start at New Bridge

463.2 47.36

I Side SilverRiver 463.5 47.59
Side SilverRiver 464 48.07
Left Bank SilverR 465 0 48.64

I
452 47.28
451 47.87

Right Bank Silver .450 15 48.70
397 68 48.34

I 293 172 48.47
Ditch 212 253 48.79

147 318 49.16

I
123 342 50.84
36 429 51.17
34 431 51.10

TBM, Pole at house 0 465 55.78

I TBM, Pole at house 0 465 55.78
138 603 49.57

I 286 751 50.14
377 842 50.78
424 889 51.00

I
466 931 50.85
507 972 51.69
544 1009 50.05
569 1034 50.52

I 600 1065 50,62
625 1090 50.47
668 1133 51.00

I Road, Station B 670 1135 51.06
734 1199 50.50
756 1221 50.39

I
XZ 761 1226 50.38
Station B 0 1135 51.06
Drain (1) 99 1234 48.72
Drain (1) 101 1236 48.56

I Edge drain (1) 102 1237 48.86
Left bank Drain(1) 105 1240 50.11

120 1255 50.03

I Left bank Drain(2) 127 1262 49.74
Middle drain (2) 128 1263 48.98
Right bank drain(2) 133 1268 49.53

I
134 1269 50.10
150 1285 50.12
239 1374 50.30
292 1427 50.52

I BogRoad at Bridge 479 1614 5230

39

I



Station C 0 1614 5230
47 1661 50.36-- -

Left bank drain 51 1665 50.22
Middle drain 53 1667 49.04
Rightbank drain 56 1670 50.28

99 1713 50.63
Rightbank drain 130 1744 51.16
Middle drain 136 1750 49.47
Left bank drain 144 1758 50.98

234 1848 50.70
333 1947 51.44
427 2041 51.75
451 2065 51.84
605 2219 57.68 u57=51???

peg R, t/' east 0 1697 50.60
471 2168 52.70
574 2271 55.30

Edge of Bog 662 2359 55.14
Middle drain, edge 667 2364 53.95

ToppegG14 58.01

Check TBM OPW-weir 58.079 mod
Other leveldata 58.066 mod
ERROR 0.013 m

XZ
Peg R in field

Station C, 1SO 28' west of XZ
Distance

o
471

Dist. to New Bridge
1226
1697

40

Reduced level (mod)
50.34
50.60

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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APPENDIX III

. HYDRAULIC HEADS AND STAGES .

A PRINT omOF L01TJS FILES;
Al Boreholes. Cobra-drillings and Wells;
A2 Drains and Rivers.

B POTENTIOMETRIC SURFACE MAPS;
BI· First aquifer;
B2 Second aquifer.

C HYDROGRAPHS;
Al Boreholes. Cobro-drillings and Wells;
A2 Bog piezometers;
A3 Drains and Rivers.

D DISCHARGE MEASUREMENTS.
DI Tracer-method;
D2 Data ofQffice ofPublic Works.

41
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54
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60
61
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62
72
79

83
83
85
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PIEZOMyR Meth_meas Levetsta Datemeas WITlvl Waterlevel
CLBH21 19900919 . 0.86 57.50
CLBH2.1 19901017 0.87 57.49
CLBH2.1 19901114 0.87 57.49
CLBH2.1 19901212 0.93 57.43
CLBm.1 19910116 0.63 57.73
CLBH21 19910129 0.66 57.70
CLBH2.1 19910228 0.64 57.72
CLBH21 19910313 0.55 57.81
CLBHl.1 19910325 0.55 57.81
CLBH21 19910410 0.58 57.78
CLBH21 19910424 0.58 57.78
CLBH21 19910522 0.66 57.70
CLBH21 19910612 0.65 57.71
CLBH21 19910710 0.67 57.69
CLBH21 19910724 0.62 57.73
CLBH21 19910807 0.66 57.70
CLBH21 S 19910821 0.73 57.63
CLBH2.1 E S 19911021 0.83 57.53
CLBH21 E S 19911114 0.62 57.74
CLBH2.1 E S 19911222 0.51 57.85
CLBH21 S S 19920417 0.53 57.82
CLBH21 S S 19920430 0.49 57.87
CLBm.1 S S 19920514 0.49 57.87
CLBH21 E S 19920528 0.54 57.82
CLBH21 E S 19920611 0.51 57.84 Sampled 4 June
CLBH21 E S 19920625 0.60 57.75
CLBH21 E S 19920709 0.63 57.72
CLBH21 S S 19920723 0.68 57.67
CLBH2.1 19920821 0.75 57.61
CLBH21 19920904 0.80 57.56 Sampled 2 Sept

43

-- - - -

HYDRAUUC HEADS OF BOREHOLES, COBRADRILLlNGS AND WEUSAPPENDIXmAl

WATERLEVEL STATUS:
WTRLVL:
WATERLEVEL:

S • Steel tape

S - Static waterlevel

CLARA BOREHOLES and COBRADRILLINGS
PERIOD: 2 AUGUST 1990 - 30 OCTOBER 1992
PIEZOM_NR: CLBH21 - CLara BoreHole 2, Piezom. nr. 1
METHOD OF MEASUREMENT:

E • Electrical contact meter (in most cases)
Ru - Ruler . • No information
P - Pumping wl R • Recoveringwl
m below casing/tube top
mod

NUMBER CAS_LVL MIDJILj MIDJIL_2 MIDJIL_3
CLBm 58.36 46.7 525 55.6
CLBH3 64.30 51.6 WELLSCREEN
CLBH4 59.52 47.8 54.1 56.2
CLBH5 56.21 51.0 49.8
CLBH6 56.78 35.5 41.8 43.8
CLBH7 50.79 44.3 46.4
CLBH8 55.72 45.4 49.0
CLBH9 57.90 47.3 53.2
CLBHIO 5203 422 45.4

NUMBER TOP_TUBE MID_FILTER
CLCDl 55.62 43.4 Before 18 May 1992
CLCDl 54.23 43.4 After 18 May 1992
cicca N 51.81 46.7
CLCDi=s 51.72 47.8
cici» 58.89 49.3

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
:1



PIEZOM_NR Meth.J'!eas Levetsta Datejneas Wtrlvl Waterlevel ICLBH21 19921002 0.87 57.49
CLBH21 19921030 0.93 57.43

CLBH22 19900919 084 57.52 I
CLBH22 19901017 0.87 57.49
CLBH22 19901114 0.88 57.48

ICLBH22 19901212 0.91 57.44
CLBH22 19910116 0.59 57.77
CLBH2.2 19910129 061 57.75
CLBH22 19910228 0.63 57.73 ICLBH22 19910313 0.52 57.83
CLBH22 19910325 0.48 57.88
CLBH22 19910410 0.52 57.84 ICLBH22 19910424 0.53 57.83

_CLBH22 19910522--0.50-57.86--
CLBH22 19910612 0.49 57.87

ICLBH22 19910710 0.62 57.74
CLBH22 19910724 0.58 57.77
CLBH2.2 19910807 0.61 57.74
CLBH2.2 S 19910821 0.69 57.67 ICLBH22 E S 19911021 0.90 57.46
CLBH2.2 E S 19911114 0.69 57.67
CLBH22 E S 19911222 0.56 57.80

ICLBH22 S S 19920417 0.72 57.64
CLBH2.2 S S 19920430 0.65 57.71
CLBH22 S S 19920514 0.68 57.68
CLBH22 E S 19920528 0.74 57.62 ICLBH2.2 E S 19920611 0.68 57.68 Sampled 4 June
CLBH2.2 E S 19920625 0.79 57.57
CLBH2.2 E S 19920709 0.76 57.60 ICLBH22 S S 19920723 0.79 57.56
CLBH22 19920821 0.83 57.53
CLBH2.2 19920904 0.88 57.48 Sampled 2 Sept

ICLBH22 19921002 0.89 57.47
CLBH22 19921030 0.98 57.38

CLBH23 19900919 0.76 57.60 ICLBH23 19901017 0.83 57.53
CLBH23 19901114 0.84 57.52
CLBH2.3 19901212 0.87 57.49 ICLBH2.3 19910116 0.50 57.86
CLBH23 19910129 0.50 57.86
CLBH23 19910228 0.51 57.85

ICLBH23 19910313 0.29 58.06
CLBH23 199i0325 0.27 58.09
CLBH23 19910410 0.31 58.05
CLBH23 19910424 0.32 58.04 ICLBH23 19910522 0.29 58.07
CLBH23 19910612 0.27 58.09
CLBH23 19910710 0.43 57.93 ICLBH23 19910724 0.42 57.94
CLBH23 19910807 0.46 57.89
CLBH23 S 19910821 0.55 57.81

ICLBH2.3 E S 19911021 0.89 57.47
CLBH23 E S 19911114 0.68 57.68
CLBH2.3 E S 19911222 0.56 57.80
CLBH2.3 S S 19920417 0.77 57.59 ICLBH23 S S 19920430 0.69 57.67
CLBH23 S S 19920514 0.72 57.63
CLBH23 E S 19920528 0.73 57.62

ICLBH23 E S 19920611 0.66 57.70 Sampled 4 June

44
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I PIEZOM_NR Meth_meas Level sta Date_meas Wtrlvl Waterlevel
CLBH2.3 E S 19920625 0.78 57.58
CLBH23 E S 19920709 0.77 57.59

I
CLBH23 S S 19920723 0.82 57.54
CLBH23 19920821 0.87 57.49
CLBH23 19920904 0.93 57.43 Sampled 2 Sept
CLBH23 19921002 0.95 57.41

I CLBH2.3 19921030 0.98 57.38

CLBH3.1 S 19900802 6.09 58.21

I
CLBH3.1 S 19900822 6.26 58.04
CLBH3.1 S 19900905 6.38 57.92
CLBm.l S 19900919 6.43 57.87
CLBH3.1 S 19901017 6.56 57.74

I CLBH3.1 S 19901114 6.59 57.71
CLBH3.1 S 19901212 6.63 57.67
CLBH3.1 S 19910116 6.40 57.90

I CLBH3.1 S 19910129 6.42 57.88
CLBH3.1 S 19910228 6.33 57.97
CLBH3.1 S 19910313 6.22 58.08

I
CLBH3.1 S 19910325 6.10 58.20
CLBH3.1 S 19910410 6.13 58.17
CLBH3.1 S 19910424 6.12 58.18
CLBH3.1 S 19910522 6.01 58.29

I CLBH3.1 S 19910612 5.99 58.31
CLBH3.1 S 19910710 6.16 58.14
CLBH3.1 S 19910724 6.25 58.05

I CLBH3.1 S 19910807 6.35 57.95
CLBm.l S 19910821 6.40 57.90
CLBH3.1 E S 19911021 6.72 57.58

I
CLBH3.1 E S 19911114 6.52 57.78
CLBm.l E S 19920417 6.32 57.98
CLBH3.1 E S 19920430 6.29 58.01
CLBH3.1 E S 19920514 6.29 58.01

I CLBH3.1 E S 19920528 6.31 57.99
CLBm.l E S 19920611 6.35 57.95
CLBm.l E S 19920625 6.40 57.90

I CLBH3.1 E S 19920709 6.48 57.82
CLBH3.1 E S 19920723 6.53 57.77
CLBH3.1 19920821 6.65 57.65

I
CLBm.l 19920904 6.70 57.60 Sampled 2 Sept
CLBm.l 19921002 6.79 57.51
CLBH3.1 19921030 6.87 57.43

I CLBH4.1 E S /9911021 290 56.62
CLBH4.1 E S 19911114 2.69 56.83
CLBH4.1 S S 19920417 236 57.16

I
CLBH4.1 S S 19920430 221 57.31
CLBH4.1 E S 19911222 256 56.96
CLBH4.1 E S 19920514 232 57.20

I
CLBH4.1 E S 19920528 254 56.98
CLBH4.1 E S 19920611 257 56.95
CLBH4.1 E S 19920625 272 56.80
CLBH4.1 E S 19920709 282 56.70

I CLBH4.1 E S 19920723 2.93 56.59
CLBH4.1 19920821 3.04 56.48
CLBH4.1 19920904 289 56.63 Sampled 2 Sept

I
CLBH4.1 19921002 1.68 57.84
CLBH4.1 19921030 2.03 57.49

CLBH4.2 E S 19911021 2.85 56.67

I CLBH4.2 E S 19911114 2.63 56.89
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PIEZOM NR Melh meas Level_sla Datejneas W"lvl Waterlevel 1CLBH4.FE - S 19911222 252 57.00
CLBH4.2 S S 19920417 230 57.22
CLBH4.2 S S 19920430 213 57.39 1CLBH4.2 E S 19920514 227 57.25
CLBH4.2 E S 19920528 251 57.02
CLBH4.2 E S 19920611 251 57.01

1CLBH4.2 E S 19920625 270 56.82
CLBH4.2 E S 19920709 282 56.71
CLBH4.2 E S 19920723 289 56.63
CLBH4.2 19920821 299 56.53 1CLBH4.2 19920904 282 56.70 Sampled 2 Sept
CLBH4.2 /9921002 0.41 59.11
CLBH4.2 19921030 280 56.72

1
CLBH4.3 E __S 19911021___235_57.J'l__
CLBH4.3 E S 19911114 220 57.32

1CLBH4.3 E S 19911222 211 57.41
CLBH4.3 S S 19920417 206 57.46
CLBH4.3 S S 19920430 1.62 57.90
CLBH4.3 E S 19920514 1.95 57.57 ICLBH4.3 E S 19920528 246 57.06
CLBH4.3 E S 19920611 1.78 57.74
CLBH4.3 E S 19920625 267 56.85

ICLBH4.3 E S 19920709 1.79 57.73
CLBH4.3 E S 19920723 < 56.10 DRY
CLBH4.3 19920821 1.99 57.53
CLBH4.3 19920904 1.81 57.71 Sampled 2 Sept iCLBH4.3 19921002 3.24 56.28
CLBH4.3 19921030 2.98 56.55

CLBH5A S 19910905 1.38 54.83 1
CLBH5A S 19910919 1.37 54.84
CLBH5A S 19911004 1.33 54.89

1CLBH5A S 19911018 . 1.16 55.05
CLBHSA S 19911030 1.23 54.98
CLBH5.A S 19911114 0.92 55.29
CLBH5A S 19911128 0.99 55.22 ICLBH5A S 19911212 1.09 55.12
CLBH5A S 19911226 0.98 55.23
CLBH5A S 19920109 0.89 55.32 1CLBH5A S 19920123 1.13 55.08
CLBH5A S 19920206 1.19 55.02
CLBH5A S 19920220 1.20 55.01

1CLBH5A S 19920305 1.13 55.08
CLBH5A S 19920319 1.07 55.14
CLBH5A S 19920402 1.03 55.18
CLBH5A S S 19920417 1.10 55.11 1CLBH5A S S 19920501 1.01 55.21
CLBH5A E S 19920514 1.10 55.11
CLBH5A E S 19920528 1.20 55.01

ICLBH5A E S 19920611 1.26 54.95 Sampled 4 June
CLBH5A S S 19920625 1.38 54.83
CLBH5A E S 19920709 1.35 54.86

1CLBH5A S S 19920723 1.39 54.83
CLBH5A 19920821 1.32 54.89
CLBHSA 19920904 1.29 54.92 Sampled 2 Sept.
CLBH5A 19921002 1.42 54.79 ICLBH5A 19921030 1.43 54.79

CLBHS.B S 19910905 1.39 54.83

1CLBH5.B S 19910919 1.37 54.84
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• PIEZOM_NR Meth_meas Level_sta Datemeas Wtrlvl Waterlevel

CLBH5.B S 199IlOO4 1.34 54.87

CLBH5.B S 199IlO18 1.17 55.04

I
CLBH5.B S 199Il030 1.24 54.97
CLBH5.B S 19911114 0.93 55.28
CLBH5.B S 199Il128 0.99 55.23
CLBH5.B S 19911212 1.10 55.11

• CLBH5.B S 19911226 0.96 55.25
CLBH5.B S 19920109 0.88 55.33
CLBH5.B S 19920123 1.13 55.09

• CLBH5.B S 19920206 1.20 55.01

CLBH5.B S 19920220 1.20 55.01

CLBH5.B S 19920305 1.14 55.08

• CLBH5.B S 19920319 1.07 55.14
CLBH5.B S 19920402 1.03 55.18

CLBH5.B S S 19920417 1.12 55.10

CLBH5.B S S 19920501 1.01 55.20

• CLBH5.B E S 19920514 1.10 55.11
CLBH5.B E S 19920528 1.20 55.01

CLBH5.B E S 19920611 1.27 54.94 Sampled 4 June

• CLBH5.B S S 19920625 1.38 54.83
CLBH5.B E S 19920709 1.36 54.86
CLBH5.B S S 19920723 1.40 54.81

•
CLBH5.B 19910821 1.32 54.89
CLBH5.B 19910904 1.29 54.92 Sampled 2 Sept

CLBH5.B 19921002 1.42 54.79
CLBH5.B 19911030 1.43 54.79

• CLBH6.1 E S 19911011 0.39 56.39
CLBH6.1 E S 19911114 0.16 56.52

• CLBH6.1 E S 19911222 0.10 56.68
CLBH6.1 S S 19910417 0.29 56.49
CLBH6.1 Ru S 19920501 0.25 56.53
CLBH6.1 Ru S 19920514 0.27 56.51

I CLBH6.1 E S 19920528 0.34 56.44
CLBH6.1 E S 199206Il 0.29 56.49 Sampled 4 June

CLBH6.1 E S 19910625 0.36 56.42

I CLBH6.1 E S 19910709 0.36 56.42
CLBH6.1 S S 19910723 0.41 56.37
CLBH6.1 19910821 0.36 56.42

I
CLBH6.1 19920904 0.37 56.41 Sampled 2 Sept

CLBH6.1 19911002 0.34 56.44
CLBH6.1 19921030 0.36 56.43

I CLBH6.2 E S 19911021 0.39 56.39
CLBH6.2 E S 19911114 0.26 56.52
CLBH6.2 E S 19911222 0.10 56.68

I CLBH6.2 S S 19920417 0.29 56.49
CLBH6.2 Ru S 19920501 0.25 56.53
CLBH6.2 Ru S 19920514 0.27 56.51

I
CLBH6.2 E S 19920528 0.33 56.45
CLBH6.2 E S 19920611 0.29 56.49 Sampled 4 June

CLBH6.2 E S 19910625 0.37 56.42
CLBH6.2 E S 19920709 0.35 56.43

I CLBH6.2 S S 19920723 0.40 56.38
CLBH6.2 19910821 0.38 56.40

CLBH6.2 19920904 0.37 56.41 Sampled 2 Sept

I
CLBH6.2 19921002 0.36 56.42
CLBH6.2 19921030 0.36 56.42

I
CLBH6.3 E S 199Il021 0.39 56.39
CLBH6.3 E S 1991Il14 0.26 56.52

I
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PlEZOM_NR Methyleas Levetsta Date meas WITlvl Waterlevel ICLBH6.3 E S 19911222 0.10 56.68
CLBH6.3 S S 19920417 0.28 56.50
CLBH6.3 Ru S 19920501 0.25 56.53

ICLBH6.3 Ru S 19920514 0.26 56.52
CLBH6.3 E S 19920528 0.31 56.47
CLBH6.3 E S 19920611 0.29 56.49 Sampled 4 Iune
CLBH6.3 E S 19920625 0.36 56.42 ICLBH6.3 E S 19920709 0.36 56.43
CLBH6.3 S S 19920723 0.41 56.37
CLBH6.3 19920821 0.37 56.41 ICLBH6.3 19920904 0.38 56.40 Sampled 2 Sept
CLBH6.3 19921002 0.35 56.43
CLBH6.3 19921030 0.37 56.42

ICLBH7.1 S 19911021 1.18 49.61
CLBH7.1 S 199111U--0.90~49.89

CLBH7.1 S 19911222 0.75 50.04 ICLBH7.J S 19920410 0.82 49.97
CLBH7.1 S S 19920417 0.86 49.93
CLBH7.J S S 19920501 0.70 50.09

ICLBH7.1 E S 19920514 0.83 49.96
CLBH7.1 E S 19920528 1.50 49.29
CLBH7.1 E S 19920611 1.01 49.78
CLBH7.1 E S 19920625 1.22 49.57 ICLBH7.1 E S 19920709 1.28 49.51
CLBH7.1 E S 19920723 1.40 49.39
CLBH7.1 19920821 1.39 49.40 ICLBH7.1 19920904 1.25 49.54 Sampled 2 Sept
CLBH7.1 19921002 1.02 49.77
CLBH7.1 19921030 0.95 49.84

ICLBH7.2 S 19911021 1.23 49.56
CLBH7.2 S /9911114 1.16 49.63
CLBH7.2 S 19911222 0.82 49.97 ICLBH7.2 S 19920410 0.80 49.99
CLBH7.2 S S 19920417 0.85 49.94
CLBH7.2 S S 19920501 0.70 50.10 ICLBH7.2 E S 19920514 0.83 49.96
CLBH7.2 E S 19920528 1.48 49.31
CLBH7.2 E S 19920611 1.01 49.78

ICLBH7.2 E S 19920625 1.23 49.56
CLBH7.2 E S 19920709 1.28 49.52
CLBH7.2 E S 19920723 1.39 49.40
CLBH7.2 19920821 1.38 49.41 ICLBH7.2 19920904 1.24 49.55 Sampled 2 Sept
CLBH7.2 19921002 1.02 49.77
CLBH7.2 19921030 0.93 49.86 I
CLBH8.1 E S 19920709 0.73 55.00
CLBH8.1 E S 19920723 0.74 54.98

ICLBH8.1 19920821 0.63 55.09
CLBH8.1 19920904 0.58 55.14 Sampled 2 Sept
CLBH8.1 19921002 0.70 55.02
CLBH8.1 19921030 0.62 55.10 I
CLBH8.2 E S 19920709 0.72 55.00
CLBH8.2 E S 19920723 0.75 54.98

ICLBH8.2 19920821 0.61 55.11
CLBH8.2 19920904 0.58 55.15 Sampled 2 Sept
CLBH8.2 19921002 0.70 55.03
CLBH8.2 19921030 0.62 55.10 I'
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WELLS
PERIOD: 21 OCTOBER 1991 - 30 OCTOBER 1992
NUMBER: WELL 01 . Domestic well nT. 1
METHOD OF MEASUREMENT: E. Electrical contact meter (in most cases)
WATERLEVEL STATUS: Doubts about static waterlevel:
WTRLVL: m below altitude
WATERLEVEL: mod

NUMBER Altitude Depth NUMBER Altitude Depth

° 67.00 32.96 13 62.75

1 60.12 56.32 14 -3.80

2 58.53 55.58 15 54.07 37.97

3 57.71 53.98 16 51.15 47.38

4 53.98 17 61.26

5 60.42 56.02 18 64.86 46.56

6 60.26 56.61 19 70.27 57.37

7 60.51 55.41 20 54.03 49.78

8 60.89 56.64 21 60.04 46.09

9 60.04 56.54 22 55.41

11 70.01 23 57.85

12 56.09 51.36

P1EZOM_NR Meth_nieas Level sta Date meas Wtrlvl Waterlevel

WELL_OO E S 19920415 5.44 61.56

WELL_00 E S 19920515 5.51 61.49

WELL_OO E S 19920612 5.94 61.06

WELLJ)() E S 19920710 6.19 60.81

WELL 00 19920904 6.53 60.47

WELL=OO 19921001 6.00 61.00

WELL_OO 19921030

WELL_01 E S 19911021 3.60 56.52

WELL_01 E S 19911114 3.46 56.66

WELL_01 E S 19911222 3.31 56.81

WELL_01 E S 19920122 3.45 56.67

WELL_02 E S 19911021 283 55.70

WELL_02 E S 19911114 264 55.89

WELL_02 E S 199IJ222 2.55 55.98

WELL_02 E S 19920122 2.43 56.10

WELL_02 E S 19920430 2.12 56.41

WELL_02 E S 19920515 2.15 56.38
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PIEZOM_NR Melh_meas Levelsta Datejneas WIT!v! Waterlevel

WELL_02 E S 19920612 2.33 56.20

WELL_02 E S 19920710 254 55.99

WELL_02 19920904 281 55.72

I WELL_02 19921001 275 55.78

WELL_02 19921030 285 55.68

I WELL_03 E S 19911021 3.30 54.41

WELL_03 E S 19911114 3.20 54.51

WELL_03 E S 19911222 3.13 54.58

I
WELL;,.03 E S 19920122 297 54.74

WELL_03 E S 19920430 277 54.94

WELL_03 E S 19920515 280 54.91
WELL_03 E S 19920612 289 54.82

I WELL_03 E S 19920710 3.00 54.71
WELL_03 19920904 3.20 54.51
WELL_03 19921001 3.23 54.48

I WELL_03 19921030 3.29 54.42

WELL_05 E 19911021 3.70 56.72 ABSTRACTION//

I
WELL_05 E 19911114 3.57 56.85 ABSTRACTION//

WELL_05 E 19911222 3.44 56.98 ABSTRACTION//

WELL_05 E 19920122 3.28 57.14 ABSTRACTION//

WELL_05 E 19920528 3.45 56.97 ABSTRACTION//

I WELL_05 E 19920611 3.45 56.97 ABSTRACTION//

WELL_05 E 19920710 3.42 57.00 ABSTRACTION//

WELL_05 19921001 3.76 56.66

I
WELL_05 19921030 3.84 56.58

WELL_06 E S 19911021 3.65 56.61

I
WELL_06 E S 19911114 3.51 56.75
WELL_06 E S 19911222 3.43 56.83
WELL_06 19920122 3.30 56.96
WELL_06 19920528 2.41 57.85

I WELL_06 E S 19920612 255 57.71
WELL_06 E S 19920709 275 57.51

I
WELL_07 E S 19911021 4.00 56.51
WELL_07 E S 19911114 3.72 56.79
WELL_07 E S 19911222 3.59 56.92
WELL_07 E S 19920122 3.42 57.09

I WELL_07 E S 19920430 3.02 57.49

WELL_07 E S 19920515 3.11 57.40

WELL_07 E S 19920528 3.28 57.23

I WELL_07 E S 19920612 3.06 57.45
WELL_07 E S 19920710 3.42 57.09

WELL_07 19920904 3.78 56.73

I
WELL_07 19921001 3.74 56.77
WELL_07 19921030 3.73 56.78

WELL_OS E S 19911021 3.90 56.99

I WELL_OS E S 19911114 3.81 57.OS

WELL_OS E S 19911222 3.63 57.26
WELL_OS E S 19920122 3.48 57.41

I WELL_OS E S 19920430 3.38 57.51
WELL_08 E S 19920515 3.39 57.50

WELL_08 E S 19920528 3.39 57.50

I
WELL_OS E S 19920612 3.45 57.44
WELL_08 E S 19920709 3.56 57.33
WELL_08 19920904 3.80 57.09
WELL_OS 19921001 3.84 57.05

I WELL_OS 19921030 3.96 56.93

51

I





• ...•,..-....,.,' ...--.,,"-,"-....... .', "..:.;1

I PIEZOM_NR Meth_meas Level_sla Date.!'Jeas WITlvl Waterleve!

WELLJ9 E S 19911021 1290 57.37

WELLJ9 E S 19911114 1281 57.46

I
WELLJ9 E S 199/1222 1276 57.51

WELLJ9 19920122 1232 57.95

WELLJ9 19920430 1220 58.07

WELLJ9 19920515 1231 57.96

I WELLJ9 19920612 1233 57.94

WELLJ9 19920710 1240 57.87

WELLJ9 19920904 < 57.37 DRY

I WELLJ9 19921001 < 57.37 DRY

WELL_19 19921030 < 57.37 DRY

I
WELL_20 E S 19911021 4.17 49.86
WELL:.,20 E S 19911114 4.03 50.00

WELL_20 E S 19911222 3.89 50.14

WELL_20 E S 19920122 3.51 50.52

I WELL_20 E S 19920430 3.13 50.90

WELL_20 E S 19920515 3.28 50.75

WELL_20 E S 19920612 3.68 50.35

I
WELL_20 E S 19920710 3.90 50.13

WELL_20 19920904 4.22 49.81

WELL_20 19921001 4.23 49.80

I
WELL 20 19921030 4.12 49.91

WELL_21 E S 199/1021 3.21 56.83

WELL_21 E S 199/1/14 3.02 57.02

I WELL_21 E S 19911222 2.95 57.09

WELL_21 E S 19920122 245 57.59

WELL_21 E S 19920430 2.54 57.50

I
WELL_21 E S 19920515 265 57.39
WELL_21 E S 19920612 3.09 56.95

WELLj1 E S 19920710 3.46 56.58

WELL 21 19920904 3.70 56.34

I WELL_21 19921001 3.46 56.58

WELL_21 19921030 283 57.21

I WELLj2 E S 19911021 2.97 5244
WELLj2 E S 199/1114 246 52.95

WELL_22 E S 19911222 236 53.05

I
WELL_22 E S 19920122 216 53.25
WELL_22 E S 19920430 2.40 53.01

WELL_22 E S 19920515 254 52.87

WELL_22 E S 19920612 246 5295

I WELLj2 E S 19920710 2.70 5271

WELL_22 19920904 272 5269

WELL_22 19921001 255 5286

I WELL 22 19921030 2.54 52.87

WELL_23 E 19920430 4.28 53.57

I
WELL_23 E 19920515 4.30 53.55

WELL_23 E 19920612 4.88 5297

WELL_23 E 19920710 5.12 5273

WELL_23 19920904 5.28 5257

I WELL_23 19921001 5.14 52.71

WELL_23 19921030 5.13 52.72

I
I
I
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STAGES OF DRAINS AND RIVERS

GAUGE IN DEEP DRAIN SOUTH·EAST OF CLARA BOG. 1 April 1992- 23 July 1992
Bottom of the gauge: 48.80 mod EC: microSiemens/cm

DEEP DRAIN (1/4/92 - 23/7/92) (mod) EC
MEAN 49.00 366
MIN WATERLEVEL 48.91
MAX WATERLEVEL 49. II
MlN EC 49.09 226
MAX EC 48.95 496

DTSCHARGES TN DRAlNS and RWERS NEAR CLARA BOG
PERlOD: 19 March 1992. 23 July 1992

APPENDIX uua

DATE TIME Gauge (mlmod) EC TcOC)
01-04-92 0.280 49.08 310 6.6
02-04-92 0.254 49.05 318 6.4
06-04-92 1I.l1 0.235 49.04 340 7.6
07-04-92 14.41 0.297 49.10 286 8.7
09-04-92 9.05 0.240 49.04 305 6.4
13-04-92 15.32 0.211 49.01 348 9.6
14-04-92 15.20 0.220 49.02 345 10.3

~-----17'04'92-16.56-0.195-49:oo-359--1I:2-------------------

18-04-92 1230 0.191 48.99 361 11.1
21-04-92 14.27 0.177 48.98 370 1I.l
22-04-92 17.15 0.177 48.98 366 10.1
23-04-92 1210 0.179 48.98 369 8.4
26-04-92 13.06 0.300 49.10 273 10.8
28-04-92 13.11 0.259 49.06
29-04-92 10.28 0.234 49.03
30-04-92 16.49 0.300 49.10
01·05·92 10.01 0.3II 49.11
03-05-92 17.16 0.226 49.03
04-05-92 15.23 0.212 49.01
05·05·92 10.47 0.254 49.05
06-05-92 17.13 0.224 49.02
07·05-92 15.50 0.218 49.02
08·05-92 17.44 0.202 49.00
09-05-92 14.07 0.198 49.00
II-05·92 13.05 0.210 49.01
12-05-92 15.15 0.235 49.04
13-05·92 14.20 0.210 49.01
14-05-92 17.50 0.200 49.00
17-05-92 17.00 0.163 48.96
19-05-92 17.10 0.155 48.96
20-05-92 16.00 0.151 48.95 Other Ec meter! (18.00)
22-05·92 1230 0.148 48.95 432 13.8
23-05-92 0.144 48.94 435 10.9
25-05-92 11.35 0.148 48.95 496 10.5
28-05-92 1205 0.139 48.94 467 9.8
02-06-92 17.45 0.158 48.96
08-06-92 11.15 0.140 48.94
11-06-92 1205 0.294 49.09 226 10.8
15-06-92 18.45 0.140 48.94 384 12 7
17-06-92 17.00 0.131 48.93
25-06-92 17.35 0.124 48.92 459 124
08-07-92 0.142 48.94
09-07-92 Afternoon 0.135 48.94 437 11
23-07-92 1111200 0.11 48.91
21-08-92 0.21 49.01
30.10-92 0.19 48.99



GAUGE IN RIVER BROSNA AT CHARLESTOWN BRIDGE 8 April 1992 - 23 July 1992
Bottom of the gauge: 48.98 mod EC: microsiemenstcm

DATE TIME Gauge (mlmod) EC TfC)
08-04-92 10.55 1.29 50.27 560
10-04-92 1.25 50.23
14-04-92 15.00 1.25 50.23 486 9.5
17-04-92 18.10 1.25 50.23 527 10.4
18-04-92 1256 1.20 50.18 528 10.6
21-04-92 15.14 1.20 50.18 516 10.3
26-04-92 13.48 1.35 50.33 534 10.6
28-04-92 13.46 1.35 50.33
30-04·92 17.30 1.40 50.38
01-05·92 9.46 1.37 50.35
05-05·92 11.15 1.32 50.30
07-05-92 16.13 1.29 50.27
09-05·92 14.40 1.28 50.26
12-05-92 15.05 1.28 50.26
14-05-92 18.05 1.27 50.25
19·05-92 17.40 1.20 50.18
22-05-92 12.50 1.20 50.18 Other Ec meter!
28-05-92 21.10 1.06 50.04 529 12.7
02-06-92 18.15 1.07 50.05
11-06-92 15.00 1.01 49.99 547 12.4
17-06-92 17.00 1.16 50.14
25-06-92 19.10 1.16 50.14 475 12.9
08-07-92 1.16 50.14
09-07·92 21.00 1.13 50.11
23-07-92 12.15 1.14 50.12
30-10-92 1.19 50.17

•
I
I
I
I
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I
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I
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RIVER BROSNA (814/92 - 23/7/92)
MEAN
MIN WATERLEVEL
MAX WATERLEVEL
M1NEC
MAXEC

(mod) EC
50.21 522
49.99 547
50.38
50.14 475
50.27 560
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GAUGE IN SILVER RIVER AT NEW BRIDGE 8 April 1992 - 23 July 1992
Bottom of the gauge: 46.46 mod EC: microsiemenskm

DATE TIME Gauge [mlmod} EC TCOC)
10-04·92 0.48 46.94
/4-04-92 15.30 0.49 46.95 630 10.2
17-04-92 17.10 0.46 46.92 640 1I.I
18-04-92 1222 0.45 46.91 631 10.9
21-04-92 I4./4 0.43 46.89 626 10.7
23-04-92 1207 0.45 46.91 629 8.9
26-04-92 /3.38 0.69 47.15 601 10.7
28-04-92 /3.00 0.59 47.05
30-04-92 16.55 0.65 47.IJ
01-05-92 10.19 0.73 47.19
03-05-92 17.05 0.55 47.01
05-05-92 10.38 0.59 47.05
07-05-92 15.42 0.51 46.97
09-05-92 /3.58 0.49 46.95
IJ-05-92 /3.10 0.51 46.97
12-05-92 15.25 0.54 47.00
/4-05·92 18.10 0.49 46.95
19-05-92 17.25 0.43 46.89
22-05-92 1240 0.44 46.90 Other Ec meter!
25-05-92 IJ.45 0.44 46.90 692 10.3
28-05-92 II.55 0.43 46.89 694 9.8
02-06-92 17.50 0.43 46.89
IJ-06-92 II.55 0.75 47.21 . 588 9.9
17-06-92 17.00 0.43 46.89
25-06-92 18.00 0.41 46.87 689 II. 0
08-07-92 0.42 46.88
09-07-92 Afternoon 0.44 46.90 679 10.3
23-07-92 Il/I2oo 0.39 46.85
21-08-92 0.54 47.00
30-10-92 0.56 47.02

SILVER RIVER (8/4/92 - 23/7/92) (modi EC
MEAN 46.97 645
MIN WATERLEVEL 46.85
MAX WATERLEVEL 47.21 588
MINEC 47.21 588
MAXEC 46.89 694
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WEIR NO. DEH 921 IN DRAIN WEST AT THE BOG ROAD 19 March 1992 - II Juru: 1992

DEPTH: Distance from below the mark on stake to watersurface: EC: microSiemens/cm

DATE TIME DEPTH (m) EC TfC)

I 19-03-92 14.19 0.97
20-03-92 16.58 0.97
21-03-92 17.12 0.91

I
22-03-92 16.55 0.77·
23-03-92 14.51 0.85
24-03-92 16.10 0.91 96 7.9
26-03-92 17.52 0.94 109 7.4

I 29-03-92 17./2 0.93
31-03-92 11.07 0.94
01-04-92 12.47 0.92 107 6.4

I 02-04-92 14.27 0.95 110 6.0
03-04-92 16.25 0.96 116 6.2
04-04-92 17.25 0.98 /28 7.2

I
06-04-92 11.03 0.96 138 7.3
07-04-92 14.35 0.88 108 7.8
09-04-92 9.15 0.95 III 6.8
10-04-92 14.40 0.97

I 13-04-92 15.27 0.98 138 8.3
14-04-92 15.14 0.96 142 8.8
15-04-92 13.35 0.97 136 7.9

I 17-04-92 16.42 0.98 145 9.4
18-04-92 1242 0.98 149 9.8
19-04-92 18.13 0.99 150 10.1

I
21-04-92 14.43 0.99 158 9.4
22-04-92 17.24 0.99 160 8.9
23-04-92 12.15 0.99 165 8.2
26-04-92 13.01 0.87 97 9.3

I 28-04-92 13.24 0.93
29-04-92 10.30 0.95
30-04-92 16.30 0.87

I
01-05-92 9.57 0.89
03-05-92 17.29 0.96
04-05-92 15.29 0.97

I
05-05-92 11.00 0.92
06-05-92 17.24 0.95
07-05-92 15.55 0.96
08-05-92 17.58 0.97

I 09-05-92 14.20 0.98
11-05-92 13.08 0.96
12-05-92 15.40 0.93

I
13-05-92 14.00 0.95
14-05-92 17.45 0.97
16-05-92 20.50 1.00

I
17-05-92 16.30 1.00
19-05-92 17.00 1.01
20-05-92 15.45 1.01 Other Ec meter!
21-05-92 16.00 1.02

I 22-05-92 1248 1.02 189 8.8 (18.40)
25-05-92 11.35 1.02 196 8.9
01-06-92 12/13 1.00 211 8.9

I
11-06-92 /2/13 0.90 109 9.8

WEIR 921 (19/3/92 - 11/6/92) (mod) EC
MEAN 0.95 138

I MIN WATERLEVEL 0.77
MAX WATERLEVEL 1.02 189
MINEC 0.91 96

I MAXEC 1.00 211
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WEIR NO. DEH 922 IN DRAIN SOUTH-EAST AT THE BOG ROAD 19 March 1992 - [[ June 1992 IDEPTH: Distance from below the mark on stake to watersutface. EC: microSlemenskm

DATE TIME DEPTH (m) EC TfC) I19-03-92 14.20 0.79
20-03-92 16.56 0.78
21-03-92 17.13 0.68
22-03-92 16.55 0.67 I23-03-92 14.51 0.61
24-03-92 16.13 0.68 259 8.0
26-03-92 17.49 0.73 299 7.8 I29-03-92 17.12 0.72
31-03-92 11.09 0.74
01-04-92 1250 0.70 260 5.9 I02-04-92 14.30 0.74 288 5.2
03-04-92 16.28 0.77 324 6.1
04-04-92 17.19 0.78 375 7.3
06-04-92 11.00 0.76 332 7.0 I07-04-92 14.28 0.67 241 8.1
09-04-92 9.17 0.74 299 6.4
10-04-92 14.40 0.77 I13-04-92 15.24 0.78 364 8.1
14-04-92 15.10 0.78 356 9.1
15-04-92 13.30 0.77 325 7.0

I17-04-92 16.40 0.80 378 10.1
18-04-92 12.44 0.80 393 10.3
19-04-92 18.15 0.80 397 11.2
21-04-92 14.47 0.81 416 9.8 I22-04-92 17.25 0.81 422 9.4
23-04-92 1217 0.81 407 8.2
26-04-92 13.00 0.65 219 9.8 I28-04-92 13.26 0.72
29-04-92 10.33 0.75
30-04-92 16.10 0.65
01-05-92 9.55 0.67 I03-05-92 17.30 0.76
04-05-92 15.30 0.78
05-05-92 11.00 0.72 I06-05-92 17.25 0.76
07-05-92 15.56 0.77
08-05-92 17.59 0.79 I09-05-92 14.22 0.79
[[-05-92 13.00 0.77
12-05-92 15.40 0.72
13-05-92 14.00 0.75 I14-05-92 17.45 0.79
16-05-92 20.45 0.82
17-05-92 16.30 0.82 I19-05-92 17.00 0.85
20-05-92 15.30 0.86 Other Ec meter!
21-05-92 16.00 0.86 I22-05-92 1250 0.87 507 9.7 (18.42)

25-05-92 11.35 0.87 512 9.9

01-06-92 12/13 0.85 481 9.6

Il-06-92 12/13 0.66 199 10.6 I
WEIR 922 (19/3/92 - 1116192) (mod) EC

MEAN 0.76 350 IMIN WATERLEVEL 0.61
MAX WATERLEVEL 0.87 510
MINEC 0.66 199

IMAXEC 0.87 512
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WEIR NO. DEH 923E IN DRAIN NORTH-EAST AT THE BOG ROAD 19 March 1992 - /4 May 1992

DEPTH: Distancefrom below the mark on stake to watersurface. EC: microSiemenskm

DATE TIME DEPTH (m) EC T("C)
19-03-92 /4.00 0.445
20-03-92 16.53 0.440
21-03-92 17.17 0.364
22-03-92 16.55
23-03-92 MORE PLASTIC INSTALLED
24-03-92 16.17 334 8.5
26-03-92 16/7.55? 0.402 369 8.5
29-03-92 17.15 0.405
31-03-92 //./2 0.415
01-04-92 1255 0.385 331 6.2
02-04-92 /4.03 0.413 348 6.0
03-04-92 16.32 0.434 396 7.3
04-04-92 17.13 0.450 412 9.0
06-04-92 10.56 0.427 402 7.5
07-04-92 /4.15 0.360 292 8.6
09-04-92 9.20 0.420 373 5.9
10-04-92 /4.45 0.441
13-04-92 15.16 0.445 416 9.7
/4-04-92 15.07 0.441 418 /0.7
15-04-92 13.30 0.434 386 8.8
17-04-92 15.15 0.452 428 //.2
18-04-92 1249 0.456 451 II.3
19-04-92 18.19 0.461 453 12.8
21-04-92 /4.59 0.468 468 //.6
22-04-92 17.30 0.465 468 10.1
23-04-92 1221 0.461 460 8.4
26-04-92 1255 0.341 280 II.2 WATER VERY HIGH, V ALMOST REACHED.
28-04-92 /3.33 0.392
29-04-92 10.30 0.415
30-04-92 16.00 0.350 WATER VERY HIGH, V ALMOST REACHED.
01-05-92 9.51 0.355 WATER VERY HIGH, V ALMOST REACHED.
03-05-92 17.37 0.431
04-05-92 15.33 0.439
05-05-92 //.06 0.395
06-05-92 17.34 0.421
07-05-92 16.00 0.428
08-05-92 18.05 0.443
09-05-92 /4.29 0.447
n05-92 1255 0.438
12-05-92 15.35 WEIR REMOVED

280
468

(mod) EC
0.34
0.47

59

T("C)
9.5
6.5
10.6
II.4
//.8
126

123
9.9

WATER NEAR WEIR NO. DEH 923E
DATE TIME EC (microS/em)
25-03-92 10.47 635
09-04-92 9.21 581
13-04-92 15.16 570
17-04-92 15.16 560
18-04-92 12.50 578
19-04-92 18.20 576/619
21-04-92 15.00 582
22-04.92 17.31 552

WEIR 923 (/9/3192 . /4/5192)
MIN WATERLEVEL
MAX WATERLEVEL
M1NEC
MAXEC
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APPENDIX me] HYDROGRAPHS OF DRAINS AND RWERS

Waterlevels in drains along the Bogroad
19-03-92 ii11-06-92I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I

so

I
I
I
!

'1. 11"'- ' 1\ \~ . ','
~..-.... 1.- II..-. --...;

I
i
i
1
!
!

Waterlevels Deep drain
01-04-92/123-07-92

Precipitation Clara Bog
Rossum V-uorch mm 'da1"... -. ~~.. . . ,~- ... ; ..........,...~ .

. "UW.

43.6 -

I

'" ~-------------------,

49J r-i---------~-~--;-----:

49.4 ~
49.3 ~

, I
'tI
o 49.2

~ 49.1..
~ 49
, . I

i 439 ~
• 43.8
.~ .

43.7 -

,
·

··

~ ~'.
.~ F! :-

~--' -----------11-,------.----------.



,.
•-,

Precipitation Clara Bog
Rossum V-notch, mm.day

s' --------------------

~

.,. . ,". .
"" -1 j.! :......· .•
••

, -. -

Waterlevels Silver River
;)1-04-n ii 23-07-92

47.5 ,---------------------

474 ~
!
!

47.3i---
M i
il i

, 4""" tV . i.: i
~. ~
l 471 ~

~ i
~ 47 i-
~ 1

~ 46.9 ~
~ ,..
~ 46_~ ~

~ .
46' 7 i
' •. 1 i

466~

I PilL

81

I ~I...t



82

I
I
I
I
I
I
I
I
i
I
I
I
I
I
I
I
I
I
I
I

. j

!

,
I '

I'JUNC I JULYI. R4kii I "i,CptiL

01-C14-92//23-07-92

Precipitation Clara Bog
R (;.:,··1m \. -o(;r,-,h mm.dav
l.·.·"·~'u.... ......•,.....: ..... ,w. f

Vvaterlevels River Brosna

16 hn.~!~15 ~hv '92
C~'\A. FQ.o,", S. "~k Oli.Q. .)c..HA,.AP

, .
, -

"-'•

j

I

-,,-, -------------------;

50J ,...,---------'-----'--------i
:,

50_4 ~

I
.; 503 ~
~ -')!o 5O_~ I
, ,

~ 501 ~

150 1, r.. ,!499 r
• 49.8 i
~ 49J L

!
49.6 f-

I
I

49J 1-..........,~__+____.nlsr.r_-t-1:nrr____t~..,____~IiilI"C"--h1iw__+_]

I



•
DISCHARGE MEASUREMENTS WITH THE TRACER METHOD (continue)

Deep drain southeast of Clara Bog.
23 May 1992
Henny, Marco and Manon.
Level at gauge: 0./44 m
Using 2 Mariotte vessels.
Saltwater ca. 1.2 kg NaCI in ca. 25 liter: 0.05 kg/I

0.015

0.010
0.016
0.014
0.014
0.013
0.014
0.033

Toral
Mean

83

DILUTION
30 ml from Mariotte vessel
Add(l) EC
I 3.1 millis.km
2 1.8 milliii.km
3 1.4 milliS./cm
4 1.1 mittis.km
5 1015 micros.Icm
6 923 micros.km
7 853 micros.km
8 802 micros.km
9 763 micros.km
10 731 micros.km
11 704 micros.km
12 683 micros.tcm
13 665 micrcS.km

1 liter seperate and diluted: EC =683
0.250 6/4
0.500 588
0.750 566
0.978 551
So for 13 I another 12.714 liter: TOTAL 25.7 liter

TfC)
10.9
10.9

0.014

TRACER-METHOD

0.043
0.0/4
0.016
0.017
0.015
0.014
0.007

Total mean q = 0.03
Vessel 5
EC: 628 milliS. before

63.0 milliS. after.
t(sec) liters qtltsec)
o 9.2

21 9.0
85 8.0

156 7.0
230 6.0
305 5.0
375 4.0
405 3.0
6.2

EC
435 MicroS.

60.9 MilliS.

DOWNSTREAM
t(sec) EC(MicroS.!cm)
o 439

10 439
30 439
50 439
60 439
70 439

100 448
tis 468
120 487
135 518
150 530
170 542
190 545
210 544
240 545
270 548
300 552
330 552
360 549
390 557
405 556

Streamwater
Saltwater

UPSTREAM:
Vessell
EC: 629 milliS. before

63.2 milliS. after.
t(sec) liters q(/lsec)
o 9.3
7 9.0

78 8.0
140 7.0
200 6.0
265 5.0
335 4.0
405 3.5

Total 5.8
Mean

LOCATION:
DATE:
OBSERVERS:
REMARKS:

Dilution factor R: 25.7/0.03 =857
Mean q: 0.03 llsec
Q = qlR = 25 Usee

APPENDIXtnm
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Dilution factor R: 6.23/0.015 = 417
Mean q: 0.013 llsec

Q = q*R = 5 Usee

DILUTION
15 ml from Mariette vessel
Add(l) EC
1.0 1.7 milliS.
20 1293 microS.
3.0 107/ micros.
4.0 961 microS.
5.0 888 microS.
6.0 843 microS.
6.250 833 micros.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I

DOWNSTREAM
t(see) EC (MieroSiemens/em)
o 610

10 610
20 620
30 672
40 726
50 722
70 730
80763
90 758

100 726
110 760
120 750
130 726
140 725
150 736
170 751
180 705
200 732
210 747
220 763
240 768
260 763
280 806
300 760
330 850
350 830
360 830
390 860
420 812
447 850

10.5 Celsius

Drain east of Clara Bog (Fig.4.1.)
23 May 1992
Henny, Marco and Manon.
Saltwater ea. 1.2kg NaCi in ea. 25 liter: 0.05 kg/l
Same saltwater as in deep drain.

607 MicroS.

UPSTREAM: Mean q = 0.013
Vessel

t(see) liters q(lIsee)
o 7.7

62 7.0 0.011
144 6.0 0.012
224-5.0--0.-013-------=;.;.----:~--

295 4.0 0.014
373 3.0 0.013
447 20 0.014

Total 5.7
Mean 0.013

Streamwater

LOCATION:
DATE:
OBSERVERS:
REMARKS:



-._-'--- - -

'" .,.'.' "" ...._.._- . '.'

. ~ !". -'"

..._'- ...... _._._-- ..

.._......._--" .,----'--; ..

"

" -~._._ •..._... - ..:

•• ._-..'" ...Il .. __.. _..

•

.._",--" -_.~.....

P ..._~ ..

NlGl4S.rA.cs.\) 0)6 .1.Q.-j

_ . It

,ME.4o#c.c~ .ay~:..-,_ !U&ioA,i;

._.- ..__ .. _._-- _._--- . --_.

. ..._-_.._-----

~.....~)

(I.03.!f". _ .

O·O:l.'" _ ._ ....

.0,02.,,- .. _... _? ..~e.....~, _.; .

o·o+'OS ".... .. . - - _. . ~-

O·030~

. ~. Q.kf.2. .

GAUGE OEEP~

O·e&fJ6 . P. ...,S·__!?t._. ,_ .._ .._

._.. _~·o.!~ '. ..._"

.D·?'-OIf .__ . . .... .. __" .... . '0'" .~.:_..._. '._

....~.o.' !t-.8_

._., -- ,. _..-

...--.Q.c.~.J

_.. ~_Q.L1.~

.. . D.·D:J.L"J

A-r-

85

-r~riUV . .A-r..--lY.f£.W' . .Il%JJ) OrE..C5.J1¥.ER..Rl.V..E.R.). -=- -=- .,- .= .

DATA OF OFFICE OF PUBLIC WORKS

. _..--_.~. -. ----_....

.o·~O ..... ·'.__,Jo.lf2DI .. -: ;l.

M~ s..u~IZ,f1"S

.. fJ·l(fO ., ·_ .... :_'-W!~ ( - ~

APPENDIX l1I.D2

...._- ...-_.__.".:.."....

•.. " ._- -1't"

~ •.__ .. 3.4;.~. . ._.M~~~.

.F<.P..J ._~~A4I!-Z.~S .. __-r~'"

._..:...-_.~---~ ...__ ... __ .._----_.

..-UJ ""

~~__._:.,So G.. It.. ...._I'I'i:1-:L ItPg

1~/'I"Ig_~.... . 1'.,/3 S._ ...t.0:1'~'t.-:-;3

1~'I_"-1_._'-O:J:~~ ... _ts:1'zz - 1

/~/"/"fA--~.:.L~ _~__~c ~_.. _,O_~~:z. - ,3 . .. .__ Q:.~2.(l_~ .__.F..__ ...;...~_,_

~"Iq,?·\ r:H."'O~_ .. __ . ~;ZZ1-'
\ .

'I"I'~/ .~. (to __ ~ . lo'(~/-2

"/"-1' 'ri. ". o· /LO 0 .. . ...!.OJ(~ , -:l.

lo/t-("'t~ __ : o~,:t:s . _. S")t~,-"

'of"!'%, .. _"' o.l<~·'S·, Jo~:t8,-2.

lo/J.I'~ ·o·(.:jl~ ._ 101"3"'- ~

L::f(~ (1:1. .:p.,3<; • Cc S1~~ - ,

,~ ''}:to·'3~. _.;:__ .. IO~:z.o,-:l.

4~tJ:z.

I~{. ~ ..

I'
1
1
1
1
1
1
1
1
1
1
I , ,_ .._... __ :.~.
I
I
1
1
1·_.. ·_······

1
1
1
I



--------------------



"

87

.D TEMPERA1VRE PROflLE AND TEMPERA1VRE GRADIENT. 112

APPENDIX W

91

105

Poge.

89

1SOTHERMIC TRANSECTS;

PRINT OUT OF LOTUS FILES;

BECKMANAND IWACO;

C

B

TEMPERATURE MEASUREMENTS

I
I
I
I
I
I
I
I
I
I
I
I
I
I
il
{•
•
•
"~I

,'1



--------------------



• .- ~...~ ",-

I
APPENDIX W.A BECKMAN and /WACO

BECKMAN TABLE TEMP. WITH IWACO-FORMULA

I Res. Temp Temp Absl. Relative
Ohms °c °c error error

I 75.79K -40 -43.17 -3.17 0.08
54.66K -35 -37.57 -257 0.07
39.86K -3D -32.03 -203 0.07

I 29.38K -25 -26.55 -1.55 0.06
2I.87K -20 -2I.I4 -1.14 006
16.43K -15 -15.77 -0.77 0.05

I 1246K -10 -10.48 -0.48 0.05
9534 - 5 - 5.25 -0.25 0.05
7355 0 - 0.08 -0.08 ERR

I
6990 1 0.95 -0.05 -0.05
6645 2 1.97 -0.03 -0.01
6319 3 299 -0.01 -0.00
6011 4 4.01 0.01 0.00

I 5720 5 5.02 0.02 0.00
5444 6 6.04 0.04 0.01
5184 7 7.05 0.05 0.01

I
4937 8 8.06 0.06 0.01
4704 9 9.06 0.06 0.01
4483 10 10.06 0.06 0.01
4273 11 11.06 0.06 0.01

I 4075 12 12.06 0.06 0.00
3887 13 13.05 0.05 0.00
3708 14 14.05 0.05 0.00

I 3539 15 15.04 0.04 0.00
3379 16 16.02 0.02 0.00
3226 17 IZOI 0.01 0.00

I
3082 18 17.98 -0.02 -0.00
2944 19 18.97 -0.03 -0.00
2814 20 19.94 -0.06 -0.00
2690 21 20.92 -0.08 -0.00

I 2572 22 21.89 -0.11 -0.01
2460 23 2286 -0.14 -0.01
2354 24 23.82 -0.18 -0.01

I 2253 25 24.78 -0.22 -0.01
2156 26 25.75 -0.25 -0.01
2065 27 26.70 -0.30 -0.01

I
1977 28 27.66 -0.34 -0.01
1894 . 29 28.61 -0.39 -0.01
1815 30 29.56 -0.44 -0.01
1740 31 30.50 -0.50 -0.02

I 1668 32 31.45 -0.55 -0.02
1599 33 32.40 -0.60 -0.02
1534 34 33.33 -0.67 -0.02

I 1471 35 34.28 -0.72 -0.02
1412 36 35.21 -0.79 -0.02
1355 37 36.15 -0.85 -0.02

I
1301 38 37.08 -0.92 -0.02
1249 39 38.01 -0.99 -0.03
1200 40 38.93 -1.07 -0.03
1153 41 39.85 -I.I5 -0.03

I 1108 42 40.77 -1.23 -0.03
1065 43 41.68 -1.32 -0.03
1024 44 4259 -1.41 -0.03

I
984.2 45 43.52 -1.48 -0.03

89
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946.6 46 44.43 -1.57 -0.03 I
910.6 47 45.33 -1.67 -0.04
876.2 48 46.24 -1.76 -0.04
843.2 49 47.14 -1.86 -0.04
811.7 50 48.04 -1.96 -0.04 I
6729 55 52.51 -249 -0.05
560.7 60 56.91 -3.09 -0.05
4(1).4. 65 61.26 -3.74 -0.06 I
394.9 70 65.55 -4.45 -0.06
333.5 75 (1).79 -5.21 -0.07
283.1 80 73.95 -6.05 -0.08 I
241.3 85 78.06 -6.94 -0.08
206.5 90 82.11 -7.89 -0.09
17.7.5 95 86.09 -8.91 -0.09
153.2 100 90.01 -9.99 -0.10 I
1327 105 93.87 -11.13 -o.11 _

-----115:4--110 97.-67----~-12~33-~-0.-11

100.6 115 101.43 -13.57 -0.12 I
88.1 120 105.11 -14.89 -0.12
7.7.4 125 108.74 -16.26 -0.13
68.2 130 112.31 -17.(1) -0.14 I
60.2 135 115.87 -19.13 -0.14
53.4 140 119.32 -20.68 -0.15
47.4 145 122.78 -22.22 -0.15
423 150 126.12 -23.88 -0.16 I

In range 12 -21 degrees Celsius the reI. error is zero.
Between 2 and 30 degrees Celsius the reI. error is 0.01 C.
TheIWACO-FORMULA is usedfor the BE.CKMAN-APPARATUS as the relative error will neverbelarger I

than 0.01 C.

I
I
I
I
I
I
I
I
I
I
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APPENDIXWB PRINT OUT LOTUS FILES

Table IV.l. Location. date and time of the temperature
measurements.

APRIL 1992 JUNE 1992
IWACO-Apparatus BECKMAN-Apparatus

Site a.m./p.m. Day Site a.m./p.m. Day

46 p.m. 06 46 a.m. 26
54 p.m. 06 54 a.m. 26
57 p.m. 06 57 a.m. 26
67 a.m 06
71 a.m. 06
85 p.m. 07
90 p.m. 06 90 a.m. 26
92 p.m. 06 92 a.m. 26

901 p.m. 06 901 a.m. 26
903 p.m. 06

104 a.m. 03
106 p.m. 03
107 a.m. 03
108 a.m. 03 108 p.m. 25
109 a.m. 03
110 p.m. 03
III p.m. 03 III p.m. 25
112 p.m. 02 112 p.m. 25
113 p.m. 02 113 a.m. 25
114 p.m. 02 114 a.m. 25
119 p.m. 02 119 p.m. 25
120 p.m. 02 120 p.m. 25

CLBH2 a.m. 01 CLBH2 p.m. 25
CLBH3 a.m 01
CLBH4 p.m. 01 CLBH4 p.m. 25
CLBH5 p.m. 01 CLBH5 p.m. 25
CLBH6 p.m. 01 CLBH6 p.m. 25
CLBH7 p.m. 01 CLBH7 p.m. 25
CLCDI p.m. 01
CLCD2 p.m. 01

91
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
II

1.0
0.5
0.3
0.2
0.3

2.8
1.7
1.0
0.7
0.5
0.4
0.2
0.1
0.1

Gradient
C/m

Gradient
C/m

11.0
10.3

9.9
9.8
9.6
9.5
9.3

Temp.
Celsius

"Temp.
Celsius

June
Depth
mams1

59.0
58.5
58.0
57.5
57.0
56.5
56.0
55.5
55.0
54.5
54.0
53.5
52.3
51.3
50.3
49.3
48.3
47.3
46.3
46.2

CLBH4.1
Depth
m-g1.

-0.2
0.4
0.9
1.4
1.9
2.4
2.9
3.4
3.9
4.4
4.9
5.4
6.5
7.5
8.5
9.5

10.5
11. 5
12.5
12.6

Ground1eve1 57.73 Mod.

-0.0

-0.1
-0.1
-0.1
-0.3
-0.4
-0.3
-0.3
-0.6

-0.0

-0.2
-0.2
-0.1
-0.1
-0.0
-0.0
-0.0

-0.3

-0.3

-0.3

-0.3

Gradient
C/m

Gradient
C/m

Date 01/04/92 and 25/06/92

April and June 1992

7.58

7.59

7.63
7.76
7.79
8.00
8.32
8.75
8.92
9.30
9.55

7.59

8.95

9.27

9.57

8.34

8.63

9.82
10.02
10.14
10.26
10.29
10.34
10.37
10.38

58.82
Temp.
Celsius

57.73 :

IWACO-Apparatus
Beckman-Apparatus

57.73
Temp.
Celsius

55.3

56.3

54.3

53.3
52.3
51. 3
50.3
49.3
48.3
47.3
46.3
46.2

52.8

51. 8
50.8
49.8
48.8
47.8
46.8
45.8
45.1

53.8

54.8

56.8

55.8

April
Depth
mams1

April
Depth
mams1

57.8

-2.5

-3.5

-4.5

-5.5
-6.5
-7.5
-8.5
-9.5

-10.5
-11. 5
-12.5
-12.6

-4.9

-3.9

-1.9

-0.9

-2.9

-5.9
-6.9
-7.9
-8.9
-9.9

-10.9
-11.9
-12.7

CLBH4.1
Depth
m g1.

-------------~----------------------------------------- - - - - - - - - - - - - - - - - -

------------------------------------------------------- - - - - - - - - - - - - - - - ~ -
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CLARA BOG - BOREHOLES

CLBH2.1
Depth
m g1.

0.1

CLBH2.1 April

April 1992:
June 1992:

TEMPERATURE LOG FORM
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ICLBH5. April 55.74 CLBH5. June
Depth Depth Temp. Gradient Depth Depth Temp. Gradient

1
m g1. mams1 Celsius C/m m-g1. mams1 Celsius C/m

0.0 55.7
0.5 55.2
1.0 54.7 12.0

I -1. 5 54.2 9.15 1.5 54.2 10.5 2.1
2.0 53.7 9.9 0.8

-2.5 53.2 9.62 -0.3 2.5 53.2 9.7 0.3

I 3.0 52.7 9.6 0.1
-3.5 52.2 9.70 -0.1 3.5 52.2 9.6 0.0

4.0 51.7 9.6 0.0

I
-4.5 51.2 9.75 -0.1 4.5 51.2 9.6 -0.0

5.0 50.7 9.6 -0.1
-5.5 50.2 9.95 -0.1 5.5 50.2 9.7
-6.5 49.2 10.05 -0.1 6.5 49.2

I -7.5 48.2 10.08 -0.1 7.5 48.2
-8.5 47.2 10.15 -0.1 8.5 47.2
-8.8 46.9 10.18 8.8 46.9

I

1----------------------------------------------------------------_-------
------------------------------------------------------ - - - - - - - - - - - ~- - - - - -

I
CLBH6.3 April 55.95 CLBH6.3 JuneI Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m g1. mams1 Celsius C/m m-g1. mams1 Celsius C/m

0.3 56.2 8.02 -0.3 56.3
0.2 55.8 16.5

I -0.7 55.2 8.16 -0.5 0.7 55.3 13.3 5.0
1.2 54.8 1l.5 3.0

-1. 7 54.2 8.99 -0.5 1.7 54.3 10.3 1.7

I 2.2 53.8 9.8 0.6
-2.7 53.2 9.23 -0.3 2.7 53.3 9.7 0.0

3.2 52.8 9.7 0.0

I
-3.7 52.2 9.61 -0.3 3.7 52.3 9.7 -0.1

4.2 51.8 9.8 -0.2
-4.7 51. 2 9.79 -0.2 4.7 51.3 9.9 -0.1

5.2 50.8 9.9

[I -5.7 50.2 9.92 -0.1 5.7 50.2
-6.7 49.2 10.05 -0.1 6.7 49.2
-7.7 48.2 10.17 -0.1 7.7 48.2

il -8.7 47.2 10.16 -0.0 8.7 47.2
-9.7 46.2 10.23 -0.1 9.7 46.2

-10.7 45.2 10.29 -0.0 10.7 45.2

'I
-11. 7 44.2 10.31 -0.0 11.7 44.2
-12.3 43.6 10.34 12.3 43.6

i.1 ------------------------------------ 93 _
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CLBH7.1 April 50.33 CLBH7.1 June
Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m g1. mamsl -Celsius C/m m-g1. mamsl Celsius C/m

0.1 50.3
0.6 49.8
1.1 4"9-:-3 12-:-0

-1. 3 49.1 9.01 1.3 49.1
1.6 48.8 11.3 1.2
2.1 48.3 10.8 1.0

-2.3 48.1 9.22 -0.2 2.3 48.1
2.6 47.8 10.4 0.7
3.1 47.3 10.1 0.3

-3.3 47.1 9.42 -0.2 3.3 47.1
3.6 46.8 10.0 0.1
4.1 46.3 10.0 0.0

-4.3 46.1 9.66 -0.4 4.3 46.1
4.6 45.8 10.0 0.0
5.1 45.3 10.0

-5.3 45.1 10.14 5.3 45.0

------------------------------------------------------------------------
------------------------------~------------------------ - - - - - - - - - - - - - - - - -
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I CLARA BOG EAST - TUBES Date 02/04/92

03/04/92
25/06/92

112/13/14/19/20
104/6/7/8/9/10/11

I 108.1 April 59.69 108.1 June
Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m g1. mamsl Celsius C/m- m-gl. mamsl Celsius C/m

I
-0.6 59.1 7.58 0.5 59.2 13.9
-1.1 58.6 8.09 -0.9 1.0 58.7 1l.5 3.9
-1. 6 58.1 8.50 -0.9 1.5 58.2 10.0 2.0
-2.1 57.6 9.00 -1.0 2.0 57.7 9.5 0.7

I -2.6 57.1 9.50 -0.8 2.5 57.2 9.3 0.0
-3.1 56.6 9.76 -0.5 3.0 56.7 9.4 -0.2
-3.6 56.1 9.97 -0.3 3.5 56.2 9.6 -0.3

I -4.1 55.6 10.06 -0.1 4.0 55.7 9.7 -0.2
-4.6 55.1 10.09 -0.0 4.5 55.2 9.8 -0.2
-5.1 54.6 10.08 0.0 5.0 54.7 9.9

I
-5.6 54.1 10.08 0.0 5.5 54.2
-6.1 53.6 10.08 -0.0 6.1 53.6
-6.6 53.1 10.09 -0.0 6.6 53.1
-7.1 52.6 10.09 -0.0 7.1 52.6

I -7.2 52.5 10.11 7.2 52.5

------------------------------------------------------------------------

I
------------------------------------------------------------------------

95

April 59.76 111.1 June
Depth Temp. Gradient Depth Depth Temp. Gradientmamsl Celsius C/m m-gl. mamsl Celsius C/m59.1 7.68 0.7 59.1 13.258.6 7.71 -0.2 1.2 58.6 11.1 3.458.1 7.89 -0.6 1.7 58.1 9.8 2.057.6 8.36 -0.9 2.2 57.6 9.1 1.157.1 8.75 -0.7 2.7 57.1 8.8 0.456.6 9.05 -0.5 3.2 56.6 8.7 -0.156.1 9.28 -0.4 3.7 56.1 8.9 -0.355.6 9.44 -0.3 4.2 55.6 9.0 -0.355.1 9.54 -0.2 4.7 55.1 9.2 -0.354.6 9.60 -0.1 5.2 54.6 9.3 -0.254.1 9.66 -0.1 5.7 54.1 9.453.6 9.72 -0.1 6.2 Depth:

53.1 9.78 -0.1 6.7 * April x .xa , June x.x452.6 9.84 -0.2 7.2 For graph x.x6
52.1 9.93 -0.1 7.7
51.6 9.97 8.2

111.1

I
De pt h
m g1.

-0.7
-1.2
-1. 7
-2.2
-2.7
-3.2
-3.7
-4.2
-4.7
-5.2
-5.7
-6.2
-6.7
-7.2
-7.7
-8.2

I
I
I
I
I
I ------------------------------------------------------------------------

------------------------------------------------------------------------

I
I

,

II
1 ---------



112.1 April 59.8 112.1 June
Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m g1. mams1 Celsius Clm m-g1. mams1 Celsius Clm

-0-:7 59-:1 7-:84 0-:7 59-:1 13-;-3
-1.2· 58.6 8.18 -0.8 i.2 58.6 11.0 3.5
-1. 7 58.1 8.62 -0.9 1.7 58.1 9.8 1.6
-2.2 57.6 9.09 -0.9 2.2 57.6 9.4 0.5
-2.7 57.1 9.53 -0.7 2.7 57.1 9.3 -0.0
-3.2 56.6 9.80 -0.5 . 3.2 56.6 9.4 -0.2
-3.7 56.1 9.98 -0.3 3.7 56.1 9.6 -0.3
-4.2 55.6 10.05 -0.1 4.2 55,6 9.7 -0.2
-4.7 55.1 10.05 0.0 4.7 55.1 9.8 -0.1
-5.2 54.6. 10.05 0.0 5.2 54.6 9.8 -0.1
-5.7 54.1 10.03 0.1 5.7 54.1 9.9
-6.2 53.6 10.00 0.0 6.2 53.6
-6.7 53.1 10.00 -0.0 6.7 53.1
-7.2 52.6 10.00 -0.0 7.2 52.6
-7.7 52.1 10.01 ~O.O 7.7 52.1
-8.2 51.6 10.03 -0.0 8.2 51.6
-8.7 51.1 10.05 -0.0 8.7 51.1
-9.2 50.6 10.07 -0.1 9.2 50.6
-9.3 50.5 10.08 9.3 50.5

------------------------------------------------------------------------
------------------------------------------------------------------------

113.1 April 59.79 113.1 June
Depth Depth Temp. Gradient Depth Depth Temp. Gradient

m g1. mams1 Celsius Clm m-g1. mams1 Celsius Clm
0.1 59.7

-0.6 59.2 7.94 0.6 59.2 13.5
1.1 58.7 11.5 3.4

-1.6 58.2 8.42 -0.7 1.6 58.2 10.1 2.1
2.1 57.7 9.4 0.9

-2.6 57.2 9.33 -0.7 2.6 57:2 9.2 0.2
3.1 56.7 9.2 -0.1

-3.6 56.2 9.77 -0.3 3.6 56.2 9.3 -0.2
4.1 55.7 9.4 -0.2

-4.6 55.2 9.88 -0.0 4.6 55.2 9.5 -0.2
5.1 54.7 9.6 -0.1

-5.6 54.2 9.86 0.0 5.6 54.2 9.6
-6.6 53.2 9.83 0.0 6.6 53.2
-7.6 52.2 9.83 -0.0 7.6 52.2
-8.6 51.2 9.86 -0.0 8.6 51.2
-9.1 50.7 9.88 9.1 50.7

------------------------------------------------------------------------
------------------------------------------------------------------------
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4.2
3.6
2.4
1.0
0.2

-0.1
-0.2
-0.2
-0.2
-0.2

Gradient
Clm

x.xO

Temp.
Celsius

1s.s.
13.8
11. 7
10.2

9.3
9.1
9.1
9.3
9.3
9.4
9.5
9.6

June
Depth
mams1

59.6
59.1
58.6
58.1
57.6
57.1
56.6
56.1
55.6
55.1
54.6
54.1

Depth:
April x.x6. June
For graph x.x3

114.1
Depth
m-g1.

0.1
0.6
1.1
1.6
2.1
2.6
3.1
3.6
4.1
4.6
5.1
5.6
6.2
6.7
7.2
7.7
8.2
8.7
9.2
9.4

-0.8
-0.8
-0.9
-0.8
-0.6
-0.3
:-0.1
-0.1
-0.0
0.0
0.0
0.0

-0.0
-0.0
-0.0
-0.0
-0.1

Gradient
Clm

7.35
7.86
8.18
8.62
9".07
9.43

" 9.64
9.75
9.78
9.80
9.79
9.77
9.75
9.75
9.77
9.79
9.81
9.83"
9.85

59.69
Temp.
Celsius

59.0
58.5
58.0
57.5
57.0
56.5
56.0
55.5
55.0
54.5
54.0
53.5
53.0
52.5
52.0
51. 5
51.0
50.5
50.3

April
Depth
mams1

-0.7
-1.2
-1. 7
-2.2
-2.7
-3.2
-3.7
-4.2
-4.7
-5.2
-5.7
-6.2
-6.7
-7.2
-7.7
-8.2
-8.7
-9.2
-9.4

I 114.1
Depth
m g1.

I
I
I
I
I
I
I -----------------------------------------------------------------":.------

119.1 April 59.74 119.1 JuneI Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m g1. mams1 Celsius Clm m-g1. mams1 Celsius Clm

-0.6 59.2 7.79 0.6 59.1 13.9

I 1.1 58.6 11.8 3.8
-1.6 58.2 8.50 -0.8 1.6 58.1 10.2 2.3
-2.1 57.7 9.05 -1.0 2.1 57.6 9.5 0.9

I
-2.6 57.2 9.47 -0.6 2.6 57.1 9.3 0.2
-3.1 56.7 9.68 -0.4 3.1 56.6 9.3 -0.1
-3.6 56.2 9.86 -0.2 3.6 56.1 9.4 -0.2
-4.1 55.7 9.92 -0.1 4.1 55.6 9.5 -0.2

I -4.6 55.2 9.94 -0.0 4.6 55.1 9.6 -0.2
-5.1 54.7 9.93 0.0 5.1 54.6 9.7 -0.1
-5.6 54.2 9.93 0.0 5.6 54.1 9.8

I -6.1 53.7 9.92 -0.0 6.1 53.7
-6.6 53.2 9.93 -0.0 6.6 53.2
-7.1 52.7 9.92 -0.0 7.1 52.7

I I
-7.6 52.2 9.95 -0.1 7.6 52.2
-8.1 51. 7 9.97 -0.1 8.1 51. 7
-8.6 51.2 10.00 -0.1 8.6 51.2

II -9.0 50.8 10.03 9.0 50.8

I ------------------------------------------------------------------------
I I ------------------------- -------- --- 97 ---------------------------------
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120.E April 60.01 120.E June
Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m g1. mamsl Celsius Clm m-gl. mamsl Celsius Clm

0~3 59.7
-0.8 59.2 7.65 0.8 59.2 12.4
-1. 3 58.7 8.15 -1.0 1.3 58.7 10.4 3.1
-1.8 58.2 8.66 -1. 0 1.8 58.2 9.4 1.3
-2.3 57.7 9.10 -0.7 2.3 57.7 9.0 0.4
-2.8 57.2 9.41 -0,5 2.8 ' 57.2 9.0 -0.1
-3.3 56.7 9.60 -0.3 3.3 56.7 9.1 -0.2
-3.8 56.2 9.68 -0.1 3.8 56.2 9.2 -0.2
-4.3 55.7 9.70 -0.0 4.3 55.7 9.3 -0.2
-4.8 55.2 9.70 0.0 4.8 55.2 9.4 -0.1
-5.3 54.7 9.69 0.0 5.3 54.7 9.5 -0.1

-5.8 54.2 9.66 0.0 5.8 54.2 9.5
-6.3 53.7 9.66 -0.0 6.3 53.7
-6.8 53.2 9.66 -0.0 6.8 53.2
-7.3 52.7 9.67 -0.0 7.3 52.7
-7.8 52.2 9.69 0.0 7.8 52.2
-8.3 51. 7 9.67 -0.0 8.3 51. 7
-8.8 51.2 9.72 8.8 51.2

------------------------------------------------------------------------
------------------------------------------------------------------------
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3.0
1.6
0.6
0.0

-0.1
-0.2
-0.2
-0.1
-0.1

3.6
1.8
0.6
0.1

-0.1
-0.7
-0.7
-0.1
0.1

Gradient
C/m

Gradient
C/m

13.6
11.3
10.0

9.5
9.4
9.4
9.5

10.1
10.2
10.2
10.1

Temp.
Celsius

13.0
11.2
10.1

9.6
9.5
9.5
9.6
9.7
9.8
9.8
9.9

Temp.
Celsius

June
Depth
mamsl

57.1
56.6
56.1
55.6
55.1
54.6
54.1
53.6
53.1
52.6
52.1
51.6
51.1
50.6
50.1
49.6
49.3

June
Depth
mams1

57.7
57.2
56.7
56.2
55.7
55.2
54.7
54.2
53.7
53.2
52.7
52.2
51.6
51.1
50.7

46,54,57,67,71,90,92,901,90
85

0.8
1.3
1.8
2.3
2.8
3.3
3.8
4.3
4.8
5.3
5.8
6.3
6.8
7.3
7·8
8.3
8.6

99

-0.1
-0.6
-0.7
-0.6
-0.4
-0.3
-0.1
-0.0
0.0
0.0

-0.0
-0.0
-0.0
-0.0
-0.1

-0.4
-0.9
-0.9
-0.8
-0.6
-0.4
-0.1
-0.1
-0.1
0.0
0.0

-0.0
0.0

54.F
Gradient Depth

C/m m-ql.

Date 06/04/92
07/04/92

26/06/92
46.F

Gradient Depth
C/m m-q1.

0.3
0.8
1.3
1.8
2.3
2.8
3.3
3.8
4.3
4.8
5.3
5.8
6.3
6.8
7.2

57.9
Temp.
Celsius

8.03
8.02
8.40
8;87
9.34
9.64
9.90

10.00
10.00
10.07
10.06
10.02
10.05
10.03
10.01

April
Depth
mams1

57.6
57.1
56.6
56.1
55.6
55.1
54.6
54.1
53.6
53.1
52.6
52.1
51.6
51.1
50.7

BOG WEST - TUBES

I
I

CLARA

I
46.F

IDe p t h
m q1.

-0.3
-0.8
-1. 3
-1.8
-2.3
-2.8
-3.3
-3.8
-4.3
-4.8
-5.3
-5.8
-6.3
-6.8
-7.2

I
1
I
I
I
1------------------------------------------------------------------------

54.F April 57.9

I
De pt h Depth Temp.
m ql. mamsl Celsius

-0.8 57.1 8.79
-1.3 56.6 8.59
-1.8 56.1 8.87
-2.3 55.6 9.21
-2.8 55.1 9.54
-3.3 54.6 9.79
-3.8 54.1 9.96
-4.3 53.6 10.05
-4.8 53.1 10.07
-5.3 52.6 10.08
-5.8 52.1 10.06
-6.3 51.6 10.06
-6.8 51.1 10.07
-7.3 50.6 10.08
-7.8 50.1 10.09
-8.3 49.6 10.10
-8.6 49.3 10.13

I
1
1
I
1

I ========================================================================
I
I
I



57.E April 58.5 57.E June
Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m g1. mamsl Celsius Clm m-g1. mamsl Celsius Clm

-0.9 57.7 8.22 0.8 57.7 12.8
-1.4 57.2 8.15 -0.2 1.3 57.2 10.8 3.0
-1.9 56.7 8.44 -0.8 1.8 56.7 9.8 1.5
-2.4 56.2 8.90 -1.0 2.3 56.2 9.3 0.5
-2.9 55.7 9.45 -0.8 2.8 55.7 9.3 -0.0
-3.4 55.2 9.71 -0.5 3.3 55.2 9.4 -0.2
-3.9 54.7 9.90 -0.3 3.8 54.7 9.5 -0.3
-4.4 54.2 10.03 -0.2 4.3 54.2 9.7 -0.3
-4.9 53.7 10.10 -0.1 4.8 53.7 9.8 -0.2

---5-:-4 53-;2--rO-:-n -0-:-0 5-:-3 5-3.2 9.9 -0.2
-5.9 . 52.7 10.12 5.8 52.7 10.0

Depth:
April x.85, June x.75
For graph x.8

========================================================================90.F April 58.3 90.F June
Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m g1. mamsl ·Celsius Clm m-g1. mamsl Celsius Clm

-0.7 57.6 8.50 0.8 57.6 12.9
-1.2 57.1 8.28 -0.0 1.3 57.1 11.0 3.1
-1.7 56.6 8.51 -0.6 1.8 56.6 9.8 1.6
-2.2 56.1 8.90 -0.8 2.3 56.1 9.3 0.5
-2.7 55.6 9.27 -0.7 2.8 55.6 9.3 0.0
-3.2 5-5.1 9.58 -0.5 3.3 55.1 9.3 -0.1
-3.7 54.6 9.77 -0.3 3.8 54.6 9.4 -0.2
-4.2 54.1 9.87 -0.2 4.3 54.1 9.5 -0.2
-4.7 53.6 9.92 -0.1 4.8 53.6 9.6 -0.1
-5.2 53.1 9.96 -0.1 5.3 53.1 9.6 -0.1
-5.7 52.6 9.97 -0.0 5.8 52.6 9.7
-6.2 52.1 9.98 0.0 6.2 52.1
-6.7 51.6 9.97 0.0 6.7 51.6
-7.2 51.1 9.94 0.0 7.2 51.1
-7.7 50.6 9.96 -0.0 7.7 50.6
-8.2 50.1 9.96 -0.0 8.2 50.1
-8.7 49.6 10.00 -0.0 8.7 49.6
-9.2 49.1 9.99 -0.0 9.2 49.1
-9.7 48.6 10.01 -0.1 9.7 48.6

-10.2 48.1 10.05 -0.1 10.2 48.1
-10.7 47.6 10.09 -0.1 10.7 47.6
-11. 2 47.1 10.14 -0.1 11.2 47.1
-11. 7 46:6 10.20 -0.1 11.7 46.6
-11. 9 46.4 10.23 11. 9 46.4

------------------------------------------------------------------------
------------------------------------------------------------------------
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1.8
0.6

-0.0
-0.3
-0.3
-0.2
-0.2

Gradient
Clm

10.0

Temp.
Celsius

11. 3
10.0

9.5
9.4
9.5
9.7
9.8
9.9

June
Depth
mamsl

57.6
-57.1
56.6
56.1
55.6
55.1
54.6
54.1
53.7
53.6
53.1

92.F
Depth
m-gl.

1.3
1.8
2.3
2.8
3.3
3.8
4.3
4.8
5.1
5.3
5.8

-0.4
-0.8
-0.7
-0.5
-0.4
-0.2
-0.1

Gradient
Clm

58.8
Temp.
Celsius

8.62
8.68
9.06
9.48
9.80

10.01
10.15
10.17
10.22

April
Depth
mamsl

57.6
57.1
56.6
56.1
55.6
55.1
54.6
54.1
53.7

192.F
Depth

1m g1.
-1.2
-1. 7

I
-2.2
-2.7
-3.2
-3.7

I -4.2
-4.7
-5.1

I

I ========================================================================
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April 59.3 901.E June
Depth Temp. Gradient Depth Depth Temp. Gradient
mamsl Celsius Clm m-gl. mamsl Celsius Clm

58.5 8.68 0.8 58.5 12.7
58.0 8.49 -0.1 1.3 58.0 11.0 2.9
57.5 8.77 -0.7 1.8 57.5 9.8 1.6
57.0 9.18 -0.8 2.3 57.0 9.4 0.4
56.5 9.56 -0.6 2.8 56.5 9.4 -0.1
56.0 9.82 -0.4 3.3 56.0 9.5 -0.2
55.5 9.98 -0.3 3.8 55.5 9.6 -0.3
55.0 10.08 -0.1 4.3 55.0 9.8 -0.2
54.5 10.12 -0.1 4.8 54.5 9.8 -0.2
54.0 10.13 -0.0 5.3 54.0 9.9 -0.1
53.~ 10.15 -0.0 5.8 53.5 10.0
53.0 10.16 -0.0 6.3 53.0
52.5 10.17 -0.0 6.8 52.5
52.0 10.18 -0.0 7.3 52.0
51. 5 10.20 -0.0 7.8 51.5
51.0 10.20 -0.0 8.3 51.0
50.5 10.22 -0.1 8.8 50.5
50.0 10.25 -0.0 9.3 50.0
49.8 10.25 9.5 49.8

I 901. E
Depth

_I
m g1.

-0.8
-1. 3
-1. 8

I -2.3
-2.8
-3.3
-3.8I -4.3
-4.8
-5.3

I -5.8
-6.3
-6.8

I -7.3
-7.8
-8.3
-8.8_,I -9.3
-9.5

I
-----------------------------------------------------------------------I ------------------------------------------------------------------------

I

'., '
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67.E April 56.8 85.F April 55.4,
Depth Depth Temp. Gradient Depth Depth Temp. Gradient
m-g1. mamsl Celsius Clm m-gl. mamsl Celsius Clm

0.8 54.6 8.06
1.2 55.6 8.42 1.3 54.1 8.17 -0.5
1.7 55.1 8.49 -0.4 1.8 53.6 8.52 -0.8
2.2 54.6 8.78 -0.5 2.3 53.1 8.94 -0.9
2.7 54.1 8.97 -0.4 2.8 52.6 9.40 -0.6
3.2 53.6 9.18 -0.4 3.3 52.1 9.59 -0.4
3.7 53.1 9.36 -0.4 3.8 51.6 9.78 -0.6
4.2 52.6 9.53 4.3 51.1 10.18 -0.2

4.8 50.6 9.94 0.2
5.3 50.1 9.99 -0.1
5.8 49.6 10.00 -0.0
5.9 49.5 10.00
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-------------------------------------------------------------------------
I CLBH3 April 63.83 CLCDI April 54.12Depth Depth Temp. Gradient Depth Depth Temp. GradientI m-g1. mamsl Celsius C/m m-gl. mamsl Celsius Clm

-1.4 ·55.5
-0.4 54.5 5.77

I 0.6 53.5 6.99 -1.2
1.6 52.5 8.13 -1.0
2.6 51.5 8.96 -0.7
3.6 50.5 9.51 -0.3I 4.6 49.5 9.65 -0.26.0 57.9 5.6 48.5 9.88 -0.27.0 56.9 9.54 6.6 47.5 10.06 -0.1

I 8.0 55.9 9.57 -0.0 7.6 46.5 10.08 -0.09.0 54.9 9.55 -0.0 8.6 45.5 10.09 -0.010.0 53.9 9.61 -0.0 9.6 44.5 10.12 -0.0

I
11. 0 52.9 9.64 -0.0 10.2 43.9 10.1412.0 51.9 9.65 -0.1
12.8 51.1 9.79

I
I CLCD2_N April 51.7

Depth Depth Temp. Gradient
m-gl. mamsl Celsius C/m

0.0

Gradient
C/m

9.69
9.62
9.68

60.5
Temp.
Celsius

58.3
57.8
57.5

April
Depth
mamsl

-2.3
-2.8
-3.1

103

903.C
Depth
m g1.

-0.3
-0.1
-0.3

-0.2

Gradient
Clm

9.37
9.82

10.01
10.06
10.45

Temp.
Celsius

8.27
8.21
8.47

51.1
50.1
49.1
48.1
47.1
46.5

April
Depth
mamsl

0.6
1.6
2.6
3.6
4.6
5.2

I
I
I

I ========================================================================
I

71.C

I
Depth
m g1.

-1.6
-2.1
-2.4I

I
I
1
I
,I
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104.1 April 58.68 Ilepth Depth Temp. Gradient

ng1. mamsl Celsius Clm
-0.6 58.1 8.91 I-1.1 57.6 8.10 0.4
-1.6 57.1 8.48 -0.8
-2.1 56.6 8.94 -0.9
-2.6 56.1 9.41 -0.7 I
-3.1 55.6 9.69 -0.5
-3.6 55.1 9.90 -0.2
-4.1 54.6 9.90 -0.2 I-4.2 54.5 10.04 ,

I
I

106.1 April 59.46 107.1 April 59.54

Depth Depth Temp. Gradient Depth Depth Temp. Gradient Im g1. mamsl Celsius Clm m-g1. mamsl Celsius Clm

-0.6 58.9 7.61 0.6 59.0 7.64

-1.1 58.4 8.03 -0.9 1.1 58.5 8.03 -0.8

I-1.6 57.9 8.47 -1.0 1.6 58.0 8.46 .,0.9

-2.1 57.4 9.02 -1.1 2.1 57.5 8.94 -0.9

-2.6 56.9 9.57 -0.8 2.6 57.0 9.41 -0.8

-3.1 56.4 9.86 -0.5 3.1 56.5 9.69 -0.5 I
-3.6 55.9 10.03 -0.2 3.6 56.0 9.92 -0.4

-4.1 55.4 10.03 -0.1 4.1 55.5 10.05 -0.2
4.2 55.3 I-4.4 55.1 10.12 4.4 55.2
4.6 55.0 10.08 -0.0
5.1 54.5 10.09 -0.0

I5.2 54.4 10.10

I
109.1 April 59.73 llO .1 April 59.81 IDepth Depth Temp. Gradient Depth Depth Temp. Gradient

m-g1. mamsl Celsius Clm m-g1. mamsl Celsius cim

0.6 59.2 7.64 0.6 59.2 7.71

1.1 58.7 8.12 -0.9 1.1 58.7 8.15 -0.8 I
1.6 58.2 8.55 -1.0 1.6 58.2 8.55 -0.9

2.1 57.7 9.07 -1.0 2.1 57.7 9.01 -0.9

2.6 57.2 9.51 -0.8 2.6 57.2 9.49 -0.8 I
3.1 56.7 9.84 -0.5 3.1 56.7 9.79 -0.5

3.6 56.2 10.04 -0.3 3.6 56.2 10.00 -0.3

4.1 55.7 10.13 -0.1 4.1 55.7 10.08 -0.1

I4.6 55.2 10.15 -0.0 4.6 55.2 10.12 -0.0

5.1 54.7 10.17 -0.0 5.1 54.7 10.13 -0.0

5.6 54.2 10.17 -0.0 5.6 54.2 10.13 0.0

6.1 53.7 10.17 -0.0 6.1 53.7 10.12 0.0 I
6.6 53.2 10.18 -0.0 6.6 53.2 10.13 -0.0

7.1 52.7 10.18 -0.0 7.1 52.7 10.15 -0.0

7.3 52.5 10.19 7.3 52.6 I7.6 52.2 10.17 -0.0
8.1 51. 7 10.19 -0.0
8.6 51.2 10.19 -0.1
9.1 50.7 10.24 I

------------------------------------------------------------------------
------------------------------------------------------------------------ I,
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Vertical exaggeration 50 •
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-, ',- ....., .. -' .. '-~,
CO~Dt.:CTInTi: 1 .\PRIL 1992 CO'iDCCTIVITY 6 .'.PRIL 1992

85. f. 7 .'.pril

I fC-Meter:\,'T\,' (Silver) fC-Meter:WTW (Silver)
NO. ~1ierS. fern T NO. MierS.fern TDeepdrain 310 6.6 Deepdrain 340 7.6I Weir_921 107 6.4 Weir 921 138 7.3Weir_922 260 5.9 Weir-922 332 7.0Weir_923( 331 6.2 Weir=:923 ( 402 7.5CLBH2.1 279 7.9 46.F 73 8.9I CLBH2.2 284 7.7 54.F 77 10.3GI00(Dite 313 5.6 57.E 152 8.9CLBH5.A 504 8.8 (apparatus of Benl85.F 100 8.4

I
CLBH5.B 773 8.8 (apparatus of Ben)90.F 453 8.2Ditch CLB 339 7.3 92.F 287 9.3CLBH6.1 575 7.1 901.E 303 9.3CLBH6.2 526 6.5

I CLBH6.3 492 7.7
Ditch CLB 316 5.9
CLBH7.1 633 8.7 CONDUCTIVITY 28 MAY 1992CLBH7.2 679 8.5 TIME:I CLCDI 580 5.7 EC-Meter:WTW LF 91 (HE 1fT)DitehW.CL 112 6.5
DitehE,CL 262 6.2 NO. MierS.fern T

I
CLCD2_N 344 8.6 CLBH2.1 297 9.7CLCD2_S 276 7.5 CLBH2.2 309 8.5DitehW,CL 148 6.5 CLBH2.3 1590 8.2DitehE,CL 257 6.3 CLBH3 609

I DitehS,CL 150 6.5 CLBH7.1 667 7.9
CLBH7.2 727 7.7

I
I CONDUCTIVITY 9 JULY 1992

TIME: 11.45-18.00
EC-Meter:WTW LF 91 (HE 1fT)

I SO. MierS.fern T
Deepdrain 437 11.0 111.1 118 9.8CLBH2.1 564 10.1 111.2 71 8.8

I CLBH2.2 717 9.4 Ill. 3 57 9.1CLBH2.3 1798 10.4 111.4 64 9.5CLBH4.1 351 8.9 111. 5 56 9.6CLBH4.2 258 8.3 111.6 79 10.0I CLBH4.3 528 8.5 112.1 82 8.5CLBH5.A 643 7.9 112.2 79 9.1CLBH5.B 796 7.9 112.3 75 9.1CLBH6.1 607 8.0 112.4 59 9.4I CLBH6.2 649 8.0 112.5 65 10.1CLBH6.3 400 7.7 112.6 96 10.4CLBH7.1 669 8.2 114.1 173 9.7

I CLBH7.2 720 8.0 114.2 128 9.8CLBH8.1 560 8.5 114.3 156 10.0CLBH8.2 492 8.9 . 11·1.4 89 10.2CLCDI 668 8.5 115.1 106 9.3I CLCD2_" 515 8.3 119.1 750 8.4CLCD2_S 446 7.9 119.2 435 9.6110.1. 113 8.7 119.3 215 9.7110.2 96 8.7 119.4 321 9.9I 110.3 88 9.7 120 ..'.110.4 80 9.1 120.B 116 9.7110.5 79 9.4 120.D 149 8.7

I
110.6 96 10.5 120.E 120 8.3

I
I 125



CONDVCTIVITY 16 JVLY 1992

TIME: 14.15-17.00
EC-Meter:WTW LF 91 (HE liT)

T
12.3

9.9
8.3

10.0
12.6
11.2
8.8
8.4

10.3
8.9
8.4
9.2

10.2
8.9
8.1
8.1
9.1
8.8
8.3
7.8
8.8
8.3
8.0
8.9

10.6
8.2
7.0
9.4

10.6
9.1
8.7
9.1
9.2
7.9

8
8.7

15.2

126

REMARKS

CONDUCTIVITY 20 JULY 1992

TIME: 16.05-16.50
EC-Meter:WTW LF 91 (HE liT)

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



• 1

I

------------------------------------------------------------------------

..... [w IF 'll (LS l/T-l.S)
b'~'1 19.1\

W1'\i Lf 91 (HE lIT)I' ~\ 2 1 .J • a
7.52
7.55
7.40
6.60
6.93
7.00
7.92

4.20
5.18
5.87
5.99
4.59
5.67
5.16

6.44
4.32
4. 78
6.14
5.60
5.l0
4.66
6.16
5.B3
4.B2
5.14
5.92
5.H
4.83
5.9B
4.37
5.01
5.Bl
5.59
5.06
6.30
5.23
4.31
6.4B
5.82
5.l5
6.05
4.33
4.80
5.16
5.93

6.79
6.91
8.10

II. 53
6.63
6.12
5.B6
6.94
B.66
8.31

pH
5.40
5.35
6.04
5.81
4.46
5.52
5.50
5.55
4.45
5.56
6.61

60B
337
1.0
Jlo
367
350
537

BI
B2

354
255

70
80
89

445
79
67

209
85
85

112
.97
297

73
111
.55
2038.
IB7

90
129
215
219

92
440

75
B6

7B4
2B7
165
490

75
115
164
137

673
2B5
479

1960
748
339
239
587
652
lOB

SILVER
DRAIN

921
9U
923
92.

8ROSNA

("lOll 1

2.1
2.2

.. 2.3
3

5.A
5.8
6.1
6.2
6.3

WATERSAMPLING • JUNE 1992
pH-Meter:Microprocessor WTW pH 196
E"-Hel",,:WTW Lf 9J (LS I/T-1.51

AT HOME
~IiCI'S./CIQ

74
B2

147
100

74
132
117
J09

91
101
823

TUBE NO.
.6.A
.6.8
46.0
.6.f
5•. A
5•• 8
5-LO
5•. f
~i7. A
57.C
57.n
57.E
90.A
00.8
90.0
90.f

SOAK
n.A
92.8
92.0
n.f
96.A
96.8
96.D
96.F

90 l.A
901. 8
901.0
901. E
902.A
902.8
902.0
902.E
903.8
90J . .,
905.A
905.B
905.0
905.E
113.1
113.3
In .•
113.6
119.1
119.2
119.3
119.4
120.A
120.B
120.0
120.E

5.75
5.2.
5.30

5.59
5.16
5.1'l

6.19
5.21
5.33
6.0.
•. 23
5.2\
5.29
6.26
6.35

L31
5.31
5 ..:11
.. 66

pH

76
\00
LI1
76

100
96

\06
7110

71
III

\0.
202
3.0

\12
123
157

No si::llllple
133
12\
161

N(J s ampl e

'J;~ . A
02.B
9:!.1l
92. f
ql~ .;\
~1{) . H
IJtj. [)

~Jb. F
gO] .A
90) . B
9tll. D
YO!. E
9ll?.A
902.B
QU2. r,
'102.f
qnJ.f\
llln.1:
')l}-!. A
(Hl-l. U
',(1-1 . [I

'lll-!.F:

llll1l': :-..iO.
016 •.\
lb. B
·Jh. n
-If•. F
~ij ..a.
~.J.R

~,.f. n
'j I. r
'.17. A
-,: .C

'J' . II
-sr , L
'HI ..-\
'JO. n
~'O. n
~O.r

f;OAI\:

\l.'t\ l'rl-::iMll'l I N{: 25/1.6 MARrH 1992
1,1I-~kl ~'l ;~JjCl'(Jl.nl(.:t:!s::iOI· WTW lJlI 196
U'-N"",,';WTW I.f III (LS 1/'1'-1.5)

:\'1 lI(lNE
NilTS./Ctn

I
I
I
I

I
I

I
I
I

I
I

I
I
I

I
I
I

I

I
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LEGEND

129

Young Sphagnum peat

Old Sphagnum peat

Mineral subsoil

March 1992 (ECJab)
June 1992 (ECJld)
September 1992 (ECJld)

.Fenpeat

_.- .

Lines in pH- and EC-graphs:

(Information derived from data Bloetjes (/992) arid pers. comm. ten Dam & Spieksma}

TEMPERATURE AND HYDROCHEMICAL DATA

( Indication for hydraulic head in second aquifer

APPENDIX VI

Remarks

March 1992:
• sample 901.F2, Ca estimated;
• Alkalinity (CaCOy from laboratory analysis • 1.22 =HCOj which is usedin Chemproc.
June 1992: .
• HCOj for all samples estimated;
September 1992:
• Alkalinity (CaCOy from laboratory analysis • 1.22 =HCOj which is used in Chemproc;
• HCOj < 10 mgll, than value estimated (according to IB_ERR standards);
• . other ions with a concentration smaller than certain limit are not used.

I
I
I
I
I
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