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world experiencing high precipitation

INTRODUCTION.

Ll
Raised beog is a landform typical of those parts of the

and relative humidity

all vear round. In this context the climate of Ireland is

ideally suited to their development and indeed at one stage
16% of the country was covered in bog. its’ extent has been
greatly reduced by} human activities, notably the cutting of
peat for fuel and electr-icity generation, both of which have

accelerated markedly in the past few years with the

mechanization of turf cutting by Bord na Mona, the Irish

peat development authority. As a COnNsequence of this

exploitation intact raised bog has become rare phenomenon in

Ireland and more especially in Weatern Europe as a whole.

In an effort to preserve Some intact examples Clara Bog

has been acguired by the Irish Wildlife Service and has held

nature reserve status since 1982.

Lo
The bog is over 650 ha in extent and is situated in Co.

Offaly in the Irish midlands (Fig. 1.1. The reserve

contains numerous examples of typical raised bog vegetation,

being dominated by various sphagnum species with molinia

being more abundant in drier areas. In addition to this the

area has one of the last remaining well developed soak




systems in  Western 'Europé, © supporting anomalous

—-—_m——-m---m-mmero_trophlcn.-__vegetat1on____m___anm_otherwme____ombotrophlc —
habitat. Clera bog is  an Area’. of Scientific Interest

(A.S.1) of international importance *

'Prlor to acqmrmcr reqervm starue ‘fhe area was. owned by
Bord na Mona who, prehmmamly develcped the eac.tern par’r of
the Dog.by the oonst-rucplon cf drainage channéls. These have
eubqequently’been blocked with va;riable degreee of -su_cee“es.'
Other anthropogenlc effeots v1q1ble m.a.nd "eroi.ind"tfhe area

include the effects . of burnmg, margmal drainage and moet

1mportantly eontmued peat cutting . partloularly along - the

‘southern margin-'where 4t constitutes a very serious threat

to the existence of oné of the soeks.

L4 -
_Previous work . on raised bogs has been of a g
'predominantly botanical aspect with little atlte_ntion- being

paid to hydrological'/hydrog'eological' components. In an

attempt to understand the hydrodynamics of Clara Bog in

detail a Jjoint Irish-Dutch study between the Dutch

government :—md the IriSh wildlifé service was undertaken

smce an effectwe conservatlon management pohcy for ‘the e

bog requires a thorough understanding of the behaviour. of

P . the ralsed beg hydrology and hydrogeology ‘I'hls proaect forms

= A glossary of. ecological terms use in the text is contained in Appendlx




part of the greater overall multidisciplinary study into -

the eco-hydrology of raised bogs.
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The projects objectives are threefold :
(1) To examine preliminarily the general peat
hydrodynamics of the bog. |
(2} To examine the interrelationship between the peat

and the surrounding inorganic depoéits.

(3) To investigate .the origin of the zcak systems.
focussing particularly on the example on the eastern part of

the bhog known as Lough Roe.

In order to ‘achieve the above a substantial field
based input was required owing to the lack of relevant data.
With this in mind 'an initial général .overview of the bog and
it’s surroundings was taken followed by a more detailed

study of a 1.9x1.5 lm2 area in the ‘north east.

o

Work completed by other workers to date includes
the conatruction of geological and geomorpholeogical maps of
the Clara beog district, a preliminary geop'hysi-cal survey on
the western part of the reserve and ecological/botanical
assessments of sample areas around the soaks and in the
adjacent bog. In addition to this detailed hydrological
assessme_ﬁts have been initiated in the south western part of
the bog. Rain gauges and a V-notch weir have been installed
here with a view to obtaining a flow balance of the
surrounding area. Data to date has been largely inaccurate

due, in the main, to ineffective initial catchment
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delineation currently being rectified by accurate
topographic levelling. L




[
.

- %
]

i

GEOLOGY
2.1 Intr'oduc:tior{. ) }

With few exceptlene all prev1ou=- deologlcal work prior

"
4

to - thl“‘v study hae focueqed pmmamly -on’ eolld geology. The
area was initially mapped .'m 18:37 durmg the first
geclogical survey of the country. Thlq however paid poor
attentlon to Quaternary geology .subscnl; bemg subdivided
inte the broad eategomes of dmft 'blog & alluvium.
Subsequent mapping has had a mmerel exploration emphasis
and consequently the first detalled Quateenary geological

B

map of the Clara area were thoee completed in early 1890 as

an initial component of thls --atudy, The map has been

compiled and partially displayed in fig 2.1

The geology of north Co. Offaly is dominated by
Pleistocene & recent deposits, the former having a glacial
origin. Bed-rock exposure in the area is rare end indeed has

not been observed in the Clara district with the exception

. ) : .
1
'
s 0
' '

of an outcrop of limestone breccia to the north of Clara
town exposed in the core of an esker. Despite this, pre-

existing borehole data shows the area to be underlain by

Carboniferous limestone. The overlying Pleistocene depo'sits

are laterally very variable in texture and composition. The
region is traversed by a series of east-west trending eskers

surrounded by glacial tills of various forms. Subsequent

L o



Holocene ~ deposits '.are predominahtly of organic.. or

alluvial/lacustrine “origin.

B s e U - — y ; p
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Prior_’ to starti'ng any hydrogeologi_c‘al‘ i‘r:\.ves'tigation a
detailed geologioal study -was under taken of the bog Eind
'adaaoent area w1th partlcular empha81s bemg plac:ed on the
1.0 x 1.5 km® study area m the north—east
2.3 Methodology .C;eolog‘ioall iovestigatioa o"omprise'd of a
three fold approach e |

(a) Geologlcal mappmg The Quaternary depOSltS of the
study area were mapped in the standard manner. The. resultlng,
map (F1g22) is broadly s1m11ar to the previous work w1th
only mmor dlfferenoes, the most notable of which is the
—presence of a thm band of grltty clay outcropping in the
'drams along the northern boundary of the peat. Exposure was.
locally very good. |

(b) Hand augering: A H'il'ler—Borer‘ haﬁd, augerhwa'_s used
to sample peat; samples being taken at __SOCm interirals in _a
chamber of the samel length thus provid:isg a'oontinuous core
over the mterval in which thls llthology occurred The peat
was logged using the Von Post hum1floatlon index (Von Post
,1928) as an mdloator of gross decomposltlon of orgamc'

matter within the formatlon. Thls class1f1oatlon is based on-

a number of parameters (whlch are easﬂv determmed in the
field usmg the scale reproduoed in appendu: II, ) and -are : -

as follows:
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(1) The degréé of botanical detail apparent from a
sample . -

(i1} The fractidn of material escaping between the
fingers when a hand sample is squeezed.

(ii1) The colour of the water leaving a sample on
squeezing.

Two transects ,A and B, were cored in a general
direction perpendicular to the overall trend of the glacial
and lacustrine depcsits m the north. The resulting geology
is displayed in figs. 2.3 & 2.4. Of these ,the western
transect was ‘investigated in more detail with coring taking
place at 180m intervals from L. Roe to the northern margin
of  the reserve. Sampliné locations were spaced at closer
intervals approaching the reserve boundary in order to asses
the effectas of drainage o-n the bog. The main purpose of
sampling along the easatern transect was to determine the
degree of lateral variability which may occur.

{C) Drilling: In order to assess the subsurface
succesasion an exploratory borehole (CLBH-1) was drilled in
Dec. 1989 using rotary mefhods. rThe following succession was
recorded:

@-6m Peat.
6-10.5m Blué clay.
10.5-16m  Glacial till/sand & gravel.
16m- Carboniferous limestone.
At 1lm artesian water was struck with a head of 1Bm above

ground surface and an outflow of 1 litre/sec. at ground




FIG. 2.2 o . | l
A GEGLOGICAL MAP OF CLARA BOG AND ADJACENT ESKER STUDY AREA. -
 (WITH ADDITIONAL GEOPHYSICAL AND WYOROLOGEAL DATA). e

KEY o 200 — hneofdipole-dlpole transect. |
E- Pegt, | .Cluyeyg‘uvel/smd ’ DCHTIJWHA1OPiez€0T1efE!'nesi‘
= Cutaway peat. o DSand&gruvel CLBH- ;.3 Driling locuhty-'-xFlourrgck'an
_ E anstbedy. [0 [Berbariregin W‘-”"TBFE‘?"'@E'ETM
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surface. This borehole 'ha_ts subsequently been blocked
although it is proposed to redxji.ll‘ to unit at a laiter date.

During the coi:lrsé'_ of this project adc.iitionc—il 2 holes
were drilled. A percussion technique known as shell and
auger drilling was employed in both. The technique involves
driving casing into t'he-g.round befor_'e ret_:oireriné samples by
means of a bailer with ‘a'.:c:utting shc;e on -it‘s base. On
encountering limestone- the bailer was réplaced by a
portable top drive céring ﬁnit _t'c_> 'conﬁrm Bed-rock, the
lithology being drilled for another 5m.

Despite the slow nature of the percﬁssion technique it
has the advantage over more édvénced meﬁhods of

(i) allowing more efficient_ recovery- of unc:onsolidated
deposits' ,and |

(ii) allowing greater accessibility to aréas otherwise
unavailable for drilling.

0f the holea drilled the‘ first was completed as a
piezometer nest (CLBH-2) and the  second aé a water supply
well (CLBH-3) (see fig 2.2 for locations).

Standard penetration tests were undertakeg at regular
intervals in the CLBH-3. This teéhnique ié cémm'onlyv used to
determine the engineering properties of unconsolidated
sediments. Unfortux-latrely the method is highly empirical with
no direct relationship between reaults and thé. hydraulic
properties of the media encountered being apparent from the

literature. In spite of this the method was employed semi-
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FIG. 2.4

A PROFILE OF PEAT HUMIFICATION ALONG.
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quantitatively to ascertain the degree of consolidation in

T Tti —therseguence.—. ——— —‘_,"‘“"_“‘.""'"——-—'—‘""‘.‘.‘T'.':""‘,__'.‘"fT-_‘ .

4 14dlb hammer was dropped ftom a height of 1m and the
number of blows., N required to drive a split barrel sampl'er
over 3 successive increments of 15¢m were recorded .

Details of the completed holes and the associated

successions encountered are illﬁstra-ted in figs.2.3 and 2.4.

2.3 GEOLOGICAL SUCCESSION.
' The lithologies encountered in order of decreasing
age are summarized in table 2.1. Detailed descriptions of

each formation are given below.

2adl Carboniferous Limestone: Carb.oniferous Waulsortian

Limestone ‘was encountered in all cores drilled. Recovery was

very good with "m- excess of 90% typically being recovered.
The roék is almost-entirely CaCOs with only small gquantities
of clay apparent.

2.3.2 Esker and associated Sand & Gravel: Sand and
Gravel occurs at surface m the north of the study area. It
forms. topographically prominent linear esker ridges and

associated-hol,lows, these ridges se‘parating, the bog from the
Brosna catchment further north. The deposits are well
‘exposed in quarfjeg within the eskt_arls. The unit contains

lenticular units of predominantly cobble and boulder sized

material yet overall the formation is dominated by medium
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to be close to CLBH-1, the thickness of clay encountered

there thought to approach a maximum.

_@ Peat: Peat is the d;:n;maht- formation covering the
Clara area . Geologically 2 .for_ma-tic—)hs have been created
intact and cut away peat feflecting normal and damaged
areas where peat exposure may dév'iate from it’s natural
staj:e- Peat thiclmess reaches a maximum in the Western part
of the reserve where sucpess_iorlls in excess of 10m have been
recorded . Slightly thinner sequénf:eé have beeﬁ observed in
the study area. Greater depths are imagined to have once
existed prior to road constructiozn across the centre of the
bog ,where development of peat uéualiy reaches it’s maximum
extenﬁ. The construction of thé road would have caused
shrinkage and- compaction of the peat; this in turn would
have subdivided the bog’'s rechaxjge mbpnd.

A typical hydroseral succession of peats, as summarized in
fig.2.8, is represented in the bog starting with nutrient
rich basinal fen and lacustrine peats fed predominantly by
runoff and groundwater grading up into more ombotrophic
raised bog forms.Recognition'of the former proved difficult
due to high humifications in the lower layers ,wood and
pPhragmites providing the only useful field indicators of
it’s presence.

The degree of humification observed ranged from Hi to H7-s.
In general this increased with depth although thin

moderately decayed layers (Ha to Hs) were commonly noted at
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o Permeabﬂltzes ‘were therefore determmed usmg equation (3)

_the POSBlbllitY of the aforementloned comphcatmn being

pourne in mind

'QOverall results “ax;d hydrograph analysis:

(a)‘A water table contour map is

| 111ustrated m f1g.62 Equlpotentxals reflect a recharge
mOundmg m the centre of the etudy ‘area flowmg rad:.a.lly
7 outwards ,generally towards the bog marg:.ns ‘or the road with

-the tighter .epac!:i.ng_ of the_; -lmee a_pproachmg the former

reflecting a marked decrease in pérmeability in the upper

“layers within this zone.” The _;‘éxceptioxi‘ to this general

pattern is the regime ohserved‘-" around Lough Roe the

significance of wh:.ch is chscussed in chapter VIII .

(b) Representatwe hydrcgraphs for central and
near-marginal tracts of bog are _ﬂlauetrated in fig 8.3a and
6.3b respectively. 7 - |
The plots i.ndicate head’“ifluctuaticn to be greatest

in the upper metres of the system reflecting flow to be

" dominantly through these layers. In ac_ldition to this a

atriking point about bYoth stations is ‘the marked head

difference observed through the_pro‘file reflecting downward

‘head gradients. The magnitude of these gradients is

appreciably greater in the near-marginal situation where
water within the system is approaching it’s point of
discharge. This situation contradicts typical homogeneous

groundwater. flow approaching such a point in which the



585, 5 - :
| Plezametes hycrapopts for stafion A 0 Waterfahle
: 7 ) o 2m. )
584 - D\\ x Sm
,_}//1“: . o Tm
= pU—— [ - m g —— N\_A,,__ g Y N g ] e e

- 582

; | | 58-1.
! L
!

58-4

b
MAQD.

580

57-91

.--‘..,..-, [ wsala. .

L)
.
A~
~\ﬂ,i»‘d// Tl

ST _-‘____“"!

- .
) i'J-\“_'Cl-—.._,___ﬂ
~ - .
~ ~

- S e -

“a

MOTARLASLE ~ bD

FIG.

5834

5821

s78).

6.3 . PIEZOMETER HYDROGRAPHS FOR STATIONS AS AND A7.

Piezometer hydregrephs forstatinA7

C . 2m

CeTm

gzt

Q Water fable

*Sm

-, g

O Ruinfnﬂ[mml.

DATA NOT 20
 AAILABLE. 0

AUGUST -




..-_.-‘_.... -u"""" - ‘e - . .- . ) - '
. . . " .
. oo ,

23

sand which is weli sorted and sub-angular to sub-rounded in
shape. Cross: stratification -is Aw.ell exposed 1in numerous
oﬁfcrops in conaunctmn mth synsedimentary slip faults
which are occaslonally apparent m sections of such
‘exposures.‘ |

Although. topographicaliy more subdued ,the associated
sand and gravel is believed to bear an overall similarity to
the esker depositas although a larger proportlon of finer
materlal is env1saged reflectmg the  less energetic
conditions . of the margins of subglaéial meltout in
comparison to those in the centre, I't is tentatively
suggested that this 'may conatitute the sahdy till observed
at deptﬁ in. CLBH-2. Compositionally the deposits are

dominated by CaCOz derived from limestone Bed-rock.

Table 2.1 Geological succession for Clara Bog (North—Ea;st)

Lithology Age

Fen to raised bog Holocene.
peat.

Blue-grey Lacustrlne o Holocene.
clay. —

Glacial 'till. | Pleistocene.
Boulder to medium ' Pleistocene.

sand esker deposits. -

Massive to lightly ‘ Lr. Carboniferous
fissured clean blue
-grey limestone.
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~— —2:33-Till ;- Glacial tills_are more_typically found along_ _ ________
the southern margin of the bog. They are téxturally variable
ranging from locamy to gravelly till/gravel.Along this
‘sout.he'rn boﬁndary peat can be seen overgrowing or to hav-e
previously overgrown these deposits.In ﬁhe,study area to the
northA till can only be observed in the hdrth—eaétem
sectiop: ‘It is .typir_:ally clayey containing some  coarser
material up to granular grade although pebble - sized clasts
'halve been observed. This lithology has been encountered
above more permeable water; -‘bearing gravels in CLBH-2 and has
béen tefmed Clayey gravell in the lithological log(fig.2.8).

It appears to grade vertically up -into the overlyir;_g
lacustrine clays. | ,

2.3.4 Lacustrine Cléy: The north-eastern sector of Clara bog
is entirely underlain by blue-grey clay; this conclusion
. being based on rthe -results of hand augering. in ‘the peat
which consisten’tlﬁ revealed clay to 7be the underlying
depos"it. -

kThe texture of the unit is laterally variable from more

gritty clays around the margin to an almost pure.composition_
tbwards the southern limit of the study area.’ ?revious work -
by Bord na Mona {fig2.7) indicated an irregular }Sas'e to the
peat, an observation confirmed during the course of this
study; Sedimentologically the clay is envisaged blanketing

a post-glacial topography with prefergntial deposition in

hollows. The regional depo-centre is indicated by fig.2.4
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Topographicay, _in_peat' 8rowth._ (I

‘ shape bemg bas:.calh

Naturally hag .
: a - )
expression along the . Watch~glass

=r large area

exagéerated as a result S with steeper

“his

' exP*:’Essioh
increased compaction and su N has been

"inal. drainage

apparent along the margins of causing

marginal fen lagg has been removed. are

area  where the
2.4 Conclusions. '

2.41 = Palaeogeography: A brief geologica

the study afea, based on the lithologies obser

the- _Lower Carboniferq_us with the depositionr 75
éarbonate mud on a Waulsortian Mudbank. liphifying to b

a massive clean limestone beforé ‘becoming uplifted
Jjointed 1n suBsequent structural events. No younger deposits
are represented within the area until the end of the Late
Pleistocene.

The end of the Pleistocene is regarded as a period of
waning glacial activity having many depositional meltout
features assqciated with it. These features produce the
undulatory and ridged topography presently seen around the ‘
bog margins. The glacial tills of various textures deposlted

at glacier margins in addition to the esker sands and

ngram;-1983) ——T=— —— ="
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—~Field boundary

Fie. 2.7 A MAP OF THE BASE OF CLARA BOG.

(Modified from original 1974 Bord naMona imperial data [in feet]).
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gravels depos'iteol 'Su?g)lacially by fluviof_glaoiel activity

are typical ‘o,f- those. observed in this region of the country.
The th.iok. .lentioplai‘ depoeite of pfeciommantly cobbles

and boulders with‘. 'the esker system give" an -indication.-:of ‘the

high energy envn:onment 1oca.lly prevalent in the area at

o e e i caur marm ma A - = e e e e v ey 4 A TP SR ——

‘thlB time. Fmer materlals approachmg the eeker margms
reflects the generally ca.lmer condltlons prevalent here- The
extent. of thése deposits’ below-the bog is not known although
poesible_reoojery 'of sands and_gravels from CLBi-I-l ‘s.ué;_gest
flgvio. g:‘l‘a'oia]'. ’activity A.may ~have extended. that far. The
eosung .melti_x}g of ice fesulted'-,in 'qoieter' r~depoeitiolx}al‘
' oonqitiohe refieoteci-_ in finer overall grain 'si'zeek; as ‘the' :
euccessipn gets .younger, as _o}oeervedA’mr CLBH-2. | o
Rey,.giona.ljly. the E_e.rly 'Hoioc_eoe was -"domioated by the
giant post- glac1al lake, Lough .~'Bo*o_ra, a lobe of which
extended 1nto thek area ‘ :Dep'osit'e o_f thls period ‘are_
dommated by lacustrine clays which’ blanket the post-—meltout
eub-aqueoue topography Composn:.lonally the claye have
'vamable degrees of pumty, sandy fractlons becoming more
promment toward the esker contact. A palaeoshorehne is
tentatively proposed. |
Pfogressiveiy warmer Holocene conditions' resulted in
rapid vegetational colonizatio‘n' which | in -the coupee of
hydroseral succession resulted in the gradual invaeion of
the lake by mmerotrophlc fen . vegetatlon fed . by _mitfient
rich runoff, in addltlon to ‘possible groundwater‘_seepés-e-

This diverse vegetation gradoelly gave'Wair to a more limited
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bog | flora as ti;xe succeselon became .mozj_e.f‘ &em'inated by
nutrientl poor ramfa.ll . assocxated - wit;i‘" increasing
topographlc elevatlon. Growth .contlnued until t.he classic
ecohlc:;n':al succeeemn culmmateci in t.he de{r_e‘l_epment fully
ombotrophlc ralsed‘ bog in ,all 'locehtles, except for

marginal- lélgg iene'a. angd where :ft_hel goak  systems are

operational, thus cempletmg the sequence observed to-day.

'i.k

w ‘-!

242' SPT Reeults and Dlscuesmn. The SPT values
obtamed throughout the course of testmg at CLBH-3, with

the exceptlon of the fmal teet yleld a consxstent pattern

“of a -low initial value followﬁed_ by., succeedmg markedly

highe_r results. No ba;‘rel semplee-zéefe-‘reebvered during the
cou'rse.ef testing. R

This absence of 'eamplee‘ m adchtmn . the consistent
variation in-the results- mdicat'e";n 'initiel" unconsolidated
deposit underlain by a mere riéfd-} b_aee“. Ihie situation
frequently arises when the hdie ."i"s not- ‘emptied of all
material loosened during the course of drilling resulting in
initial penetratien into  this _'*ﬁiateriel before more
representative results are obtained. Such material is
trapped in the barrel during testing’l before subsequent loss
on barrel recovery. Bearing this eituation in mind th;e final
two values were summed to give Nse; the resulting plot

against depth ias shown in fig2.9. Comparison to standard

values in B.S.I. 5930 showed the sequence to range from
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dense to very dense and it was therefore regarded as safe to

| g}ithdi'aﬁ the casing without fear of formational caving.
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II
GEOPHYSICS.

'_a‘l___lntroductiom

In order to determine the nature of the subsurface
geology 2 brief geophysical survey was und_er{'.aken.
Geoelectrical techniques were preferred over seismics since
+he extreme unconsolidation aséociated with peat makes it
very vulnerable to external vibra-tioh, most notably from
traffic on ‘the road crossing the bog. Offset Wenner and
dipole-diploe meﬁhoc{é were employed, the -forme-r providing a

means of geo-electri'c'al sounding  and the latter a method of

profiling to producing a pseudo-section.

3.2 Offset Wenner:resis.t'ivi"ty s'ou.ndihg.-
%Wemer resistivity theory: The apparent resistivity
of a horizontally bedded lithology is ‘determined using the
Wenner technique by means of the fc;rmula : |
Pa = 2 ®™ a 8V/I . | ‘ (4]
where _pa is appai'ent resistivity,
a is the spacing between electrodes ,
| &6V is the poténtial difference between voltage
' electrodes, .
I is thé current passed fhrough the ground.
The Wenner technigue maintains a constant a spacing
between electrodes, the distance between which is gradually
increased about a central fixed point. Using the Offset

Wenner system equation (1) is modified to :

f T S TR PO .
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pa = 2 T 8V/T (D1-D2)/2
The technique gives two readings for the same a spacing
by altering the electrode layout as illustrated below:

c P P c - D,
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The system has the following theoretical advantag_es:

(a) The degree of noise on tﬁe resulting curve '-is
drastically reduc;ed through the averaging fgcilit?. |

(®b) A éood gauge of lateral variability is |
determinable. | — ‘
(c) A non segmented c;:urve is ;::fodUCed' .the ana;.ysis of”

which generally proves easier than the segmented plot

der'-ived- from the Schlumbex;ger tech_nique:

3.2.2 Methodology: The survey .employed an SAS 309
terrameter using a 4 count averaging facility with BGS

multi—-core cable and switch box. Where possible the maximum

.eléctrode spacing of 128m was measured; this didh‘t prove

feasible in many cases however due to topographic and
cultural effects. Soundings taken on the sands and gravels
required the electrodes to be watered to provide effective
contact due to dry nature of the grouﬁd. |

18 Geo-electrical soundings were taken along iine of
gsection from Lough Roe to the eskers in the north.
Measurements were centred on’ fhe points of coring/drilling

whenever possibie thus allowing some degree of calibration .
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: ]_evelllng-

'I'he method employed had the advantage over other

| electrlcal techniques of ~

(a) allowing measurement of Ra RB & Rv* and thus a

check én ‘the quality of the readmgs taken using the

'tnpotentlal relat1onsh1p,

(b) allowing rapid measurement -of re31st1v1t1es at

-l suCCESSIVElY increasing mtervals of 2n where -9.5 €< n £ 7.

Limitations may arise due to the fixed position of the

electrodes yet this has not proved to be a preblem in this

case.
* Ra = © P P c
RB= ¢ ¢ Pp P
Rr = p c P c

where p is a potential electrode and ¢ is a current
electrode .

3.2.3  Results:The resulting curves produced from the data
in appendix II were initially analysed using auxiliary point
methods. The resulting solutions were largely inaccurate.
This was due primarily to the problems of egquivalence and
suppression, which were lpresent in all soundings. Subseguent
analysis using the program “Resplot’ provided more

satisfactory results when account was taken of the known

depths to given lithological boundaries.
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The resultmg solutlons are.’ dlsplayed in fig. 3.1 .The

resulting hthologlcal resmtwu.tles are in | general

reahstlc and are chsc:ussed separately below
(a) leestone _‘: The hlgh re31st1v1ty of the lmestone

is in accordance ~with the 1d_ea of a slightly fissured

s B

“jithology  Containing  little _wa.ter; . Lower  observed

resistivities ‘ﬁ'arfi_@ularly below the bog may reflect more
extensive weathering/fissuring = although ‘the southernmost
result is questionable and may reflect  another lithology,

possibly laterite or ,qlterna-tivé-ly ‘a karstic feature/heavily

' jointed limestone.

(b) Sand a.nd Gravel . The resxstlnty of this formation
is seen to be laterally very varlable decreasmg tcward the
margin perhaps ;eflectmg the -hypothesued mcreased clay
content.An accc-{mpahym resisti.irit.y‘ arop in the second layer
is believed to répresent the jwa*l-:,ér table in saturated

gravelas and has been calibrated thus. Saturated formational

resistivities increase toward the: soutil possibly reflecting

.a cleaner aquifer.The lithological'log' of CLBH-2 reflects

the great variatipn in glacial deposita present in the area,
the values of which have been bulked on extension below the
bog resulting in slightly différent results to those
apparent on the esker.

{(c) Lacustrine Clay: The low resistivity- values of the
clay are within the range expected for ‘the lithology. The

variable thicknesses suggested are in compliance with the

T g - B EErEn T T e e S B s R T L e G e e N R

- v W g

e o
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sedmlentologloal model although not as "‘iar'ge' as . those
observed at CLBH l.
(d) Pea.t. Depth of peat had prevmusly been obtamed by

'hand augermg thus prov1dmg useful control to obtam

IS reSlSthlty ofwth:;s umt —Values” observed “Were- hlgher than . N e I
expect&d for such a hlgh poroslty medium, thls bemg due to
the low conduct1v1ty of the water (approx 12@uS/cm measured
at surface) An unusial feature of the soundmgs taken over
:peat is the necesslty for a thin lower resxstlnty umt

above the mam umt. It is tentatlvely suggested that thlsr

represents a more hlghly humlfled layer w1thm the zone of

water table fluctuatlon, the mc:reased humlflcat_lon lowermg

the re sist.ivity.' :

ﬁ,z_ﬁ_Dlscusslon & Concluslons _

. The- Offset Wenner method offers many practlcal '
and -theoret1ca1 advantagee over other geo eleotrlcal
'techmques. In: sp:.te of this 1m.t1a1 curve tnatchmg methods _-
don’t - provl_de -ac:cura_te. values f'or .depth or. for:matl_or_lva‘_lk
re51st1v1ty, . soonding curves being -oomplicste'd by fhe
'phenomena of equxvalenoe and suppression. Cahbratlon based
on boreholé data provides more accurate ‘and consistent
solutions;  however this relies on correct i.nterpretation- of

the different resistivity layers.

i g ity e iR Vel BVT e cre
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3‘_3_ DIPOLE DIPOLE SECTIONING-
;3_,3.L— The leDle—dlpole method prov1des a, means of
producing geophysical “pseudo-sections’ along a transect by

means of gee—-electrical -'techniQuee_

____3»3_2___Theory‘: The electrode . arrangement ‘as ocutlined in
f1g42 is, 1dent1cal to that of the B Wenner elecrode
array differing only m that the current voltage spacing is
increased .m,m‘ultlpleve ‘of a The apparent re51st1v1ty is
cialculated as follows:
pa = wn (NtD) (42) a R

where _ , - e B
n is the multiple of a-*separatiag_the nearest current

and potential electrodes, . l N

and

R is the resistance read from rthe instrumentation.
All other symbols have their emstmg meanmge
The resultz are plotted as ehown on f1g32 , these wvalues

being then contoured to produce " the resulting pseudo-

section

3.3.3 Methodology: The technique employed an SAS 3909
Terrameter and 4 coils of single core cable, the current
coils being -moved by increments of a after each reading up
to a maximum value of n = 6 before voltage electrodes are
moved by a single increment and the process repeated; the

value of a in this case being 25m. Due to topog‘raphic and
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The three current-dipcle positions correspond . ~ - - - to

values are plc;tted atgt'he -—intarsectians of -43= slope lines
from the centrés of the current voltage dipoles.
{(Milsom, 1989)
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cultural effects thf-, line of section was offset from that

along which resistivity measurements were taken.

' Topographlc effects were assumed negligible along the line

of interest. Resultmg data. wag plotted as shown in fig.3.3.

__% Results: Analysis “iof_ the resulting pseudo-section has
peen dealt with qualitatfi\rely (quantitative investigation
generally provmg complex and revealing little additional
information in compamson to the Wenner approach).

The resulting reaistivities bear slight resemblance to
those derived from t.ﬁer ‘érevious method. However, a number of
features are of interest in ﬁhe section:

(a) Esker resisti\f;ties are generally lower than
expected, possibly reflesting higher clay contents than
previously imagined. Loca;ly high surface resistivities are
believed to reflect near surface boulders.

(b) A low resistivif:y unit at the bog margin reflects
lacustrine clay dipping below the bog , this unit is not
however detectable beyond this zone.

{¢) Very high r—esistiﬁties indicated at depth below
the esker and occasionaily below the bog are thought to

reflect an irregular Bed-rock surface.
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Con’éiﬁsions: The nature of :the‘ dipole-dipole
338 3.5 . A
techmque both in the fleld and in subsequent analysis make

the method cumbersome and time consummg ‘and reveals little
useful data of any great significance. In addition to this
the absence of any method of determmmg the quality of
readings attaches a large degree- of amblgulty to any
qualitative “and/'or quantfﬁéj:iiré_ analysis.

3.4, Downhole geop};ysicé;‘
341 Introdi';étion' : Cé_s’juﬂg m bareholes limits

geophysical 16gs ruh to ‘thosn»e not i-equiriﬁg direct
lithological contact. A gamma 1og was run in CLBH-3 and
proved particularly ‘useful ﬁ;'oiriding an unambigucus

indicator of formationai 'clgy content, a pérameter hard to
determine ffom' percussion &1llmg since fines are

frequently lost on tipi:ihg the bailer.

3.4.2 Results & Conclus%ioris : The resulting log is highly
attenuated by casing 3—r'et despité ‘this provides a good semi-
quantitative cohtrast'between lithologies. An upper clay

rich unit is apparent before passing into a cleaner unit,

which becomes more argillaceous with depth.
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" HYDROLOGY

‘41 Climate

5

s === The chmate of~ Clara -bog-and-the- surroundmg EFeaT T T

‘is typlcal of. most of central Ireland being temperate and

[N

humid all year round- Rain gauges installed in the'southern

“ ’

oy ' . [
.o . Vi e @ .
]

part of the reserve in October 1989 indicate a rainfall of

approxmately B850 mm/yr ., the daily values showmg good

' correlatlon with measurements taken in Mullmgar 15km to the
north and err_ 341{1:1 to the south—weﬂst.Othez_'_iforms of_
precipitatienufern a negiigible eontribution-' to the_vabo*’{_e

. figure.

Assuming same degree of similarity is to be expected
in other meteorologlcal varlables as ramfall then a
potent1a1 evapotransplratlon of roughly 45®mm/yr is to -be

expected (,although a marglnally hlgher_- value may be more

w0

_accurate"due to-the 1argeb Wind_fetches in all directicns: in

“—~

~ comparison to the weather statlons) Monthly rainfall‘ and

‘ r

evapotransplratmn values for the year 1989/199@ are shown
~in table 4.1.
Q Surface water hydrology.

Surface drainage channels in the Clara area are

‘limited to one natural stream to the south of the bog and a

- s [ [P

number of art1f1c1al drams on and adJacent to the reserve.

Drainage is to the south to the Silver River which in turn

drains into the River Brosna further north.
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rable 4.1 Rainfalll and P.E.(Penman) . for weather stations at

pirr and Mullingar for the period 1989/1990. -

Date Mullingar Mull.ingar ' Sirr ‘ Birr
Rainfall P.E.(Penman) Rainfall P.E.(Penman)
1989 (tnm) {mm) (mm) ° -(mm)
August 90.3 63 ° - 90 - 54
September 53.6 : - .34 T 822 35
Qctober 1371 ° 19 86.8 - 21
November 35.3 -4 2189 3
December 75.7 0 574 0
1990
January 1119 3 ' 104.8 6
February 191.6 19 | . 168.9 - 18
March 30.9 360  15.2 34
April 43.2 53 48.3 50
May 44.1 78 - 241 77
June 99.1 75 62.2 72
July 58(7)* TO(?)* - 5B T0(7)*
Total 989 454 805.8 440

* Data not available , values inferred from existing data by
interpolation.

Marginal areas of the bog affected by the
anthropogenic activities of have been observed to display
sheet flow during periods of heavy rain. This is a result of
burning, creating a low permeaﬁility alg_al film on the peat
surface coupled with  the effects of drainage ditches

preventing effective regeneration of' bog vegetation .




No surface hydrological data exists’ for the north-
eastern study area. One main perennial drain exists at the
J'unction of the peat and Lacustrine deposits .This is fed by

a number of ephemeral cha.nnels contammg water only durmg

the wmter perlod. No Dlscharge data were determmable for
these features during _th'e periocd of study, insufficient flow
being present to merit the use of portable gauging methods

such as flow gauges.




-l N -

’-1__

[ T S

et e

P

v

HYDROCHEMISTRY.

___@___J__Introduct_;oml : ‘ |

The hy‘drochemical"Chabact_éfistics of peat bogs are
ynusual and- distinctive when comb;;xlré:d _to those of other
hydrogeological eqv'ironnients.with high?- organic contents and
very low pAH',:v.alﬁe',s: being notable- _"t_a.:xamples. This contrasts
atrongly with more“{:‘ypical inorganic rde'iﬁc;sits.
8.2 Methodol’oéy. .

A brief field hydrochemical survey of the mire
and surrounding margins was undertaken in an effort to
distinguish broad hydrochen{ical grouﬁi‘ngs. Measurements of
gonductivity,_ pH and temperature were taken using WIW
microprocessor temﬁérature/conduc’tivity and pH meters,
calibration between 4 and 7 being useéd for the latter.

8.3  Results.

The results of the survey are shown in table 8.L

Locations are indicated on fig 5.1
Two broad groupings are apparent from the survey
Type I: Low pH (4.01 - 4.80) and conductivity( 70 - 120

uS/cm) in conjunction with high temperature( 168-18<C).

Type II: High pH (5.8 - 7.9) ,high conductivity( 206 - BeQ
uS/cm) and lower temperature (12 - 15°C)
Spatial variation of samples (fig 5.1) reflects a

definite distribution pattern with Type I waters typical of
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Hydrochemical data for Clara bog north-west.

Table 8.1
”;:;H:_:;f Conductivity f'pH;,“TempErature Comment.
- (usS/cm) oL {=C)
 y 792 &.11 .1 Gravel piezo.
- sample.
- 7473 6.72 12.2 Limestone
‘ piezo sample
= 637 &.48 14.73 Tyoe II -
4 Fa1 4.80 14,3 Tyae-11
5 516 -—= _—— e
& 815 7.@5 14.9 Type II
7 387 —— e_— mm——-
8 302 .9.82 13. Miwing{ 7}
g 204 .07 12.7 Mining(?)
12 79 4,03 19.9 Type I
11 - 93 4.1 18.9 Type I
12 115 - - -
13 99 = -— ---
14 443 5.02 15.5 Mining (™)
13 249 - -— —_—— ‘
18 619 &.4 14.8 Mixing(?)
17 237 - it
18 117 - — ———-
19 122 —=== - ——=-
2 2 4.91. 18.Z Type I
21 7@ 4.30 16.4 Type I
22 97 4.5%9 16.1% Type I
23 74 4,20 . 17.5 Type 1




-' central parts "of the reserve whlle Type Il watetrs dominate

those parts of the margm in contact w1th underlymg

. formations. | . S 7 . ' .

i 3__4_ D13c:uss1on and concluslons.

-

The low pH observed in samples from the bog is a ‘ .
consequence of 2.parameters - '

(a) Partial decomposmlon of orgamc matter
producing v.e.riéus specxes of hunuc ac:.d. :

-(b) The low concentrat:.ons of solid bases in

et -

pee.tland waters result:.ng in an J.nablhty in the systern -to

: buffer progresswely higher acidity. - o y '

Thls latter pomt is con.flrmed by the low COHdUCthltles
observed in type I waters,_conductw:.ty in this case bemg
regarded as a. gross md:.cator of total dlssolved“sohds.
These values , are only marglnal__ly hlgher than average
equivalent':l rainfall chemistry for .the time of year. Water
temperature at the time of meesurement apﬁroaching ambient
seasonal meteoric values . |

Chemical profiling of the peat at Lough Roe and

. - . . . a1 .
L. . . . i i

piezometer stations 2 .and 3 (fig. 5.2) indicates the above
phenomena to be primarily features of those wupper iayers
which constitute the classical raised bog component of the
ecological succession. Lower rarts - of the sequlens':e‘

representing fen stages have aecordingly_ higher values in
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4
accordance with the nterature (based on typical data
_obtamed from Shotyk 1986) | ’
The chenustry of water tvpe II contrasts strongly m.th

that of “the ralsed bog surface havmg markedly hlgher pH and
A conductwlty in. comunctlon with lower temperature. An
alternative . origin _is inferred based - on’ ‘the‘se dat‘a._
.Compari-son re.sul_tsL derived from CLBH'-Z after flushing
‘reveals a cloee .eimilaritv' between sampies ind;cating Tyﬂpe,': _‘
It sa.mples to be derlved from an upwellmg __s'oufEe- in the
underlying :.gravels; margmally ‘ lower cer'xc;u.cti\‘ri.‘ti‘-es

reflecting some degree of dilution from the adjacent peat.
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| e
S el ‘HYDROGEOLOGY
m_mtroductmn & regional hvdrogeology
‘The following h_ydrogeological dis‘cussion has been

subdivided for convenience into four, separate subsections ,

each _dealing ‘with separate aspécts of ,"the- study areas’

};jd.fogeblogy )

No head data exlsted for .the Clara bog region
prmr to the im.tiatmn of th:l.s overall project with no
magor abstractors. »are- known ,rt'ol.‘ operate within the
area.Aquxfer .definition was t.herefore lacking from the
outset and was only deterxm.ned dunng the course of thls
component -‘qf the study usi.ng.the -_,techmques outlined in the
following sections. - _ R

Based on the data f;:'om the. thrée boreholes drilled
to date the regional flow,péttern- seems to follow a path
broadly similar to that of the ovéx:iying surface drainage
towardas the Silver River in  the =outh, although the exact
direction i3 indeterminate. Initial topographical and
terrain observations around the northern margin of the mire
suggested some deviation from the overall tendency to occur
within the peat.

SECTION 1: PEAT HYDROGEQOLOGY

6.2 Peat hydrogeology




complex ~ and hydrogeologmallv mtereetmg - material.

- 83
The hydrodynamic propertles of peat makes it a

Investlgatlon of these’ parameters often proves complex to

o —— - 1 1

: Ingram et al, 1974).

" hydrogeolosical reglme of: the peat requlred head data from

" this a number of plezometer statlons(nests) were installed

" to -the - water‘ table and to addltmnal depths of 2m, 3m, 5m,

T and ‘Om (where depth 'permtted). ‘Reference to .part;_cular_

“in fig(2.2).

-analyse zgince~deviation-from= eomembasm ~hydraulic: prmc1ples_ e

may occur and’ has been propesed by numerous authors(e.g.

6.3 Methodo logy:

(a) Plezometer Installatlon. Determmatlon of the
varmue locatlons wzthm and across the - bog. 'I.‘o determme
along three approxmately parallel transects across the area

known as transects A B and C in addltmn to those mstalled”

in Lough Roe (LR) Installatmn took place from the surface

tubes has the followmg format : L T
Transect statmn number—ple-rometer depth.

The location of the varicus statmns andtransects are shown

The -design and material_s employed (61) are by

practmal and financial necessity smple and inexpensive.

Pyrometers ware mstalled either by pressmg in bv hand or,

where substrate was firmer, by . augering using a narrow

. LI .
. - : .
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FIG. 6.1 DIAGRAMS ILLUSTRATING THE APPARATUS USED TO

INVESTIGATE THE HYDRAULIC PROPERTIES OF THE PEAT.

d

Schemuric of constant head opbumfus.
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dlameter corer followed by presamg in of the slightly
broader seepage t.ube, Installatlon by hammermg was neither

feas1b1e or necessary. Blocka_ge or emearmg . were not

om e T T P g T LS AT e T

' '“;aégpfe'acl"pos's‘iﬁly;due";to‘-ﬁl‘ie:"mofe""fi'bz”"oue--nature-fof —*‘peat--'-‘ T

contraetmg wrth clay wh:.ch ‘tends to be more platey. .

Followmg Installatlon, plezometere were fllled

with water from -adjacent ‘drains and  left for one week to

equilibrate. Tubes were then leve'lled'{t.'o ordinance. datum

) ell_owi_ng'heads relative to sea-level .to be obtained. These

valuee were me‘asured' et re'gular- intervals -throughout the

'course of the field work perlod_

(b) P;e_zometer teste° Investigation of the
hydraulic conductivity of peat focussed essentially on
piezometer testing. Tests of this form .are preferred’ over.

.

more coﬁtrolled .labofatory met;ﬁods since tﬁey‘ represent a

larger sample in ade.tJ.on to mm.umzmg cheturba.nce. Both

4

rmemg and constant head tests were ca.rmed out. Plezometer

"test theory is dlecueeed m sectlon S 4

Rlemg head tests involve the remcval of a volume
of water from _the se‘epage tube uei.ng a portable suction
apparatus followed by obeervatlon of recoverumg heads over

the ensuing period. Approxlmately 75 om® o0f water was

removed during each test with recovery monitored over the’

' following half hour period.
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(fopétant head.'..tests: | ’Clo.r.xnstant head testing
involved the use of marrictte .vessels (fig 6.1) to produce a .
fixed imposed head irresp.ecti'ver of. resultant flow from the -
piezometer tip. The device is ideally suited to the task and
in addition permits the \.r‘;;:iativon ofﬂ ‘t};e imposed head thus

allowing further investigation into peat hydraulics.

The relative merits of bothjsystemé of testing are outlined

in table 6.1

Table 6.1 A tabulated comparison of the rising and ccnstant

head piezometer methods.

Conatant head : Rising head

Time Time consuming. : Relatively quicker
Apparatus Bulky and . - Portable.
cumbersome. ' :
and
Cost Commercially ~ Inexpensive.
expensive although
cheap and simple to
conatruct.
Water ‘ Required, volume ’ Not necessary.
source depending on container
size. '
Analysis=* Gibson (1963) Hvorslav (1951)

* Neither method gives satisfactory results for ixpandable
media,
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ﬁ_a_Piezometer test theory & Analysis:
e 4‘

(a) Rising head tests: Darcys’ léw states
that the velocity of water through a medium is directly
related to the hvdrauhc grachent across it by an empu.-lcal
constant value lknown as the hydraulic conductw:.ty'

___,"-th/dl e (1)

[ronpEn B - - [Pp— s - —e . - - - B prv—— e

where. V is the velocn'.y through the med:.um,
" dh/dl is the hydraulic g:rachent

-

and K is thé -hydraulic conductivity (permeabiliity).

Eéﬁatio’ri'(l) is the basis of 'groundwatef' flow equations
and Has been used by Hvorslev(1931) to deri'-Je subsequent
formulae allowing the determination Iof hydraulic
conductivity from variable head tests thus:

K = [A/S(t2-t2)] In(Y2/Y2) (2)
where - ~ A is the horizontal cross—-sectional area of
the seepage tube. |

| Yy & t1 are the head and time measured at
time 1,generally taken to be initial values.

Y2 & t2 are the head and tinie.measurea‘ at
time 2, véiues reﬁai.nmg variable. |
S is the Piezometer shape factor derived by
electrical analogue experi.ménts, and employed here for é.
ﬁellpoim: in a uniform medium.
Hydraulic conductivity is therefore determined by plotting

In(Yo/Y) against t-te.
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A number of assumptions are attached to the initial
derivation of which the m'ost relevant are |
' (a) The tested medium is rigid
(b) Flow in fhé tube is steady state. The importance of
these assumptions will be discussed in section 5.3.4.

(b) Constant head tests: Rycroft et al(1973)

_have shown constant head technigues to yield more consistent

hydraulic conductivities than those obtained by variable

head approaches. British Standards Institute document 5930

' recommends calculatioﬁ of Hydraulic conductivity after
Gibson(1963) :

| K = qinesn / (S x Yo ) 3)

where Qinfin i3 the asteady state flow rate

and - Yo is the imposed head

The method was originally designed for use in flexible
media under the assumptions of homogeneity and isotropy.

The value of K resulting from equation (3) is that
operational under the fegi.me of the imposed head. This value
may not be the same as that operating under non-imposed
conditions. Waine et al (1985), in support of the concept of
non-Darcian flow in peat,. presents a method of determining
the value of hydraulic conductivity as a function of
hydraulic gradienf thus allowing calculation of operational
permeabilities using a formula originally derived by
Swartzendruber (1962). The method has been applied under
controlled laboratory conditions an application to field

based situations is neither feasible or relevant.
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overall gradient would generally be in the opposite
direction. Such a pattern may be produced however if the
component of downﬁardly flowing water could be removed at an
adequate rate to a higher permeability layer below: such a
layer is therefore tentatively inferred

The results of both sets of piezometer tests
are summarized in fig(6.3) and displayed in greater detail

in appendices(IlI & IV).

6.6 Discussion on the hydraulic conductivity of peat: The
values of hydraulic conductivity observed in fig. 6.4 lie
satisfactorily within the range of values gquoted in the
literature and reviewed by Chason a;nd Siegal (1986). The
results also agree with the observation by the same authors

of no relationship exists between the permeability and

"humification. This however is in contradiction with work by

other authors who claim such a relationship to be wvalid
(Ingram, 1983). The possibility are therefore two fold:

(a) No relationship  between conductivity  and
humification existas.

(b) The permeability/humification relationship may be
valid but the methods and formulae used to determine

hydraulic conductivity are incorrectly applied.

ek i . AR 2.




FIG. &6.4

Plot of log hydraulic condictivity vs. humification (Van Post)
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The following discuésion will focus primarily on this

latter point. |
The hydraulic ~conductivity of ©peat is an |

extensively reviewed and disputed subject. The dispute has
arizen based on work initiated by Ingram et al (1974) and
reviewed more thoroughly by Rycroft et al(1975).

| Ingram notec_i tha’; flow into or out of a. seepage
tube installed in humified pgé.t varies in a non-linear
manner with the artificial hydraulic gradient created. This
is explained as a result of wvariation in the hydraulic
conductivity of the medium, .a' constant value according to
Darcy’s law. Non-Darcian flow, was therefore deduced. The
same authors noted that tests in ‘“recharge” mode, i.e.

adding water to the system, produced higher permeabilities

.than corresponding experiments in depletion mode.

The results of this work were explained

" conceptually as a consequence of changes in the effective

porosity the medium. The porosity of peat frequently exceeds

990% of which less than 19% is effective porosity. The

remaining portion_ is held within the lithology’s structure

by the ecapillary forces ‘betwe_en partially decayed plant

fibres. Variation in the imposed head is hypothesised to

produce either dilatipn or contraction of the pore geometry
depending on whether the operational head is increased or
reduced. This phenomenon in' turn causes an increase or
decrease in hydraulic conductivity and thus explains non-

Darcian behaviour.




In contrast to the above hypothesis Hemmond and
Goldman(1985) reject the notion of non-Darcian flow claiming

éz.omdwater flow "tAhrough peat does 'obey Darcﬁy“s law and'the

63
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results of Ingram‘ et'; al to be a consequehce of mappropmate '
5elect10n of plezometer test formulae- Instead they suggest
that~these results to be a consequence of varlat;onsh.m
the effective strees applled durmg the course . of the teets
Wthh would not. normally be operatmnal under uncheturbed
conditions. ‘In- the latter case hydraulic. oonduct:.nty is
effeotiv'el-y constant. Eiaminatioo 6f rieirlg-head tésts data
are proposed to ‘be as a c:onsequence of reduction m water.
preesure resultmg in greater total stress applxcatz.on to
the- matrlx-'of the surroundmg medlum. Thle m turn results
in a compressmn of the medlum and a trans.uent ohange in
water oontent 1s produced durmg the m1t1a1 stages of t.he |
test releasmg add1tlonal water othermse held by retentlve
forc;e_e. Rapld ‘reductlons ri.ﬁ' appa.rent permeablhty -ean
.therefore be - expla‘ined ‘as  the -'reetoi'ation ofv _prev_lou'e -
-undisturbed oondiﬁions. | ..
Hemmond explaine the non-linear behaviour of peat
under increased hydraulic gradient in a similar manner
claiming it to be due to the exparsion of horizontal" f,l_ow

paths under increased .water pressure -and the™ associated.

' decrease in effective stress on the matrix. Exponential

behaviour'_obs-ervedﬁ at higher hea_ds is a consequence of the

T
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changing of effective stress from a-positive to a. negative
value yielding strongly non-linear behaviour.

Field'- aat?a during 'ﬁhérgcoﬁrse of this project are.’
in agreement w':ith' ;nitial obsér‘iét'ion's of Ingram et al with
hydraulic conductivities appgréﬁtiy l_afger: with -as imposed.
head . However in contrast to the .same authors conceptual
hypothesis piezométer tests carl.:-ied_o,ut 'mtdepletion mode do
not vyield cons'i'sten_tly . ,loyge;' ‘;__,“pt_ermeabilities " than those
obtained in recharge- Amode.""Wher;' the ‘;Jalues of constant
imposed head are bonsidered_.h_ow&éver it-can be seen that the
tests with lower valués, 'ti.‘rpica.ils‘r less than 39cm, yield
lower hydraulic .conductivities‘l than ‘their rising head
equivalents. | |

It would fhereforé -appear that the data agree
more with' Hemmonds® Darcian ._hyp'éthesis”ﬁhan the non-Darcian
case proposed by Ingram et' ai with  the former theory
effectively explaining the ,c’>bserved. behavicur in terms of
effective stress. It is sﬁggested that imposed heads below
30cm are unable to produce a vertical effective stress
6ffset equal in magnitude {(, but. dﬁposite in value,) to that
produced by the corresponding rising head test. Higher
imposed heads can offset this pressure change and in doing
so produce a greater apparent permeability. It is therefore
reasonable to agree with Hemond and Goldman and assume that
groundwater flow through the peat in  Clara Bog is
essentially Darcian but through an expandable medium. This

assumption is however tenuous since the approach used in
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obtaining' the original permeability results 'is not strictly B
. correct.
. The behaviour of peat inferred in both Hypotheses

disccs'sed (Darcian and non—Darcian-) imply that Hvors}.ev
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ethods of analysmg rlsmg head test data in auch a medmm

will produce inaccurate results. This is due deviations .from
the assumptions.quoted in. section 6.4 P T
Firstly, the medi.uinAthrOUgh which ‘water is flowing
-is clearly not rvigidfas‘is‘ obServed when the he'ad applied is*'
changed from 'cne ‘value to -"-another-*reeﬁlt'ing m variable . ..
. responeee not dlrectly attrlbutable to. changes in hydrauhc
| grachent alone i.e. r.ecovery is mltlally more rapid 1n'
krieihg heac l-casee,' ahci L cutflow greater in constant head -
cases as the artificial head deviates more from statlc ‘water
level 7 | | _
Secondly, the flow regime proposed by the Darc1an
hypothesm is clearly non—ateady state from the outset this
phenomenon reaults m an over-estlmatlon of the- Hydraullc
conduct1v1ty; -

" The - behaviour of'. peat in view of  the - ahove
featﬂres. therefore implies_ that risine head me-thods are an
inappropriate methcd for determination cf peat permeability.

~I‘naccurate" values of permeability are also
obtained by constant head methods for the  reason quoted in
sectxon 6.4 ,yet 'despite this, later steady state data does

prov1de a reasonable ‘ approach for obtammg comparatlve

hydrauhc conductivities under the same - imposed head. It.
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gpust be noted however that no accurate field based method
exists for the déter:mination “c‘);f in situ peat hydraulic

conductivi_ty.lt therefore appears that constant head methods

have the gfeater scope for accﬁrate data acquisition with
the best  approximations of _'undisturbed permeability

obtained at low imposed heads than variable head methods.

‘It must also be realized however, that various
other parameters beside those discussed will influence dafca_
collected in- the field. The most notable of these is the
change in conditions adjacent to the piezometer caused by

the weight of the observer which would, according to Hemmond

change the total vertical stress. .-

6.7 Conclusipns:

() The eéuipotential' map of the study area
indicates radial flow .from a centrél .recharge mound to be
occurring with water draining toward ‘.che bog margins and the
road. The regime to the south appears to be complicated by
the soak system.

(b) Hydrograph analysis of represéntative central
and near-marginal areas indicates most flow to be occurring
in the upper layers. Downward head gradients are operational
at both localities, the magnitude of which are greater at
the near marginal piezometer station. A high permeability
layer at depth is inferred in the latter case.

(c) Pérmeabilities obtained from piezometer tests

indicate no relationship to exist between hydraulic




conductivity and humification. This may actually be the case
yet the inaccurate methods of_pieiometer test anallysis
employed have an undoéubted adaitional influence. Darc‘:ian
apparent permeability results from variocus head differences
created during testing. -The conclusion must however be
‘treated with caution because of the above-menticned
analytical complications.

Constant head methods offer the best po'tentia-l_' method '
of obtaining comparative permeabilities. In addition to 1_':his
the same method offers an approximate technique of acquiring
undisturbed hydraulic conductivities under low iﬁposed
‘heads. The results of both techniques méy be infleuenced by
t".he weight of the observer on the test site.

6.8 Recommendations.

The following activities are recommended should
additional work on this part of the bog be carried out.

(a) Additional piezometers should be installed in
the area to allowing greater insight into head variation
acrosa of this part of fhe bog. Installation should focus
pai‘t.icularly on the south where anomalous behaviour appears
to be occurring.

(b) Monitoring of heads in all piezometers should
be continued thus allowing a more accurate understanding of
.the bog’s groundwater regime |

{c) The Hvorslev variable head methods of

analysis provides little useful information leading to an

flow_within_the peat is_tentatively proposed based on the

67
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accﬁfate value for peat per:iz:aability. Subéequéngﬁattempts to
cbﬁa:m such a result should focus. fc}n.—_'.'mdr_e accurate constant
headv‘techniques and associated .ﬂs‘te’ady state c;éta. Heads
imposed on the mediﬁm_ghould '.bef" m:.numzed. It ia-however
realized that in view of the: liniifatibr;- of the ‘minimum
constant head applied by the mér;ri_ot_t"e "vessel to ground
leve"lA in conjunction with ‘the doﬁr’xw“ard rh"ead gradient
operating over most of the bog‘mit'”ma:i‘yf’bé 'diffiéult to apply
reasbnable values. This may be pa:jfcially ‘overcome by testing
during periods of higher ground‘g;afe'x‘_-‘.";le'a‘d, i.e. during

winter time.




SECTION 2: PUMP TEST ANALYSES..
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| The hydradlic',conducfivityftfansmissiv_—..it-.y of '.;he .
pre-peat formations lrequires deferminaticn in order to
deter":'nine possible relationships: between the peat and
adjacent hthologles A number cf pump tests were carrled
cut on’ bor'eholes CLBH 2. and CLBH 3 to ascertain these
parameters over a 1arger scale of interest equlvalent than
plezcmeter methods. The complex nature of the ag_ulfer' -
grea_ély complicates the idealized assumptions of 'a’nalyﬁica'l.‘

solutions.

g0 Metllxcdclcgy

A surface belt dm.ven variable discharge dlesel
Pump was used in all tests. 2" plastlc hcsmg was connected
tc the intake an outflow ccuphngs the latter ‘being exten_ded
to t.he margms of the lacustnne clay when pumpmg the ‘
unccmfmed esker gravels thus munm:.zmg the possfmhty of
'recir_'culation_. Groundwater was discharged intc an ad.jacent
drain during tests cn CLBH-2 with the base being believed
unpermeable at the tnne but subsequently reahzed not to be.
All dlscharges were measured mterm1ttently by recordmg the

. time-taken to fill a 5 gallon drum.

Desplte the availability of gears httle variation

in pumping rate was apparent from prelnmnary tests

L e e e em + | Smmmm e mmen i h . ek am A S oo e S oo e - = -
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completed on CLBH=3 and consequently dlscharge took place

at a rate shghtly below the maximum - avallable . T:.me

constraints resulted in no such inv’estigations being carried

out on either piezometer at CLBH-2. As.a corollary to this

no step tests werel_carried oﬁt_._‘ and v.;:elll los‘ses‘ thus remain
an unknown parameter. Ny S

Monitoring of kthe'piezon-zeter"s 'at CLBH-2 while
pumping. CLBH- 3 provided little response in the tests early
stages and subsequent data acqulsltlon focuseed primarily on
the pumping borehole. ' |

No rainfall was reooroed for the duration of the

tests.

g1l Analysis.

Analysis of data proved amblguous due to the
absence of information on the degree of turbulence in the
system. In an attempt to determine the presenqe or absence
of thia component a Reynolds numbe_r was calculated using

=(vxD /T
where Re is the Reynolds number ,

v is the velocity of water in the well ,

D is the well diame'tier .

T is the kinematic viscosity of water,
and where laminar < 1509 < turbulent
Unfortunately no direct correlation bétwe-en this number and
the parameter C from Jacob’s original sf.ep test analysis are

known to exist and consequently well losses remain an
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unknown -value ‘beyond our kiiowledge of their existence.
Despite this a number of analysis. were undertaken bearing

this m mmd-

U U SV U Cmiem e e m e e b m e —

@u,j__Double 1ogar1thm1c plots Log—log plots had various

degrees of correspondence to model type curves. Pumped wells

: prov1dedj11ttle useful information w1th valuabl_e -ear_‘lyr data

being absent due to wellllo'sees. Analyses for the"CLBH—-Z
piezometers were .carried out- using Waltons . leaky aouifer'f
method despite 'the  presence of .pre—existing- verticdal héad

gradients at. ‘that locality.

1.2 Jacob plots: Straight line .ndp-stea‘dy state pumpmg

plots for were produced _for all wells whepe' data was

availablel . The applicat'ion of the .method ‘to the unconfinedw

borehole is not strlctly correct however eome mdlcatlon of
T may be obtain by concentratmg on earlier data where the
effecte of s’peci_fio yield woh't be as 'si@ificaﬁt';(although?

initial dat:a must be lar'gel'.y ignored to satisfy the prez

existing Jacob approximations).

Q_Jl.LTheis recovery -: The recovery method has the
ad?aopage over straight—line pumping methods of having
strongly reduced well loss parameters partlcularly if less
emphasm is -placed on earller data.The method therefore

prOVide s a more accurate me ans of " transmisgivity

determination for single pumping boreholes .

SO —camrns-o. 7o N ras
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g.1l.4 Steaﬁy state methods: Simple radial flow equations
il

were applied to data acquired towards the end of the test on

CLBH-3 from the pumping well and gravel piezometer at CLBH-.
’ o The steady-state .condition Qas Va'pproxin'xated based on the
very slow rate of chang-él' of drawdown towards the end of the
j test. The 'transit;onél confined/unconfined nature of the
. aquifer complicates the situation greatly .In an attempt to
asse.s the influence of this factor both conditions were
"analysed '
(a) Steady state confined:

T = Q@ Inlri/rw) / 2 1t (Sw-=1)

{b) Steédy state unconfined:

K = Q Infri/rw) / nt (2ZH-3w-21).(Sw—81)

where @ = Discharge - (m3 d-)
T = transmissivity (m2 d-2)
K = Hydraulic conductivity (m d-1)

I'w , r1 = Well radius and distance to piezometer (m)

Drawdowns in pumping well and piezometer (m)

Sw , 81

£.12 Results :
The results of the various representative analyses are

shown in table 6.2 below, the source of each analysis

indicated in parenthesis. The data from which the results

are derived are displayed in appendix 6 in conjunction with

the initial data .




2 are. in view of -the hydraulic connection observed,
overestimated. They do however provide a relative indication

of permeability and are discussed thus.

73 l
Esker ‘Gravel Clayey gravel Limestone - l
gravel (CLBH-2) (CLBH-2) (CLBH-2) :
_ i Reynolds 10151 __ 15363 not __ 2183 _“_!;
npumber. 7 T T mT ot T Walduldatable, T T T T o
| T (m2/day) not 16.1 . 7.35 _ 6.8. l
; (log-log) _calcula (Limestone (Gravel (Gravel
(Walton) -table. pumping) pumping) = pumping) _ i
T (m2/day) 1542.66 20.336 mnz - 31.376
{Jacob) - {Esker {Gravel (Gravel (Gravel
pumping) pumping) = pumping) pumping) _
| 48.62 3 not i
(Limestone  (Limestone calculata-
pumping) ~ pumping) ble. .
T (m2/day) 1136.7 28.899 18.3 42.23
(Theis (Gravel {Gravel . {Esker (Gravel -
recovery) pumped) pumped) pumped) pumped_)r l
Esker gravels. 80% Efficient 100% Efficient '
K (m/day) 242.31 181.226
{Steady (Confined) (Confined) '
state) , ' '
244.86 183.49 .
(Unconfined) (Unconfined) .
§.13.1 Discussion : The resulting values of T- and K are _’
variable although the various techniques employed all yield I
values similar to one another to .within half an order of l
magnitude. Value of Transmissivity obtained in testing CLEH- ;

l



I

falazLog-log :The lowest values derived for T in those

holes analysable were .f.rom log-log methods i.e Waltons type
curve method for leaky aquifers; this method employs all
available data and consequently would be expected to give a
nore ac:cura;ce result than the alternative approaches.
preliminary storage co-efficients vyield totally erroneous
results, reflecting that the value of effective well radius
equivalent to that of the gravel pack is insufficiently
small by at least 2 orders of magnitude.

§13.3  Jacob: Log-linear plots for pumping data display
vériable amounts of scatter although those lines giving a
good fit, namely at CLBH-2, appear to reflect a recharge
source in their later data; this is most probably as a
result of the pre-existing gradients prevalent at that
location ,although some recharge may have been induced from
the adjacent drain by penetrating through to the underlying
clayey gravel.

Plots obtained from tests completed on the Limestone
confirm it’s slightly fissured nature. Even at low pumping
rates periodically large drawdowns result in virtual well
dewatering, believed to be a consequence of turbulence

extending back into - the . adjacent fractures and thus

Preventing effective borehole/aguifer connection.



5134 ThE'LS recovery. Recovery data mirrors pumping’ data
for tests carried out on CLBH-2 WLth a steep initial slope“

———flattenmg off_w1th_tune._the latter__part of_thei_data bemg

v i el et m e n e L on

used to obtam ’I‘ values smce 1t is. beheved to represent

the_ prevall_n.hg condltlons more effe_ctwely. Aga;.n,_ poor data

correlatioh m some - cases;- has ;made the.’ correspondihg a

calculated values amblguous .

t . Results of data obtained -from" CLBH- 3 mdlcate a lower-
transmissivity in éomparison to the ‘pumping analysxs-‘ despite
th'e'et;fects of well losses in-the ‘latter éase. This has been
explamed by . Rushton(lQ'?B) as due to " the ' domination of-
recovery data m abstractlon boreholes by - ‘both’ aqulfer
storage and transmlssw1tv Inn contrast’ the abstractlon
phase is’ more dommated by the transmlsswlty close to the
borehole and free water w1th1n it; the former therefore
ylelds a . lower: 'value- ‘due to- storat1v1ty ‘and - pos31‘ole.

) SPECIflC vield effects, nelther of " which are unfortunately

- determmable' using “standard pump test solutlons m_ this .

case.

8.13.5 Steady  state analysis:‘ Results derived from the.
simple radial flow equations” are very similar “for confined
~and ,unconfined situations: The resﬁloltirxg values: are under-

.estimations ~of permeability due- to the omis_sio;i_, ‘of, well

losses in the formula.  The effect can be seen to be quite

significant based ‘on ‘an assumed 80% efficiency. De‘spite this

resulting transmissivities are not drastically lower than




thos_e *cé-1c;ulatedt .jrﬁm c.pfre‘s"bc;\ndin.g étraight line solutions
implyiﬁg t.hat although permeabilities decréase toward the
bog correspondmg values in the v1c1mty of the esker are
smular to those surroundmg the borehole
i_ﬁ,]_i;CQ’nclﬁs‘ians. g

Thé 'Situa_t{oﬁ-tndér which tes’_;t'i-z'lg *'toqk place is complex
because |

1(51.) No well loss parametefé" we_ré available due to
the functlonal m.flexlblhty of the pump

('b) Vertlcal flows present at CLBH~2 are not
accounted for in any of the gtan@a_rd analytlcal solutions.

() Lithological é’;g)r}ditibns were very
heterogeneous thus creating pr-'ob}emst in the determination of
permeabilities from given transmiﬁsivity values.

(d) The aquifer condition is tréhsi_tional between
confined and unconfined states.

(e} Transmissivities obtained from the piezometer
nest tests at CLBH-2 are inpegrat:ec_i) over their saturated
depth and are therefore overestimated if summed together
(the situation with respect to vertical hydraulic connection .
was thought not to exist at the time)

In general the resulting values obtained by the _
various methods are consistent- to within half an order of
magnitude. Conditions are best approi:imated at CLBH-2Z2 by
Walton's leaky analysis although the value of radius

regquired to obtain a correct value of storage remains
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uninown, beyond the fact that values of piezometer or gravel

pack radii are inadequate.

Conditions deterxilined at CﬁBH-S are also -gmb'iguou's

ESUCIR——

e

P o -

i ‘though™ values derwed “in pumpmg, recovery and ateady- state

—

‘modes are more or less the same although apparentlv rather

high.

% 'Recommendatious..
In order to obtain more- reasonable results from the
current data the fo].lowmg are recommended.

(a) Step tests should be carried out on all boreholes
PI‘SVIOUSM pumped a more flexlble pumpmg system bemg
recommended for CLBH—3

(b) Momtormg of snnple well head hydroohemlstry be’
undertaken on. any future tests allowmg detec:tlon of
recharge effects. | . ‘ |

-(c')‘f_{adial' flow;-.’mo‘de‘l-liﬁ'g of 'the ‘system be undertaken
the 'method beiné ideally suited to the more 'co_mplex.
situation pres-ented.‘ here; 1t is. felt th‘iatv pump.: test
approximations . ‘ciev.iat'e‘ too much  from their simple

assumptions to provide ‘accurate values of T,K and S.
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SECTION 3: GRAIN SIZE ANALYSES

616 Introduétion.

It is generally recqg:uis’ed that grain: size is a
fundamental .independent variable in control.ling the
permeability of - unconsolidated sediments. Throughout the
course of drilling samples were taken from the bailer at
regular inter\}alé and subsequently analysed by dry sieve
methods. Semi-empirical formulae were employed to obtain a
preliminary estimate of ‘the hydraulic conductivity of

various lithological sub-units encountered.

817 Theory.‘ |
An initial general relationship between grain size
and permeability was derived by Hazen(1892) which states
k = C d=2 (mdarcies) (6.a)
where k is the intrinsic permeability of the medium,
‘d is either the pore throat diameter or a
representative grain size diameter,
C is a dimensionless constant usually relating
to parémeters such as path tortuosity and
sorting. | ‘_ |
The equation can be modified to determine hydraulic
conductivity K using

Ci d= (cm/sec) (6.b)

-~
n

A

where @.41 £ C1 < 1.46.



d is nsually"taken as Dse. or die as in this case

19

”g"_j__’a_:“Aﬁ“a'lyé‘i'éE* T = SRS
' "Hydraulic conductiv.'i‘ties were mltxally determmed
usmg equatlon Sb befaore resultmg values were mtegrated
over the saturated thickness to produce an,overall ,value of
transmissivity. - Comparison 'was then made with pumping

borehole -dat_a_‘ (a_ssun_ling '80% ,_efficiency—) before subsexjnent,

‘ rec"alibration based on this value.

ﬁ.li Results and discussion:

4

Permeablhtles obtamed from the prehmmary analysls

A,are dlsplayed in tables 6. 3 & 64 Correspondence with data

"derlved from pump testmg 1s vamable Results from CLBH 2

indicate a dlfference of over two ' orders of magmtude

consequence of a non—representatlve clay fractlon which was
lost from the ba1ler durlng tipping. |

Ana1y31s of the more arenaceous esker deposlts proved
more suCCessful w1th very close correspondence between pump
test and lower range Hazen values.. Recalibration produced a
value of C:. = 05583 a result well w1th1.n the standard
range. Shepherd (1989) suggested that the main source of
error lies 'not with the Ci parameter but rather with the

power relationship, indicating that the value of d2 will

_between ..the. tv;vo approaches. Thls ‘ chscrepancy is_ a-
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produce an over-estimate of permeabilitﬁr" preferring the use
of d» where n lies between 165 and 185. Using a value of
Cp = @935 a bulked value of .n = 1858 was determined, a

result just outside the ép’g'gested empirical range.

65,20 Conclugions: (a) Although basically empirical in

approach, the a?bove methqd‘é of grain ‘size analysis are a
useful method of approximate 'perheabilitv determination
providing initigf aata are ‘aé:curate. .

(b} The s_uccess- of -the method in the
more Aarenaceous "cieposits is dué largeiy-fb the similarity in
uniformity co—efficient_a in the 1itﬁdlogies encountered.

{c) The use .of the method can be
extended to the assessment of the relative contributions of
various horizons to the overall transmissivity value
obtained from a pump test provided recovery is
systematically representative.

(d) The method has proved inaccurate
in CLBH-2 in determining both permeabilities or relative
contributions from various horizons. This has been a
consequence of unrepresentative noq—systematic sample

recovery in addition to the large variation observed in

uniformity co-efficients.




Table 6.3 Permeability detefminati_ons of CLBH-3 based on .

Hazen analysis

P S Y S

Sample  Strat. die Km/day) K{m/day) Ue

Depth - range = (mm) (C1=@.41) (C1=1.48) (dse/die)

(m) (m) ' )
10-14  10-25 ©0.04  0.5668 2.183 31.25
375-4.5 2.5-5.25 .07 1736 6181  -16.86
6.75-7.5 525-8.0 0.02 01417 0505  17.5
85-8.7  B.0-127 018  1.477  40.87 2267
11.256-12.0 8.0-12.7 ©.8 ‘2,‘26.;?‘_1 807.32 - :-’37.57 |
12.75-13.5 12.7-13.5. 2.0 - 1416.96 m 5@45.75 14.0

Summing ‘minimum values over saturat';edkd_epth' T =1622.8 m2/day
Summing maximum values over saturated depth T =5778.4 m2/day

Ave’rage Traﬁ’smissivi'ty = 32@,5‘:77 m2/day.
Table 8.4 Perumé.j:‘lb‘ility determinations of CLBH-2 based on

Hazen analysis o : ‘ “
Sample - Strat. die Kim/day) K(m/day) Ue

Depth - range (mm) (C1=@.41) (C1=1.48) (dse/d1a)

(m) m , |
1.83 1,1-4.'4_ 88 127.52 45412 12.0
4.27 11-4.4 16 906.85 3229.3 17.5
457  4.4-61 .45  TL73 255.44 6.22
5.33 4.4-61 0.5 88.56 315.36 9.80
7.01 61-8.5  0.98  340.00 1211.59 14.3
7.31 61-8.5 1.0 35’4.24_ 126144 20.0
7.62  61-85 0.6 127.52 45412 167
7.92 61-8.5  0.63  140.6 500.67 59.5

Summing minimum values over saturated depth T = 786 m2/day
Summing maximum values over saturated depth T = 2612 m2/day
Average Transmisaivity = 1699 m2/day.
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SECTION 4: AQUIFER DEFINITION. |

8.21.1 Introduction: The initial infea_sibility of aquifer
definition has largely been ové'rcome‘ tﬁl}rough the- programme

of investigations outlined al;o'#e. The hydrogeological nature
of the various formations is descrlbed below.

8.21.2 Carboniferous Limestone: Ir’ish Waulsortian Mudbank
Limestone is a typically massive ca_rbbnate lithology having
poorly developed joint sets.As a cbnsequence of this the
lithology usually forms a poof aéuifér acrdss the couﬁtry
The near-perfect core re'c'overy “from the 5m of Bed-rock
cored at both CLBH-2 AND CLBH—-B‘-. indicate that this formation
is typiéal of the above rc’ase "having a low overall
transmissivity for the thickness penetrated. Pump testing on
CLBH-2 has confirmed this with-fis'sﬁr;e dewatering reflecting
the inability of local high permeability zones to supply
adequate quantities of water even at low discharges.

6.21,3 Esker Sands and Gravels: Preliminary grain size
analysia of arenaceous deposits recovered in the course of
drilling indicates this formation to be at least two orders
of magnitude more transmissive than any other unit and may
be safely viewed as the main aquifer in the area.

8.21.4 Till/Clayey gravel: Preéliminary field examination

of the claﬁrey gravels showed the formation to be highly

argillaceous and was therefore initially regarded as an

aguitard. This has not proven to be the case however, with



pump . testing revealing--reasonable'- transmissivities altho'ugh

].ower permeablhtles are suspected in the upper 1ayers on

e =

admg into lacustrme c}.ay ) .
5,_1.5_ Lacustrme “olay The permeablhty of thls umt has
- not been mvestlgated and therefore remains u.olmoym.
However, ‘in1t1a1 textural observations indicate locally pure
comp051t1ons suggestmg a very lowr permeablhty as typical
of the format:.on. ‘ 3
5_.21.5_ Peat' The hlghest heads observed in the area were .
those in- the peat glvmg preh.mmary mdlcatlons of the
units’ low permeablllty. Subsequent plezometer tests have;
con.firmed- this ‘but due to ‘comphoatlons in the .methods_
employed exact determmatlon of hydraullc conducthty 1s'
not poss1b1e The forrnatlons clay substrate is thought to B
" 1solate 1t from - the reglonal hydrogeolglcal regime m this

part of the mire.

. :
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v 7
MODELLING ."
Z.1 _Introduction: | ‘- o
Groundwater modelling provides .’ ;a\.';u;se.ful- Napﬁroach to the
determination of varioﬁsuvhs}drogeologicél' p.arameters
uncbtainable by Othe;‘ methods on tixé_‘c';i%'rect_.‘“ _E_r:g:ale of
interest, in addition to revealing the c_affe'cté 'o‘f various
components on the overé_ll be_havimi‘r -éf a ﬁydrogeolo_gical
regime. Many of these 'parémeﬁer_s a.r'e-e.i ixidet‘:ér"-rélinate using
standard field'hydrpéeologicél "techhiﬁille&}." | |
The numerical modellilizg a_ppr‘o‘;ch ..'t-o groundwater
investigations doeé however pose érlbb_léh}s- if the "number of
unknown inputs to ﬁhe system is rlarg:.e. This can, without
control, result in various alternat;i'-f'e solutions for the
one data set. However, the sensible use of numerical
modeiling in conjunction with the reasonable conceptual
hypotheses can minimize the possibility of such a situation
occurring. Bearing this in mind a brief groundwater
modelling exercise was undertaken with the following
objectives:
(a) To obtain a more detailed insight into the
hydraulic behaviour of peat.
(b) To gain an indication of groundwater activity

on a scale encompassing both organic and incorganic

formations.

Owing to the lack of time-variant and storage data steady-

state models could only be run for both cases.

B84




7.2 . Theory: The stee,dly-state version of . the basic
. Jgroundw'ater flow eguation is as ;.'ollows: _ _ |
 6/6x(Tx 8h/6x) + 8/6y(Ty BB/EY) + q = O ®
| x;:her'e T;;.y is the aguifer tranemisslﬁty. in the x and vy

dlrectlons .
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TS —= = =-0h/bx; 6h/6y ~are=the™ hydrauhc gradlents inTthe=x= andwl-«mw

v directiohs','
and - q ls r'echsrge
E Both models sunulated are sectlonal and the sltuatxon is 7
therefore modlfled transmlss1v1t1es becoming hydraulic
conduct1v1t1es for a umt W1dth of aqu1fer and 5h/5Y
becommg 6h/62 Equatlon (1) is solved here by fmlte
element numerlcal approxunatlone
F].mte element methods: mvolve the mcorporatmn of a
' nember of trlangular’elements into a mesh- The computer
program ueed employs the Galerkm fmlte element
approxunatlon whlch Assumes lmear approxlmatlons between .
the nodes ‘of eachr. element. Th_e_ resultingu data 1s_ then-placed
in‘e. me.trnix andeqlxeti'oh'(l) subsequently" solved by c_omplezg
‘mathematics. - ) |
1.3 Methodology |
The computer program ugs'ed ‘AQU_:A"(Vatnsskil ‘.Consulting
 Engineers) is a 2 dimensional modelling package. The code
has the following advantages over other grouhdwater
modelling packagee of |
-(a) Bemg very user fmendly thus avmdmg

excessive time spent becoming familiar lengthy code and

1
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filing systems.
‘ (b) Graphical t‘:iésplay allp%é« inmledi;ate" assessment
of the modelled systems ,be-haviour_“': L
(¢) The systems small ‘me:'nci;-y': requirement means
that it is possible to ‘runi the packeigé.- on.a P.C. without
hardware requirements. |
“The model does héwever have a mixﬁbrer of shortfalls
(a) Like all finite eleui_ent: m?éijxods the package
reproduces accurate héads butd .’—ass_sbyc;i'ate‘di flows are
frequently incorrect(Rushton & Redsﬁé&, 1979). In this sense
finit_e difference methods are far éu;.pefi.‘or, v
(b) The mathematics asJ"s(:cé.cfiét:ed with finite element
pfograms iz complex and alterat,ionsr 'of‘ the ;:omputer code to
réprodu_ce more realistic simulations rare,' .di.ffit':ult to
ac_hieve. | |
(¢) The low power of P.C. sys_'t:ems mean that the
model run time can be very long.(approx. 1_5' mins in the
regional simulated case generated in this} project).
7.4 Hydrogeological modelling of peat.
.41 Model input: A sectional model of Clara bog was
produced along the flow line indicated in fig. 6.2. The flow
line extends from the central recharge mound to the clay
substrated drain at the north margin. Extensive head data
especially approaching the reserve boundary- provide a good
degree of control in calibration. The required head pattern

is illustrated in fig. 7.1
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Flow traversing the recharge mound is not thought
possible and this side of the mound has therefore been
&:odelled as a no-flow bouhdary.Simiiar conditions were
simulated for both the clay sfubstrate, owing to the inferred
low permeability of the unit, and the upper water table
boundary, for mathematical convenience. The northern drain
has been modelled as a constant head boundary with all flow
discharging through this point.

The only input to the system is direct recharge the
magnitude of which-was initially determined using a Penman-
Grindley soil moisture balance. The values of
evapotranspiration and precipitation used are those
illustrated in table 4.1. Runoff was taken as 10% of total
precipitation and a root constant of 35mm assumed. The
resulting values of recharge for Birr and Mullingar are 453
mm/yr and 362 mm/yr respectively. With regard to the current
model these values are over éstimations since little account
has been taken of the low heads prevalent at this time of
yvear due to the dominance of evapotranspiration. A recharge
value for the system was therefore set below these values at
250 mm/yr.

Recharge was simulated‘withm the model along the full
length of the floﬁ line to reflect the unconfined nature of
the peat.

4.2 Calibration : Initial attempts to calibrate the
model to within the 10 cm margin of error required regarded

the peat as a homogeneous unit. This could not reproduce
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'the required pattern satisfactorily. Subsequent simulations

- were "attempted -employing a layered permeability system in

view of .existing geological information. The model was then
ruﬁ using piezometer ‘permeability data- Resulting heads were
typlcally l metre below those observed.

Trials" = were _ then o attemPEd _using the
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hum1f 1cat10n/hydrau11c conduct1v1ty relatlonshlp Good

correspondence was observed mth the f1eld data over much of :

the area although those " results obtained rapproachmg the
margin _were not satlsfactory with vertical hyd.rauho ’
gradlents not adequately slmulated. Margmal sltuatlons were

therefore altered by decreasmg the upper 1a.yer hydrauhc

conductnnty thus s:.mulatmg the compact:.on and reductlon in

permeab111ty assoc1ated w1th dramage of peat (Hobbs, 1986)

“In con.]unctlon w1th this a hlgh permeablhty -layer was

mserted at depth as suggested m f1g (6 3) Correspondence

was better but not satlsfactory Fmal cahbratlon of the '
model was achleved bv allowmg the permeablhty of the upper
layer to . mcrease. down hydraulic grad;ent (but keepmg

margmal oonduct1v1t1es low)

ta o

3 L_‘LB__ Sens:.tnnty analysLS' : The results of a brief

sen51t1v1ty analysm of the cahbrated model are dlsplayed

m table 7.1. The model ls seen to be most sen51t1ve to

recharge, constant head value and the permeablhtles of

! marginal un1ts Permeablhtles of the more distal units from

the dram have less effect on the max:.mum head yet thEJ.I‘

alteratlon does cha.nge the overall flow pattern produced. :
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FIG. 7.2 INPUT USED TO SIMULATE THE REQUIRED HEAD PATTERN

e N R S e ROgT . R e T

FOR THE MIRE MODEL.
Hydraulic [a'ldudivity.{uvﬂlH ‘
i Y
: . 4
o [ e
™ 22517
i 3-45x10°3
| 216210
‘ = ]

Scale: _S0m —

im ‘ ) 17350
— — — Permeability/humification boundary.
—— No flow boundary. 553 -Constunt head

: I




i

F16. 7.5 Equipotential output of célgbﬁated'mudel off Clara Bpg,tNE) .
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Increasing both reéharge and the head in ‘the drain to
asimulate winter conditiqn;'prodﬁées é_'laféé increase in head
above the present topﬁgraphﬂ: surfac;f This ﬁﬁy be partially
resolved when it is regeﬁberéd ;hat*the watép level at the
time of measureﬁxent 'w_a_s_ within .llpwv,_‘,bper}'meability catotelmic
peats. A rise in the 1;§at w%i-tef; ,téblé dufing the winter
period would permit the }ughefﬁmdre_pefmaable acrotelm layer
to become effective thus réduc.ix‘ig;"h.‘egds to -'more realistic

levels.
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Table 81 Sensitivity analysis for Peatland S'imulation.,

Maximuxﬁ heads for each simuiation are shown.

Original maximum head: 59.23 m.

Component  Original value 20% increase 20% decrease
_ (m)"sec)f
Upr: marginal = 2x10-9 © §9.42 m 5907 m

== ——————;:PQB-_t;PAe,.@%avbi}_ ———

o e mi o mmmmmmn m s ommw e oL ah & mo o pkme e m sam e o poiam m megesh § mae ek e p3 e e mom e o -
e

-ity

S

_ -,

L. marginal . 1.5xi10-s 59.67 m 58.9 @

peat :éérmeai:il '

“
i

-ity. i A » h -
Recharge . 250mm © 60.01(300mm) 58.44(200mm) ' |
'Head in drain 553 m 59.53(55.6)  5B.92(55.0) ;
Upper layer peat 2.0x10-8 ~ 59.33 m 6914 m '
: f)érniea,bility'

a8

(,intact Bog).

Upper layer peat 2.6x10~7 5927 m . 5919 m
, ’p_erm,e‘.abili-tv |
(;bog margin) _ _ _ N
Sec':_on'd layer peat 2.0x10- 59.26 m 59.20 m
- 'I'h:l.rd layer ﬁea;c‘ 4.0x.10-9“ 5“9‘_.24 m 59.22 m
Lowé_:_:} layer .peat 2.3x19-8 59.24 m 5.2l m

(intact bog)

Increase recharge - 6.3l m = --=-—- :

and drain level.

P
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1.5 Modelling of organic and inorganic 'formatione-""
1.5_.1_Model mput'- A ‘brief- regmnal model of both the
organic and” inorgamc format:.ons was ‘attempted on completion
of the peatland simulation. - Expansmn of the model reguired
the boundary condltzons to be altered. The eltuatmn is
compllcated by two parameters. ,__’f_: .
(a) The precxe.e dir.'ecti;onl of regional fiow is
not lmown smce exact head data 15 only avallable for CLBH- 2
and CLBH—3 An approxmate dzrectmn of flow is estimated
based on additional wmter head data from CLEBH-1 further
_south before the hole was blocked. A southern regional
gradient is tentatively suggested. _
o (b) -The curve nature of - the .peat flow line
departs sign:iiicantly from-"'th_e ﬁrdpeed regional gradient in
its upper part -approaching the.-‘ r'ech'arge_ mound. Parallel flow
lines can only therefore be -achieved in that part of the
regmn where the peat approaches the northern mire
boundary.
The above complications have resulted in the following
boundary conditions being applied to the model:
(i) The upper boundary is taken as the water
table in both peat and inorganic units and is regarded as a
no flow boundary. |
(ii) Lateral Boundaries in the peat are as

they were in the initial model. Those in the inorganic
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attempt to simulate the regional flow sradxent. The northern ey

‘head i.e known . from CLBH-S while that m the eouth has been

estunate as deecrl‘oed above. ‘I'he same southern constant head

formatxons are constant head boundar:.es. mtroduced in an ‘ . l

is. apphed at the eastern peat boundar? in an effort to

resolve the dev-@ation in flow- di.rections by creatlns: an - . — ) I
T ort‘lioéona}-eectzon-'ﬂ-acfose-;_-'t;h_e4-i~egiona'l-*gradi"e‘r“it;:-'—?----‘~—* SRS
(iii) The lower boundary is-tentatively o l

takeén as. lying at depth within the limestone. .

x

Permeabil_itiee of the. various i_.norganic forfnatiohs were
estlmated uemg pz'evmus pump test data althoush that of the4

clay is un.k:nown and has been prelmmanly eeta.mat.ed as 0..1.

- — ‘ ' N -
e . AR -, b R 4 LT e .
L

mm/day 'I’he extent of these um.ts hae prev:.ously been i
determmed bv borehole and geophys:.cal data..

1.5..... Cah.brata.on_ Proqect time constramts have meant that
only an approxmate model cal:.bratxon can ‘be ach:.eved. Th:Ls ._
mvolved reproducmg ther heads observed in CLBH—Z to - mthm
_'lecm. 'I'ransmee1.v1t1es -used- were those derwed usmg steady—

state and . Walton leaky» aqu1fer techmques. 'I'he resultmg

output had poor correspondence tc reahty when the horlzon,

m wh:l.ch the - pumped ple"ometer was placed was regarded .as'

clearly incorrect in view of the good hyd:aulic conne_cnor_i

obser\fed ‘between units and the resulting permeabilities are-
therefore over-estimations of the true situation
A more realistic: approach wasi ‘then adopted in which the

relative transmissivities were obtained and the maximum




" degree of accuracy. The resulting dgtput is shown in fig

~1.5.3 Results: Qualitative sensitivity ‘analysis based on the

transmissivity redistributed in according proportion. The

resulting simulation gave a .reasonable fit to the required

7.4.

degree of ,deviatioin_‘frsm" the calibrated pattern have shown
the model to be most _se‘ns'itiv_é -t_o “tﬁé following:

(@ ‘I.'};iev r_‘egicizv'llé.'l‘ -ﬁead'gra'.dient,

() Rechdrge,. -
and | (c) The: permeability ‘olf- the clayey gravel
adjacent to the drain. L

20% variations in -the'- p'émgabil;lpies of the inorganic
formations produced little J‘.nﬂﬁénc:ej on ‘the overall head

pattern. _
Despite its low permeability, flow through the clay is

seen to reduce the maximum."heéd observed in the peat by 50cm

L
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F18, 7.4i] INPUT USED TO SIMULATE THE REOUIRED HEAD PATTERN

"FOR SECTION 7.4.2.
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FIG. 7.5 QUTPUT FROM THE CALIBRATED MODEL OF THE BOG AND
INORGANIC FORMATIONS.

m | .

9 Observed field data.

ml %

$

- 561 —Model equipotential. /—/_/




‘in the calibrated state. This therefore iinkaplire'e that ‘the
permeabilitiee of the p'eati layers are actually Tlower tha.n
thoee' used in section 7.4..‘ |
Flow from both morgamc and orga.mc formatlons to the -
dra:.n is perhaps the most etmkmg feature of the model

ies’ Effec*-" dlStOI‘tmg the reglonal flow pattern by -

e ““dlvertmg water- upward toward"the outflow, effectlvely short - o

c1rcu1tmg the confmmg effect of the clay _
Removal of the d.ram (flg.? 6) wae smulated by the
_ removal of _the constant head ‘at, _that locality. A
correepondmg head bulld-up of m is notable - in the peat. ,
Thle unnatural head 1s a consequence of the permeablllty.
reductlon aseoc1ated with dramage and would not occur ‘where
‘mtact lagg zone exlete emce permeablllty would have a
eubeta.ntlally hlgher value. .
Q Concluelons' .
Apphcatzon of groundwater modellmg to the peatla.nd
" and regional 31tuat1ons has 111ustrated the followmg
po'mte: _ B ,
W ~ The permeability of peat"has been over*eetiﬁated
by plezometer teet methode. ‘ ' ‘ ( o '

U A(2) Heads cbserved m the' field reflect a layered
pex:ﬁeaoility system and ehow hydrauhc condugtlmty
decreasing with increasing depth and humification.

<)) The'high permeaoility layer previously hypothesized

to exist- at depth is confirﬁed to e:;iet. thus

i
-t
I

" . 1

. — o - \4- ‘- ,n
v ¢ ] B - . '
- . eI s LT Lo . . .

- -k -




Fre. 7. SIMULATED MODEL WITH MARGINAL DRAIN REMOVED.
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indicating . deviation from the proposed permeability/
humification relationship in areas affected by anthropogenic
activity . _

(-4) The maximum heads observed on the bog are most
strongly influenéed by recharge aﬁd water level in the. drain

and, to a lesser extent; by marginal permeabilities.

T8y - - Simulations of winter conditions —reproduced

héads above --t,he topographic suffafce._of the‘lboé but _ca:zl be
explained as a consequence of the omission of ‘a high
permeability upper acrotelm which lay above the water i:ablé
at the time ~of, me_asuremgnt.*lnclug)ion of unit data is
‘imag-ined to reproducé more realistic results. |
| (8) _ Mode}ling of organic. aﬁd inorganic formations
on a .larger scale proved difficult due mainly to the
deviation of regional and peatland hydraulié gradients- in
.adqlition to the unkmown permeability of the lacuatrine clay.

{7} The presence of the drain along the northern
margin of the reserve distorts the' z;egicnal' flow pattern
préduc'ing upﬁelling f:.'o.:'n the underlying Pre-Holocene
deposits. confirming the original hydrochemistry-based
Kypothesis although flow through the Bed-rock still follows
a regional trend. |

(8) Th-erll.ow bﬁt finite permeability of the clay has
reduced the maximum head in the overlying peat due to
downward seepage of bog water into the underlying gravels.

(H Simulations involving - the removal of drain

result in a mox_;e typical regional flow pattern although

. .
/ '

ekt
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heads in  the overlying peat increase greatly. Such a
gituation does Anot occur in réalitv and is a'cénsequence of
oW permea;t)iiities developed in .'peat. by the. drainage
pfocess._ , _ | )
.1 Recommendations.

The simulations ébove have been produced with much
" ¢enuous data. .'1';h.e values of which have been estimated either
from literary sources. . or are .ba_sed on scant 'regional
information. In order to understand both regional and
peatland groundwater flow more - fully . the following are
recommended: . o

(a) Monitoring of all 'available hegds in the area over
a the forthcoming vear. | _

(b) Additional boreholes should be, drilled in the pre-

peat deposits thus allowing more effective determination of

(¢} An 'ai:tempt should be made obtain the permeabili{:y_
of the Lacustrine clay which is a.n important controlling
parameter in the operation of the system as a Whole. |

(d) Attempts should be undertaken to determine storage
parameters in all formations. This in conjunction with the
time variant data which would be obtained from (a) would

permit the development of a nen steady-state model for the

area.

. : regional flow gradients.
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VIII

THE ORIGIN OF THE CLARA BOG SOAK SYSTEM.
8l Introduction.
The final stage of the classical raised bog

hydroseral succession is not observed in those parts of tl@e

_Clara__mire_ where _soaks__exist._ The_._two__best_ developed. .._.

PR . o Coa - :

examples of these areas of the bog in which the vegetation
is more typical of minerotrophic fen conditions, lmown as
droggs in Scandinavian terminology, are found on either side.

of the road bisecting the reserve (, these parts of the bog

‘being known as Clara East and Clara West respectively (fig.

21). They are thought by many authors -té be 'f.he best
remaining examplés in Ireland (Bellamy, 1986). The origin of
these features is enigmatic since they are often located
near the highest part of the peat 'ddme. A nun;ber"of -
hypotheses have beeri presented to explain.- These are

1 The spring mire hypothesis,

2. The surfacle drainage hypothesis,

and : 3. Thé tension pool hypothesis.

8.2 Spring mire hypothesia.

Mires fed by groundwater, known as spring mires
are not uncommon in wetland systems, examples being found at
P-ollardstown fen in Ireland (D.Daly, pers comm.) and Badley
Moor fen V'm Britain (R.Andrews, 1988 ) .Such systems can
often develop substantial hydraulic heads feeding nutrient

rich ground water into the overlying mire. The high artesian

- .- l
s v .
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head observed at CLBH-1 would appear to mdlcate that such a
regime may be operatlonal in the Clara soak systems. A
number of faots make thle syetem lees plausfole however'
(a) Levellmg from CLBH-J. to Lough Roe on clara eae‘c
(whose water table 18 v. shghtly below the surface) showed
a the lough to be 5. 2m hlgher than the borehole locality. |
There is therefore a head dlfference of 34m operating
against the upwelling water G the artesian head in the
borehole bemg l.Bm above ground level) This differenrce ‘
would easlly offaet any potent1al VEI‘tlcal flow from the
underlymg gravels. |
(b) No anomalous hvdrochemcal parameters have been
noted in either_" soak beyond a slightly higher pH above that . E
of normal - bog conditions'uar. i_.ouéh ‘Roe. This contrasts 4

strongly with the situation observed in typical spring mire

ik

system where anomalously conductivities are observed at
surface as in the case of Badié? Moor fen. Profiling (fig..
5.2) has revealed marginall:f higher conductivities than
those observed in the surrounding peat yet’ the values differ
ocnly by a factor of 125 'from._the full hydrozeral section
and are still- far lower than those observed in the gravels
at CLEH-2. Should the spring mire regime be operational in
the soaks then significant dilution must be occuring.

(c) Coring down to the base of the peat consistently
reveals lacustrine clay to be the underlying medium in all
cases. This extremely low perme\ability unit wou_ld only allow

insignificant upward seepage. It is appreciated that seepage
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may be occuring at a dis'crete 'point' awa.'y“- from the aocak yet

"o mdicat:.on of thls has .been obtained in prelum.nary

-geophysmal mvest1gat1ons
‘ Invest1gat1ons into the 'origin " 'of the 'eoak has
concentrated on Lough Roe with lese emphas1e bemg placed on

- -

the system on Clara west. A eprmg eource may be more

) lau51ble here ‘as a topograpmc moundmg below the baee of
the peat. v151b1e on fJ.g 25 ad,}acent to the soak eyetem
yet no fleld hydrochemcal anomaly ha.=' been cbserved to
euggest such a reg:.me. | o )

. ‘f _
8.3 Surf‘ece di‘alnage" hypothesis.

- Snrf_ace runoff- and - groundwater flow. are the- two
main niethodet*e'mployed b‘y ra'ised.'bogs.-rtoereme{re excess water.
Expei'ience of the ‘water to flow. resulte-in'increaeing total

'dlssolved sohds many of which are J.mportant for plant
growth. The focussmg of . flow mto a loce.l centre of
drainage resul_te in concentratmg -of: - nutr:.ents at this
locality' thus all'owmg the development of. morewmm‘erotrephic\
_ _vegetatlon m an othemee ombotroph:.c hab1tat.
; This model was ‘used. by Bellamy(lSBS) to explam the
| orxgm of the socak syetem on Pollagh bog 19 lm to the west.
of Clara "Bog, now- unfortunately cut away. Exammatmn of
aerial -photographs‘. of the bog = reveal the presence of
numerdus internal surface drainage features many of wl'uch
focus " on the" eoak ‘on Clara West. Sim:lla_r feetufes are

notably’ lacking . around Lough . Roe. The .water table




ipotentie.i“ map Prociu{:edf for this ‘part of the bog (fié.

equ

8.2 ) doesr however indicate. focussed dramage toward the

soak from the higher surroundmgs Thls feature may however

be an cons,equence of dapa—. pomt . dis‘qr:.butmn and little

credibility c:an be at‘i'.aehe;c_l_}ﬁo' the 'reeﬁii without additional
regults. o | " |

On explammg the or1gm of the Pollagh system Bellamy
(19886) noted the presence of a plug of marl protrudmg
through the surround.ms lacustrme .clays mdlcatmg the -
presence of a. former. - eprmg. It therefore _appears that the
soak was :mtxally spring fed by mmeral ‘rich groundwater
producing a fen boeany,yhl:gl_e. t__h_ei_surrogndmg areas were
developing in the more claee“ieal manner- into topographically.
higher sphagnum raised‘}go‘ér.‘-,u-Eiregtua.i%&. the hydraulic head of
the spring was offset, yet the soak;e ;"l;ogosraphically lower
position resulted in sustained. foeussing of drainage thus
maintaining minerotrophic )v“e_g‘et'atipn.ﬂ o

The presence of t.he'éreviouslly mex_ltiened mound adjacent
to the western soak make this hyqu.hfeses very plauseble for
this locality, the presence ef permeable glacial till below

the peat being a common occurrencef in this part of .the

reserve.

84 Tension pool hypothesis. _
The process of raised bog growth results in the

development of tensile streases with increased height of the

peat dome. Eventually the height of the dome can become 8o
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-~ high -that these stresses are 'greater than"j'thé tens‘ile‘

strength of the peat and tearing occurs producms fissures
wh.xch fJ.ll w1th water glvmg open ‘water pools ‘arranged
parallel to the contOurs of the dome. :

" The: presence _of' o'i:en_‘ water’ ‘results“ in the growth of

algae such as Zygogonium erx‘cif:crum on the surface of the

e e e oD o etk et} m e Ak e =

the nutrients trapped within them ‘which in turn’ produce_s a .

bct'anical_ - asgemblage . typical of - more - minerotrophic

. the overall orientation of the 11- ponds further to the east.

mvolved in 1ts formatmn in contrast. to the more. easterly

pools  at' particular . times of the year. This “plant
plzotosynthes"is' producing large - “quanjtities of dissolved
ox&gen in the surrounding water " thu's~ 'inc‘reaslng“ ; pe‘at .
humflcatmn and actually reversmg it’s accumulatxon in a.
process called corroswe ondatlon (Bellamy, ' 1986) The
result of these chem:.cal reactmns is the. breakdown of plant

materlal lower down in the ecologlcal successlon releasmg

conditions. -

Such pools are eventually overgrown by more ombotrophlc
vegetatlon mth preferent::.al growth commonly occurmg across
the surface resultmg in St].ll water bodies at depth.

Exammation' of the’ study are& in Clara East -reveale a .

notable_ﬁli‘i'leaﬁient between the major .axis of Lough Roe and

Based on the above theory it would appear that both features
lay along contours of the elongate bog axis prior to
topographic disturbance by road construction. The larger

size oJ: Lough‘ Roe suggests forces 'of greater 'mag’nitude

i ek 4+ i ki e gy e mm et dgime | oy o ¢ ba e h e jllmarine b e e o
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ponds. As a corollarv to this, aesummg amlar mechamcal
properties -at both 10cal:.t1es, iv is reaeonable to infer
that the depth to. wh.xch the 1mt1al flssure penetrated was
greater than that of the ponds, “thus exposm.g former more
luxuriant fen vegetatlon to _ cmdatmn : and release of
nutrients. These nutr1ents wculd subsequently allow the
development of fen vegetatlcn thus producmg a soak.

Aerial photographs mdlcate the extent 'of Lough Roe to
have been formerly more extenswe prmr to the construction
of initial topcgraphlc maps-. The presence of still water
bodiea at depth aurroundmg the soak 1.n conau.nctmn with the
highest hum:.f:.cationa observed in - the study area add further
weight to the tension pool caee.

PR

This genet].c mcdel ls 1ess credlble m the Clara west

system as there are no marked lmeaments apparent at this

locality.

8.5 Conclusions and reccmmendattonsg The .soak systems of
Clara Bog appear to havei a Bi-genetic origin with the
westerly system forming by spring activity followed by
localized drainage while that in the east has formed by
tensile fissuring. Localized drainage may fortn an important
component of the Lough 'Boe nutrient supplv yet without
additional data acquisition this aspect remains uncertain.

The ambiguity resulting from hydrcchemical parameters
cannot be explained; however the 'ccncent:"aticn of nutrients

required to produce more minerotrophic botanical assemblages




is not quantlta.tlvely known and it 1s‘ possfble tha.t valuest
onlv slightly ‘above background quantltles are necessarv.

'I'he conclusmns reached '‘in tl'us pro:ject are. ba.sed on
prelmmary data. In order to gam further - ms:.ght into the
ongm of the soaks the followmg are reccmmended .

(l) Cormg on the mound adjacent to the western soak to

TS TS “,.“-uwwwh._u..._.,msm-xw T T S P P —

detemme the underlvmg llthology

o wm deram | e o mbrema e Aan = n e =

X3 - .
® ' - aa . .
. N - :

| (2a) MaJor ion hydrcchemcal samph.ng ‘and modellmg

along flow’ lmes to deter:mne rates of mcrease of elemental
concent.ration. | ) |
(25) QUantif,ics.tion: °,f-, rthe riu‘crient :'requiremrent',s' _c;f'
those minerotrophic species cbs_efve& m the soak.s.*
| ‘({3) Installation “of . .aclditricnal 'sie‘zocsleters in .

e

additlon to topographzc levellmg in the v1c1.mty of bcth

i . . .
" - . |
. - N . . - a r L. -

e

systems to determne the ccntrlbutmn cf surface runoff

4

. i
.o . .
. . .,



VT e S T e e e R T e s T . e e ST St A T A T SRS e g e < TTIRG, gtise T edE S

119

. . ,.i.. m B
SUMMARY OF MAIN® CONCLUSIONS.
101 Geology - R

Deta1led geologlcal izweetlgatlons of the north eastern
part of Clara Bog by exposure mappms and drzllmg/corlns
show the near surface geology to be dommated by Quaternary
formations. A conceptual palaeogeographlcal model shows
these to be dom:.nantly of \fldvm.-glac_lal, 'lacustrme and
organic origin. L
19.2 Geopi'zysios- "

The Offset- Wen.ner techmque used to ‘mvestlgate the
subsurface proved of httle use - when employed without
calibration, due to equ:.valence and suppreselon in the
resulting soundmgs. However, apphcatlon of the method in
conjunction with borehole data proved the method to be a
valuable tool for subsurface mvestlgatmn. The dipole-
dlpole method proved | of httle ?ose m providing any
additional data to that obt.amed by re31st1v1ty technigues.
18.3 Hydrology.

The climate of Clara Bog is believed to be very similar
to the weather stations at Mullinéér and Birr to the north
and south-east. However a flow ’oalanoe ce.rmot be completed
for the area due to.a'n a'oseoce of rfﬁn—voffy data.

12.4 Hydrochemistry.
Field hydrochemical- measurements uoarried out on the bog

and in the drain along the reserves’ northern margin show

two water types to exist. a low conductivity and pH, higher




. temperature water on the bog and a high conductivity and pH, -

" lower temperature water in the drain Compar:.son of the

1atter to the borehole cheuustry suggeets a source in the
underlymg pre—peat formatlons._ 4

-10 5 Hydrogeolog'y

Mt 4

| Fie1d~ - hydrogeologcal‘“' = inveetigations" “"int > 'the T
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permeablhty cf peat usmg constant head and r1smg head
tests mphed no relatlonshlp to exist between hu.mflcatlon

and permeablhty- : Exammatlon 'of the data and ccmparlscn

'mth Darc1an and non-Darcian models of groundwater flow

through the medium showed the data to agree more mth the

-former Case although the conclus:.on , is tenucus due to

maccurate methods of data ‘analysis,

B P - Cs -

Pump test analysls "en':ploswred to mvestxgate thel

pemeablhty of the pre-Holocene formations ylelds only
. i

approx:unate : values due to dev1atlons from -idealized

analy.tlcal' solutions. Resu_lts fromk dlfferen_t I anaiytical ‘

methods agree ‘to within half an 'order of magnitude with one

'ancther. Steady-state and Walton methods are . thought to be

the most accurate approaches ' s:.nce dev1atlons from the
crrgmal assu.mptlons are m;nmnz.ed in bo___th_ cases.

Grain size —anal:;fsis for clastic formations has proved

- useful in the preliminary determmatlon of the permeablllty

of the arenaceous units in CLBH—S The loss of fines from

- the - bailer - on tipping has resulted in overestunated .

permeablhtles ’oy three orders of mag:mtude in the more

!

" argillaceous . dep031ts of CLBH 2.
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10.6, Groundwater modelling.’ _
'Modeliiha of groundwater flow “in the peat shows
p1ezometer methods to have overestmated permeabihty An

inverse reletlonehip between permeablhtv and humification

is observed for undzsturbed peat but is not bourne out m

areas affected by anthropogemc aotnntles where higher
permeability Hs layers emst at’ depth.

P

The extensmn of the peat model to mcorporate older

Sk

inorganic formatlone is tenuoue smce ?nelther the reglonal
flow gradlent or the permeablhty of the Lacuetrme Clay are
accurately -h;own. Deeplte.‘ tms, the effect of the drain
alorig’the northern margin is well 111uetrated and confirms
hydrochemical-.evidence. of upwellmg at this locality.
Downward seepage from the overlymg peat through the clay is

also 111ustrated and is an’ mportant controllmg factor in

the maximum head developed in the modeL
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GLOSSARY OF ECOLOGICAL TERMS USED IN THE TEXT.




perotelm: Thin layer of unhumified peat found on a mire

surface. ‘

Bog: A wetland of oml':otrﬁphic vegetatiﬁn.

catotelm: Dépos_it of “humified peat making up the bulk of
raised bog deposits. ‘ |

Fen: A min_efotrophic wetland usually deriving its’ nutrients
from groundwater and"surfa.ce runoff. .

ﬁumficatiom Théq prbcess of decay in organic matter.

L2ggs: The marginal area of a raised bog with a:
characteriatirl.- poor fen botany indicating the junction of
mineral-rich and miln_eral poor. Qateps.u

Minerotrphic: Term used to describe; vegetation deriving its’
nutrients from mineral rich waters, usually groundwater and
surface runoff. ‘ | |

Ombotrophic: Term to describe vegef_ation which derives its’
nutrients predominantly from rainfall.

.Peat: Partially decomposed organic mattef. .

Soak/Drogg: An area of raised bog containing a vegetation
more typical of minerotrophic fen conditions.

Von Post Humification Index: Qualitétive scale for the
determination of the degree of decompositionlof organic

hatter.See next page for full scale.




| ' SLQN_PD.SLMIHCAIIQLINDEX._ I

Completely tmhumlfled plant remains from wluch almost

colourleas water ‘can be squeezed.

Ha: Almost unhumified plant remains; squeeze water is
light brown and almost clea,r.k

Ha: Very poorly humified plant remains; squeeze water is

cloudy and brown. il

H4: Poorly humified plant remains; peaty substance doesn’t
escape from between the fingérs on squeezing.

He: Moderately humified plant remains; the structure is
however clearly visible; squeeze water is dark brown and
very cloudy. Some peat escapes between fingers.

He: Fairly highly humified plant remains; the structure
{texture) is unclear.About a third olf peat escapes between
fingers. | ‘.
H7: Highly humified plant remains; about 1/2 escapes
through fi.ngers_ ‘when squeezed. Water is. dark brown

Ha: V. highly hunﬁfied pla.ixt' remains. About 2/3 escape;
only left with remanent wood and roots (res1stants) ete.
-Hé: Almost completely humfled. almost all escapes through
hands. Structure is absent.

Hie: Totally humified and amorphous. All peat escapes -

through fingers without any water squeezed out.
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ELEVATION ABOVE DATUM: 55.49M

SPACING A
(METRES)

9.5 49.1 4
1.9 31.0 2

4.9 8.48
8.2 4.86
16.0 2.94
32.0 2.87
64.9 2.15
128.0 1.72

Solution: Om

—— i ke
———— —
. e o

€ DI D2 B RESISTIVITY
- " (Q-METRES)
3.51

7.8 31.9 39.4
8.8 18.8 26.9

2.0 17.2 16.05 12.1 13.7

7.92 6.3 8.85
4.42 3.4 3.31
2.77 1.96 1.98
2.31 1.58 1.73
1.96 1.47 1.50
1.83 1.28 1.09

Depth{(m)

2.21

1.13
8.57

.24

9.20

0.18

2.16
9.98

143,
161.
162.

198.

597.
951.

112.

168.

339.

RESISTIVITY SOUNDING NO.1 (CLARA BOG).
IRISH GRID REFERENCE:225 450 230 280 .

Q9

66
o8
73
64
00

14

15
42

GEOL.
ERROR

21.04
35.29
12.41
5.40
2.68
0.88

OPER.
ERROR

0.045
0.000
0.000
0.001
0.000
0.009

10.11 9.133

1.48 9.001

18.58 9.901

ne
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RESISTIVITY SOUNDING NO.2 (CLARA BOG)
} ’IRISH GRID REFERENCE 225 460 230 175"
ELEVATION ABOVE DATUM: 58.37 M

SPACING A :'C ' DI D2 . B RESISTIVITY = GEOL. OPER. ...
(METRES) : o ' (Q-METRES)  ERROR- ERROR

)
. ' .t )

| 0TE T 88T8 647475579 4e-x”4:38~“m150 ae~“u~w%32‘91~‘a“aea::T?::::::

1.6 37.9'35. 5 27.1°28. 9 2.60° - 175.93 | s 43 Q. aeer l
2.0 20.118.8 15.0 15. 21.28 189.88 1,19 0.001 -
4.0 - 9.79'9.19 7.56 7.33 0.60 187.11 "3.09" 0.000

8.2 5.02 4.79 3.70 3.57 .25 182.72 - 73;57f'e.eea .
16.9°- 3.07 2.89 1.98 2.15 0.18  207.50 | | | a.éa'é.eei*;f
32.0 - 2.46 2.29 1.56 iffa'e,ié “‘é%é;s%g_ 13.17 ¢.008

640 2.09 1.96 1.32 1.49 0.13 564.78 © 11.74 0.001
128.0 1.67 1.58 1.7 1.18 0.09 964.77 . 1. i 0.000

Solution: - Om = Depth(m)

1168




RESISTIVITY SOUNDING NO.3 (CLARA BOG)
IRISH GRID REFERENCE 225 435 230 . 380,
ELEVATION ABOVE DATUM 55.45M

SPACING A C. . D1
(METRES)
©.5 61.7 58.3 34.3
1.0 32.1 29.7 23.8
2.0 18.7 17.5 12.6
4.0 B8.868.34 " 6.8
B.6 4.65 4.43 3.59
16.2  3.03 2.86 2.02
32.0 3.28 3.17 2.36
64.0 2.29 2.15 1.56
128.8 1.65 1.54 '1.25
Solution: Qm  Depth(m)
131
------ 0.39
172
------ 7.55
78
------ 8.75
157
------ 15.47
1929

D2 B

- RESISTIVITY

-7 (Q-METRES)
§0.6 3.37 132.42
24.0 2.38° 150.17
14.8'1.21  172.35
6.69 0.52 169.52
3.1570.23 169.39
2:03 0.17. 203.58
1.710.17. 408.68
1.48 0.14. 613.03
i;eafé;lz" 9;5;54

GEOL.
ERROR

- 37.24
2.836

15.82
. 1.831

13.96
9.494
32.22
5.313
14.87

TN Ay BT P R PO e T e,
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OPER.
ERROR

2.9090
9.991
9.000
@.000
9.002
9.002
@.019
9.001
0.093
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RESISTIVITY SOUNDING NO.4 (CLARA BOG).
IRISH GRID REFERENCE:225 410 230 480
_ ELEVATION' ABOVE DATUM: 58.50

SPACING A. C DI D2. B RESISTIVITY GEOL. OPER.
(METRES) SR (Q-METRES)  ERROR ERROR

f:_%.,ww4me;5hgh\53:1<54%9:41:2:35:9:3:2fr:7422:sa%f::::rx;er::a:éaa*mu*u e
| | ;;e - 30.2 27.8 22.9 22.7.2.4 14326  0.877 '9.003
2.0 17.7 16.5 14.1 12.4 1.2 166.94 12.72 “'0.000

C 4.0 9.018.48 6,74 6.77 0.5  169.77  0.444 0.001.

8.0 4.24 4.05 3.30.2.95 0.2 157.08 - 11.20  ©.003 -

16.0° - 2.41.2.27 1.58 1.69_6,1 " 164.32 '_3.301_'0.@02,_ "
32.0°  21472.00 1.38 1741 @71 = 280.48 ° 2.150 "a;ées_‘
64.0  1.92 1.79 1.28 1.27 ©.1 - 511.50 0.786 0.004 .

| ©128.0 ° © 1.59-1.48 1.05 1.13 9.1  .875.83 ' 7.530 0.005 - .

Solution: Gm ‘Depth (m)

103
e Q.3
171
------ 9.29
: 70 |
o 13.01
140 o
—————- 1B.42
2600




SPACING |
(METRES)"

Solution:

‘..

A c

0.5 . 55.2 52.8
1.0 i 30.1 évha
2.0 17.5 16.3
4.0 8.97 8.39
8.0  4.73 4.48
16.0  2.56 2.39
32.9  2.08 1.99
64.0 1.85 1.74
128.0 1.50 1.37

D1

19.8
12.4
g8.72

1.74
1.34
1.22
1:09

ELEVATION ABOVE DATUM: 58.44.M

D2

33.1 38.3

24.7
13.8
7.01

3.46 3,87

1.89
1.36
1.15
0.96

Oom Depth (m)

RESISTIVITY SOUNDING NO.5 (CLARA BOG). .
IRISH GRID REFERENCE:225 380

230 575

B RESISTIVITY - -

~ (Q-METRES)
2.58  112.11
2.é9'5 139.64
1.23 164.61
2.5 172,63
0.24 . ;;?é515g-
0.17" 152,4éf'
a.eg;;‘ézi;;av
0.11  476.72
©.13 ' '825.56

IR

GEOL.
ERROR

14.66
22.27

190.53
4.224
3.211
8.585
1.7086
6.158

OPER.

ERROR
2.000
2.200
0.000

Q.001

@.082

@.00¢
9.002
2.9001

12.567 @.985

2%




RESISTIVITY SOUNDING NO.6 (ESKER).

_IRISH GRID REFERENCE:225 395 230 915 =

ELEVATION ‘ABOVE DATUM: 6@.96M

" GPACING A~ C
- (METRES) |

*.-«a:simf56:3%53:8$x4a:4%46:2:2¢x5:%fxdafsa::::%i4f651::e:eez;7_“4_-.

1.6 "12.2 113 11.8 8.67
2.0 . 9.62 9.09° 6.7¢ 6.15
4.0 6.23 5.76 4.43 4.48
8.0 3.62 3.38 2.77 2.47
16.0  2.84 2.67 1.83 1.90
32.0 2.69'2.53 1.73 1.71

Solution: Om Depth (m)

29.
wememe  @.45"
142 -
e 4.12
104 |
—-mess 11.55

2475

9.89
0.52
0.45
0.26
0.17

0.18

684.248

80.740
111.96

131.70

187.69
345.22

ERROR

30.42
8.560

1.122
11.45
 3.749

6.9at

DI D2 . B RESISTIVITY GEOL. OPER.
. " (Q-METRES)

ERROR

24

e, - g TR, PR o o

. ot

0_001
0.00i
éiéaéﬁ
@ .005

0.001

~

@.001

. . . . - . .
- - - - . - pamar N ; PR B » - - S P ; -
. . e - N L ! o . . “ - N - . T ERa . ‘ * o
' A - . . R . . . . !
B . : . 1 - n
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_ RESISTIVITY SOUNDING NO 7 (CLARA BOG)

IRISH GRID REFERENCE: 225 37@ 230 660
ELEVATION ABOVE DATUM: 58.39

SPACING A C. DI - D2 B  RESISTIVITY
(METRES) T (Q-METRES)
.5 52.1 49.5 34.8 35.7 2.71  110.74
1.0 33.5 31.8 26.7 19.7 1.73  145.86
2.0 17.2 16.1 14.2 12.4 1.16  167.01
4.0 8.64 B.06 8.88 6.38.0.58  166.37
8.0 4.65 4.42 3.47 3.27/0.23  169.39
16.0 2.9 2.74 1.87 2.010.17 . 195.08
32.0 2.6 2.43 1.72 1.65 0. 16J'2337;48
64.0 2.25 2.09 1.58 1.44.0. 16;L_eas.se
128.0 1.68 1.55 1.18 1.21 .13  960.87
Solution: Qm Depth (m)
121
------ 0.39
172
------ 8.16
79.6
------ 11.18
149
------ 15.8
2395

- GEOL.
ERROR

2.550

- 3@.92

13.89
7.25@
5.935
7.183

4.468

9.428
2.2609

OPER.
ERROR

9.092
©.001
9.000
9.009
9.200
0.002
0.001
0.9%01
9.001



IRISH GRID REFERENCE: 225 485 230785

 ELEVATION ABOVE DATUM: 57.08M

RESISTIVITY' SOUNDING NO.8, (LAGG ZONE) .

GEOL.

21.82

1l.e7
-2{447
2.568

1343

“2.729

0.791

. SPACING- A C DL D2 B RESISTIVITY
T T T (METRESy T o e = (Q-HETRES)
o. 5 13.4 12.6 34.8 35.7 0.88 27.37
1.0 9.38°6.83 6.06 6.77 0.54  40.31
2.0 6.49 6.06 4.44 4.55 0.43  56.49
4.0 5.29 5.04 3.46 3.55 0.25 = 88.09 -
8.0 4.60.4.40 3.10.2.71 0:20 146.0
. 16.0 3.94 3.66 2.60 2:53 0. 2817'25%.9
|  32.0 3.913.67 2. 52 2.54 0.24  508.7
Solution: Om Depth (m)-' -
40‘ Joint - reaistivitv(clay & lagg peat)
————a 1.2 .
------ 4.5
17@ .
------ 8.5
2400
3

126

OPER

L e

T ERRORERROR™

.000
0.000
2000
0.001 -
0.000

9.001
0.001

:
|
Hi

|

. i
EE N - '
‘o R W G5 W N -l G aGN ol =
..- - — Co ' ’ . “
. . e . . - B o ‘ o
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RESISTIVITY SOUNDING NO.1 (ESKER). -
IRISH GRID REFERENCE: 225 345 230:950

+

ELEVATION ABOVE DATUM: 62.76M-
SPACING " A -~ C . DL 'D2'° B RESISTIVITY GEOL. OPER.

| (METRES) "~ © 7 (0-METRES)  ERROR ERROR
E 0.5 111.7 107.4 71.4 80.8 4.95. 238.76 12.11 0.006
| 1.0 56.4 51.5 44.5 42.2 5.00° 272.37  5.306 0.002

2.0 35.6 33.4 25.526.4 2.26 . 326.09 .  3.468 ©0.002
% a.0 17.97 16.8.1214 1428_1.16-};541;68 . 17.14 9.002

8.0 7.82 7.255.05 6.85 0.40° '299.08 .  -30.25 0.021

; 16.0 4.18 3.96 2.87 2.77 0:24 283.49 3.546 ©.004
! 32.0 3.48 3.19 2.26 2.29 0.18 ' '457.41 1.132 o.014
| 84.9 3.05.2.88 2.08 1.97 ©.18" 810.88 - 4.314 ©.002

Solution: Qm Depth (m)

—————— 0.43
T 6.53

i)

-
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| RESISTIVITY SOUNDING NO.11 (ESKER).
IRISH GRID REFERENCE:225 426231 200
ELEVATION ABOVE DATUM: 4. 50 M -

SPACING A;‘ ¢ DL. D2 B RESISTIVITY GEOL. OPER.

(METRES) - - o (Q-METRES)  ERROR ERROR :
0.5 " 198.7 19@ .9 129 128 8.02 406.05  1.005 0.001 l ’
| 1.0 158.7 144.5 111- 98.8 14.3 658.18  11.74° 0.00L ' '
2.0 108.8 97.7 86.3 78.8 11.1 1037.35 = -9.085: 0.000 ,.
4.0 50.2 48.0 45.5 34.1 2.12 1000.28- - 28.84 0.002 '»
8.0 13.48 13.17 10.7 10.8 0.31  538.59 1.027 0.000 .
16.0 3.74 3.37 3.28 2.64 0.39 297.57  21.62 0.005 _ l
32,0 .3.92 3.75 1.81 3.07 .17, /490.29 - . 51.79 0.001.. i
64.0 2.86 2.44 1.57 2.12 @.24° 741.32 . 30.00 0.008 '
i Soluticn: Om - Depth (m) o
| 300 | l
————— P4 .
1200 . e
-——==- 6.55 ' .
| 8o~ | - .
S — -"13.30 . .
2400 -QUESTIONABLE RESULT. '
¥ |
; |
| 1
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APPENDIX IV
CONSTANT HEAD TEST DATA.
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FORMULA ‘
Volume released per lcm drop in marrlot vessel = 3566:&13
Using Gibson formula for constant head | - |
= Qinfin / S Ye

where o Qintin is 'ﬂdv} z“é.éé_ ‘(n.13 / day)

»'(steady- v'sta'te),
S is Shape factor (m), |
Yo is lmposed head (m)

S=2n:1/ln[1/d+{l+(1/d)2}l/2]

where 1 is length of open sectxon (m), _ h

d 1s internal dlameter of tube(m) :

Taking data from piezometer A3-1 for fiifsi;j,half hour.

Y==0.225m Level drop = 0.23—0.217 1.3cm -

455 cm3/ha1.f hour

'9.1' X ]'.0—‘4 'm3/hour
1= 016m & d = 0.02In
=> S = 0.365
therefore K = 91 x 10-4/ 0.365 x 0.225
= 2.83 x 19-1 m/day.

130




Piezdmetef A 1-2

Imposed head(cm) 22.8

- Hp.n_iification Hsa

. Shape factor 9.365

e AT AT e AR T T R T eme Tl AT e

B

Time Vessel level Level dropped ‘Flow - K - 'Q
AAAAAA ————eere e s e
(Hrs.) (cm) (cm) (m3/day) (m/Day) -
| 0.66 21.0 2.0 3.36.  0.40 . - l
19 . 18.7° 1.3 218 0.26 Do
15 - . 186 11 1.85  9.22
2.0 17.8 . 2.8 134 016 i‘_
2.5 16.3 1.5 - 2.52 .30 . -
3.0 15.5 2.8 1.3¢ 016 S
- 3.5 - 14.6 0.9 151 018 - : '
4.0 13.6 10 168  0.20 :
4.5 13.9 16 2.8 031
5.0 12.3 0.7 118 914 | i
. 7.9 . 9.3 1.9 2.52 9.39 h
Piezometer A 1-5 ~ Humification Hz @ l
Imposed head(cm) 27.9 ‘Shgpe‘.\ factor 9.365 i
" Started at 23cm vessel ‘lével- - ‘ : v
Time = Vessel level Level dropped  Flow K '}
. . . s i
(Hrs.)  (cm) (cm) (m3/day) (m/Day) l
2.5 22.3 0.7 12 912 l '
1.9 215 - 9.8 1.34 9.14 :
15 20.3 1.2 2.00 .20 L
2.9 19.8 8.5 0.84 2.08 g !
2.5 18.9 0.9 1.51 .15 l
3.0. - 18.0 0.9 151 0.5 -
3.5 7.0 1.9 168 @16 ,
4.9 18.5 2.5 -@.84  0.08 . l
4.5 15.7 0.7 112 812 ‘
5.0 15.9 - Q7 112 9.12 o
5.5 14.3 0.7 112 0.12 -
6.9 13.5 2.8 135 @14 :




==

piezometer A 1-9 Humification H7(?) '-

inposed head(cm) 40.0 Shape factor ©.365"
gtarted at Z3cm vessel level. ' - _

R e s S T T S T T e Y g ST S T g e T T
: . *r . '

et

Tﬁme Vessel level Level drppped." Fléw

x19-2

rs)  (cm) em | (wd/day) @/Day)

21.0 30 . 5.4
19.4 1.6 L 2.69
17.7 L7 . 2.86
16.2 15 . n 282
14.7 15 . . . 252
13.6 L1 - v 185

12.3 13 . 218
1.2 11 185

10.0 12 - - 202
11 07185
12 . 2.02
19 .¢ 168

@WPPP@PNPVVP\
EMENONEeENe NSy
O~
th th ©

.34
9.8
019
e17
017
0.13
0.15
0.13
9.14
.13
0.14
o1l

)22




. Piezometer: & 5-5°

' Impbsed head(cm) 470

:::;%flnitié;-1~le,ve1::f:23:5:'cm.___ e A e e

Humifi.t.;ation: Hs .

| Shape f aqt';oi:': 9.365

. ¢ . LR . Lo

. Time - Vessel level Level dropped Flow: K
| . x 10-2  x 10-2
Hrs)  (cm) (cm) (m3/Day) (m/Day)
0.5 23.2 . 9.3 . 0.50 3.45
1o - 225 0.7 112 7.67
1.5 22.9 0.5 9.84 B.75
2.9 - 215 -7 a.5 0.84 5.75
2.5 21.2 0.3, 0.50 3.45
3.9 20.8 @5 9.84 5.75
3.5 2@.5 9.3 . 0.59 '3.45°
40 20.3 0.2 ' .34 2.30
4.5 19.9 , .4 @.67 4.690 -
58 13.5 2.4 Q.67 4.69
55 - 19.3 2.2 0.34 2.30
8.0, " 19.90- 9.3 2.59 345
Piezométgrfﬁ 5-5 (new setting)"‘
-__Impqsé_.d head: 9.45 - Initial level: 22.3
Time Veséei level Level rdropz:':ed. Flow K
| | x 16-2  x 10-2
(Hrs.) (cm) (cm) (m3/Day) (m/Day)
0.5 20.6 17 2.86 '17.40
1.9 _ 19.2 1.4 2.35 14.39
1.5 18.5 a.7 118’ 718
2.0 17.9 0.6 o1 615
25 17.2 0.7 118. 7.8
3.0 16.6. .98 191 815
35 161 0.5 084 511
4.0 159 0.2 0.34  2.04
15 14.3 0.6 101 615

[- - m
Lo

b N RS S
“ . .
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i Piezometer: A 5-2 Huﬁifiéa;iﬁh: Ha
Imposed head(cm) 34 Shé'pe**fac’tdf:* 9.365m
) Initial level 23cm ‘ , o |
l Time Vessel level Level dropped Flow. K
P P ] - o 4: . . ] - xla_g .
l (Hrs.) (cm) - {em) . v . (m3/day) (m/Day)
0.5 20.5 25 . 421 0.32
1o 19.8 7 - 118 0.09
l 15 17.3 5 . ¢ 252 . 0.20
2.0 159 14 . . 235 0.9
: 2.5 -14.4 o 15 ‘ 2.52 - 9.20
l 3.9 13.8 06 D ¢ 3 R ©.88
| 3.5 1T 21 353 028
4.0 100 7 - 286  0.23
I 4.5 8.8 1.2 " -2.00 018
I, Piezometer: A Bb-2 ' Humifica__ti\op:y Ha T_-
' Imposed head(cm): 42 Shape factor: 0.365m
i Initial level: 23cm :
l Time Vessel level Level dropped Flow K
1 x10-3  xi0-2
K (Hrs.) (cm) {em) . (m3/day)} (m/Day)
' 2.5 22.5 8.5 . B.49 .58
K 1.9 22.9 9.5 8.40 0.58
: 15 215 2.5 8.49 2.58
I 2.9 211 0.4 8.72 9.44
: 2.5 ) 01 168 011
i 2.55 z2e.7 9.3 6.25 3.95
‘ 3.25 29.4 0.3 6.95 3.95
n 3.55 20.4 2.9 —_— —_———
i 4.25 20.2 9.2 3.36 0.22
' 4.55. 20.0 0.2 3.36 0.22
H




Piezometer: ‘A 8c-5

¥

. Imposeéd head(cm): 49.5

Humification: He
Shape 'factor: 9.365m

e
T e ST —— e,

Ry o

e T L T T T L T T T T L I T

- Initial Level:-23.0:

' Time . Vessel level Level droppe,-d- Flow: K
S | T xle=z xig-1
-(Hrs_'.) ‘ {cm) (cm) (m3/day) (_m/D_ay)
9.53 © 1500 8.9 12.6 8:97.
19 12.4 4.6 - 7.73 428
15 6.5 8.5 8.55 3.63
| 20 a5 3.8 2.69 2.69
% - Plezometer: A 8a-3 Humification: He
Imporse:d head(cm) 55.0 Shape factor: 0.365m
. Initial Level: 23.0- | |
Time Vessel level Level dropped ° Flow K
| e L ~xe-s | xe-2
' (Hrs.) (cm) - (em) " (m3/day) (m/Day)
g 0.75 228 .. 0.2 224 110
! L33 22:5 - 0.3 4.32 . 215 .
L83 ° 223 0.2 3.36 167 .
233 221 0.2 3368 167
L 2.83 v 223 0.9 —_—— ———
; 333 219 0.2 3.36 167
' | 8.83 217 8.2 . 3.38. 1.67
o 433 214 0.3 5.04 251
4.816 6.8 1.2 . 2.02 198
; 5.416 - 5.6 12 2.02 1o8
; 5.916° 4.5 - 11 1.85 .99 -
] 7 .
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Piezometer: A —Ba-2
Imposed head(cm)-34.5

Initiallevel: 23.0

Humi.-ficatio:;:‘ Hs

Shape factor: 9.365m

et e L ¢ty R e ke 1 = 0tk

e e n At e i -

f

Level dfopped * Flow K

Time Vessel level

: , x19-3 . xio-3
(Hrs.) (cm) (cm) (m3/day) (m/Day)
2.75 22.9 - 21 - 112 8.89
4.33 22.8- o1 ' - 2.34 1.85

Piezometer: A 8b-5
Imposed head(cm) 51.9
Initial Level: 23.0@

. Humification: Hs

Sha_tpe factor: 9.365m

Level "dropped Flow K

Time Vessel level
x19-2 xlo-1
(Hrs.) (cm) (em) - (m3/day) (m/Day)
.5 19.3 3.7 6.22 3.34
1.9 17.3 2.9 : 3.36 1.890
15 16.9 13 2.20 117
2.9 14.3 17 2.85 153
2.5 12.8 15 2.52 135
3.9 ue 12 - 2.02 198
3.5 10.4 1.2 - 2.02 198
4.9 9.2 12 2.02 198
4.418 8.9 12 2.02 108
4.918 8.8 12 2.02 1e8
5.416 5.8 1.2 2.82 1.08
5.916 4.5 11 185 9.99

T T W e, T L, b s A,

136




Piezometer: A 8b-3’
Imposed head(cm) 42.5
Initial level 23em

Humification: He ‘

Shape factor: @.385m

A

Time Vessel level Level dropped. = Flow K
= T T T T T Tie=2 T xdem2
(Hrs.) {cm) {cm) {m3/day) (m/Day)
2.33 22.3 .7 178 1137 -
0.83 L7 2.6 101 6.50
1.25 210 0.7 1.4 ‘910 -
1.75 20.5 9.5 2.84 5.49 .
2.25 20.9 0.5 0.84 5.490
275 19.8 2.2 0.34 2.20
3.25 19.3 0.5 9.84 - 5.40
3.75 191 9.2 0.34 2.29

Piezon!eter: A ‘Ba-4
Imposed head(cm) 55.0

Initial level 23cm

Humif ication: He

' Shape factor: 2.365m

Time Vessel level Level dropped Flow . K
x10~-

(Hre.) (cm) (cm) - (n3/day) (m/Day)
0.5 . 14.4 8.6 14.44 9.72
1.08 9.9 5.4 7.78 9.39
1.58 5.2 3.8 6.38 0.32




Piézbg:éfei-: A 8c-2 - Hum:‘.ﬂ;:_éﬁion: Ha
Imposed-head(cm): 23 ! Shape --_fa;étqr:..O.S_BSm'
Initial level 23cm . ‘
Time -+ Vesasel level ' Level dropped-"; ;Fiovi' K
| : | : Txle-2  xie-i
(Hrs.) . (cm) (cm) - (m®/day) (m/Day)
@5 - 19.6 3.4 . 57U 6.89
1.9 17.3 2.3 . 3.88 4. 60
1.5 15.3 20 . . 3.38 4.00
2.0 13.4 19 319 3.80
25 1.9 15 ©. 0 252 3.00
3.0 10.4 15 -7 ) ‘2.52 3.0
3.5 9.0 14~ 2.35 2.80
4.9 7.5 1.5 . 2.52 3.9
Piezometer: A 8c-3 Humificat_iéi’r Ha -
Imposed head(cm) 36.5 Shape factg;'ﬁl ©.365m
Initial level: 23.0 cm N
Time Vessel level Level dropped Flow K
. xle-z  xle-2
(Hrs.) (cm) (cm) . . .(m3/day) (m/Day)
0.42 22.2 08 612 121
10 221 21 ce s @014 108
1.5 21.4 .7 ' 912 B8.83
2.9 29.7 2.7 ' @12 8.83
2.5 20.4 2.3 .54 4.95
3.9 201 0.3 S 9.54 405
3.5 19.8 2.3 8.54 4.05
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APPENDIX IIT |
RISING. HEAD TEST DATA
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0.00 5.0 10.00 1500 2000 2500  30.00

(T-To)

HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A1i-2

TIME (mins) a/Y
(t-tea)
2.5 1.13
1.5 1.44
2.5 1.86
4.5 2.187
9.5 5.20
14.5 8.87
13.5 13.9
24.5 26.9
29.5 26.@
Yo=258.2 cm
S =368.85 em

A = 3.484cm2

K=Ax{ln(Yas/Y2)-1n(Ya/Y1)/((t2-te)=(ti-te)]
therefore

K=2.27x10-* m/day
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ooo - 500 10.00 1500 2000 . 2500  30.0
| (T-To) | l
. HVORSLEV RISING HEAD TEST
! FOR PIEZOMETER Al-5-
| TIME(mins) = Yo/Y i
! (t-te)
9.5 1.5
1.0 1.91 '
1.5 2.625
2.5 . 3.5
3.5 4.2
* 4.5 5.25 l
9.5 7.9
14.5. 195
19:5 21.9.
24.5 21.0 l
29.5 42.9
H
% Ya=14.@ cm l
$ =36.85 cm
= 3.4‘6;tc7m27 l
'K-Axtln('fe/‘fz) ln(Ya/Y:.)/f(tz-te) -{ti-te)]
therefore
K:G.‘??xle-l ‘m/day l
1 l
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2.3xIn(Yo/Y)

L]
*
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i ;
0.00 5.00 10.00 15.60  20.00 25.00 30.00

(T-To)

HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A1-7

TIME(mins) Yo/Y
(t-ta) .
0.25 1.974
9.75 1.99
1.75 1.21
2.75 1.52
3.75 1.34
! 4.75 2.33
: . 9.75 2.92
14.75 3.88

Ye=35.2¢ cm

l - 5 =36.85 cm

A = 3.4B4cm2

K:Ax[ln(Ye/Yz)*ln(Ya/Yx)/[(tz-ta)—(tl—te)]

therefore

K=6.19x10-2 p/day
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hea 5g0 1000 15.00: 2000 2500  30.00
: ~ (T-To)
r
HVORSLEV RISING HEAD TEST
_FOR PIEZOMETER A1-9
! TIME(mins) Yo/Y
; , . (t-ta)
f 9.25 1.000
i 9.75 1.930
; 1.75 1.965 .
: 2.75 1.0865
; 3.75 1.265 .
4.75 1.985
t 9.75 1.100
; . - 14:75 1:220.
i : 19.75 1.270
| 24.75 1.320
: 29.75 1.320
|
t
i ¥Y=33.¢ cm
| 'S =36.85 cm
g _
! ‘ A = 3.464cm2

i S K:Ax[ln(Ya/Yz);ln(Ya/YL)/[(tz-te)-(tl—te)]
therefore

' K=2.256219-% m/day
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0.00 5.00 10.00 15.00 20.00
(T-To)

HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A 2-2

TIME YoY
(t-te) -
2.5 1.217
1.5 2.154
2.5 3.509
3.5 | 5.091
4.5 §9.33¢
6.5 14.900@
9.5 28.000
14.5 40 .9009
19.5 56.00@

Ya=23.8 cm

g =36.85 cm

[ A = T ARA~AMZ S




= e e o g T A g B0 Ty g o TS s o Sl s
B g T P T . TR T 1 e R i A TR 4 TGy S o A G e s ey : N Py

3

- { -+, X . l

o | &
x ,
S 1014 l

2.3xIn(Yo /Y)
e
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1
000 050 100 150 . 200 250 3.00 3._50' 4.00

(T-To).

-
a - . . . - .o
! - C . L R . -

HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A2-3

- TIME(mins) - = Ye/Y

. (t-te) . . .

0.25 1.227
?.75- 1.588
1.75 2.455 -
2.75 4.50@
3.75 - 13.50

Yo0=27.9. cm

t

- - - ’ - - _ ’-‘ -“.
- - . oo . . y . - .

S =36.85 cm

A = 3.464cm?
KE=Ax[{ln(Yo/Y2)-1n(Te/Y1)/[{ta-te)~(t1-te)]
‘therefore,

K=8.46x10-1* m/day
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2.3xin(Yo /YY)

T - ETES - B e = Tt
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1
0.0

Q

i'l]'ll||||||l|1l-li-ll|,lli_lITI.Ji.L.I.ITTT'{TiiItlllllli.lllTlir1l!
5.00-  .10.00 -15.00 20.00 -25. 30.00
© (T*TO) C

HVORSLEV RISING HEAD TEST

FOR PIEZOMETER A'2-7 e -
TIME (mins) = Yo/Y  :

({t-to) ‘ s :

2.5 ' 1.e87

1.5 1.143

2.5 1.231

4.5 1.339

9.5 . l.ce9

14.5 1.889

19.5 2.13e
24.5 2.469
29.5 2.919

Y0=30.9 cm
3 =36.85 cm
A = 3.464cm3
zAx{1n(Ya/Y2)-1n(Yo/Yi)/[(ta=te)-(ti-te)]

thereiore
K = 7.2x19-2 m/day
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2.3xin(

000 5.00 10.00 13.00 20.00 2500 ' 3000

i
b
1
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(T-To)

QHVORSLEV RISING HEAD TEST
FOR PIEZOMETER A3-2 -
TIME(mins) o/Y
(t-te) , ‘

[an]
o

1.00
1.04
1.10
1.22
1.375
1.467
1.571
-1.83
2.00

O 0B O N
LY WO RL N NN

BN e

Ya=22.9 cm
S =36.85 cm -
A = 3.464 cm2

K-Ax[ln(Ye/Yz) ln(Ye/Yx)/[(tz—te) (tl te)]
_ therefcre .

K=5.2x10-2 m/day
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500 - 1000 1500

(T—T.o)

.20.00

HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A3-3

TIME(mins) - - Ya/Y -
(t-te) e
.25 1.979
2.75 ©1.979
1.75 1.120
2.75 1.120
"3.75 1.122
4.75 1.137
9.75 1.169
14.75 1.219
19.75 1.261
24.75 1.261
29.75 1.318

Yo=29.9 cm
S =238.85 cm

A = 3.464cm2

25.00

30.00

R=Ax[in(Ye/Y2)-ln(Ye/Y1)/{(t2~te)-{ti-te)]

therafore

K=4.3x10-2 m/day
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000 | 500 1000  1500. 2000 2500 300 -
- (T-To) ' S
HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A3-5 - 5 8
TIME(min) Yo Y g
_-(t—ta)' _ : _ '
9.5 1.04 -
1.5 1.07 "
2.5 1.12 . I .
3.5 1.16 e
4.5 1,21 |
9.5 1.45 -
14.5 171 .
19.5 1.93 u
24.5 2.15 -
9.5 2.42 l
Y2=29.9 cnm | .
'S =36.85 cm R
A = 3.484cE2 I
‘K:Ax[ln(fz/Yz)-ln(Y.é/Yz.)/:E(_tz-te)*(t:.-ta)3 l |
( therefore -
K=2.2x10-2 m/day l
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2“3ﬂn(Y§/Y)

e
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0.00 500 1000 1500 © ©2000 2500 3000 °

(T-To)

HVORSLEV - RISING HEAD TEST
FOR PIEZOMETER A3-7
TIME(mins) Yo /Y

(t-ta)
; .25 1.034,
: 2.75 - 1.034
! 1.75 1.953
] 2.75 1.853
; 3.75 1.979
: 4.75 1.119
1 2.75 1.154
} 14.75 1.2¢9
; 13.75 1.25¢
: 24.75 1.364

29.75 1.429

Ya=3¢.9 cm

S =36.85 em

4 = 3.464cm=
i R=Ax[1ln(Ye/Y2)-1n(Yo/Y1)/[{t2-te)-(t1-te)]

therefors

K=2.26x19-2 m/day
b
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2.3_><In(Yo/Y)
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| 000 5:00 1000 15.00  20.00 2500 3000 : l

(1=To)

HVORSLEV RISING' HEAD TEST
.FOR PIEZOMETER - A4 ~2

TIME (mins) Ya/Y
(t-te)

. 4.
9.
14.

.19,
24,
29.

(2]
s
=

Ya=26.0 cm

A = 3.484cm=2

K'Axtln(Ya/Yz) ln(Ye/YL)/E(tz-te) (tl-te)]
therefore.

S = 36.85 cm & I ;

.K=3.11x10-1 m/dav




e

| 2.3xlir.1(Y_,O/Y')'f ‘

DO OEN-®
(NGNS RONORS NS N NS

. . .

B 0D

S =36.85 ¢cm

= 3.464cm=

K=8.4€6x19~2 m/day

l

——— .

1Hiiﬂijiliillllil;nnlnluurrlilll|u|||ull|ll”'”"l

15.00.

(T To) N

HVORSLEV RISING HEAD TEST. *
FOR PIEZOMETER oL
TIME(mins)

4-3
AYa/Y

5.00

K=Ax{1n(Ye/Y1)- ln(Ya/Yz)/[(t2’te) (ti-te)]
therafore
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2.3xIn(Yo/Y)

rllllllll[llIlllli|iFl]llllIIiillli'l'TiI[[IlTFllll'([i[lllII

0.00 .5.00 . 1000 15.00  20.00 25.00 30.00

(T-To) .

.HVORSLEV RISING HEAD TEST
FOR PIEZOMETER -A4-5"
TIME(mins). Yo/ X
{t-te) - .

0.5 " 1.03

1.5 1.07

2.5 1.12.

4.5 1.18

9.5 . 121
14.5 - 1.381 o
19.5 1.450
24.5 1.619
29.5 1.810

K=Ax({1n(Ye/Yz)~ ln(Ye/Yl)/[(tz-ta) (tz-te)]
‘therefore

K=4.51x10-2 m/day
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2.3x| n'(Y;Q'/Y).'-

1
- 0.0

I'iliillII]Iilllllll]]lrlllll1ill-IIiTTTl]IIlIllllljllI'llillTl

a. 500 10.00 - 15.00 &~ 20.00 25.00 30.00

'(T—’.Tg)_

HVORSLEV RISING HEAD TEST -
FOR PIEZOMETER A4-7 - .
TIME(mins) - Yeo/Y
(t-ta)

1.00 -
1.04
1.13
1.18
1.21
1.53
1.86
2.187
2.60
3.25

[\
4]

L] [ []
()W WO WO NI N WSS S

Wb WO O b DN

[Nl e e

Yo=26.9 cm

S =36.85 cm

A = 3.464cm?
K=Ak[ln(Ye/Yz)'ln(Ya/Yx)/[(tz—ta)*(tl-te)]
therefore

K=5.96x19-2 m/day
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0007 58 1000 1500 000 2500 BB 500

(T-To)

HVORSLEV RISING HEAD TEST
. FOR PIEZOMETER A 4-9- '
TIME(mins). Yo/

{t-te)

.06
.99
L2
.52
.94
.33
.92
.88

@ &
DECOEDOS

14.
19.
24.
29.

WM e e

Y0z35.0 om

S =236.85 cm

4 = 3.464cm2

K=aAx(1n(Ye/Y2)- ln(Ya/Yx)/[(tz ta) {ti1~te)]
therefore

. : . ' : K:6.19210‘2 m/day -
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A4 i s 3

2.3xIn(Yo /Y)

- TR U em T gy W CROr T CTe eT nT,

156

1
0.0

Iri—TTTlllifr"_‘i‘lllill]l‘illl'ili]llil]]i]llll‘lr'i

1.00

q

HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A5-2
TIME(mins)
(t-ta)

Wk N @@

19

Yo=25.9
S =36.85 cm

A = 3.464cm2

.25
.75
.75
.75
.75
.73
.73
4.
.73
24.

78
75

2.00 3.00 400 - 5.00

(T-To)

Ya/Y

PIRT I =3 b GO 03 12 e b
©
©

‘K=ax{ln(Yo/Yz)-1In(Ye/Y1)/[{ta-ta)-{t1-ta)}l

therefore

K=3.73x10-1 m/day
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(Yo /Y)

N

2.3x1

: i

|57

I_llilllil[[illl'l_rrllllllilTTT]'lllIlllrITrIlllIli | BRLLLLELEA

1
0.00

5.00 10.00 13.00 20.00 5.00 30.00

(T-To)

HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A5-3

TIME(mins) Yo Y
(t-to) -

0.5 1.94
1.5 1.13
2.5 1.21
3.5 1.24
4.5 1.30
9.5 1.44
14.5 1.625
19.5 1.733
24.5 2.90
28.5 2.187
Yo=26.2 cm
S =36.85 cm

4 = 3.4B84cm2

K=Ax{1n(Ye/Y2)-1n(Ye/Yz)/[(t2-te)-(ti-te)]
therefore

E=1.08x10~1 m/day
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HVORSLEV RISING HEAD ‘TEST

" FOR PIEZOMETER. A
TIME(mins) '
(t-te)

>
n

O b O b OB DN
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NN =

Yo=26_.0 cm.
S =36.85 cm
A = 3.484cm=2

5-5

‘ Yq/Y_

1.04
1.04
1.98

- 1.13

1.24
1.24
1.3¢

1.49

1.44
1.63

25.00

30.00

K=Ax[1n(Ye/Y2)-1ln(Ye/Y2)/[(t2-ta)-(t1i~-ta)]

therefore

K=3.38x19-2 m/day
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HVORSLEV RISING- HEAD TEST

'FOR PIEZOMETER A5-7

TIME(mins) ° Yo Y
(t-te) ’ .

(Y]
wn

o thAh G On,

e NN ol el SN N e
DD
NNOE RO C

. [ ] . .

[ v N = !
W WO AW WN P,

Yoz=29.0 cm

S =36.85 em- o

A = 3.484cm?
2Ax(1n(Ye/Y2)-1n(Ye/¥2)/{(t2-ta)~(ti-te)]
therefore ' '

K=4.512x10-3 m/day
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HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A7-2

TIME(mins) Yo/Y
(t-ta)
2.5 1.33
1.9 1.87
1.5 2.00
2.5 2.85
3.5 3.33
4.5 5.00
7.9 6.87
9.5 10.9
14.5 20.0

Yo=268.9 cm
S =36.85 cm

A = 3 _464cm=2

K:Ax[ln(Ye/Yz)-ln(Ye/Yz)/[(tz-ta)-(tl-te)]
therefore o

K=5.41x10-1 m/day
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HVORSLEV RISING HEAD TEST
FOR PIEZOMETER A7-5

TIME(mins) Yo/Y .
(t-te) ‘

9.5 1.00
1.8 1.00
2.5 1.90
3.5 1.29
4.5 1.09
7.9 1.143
9.5 1.263
14.5 1.412
19.5 1.455
24.5 1.50
29.5 1.71
Yo=26.9 cm
S =36.85 em

A = 3.464cm<

K=Ax{ln(Ye/Y2)-1n(Ya/Y1)/{(t2-ta)-(t1-te)]
therefore

K=2.7%x10-2 m/day
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FUMF TEST DATA FOR PUMPED LIMESTOME FIEZOMETER

AT CLEH-Z (GEQQEL FIEZO. OBSERVATION DATA)

Time

JI
t

S |

D O GRS B i G R b

2
Ul

fmins)

Drawdown{m

Q.29
0.9z

R I IR WS R R R 2

)

N . 2

@.Q%
D04
B, s EY
Q.25
B.95
D.0&
Q.26
.26
D.25
.04
B.345
.06
Q.09
0.29
@.a9
?.09
@.a?
.09
@.99
8.0%
@.a%

S.W.L. = @.7Im BELOW TOF OF TUEE.

T=2.20/

4. 1w &=

g = 83 m® sday

@.a832 m

o
n
i

> T = 42,42 a%

(Jacab}

/dayv.

T =(0Q 7 & 1w =).W{u ,r71) (Walton).

= T = 1&.1

unknown ).

m=/day

(Specific ztorag

=2
=

in

armainate since

[N
W

t

S
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' FUMP TEST DATA FOR FUMPING LLIMESTOME FIEZOMETER
- AT CLBH-2 (LIMESTONE FPIEZO. ORSERVATION DATA)
I . Time(mins) Drawdawni(m)
2.0 3.394
l 2.3 5,34
1.2 2.74
: ‘ 1.8 1.28
2.3 1.2a
l 2.9 @.4d
2.9 Q.13
' &5.0 D.10
.7 2.@as
2.9 Q.35
l 9.2 Q.26
ia.@a @.05
15.0 2.83>
l' 26.@ B.A25
25.0 D.215
@.a a.az
45,8 8.1
. L8 .3 3.23
\ S.W.L = B8.40m helow top of tube.
\\ Transmizsivity indeterminate from data.
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COPUME TEST RECOVERY LDATA FOR LLAYEY GF\AVEL . S l '
Time since Drawdr_‘:wn(m) t/t I
pumping :
ended. {(mins)-
B.97 I7.008 _ I
o Y _.--_,._.'_@‘.;.,?2_ ORI - - .._._...-..l.._@@- — [ -l._AA e e mmmm m w0 e e e
: to - 3.78 25.70

i

3
1
i
1
!
i

e
"

1
i
|
i
13
'
13
3
)
'
H
!

.35 _\.‘:'fz!
Z1.84
19.03

17278 - S ‘ilﬁ
16.20 S

V]

C
N

150

8]
=

14.85
13.99
- 1Z.00
11,59 . . :
1@.47 _ & |
1@:00. -
- B.7Q
7.20 _
5.14 - ' . : ||
5,50 . ' ¥
45.@ - S S.00 o
5Q.@ 4.00 _ ¥
85.0 o B.25 S Taz. - - l

o

QR L~k DD
SN EEE00 680N

I el ool el ol L ol

-

0.0

ISR B N ¢ R VIR RN
W el o k)00 & b0 o =)

Ja
£
&

NS00 SESNSE0 686

L

i
=

S.W.L.= B.77m below top of tube.

L

I

T =2.208 74 n 58 (Theis recovery)

e

50 m3/day

= = @.46 m-

£

T =.12.7 m3/dav.
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: l LT . . e L. +
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Piezometer: A 5-7 Humification: He

Imposed head(cm) 40.5

Initiallevel 22.7

Shape .f' actor: 9.365m

Time Vessel level Level dropped  Flow K
) : ' xig-2

(Hrs.) (cm) (em) - - (m®/day) (m/Day)
118 29.8 21 1.51 101
15 20.2 0.4 0.67 4.5
2.0 19.4 0.8 1.31 9.9
2.5 18.8 0.5 '9.84 5.63
3.0 . 184 8.5 9.84 5.63
3.5 17.5 8.9 - 151 Lo
4.9 18.9 2.8 191 6.75
4.5 16.4 9.5 .84 5.63
5.0 16.9 0.4 0.67 4.50
5.5 15.7 8.3 - 9.59 3.49
8.9 15.4 2.3 9.590 3.49
8.5 15.2 8.2 2.34 2.25

Piezometer: A 4-9 Humification:-H7'

Imposed head(cm) 33.0 Shape factor: 0.365m

Initiallevel: 23 cm.
Time Vessel level Level dropped.  Flow K

x19-1

Hrs.) {cm) {em) . (m3/day) (m/Day)
2.25 18.9 59 168 1.38
8.5 13.8 4.4 148 1.21
19 7.9 6.6 11t 9.91
1.5 2.2 5.0 9.84 9.69
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_ Piezometer: A 7T-2 . Humification: Ho

e 3G P o

+

Imposed head(cn:_l) 66.9._.. . Shape factor‘ _9. 365

Imtlallevel - 24.3 cm.,;

‘ ‘i;img Vessel lé'vé_l Level dropped  Flow K

_ ‘x 19-2 x 10-1
(Hrs):  (em) | (em)y  (@8/Day) (m/Day)

‘5 = 218 . 25 420 418

te. . 189 - 19 . - .318 318

L5 18.5 .14 © 1 2.35 2.34 -
. . 188 < L8 2.69 2.68 ..

0

5 15.7 2.9 151 1.50
0 14.3° . 14 ©2.35 2.34
5 - 129 1.4 235 . 2.34 -
) s 14 - 235.. 234
5 10:2 13 218 217

Piezo. A7-2 (new setting)

. Imposed head: 0.305  Initialvalue: 22.7

Time - Vessel level ,Lfe}relv‘dropﬁéd Flow K
_ | | A | X 1@-?‘- X 110.-1-
| (Hrs.) (cm) © (em) (m3/Day) (m/Day)
0.5 19.3 | 3.4 5.7 512
Lo 16.9 2. 4.03 3.62

4
15 14.5 | 2.4 4.03 3.62
20 125 | 2.0 3.36 © 3.02

oL

. o . m . . " L P
- . . . . S : - L H : N
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1
' FUMF TEST RECOVERY DATA FOR LIMESTONE FIEIOMETER
AT CLBH-2 {(GRAVEL FIEZQ. ’F‘F:E'-a‘I_DUSLY FUMFED)
I Time . Drawdown(m) S VA
: since pumping
endedi{mins)
I 1.5 B.47 121.20
' 2.5 @.54 7Z.0Qa
I.3 Q.31 . SZ.p@
d.5 a.28 41.09
5.3 D.246 I3.73
c 5.5 a.24 22,79
7.9 D.22 25.00
l 3.5 @.21 ' 22.13
8?05 @.20 19.94
1a.3 @.19 18.14
I 11.5 0.18 146,45
12.8 a.17 15.43
1Z.58 b.16 - 14.5@
14.3 .15 14,379
I 16.@ "d.14 12.25
2.9 d.14 11.20
L 20,2 B.1= 12.29
' 23.8 @a.12 g.2@
0.9 g.1@ 7.08
5.0 9.7 .14
I 40.3 . D.08 S.50
45.@ @.az 5.00
SR, 7 .84 4.09
I az.2 .05 T.11
l S.W.L.= 2.50m helow top of tube, .
T =270/ 4 n 588 (Theis recavery)
I Q = &0 m™ day
l g = B.25 m
T = 42,23 @w2/dav.




FUMP TEST RECOVERY DATA FOR LIMESTONE PIEZOMETER'
AT CLEH-2 (LIMESTONE PIEZO. FREVIOUSLY FUMFED)
Time ' Drawdown(m) . L/t

s=ince pumping
ended{mins)

3
i
'
b

P.@ 2.4  ———==
1.@ 2.74 5£1.09
1.3 1.88 31.90
2.9 1.28 I1.00
3.0 1.00 21.00
4.0 @.zZ9 16.00
5.0 0.13 1Z.0@
&5.9 @.1@ 11.00
7.0 ?.08 9.57
2.0 @.04 8.50
7.9 2.05 7.7
1@.0 9.05 7.0@
15.@ P.O% 5,20
20.0 @.@2% 4.00
25.0 2.015 7.40
0.0 2.@2 3.00

45.0 9.a1 2.0
S.W,.L = @.50m below top of tube.

Transmissivity indeterminate from data.
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‘ FUMF TEST RECOVERY DATA FOR GRAVEL FIEZOMETER
l AT CLEH-Z (GRAYEL FPIEzg, FREVIGUSLY PUMPED)

Time since Drawdown (m) t/t
pumping ended.
(mins)

@.3 Z461.20

g.87

l.@a @.7@ 131,88
2.8 7 I F1.a9
I.a @.5%9 &1.499
1.0 @A,.353 45.Q0@
2.0 g.31 27,99
5.0 @.48 51.99
7.0 @.45 25.79
8.2 @.44 23,51
7.8 @.42 21.9@
id.@ @.49 17.0
11.@ @.38 | 17.38
1z.@ @.37 15.00
13.a Q.35 14.3%3
14.2 a.z4 12.9@
153.2 A 17,33
17.@ A.31 11.3%
19.@ ' f8.z23 13.47.
20.@ 2.2 18,22
25.0 @.25 5.298
0.2 2.22 7.0
@.2¢ .14

40.1 2.158 S
435, .17 il

S8.0 .12
85.@ .11

D R I

| Y]

S.W.l.= D.77m below top of tube,

T=2.2Q/ 4 n &5 (Theis Fecovery )

]
1
-
3|
=
L
o,
(=W
'y
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FUMF TEST RECOVERY DATA FOR GRAVEL FIEIOMETER

AT ‘CLEH-2 (LIMESTONE FIEZO. FREVIOUSLY PUMFED)

- Time _:_, Drawdown(m) t/ti-
since pumping ’
ended{mins} -

N . BN EE
> . . * - ' . . i
. g

SO OO U

N L mme———
Q.97 153,14
R.35 , 14,73
A.aa : 11.63
@.94 . 9.57
@.a3 2,53
@.07 ' 7.67
@.a% 7.09
.92 : 5.00
B.a2 B 4.0@
2.0t : 3.4
@.21 . 1

RS D00 S
0SS S ]

I OV S

4
B

i
=
9]

S.W.L\= Bi77m below top of tube.
T ="2.3Q / 4 n 83 (Theis recovery)
Q= 8.435 m=/day A

S Es = B.51°m

- T = IR.Z4 m=/day.

. . . v PP . . - Lt L e L. — L. N . 2.

S S S
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. FUMFP TEST DATA FOR FUMFPED LIMESTONE FIEZOMETER

AT CLEH-Z(CLAYEY GRAVEL PIEZ0, OBSERVATION DATA).

Time{mins)

{r

T

a.a- @.2a
I.@ 2.eas
T.3 @.aa5
4.@ P.9@s
4,3 Q.aa3
5.9 @.80a5
4 ,.@ D.A13
7.0 2.2z
8.2 @A.025
.Q R.BZ5
19.@ @3.az23
15.@ Bn.a53
20.8 @.a34%5
25.0 B3.94%5
Z0.a @.345
5.0 @.953
49.9 A.255
45.0 @.265
5@.9 B.@55
@.77m belaw top of tube.
= {3/ 4w =), Hiu /L)
=4 Tt / r= |
value
= 1.93 m=2/day approx.

Drawdown{m}

ialton).

indeterminate therefare S not calcuatable)

T et e T e e B e S TR R e 5 e DL e AR T

%
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FUME TEST RECOVERY
AT CLEH-Z (LIMESTOM

Time since
staped
@2.07%

@.@&3
@.@548

i
Ol 0 S
o S

-
F
1§

Drawdown(m)

74

DATA FOR CLAYEY- GRAVEL FIEZ@.
e PIEZOMETER FREVIOUSLY FUMPEDY.

/e

R
&
=
o

o

£ -0 0~
=
i
X

-

DRI I s
= B
SRS s

[ = 8.46 m3/day

@.347m
‘3T.7 mE/day.

¥

TS ST

]

D e —
g QA e e eV R - B g BT a T 1y e P, e S PR e —
T A e e i W

f
b
f

Lboo

s




s [ oS T T g TR 4w R TV e -yl Ayt A1 R 1T T i A =y =y =W e o e TIPS e

oy

. 75

FUMP TEST DATA FOR FUMPED BRAVEL PIEZOMETER

AT CLEH-Z(FUMFIMG WELL DATA).
Time{mins} - - 3Dréwdo@n(M)

Q.00
.97
1,13
1.22
.28
C1.33
1,48
1.47 -
1,497
1.89 0
S 1.a65 7
1.77
1.77
. 1.85.
aR.@ : . 1.8%
75.@ o S 1.9%
Q.0 o 1.945
iR5.Q - T1.97
12Q0.@ o i.99
150.0 CoZLoL
13@.9 < 2.04

M@ @ E O~ kiR E R
SESEOCS B0 E NS

»

£ Rl rJ el

S.W.L.= 2.73m e 1ow top of tube.
T =2.30/ 4mn &s {Jaceh)
g = &8.8 mE*/day
fs = @Q.047m

T = 3I3.7 m¥/day.
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FUMF TEST DATA FOR PUMFED BRAVEL FIEZOMETER
AT CLEH-2(LIMESTONE FIEZO. OESERVATION DATA).
- S Time{mins)

Drawdown (m}

3.3 . @.e0

176

/i A N N N

i}

Lub, = @iam below too of tube

S).W(u ,r/1) (Walton).

._‘
I
(|
~
~
A

0
-
&
3
.H'

o
5y

Q

~

+

i

_,.,..;;“_.,.. P s 4 o maoeme s o wl-weu:i [ ,wu—-i--:‘-«-n»>@<:-llm-~—w--_.—+ e emm e e em e g e s e D e - «:—
2.5 @.19
T, @.25 il
4.5 - @.23 -
. 6.@ . .32 _ _ e
8.2 ALIR - "Il'“
1a.a - . ?.4@ _ 4
15.@ - @.43 ' .
20.0 .48 ) II
5.0 - 5 i |
IR.0 Q.53 s
4.0 L RisT
&0.32 .59 ii
75.0@ S '
50.0 "0.615 :
105.0 R.&a25 l
1208.0 R.er ‘%
15@.a Q.54 -
180.0 D.&65 lt_

s = 1.4m s

+
i

1.4&min

H

W{u,r/L)

Zs u o= 1

Specific storage indeterminate ¢ = @,25

give nonzense value of 41.09

- - -’\
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FUMF TEST DATA FOR PUMPED GRAVEL FIEZOMETER .
AT CLEH-2(LIMESTONE FIEZ0. OBRSERVATION DATA).

Time{mins) ' Drawdawn{m}

. @. 9@~

. @.0@,.

. @395? )

. @t

. B.id

. B YN

. 845

. Q.83 0 .
.74~ :

. @:88“21
> @.95°
R W 1 S .
R S T
oL.z@ - <

ooy
-

e
ze
L1.3T

180.@ 8

SECeESREEeEReEER MG BN

i._l.
G 00 Bl R b e
BN NS NRDME 00 &bk - &

B

1

I-

[
o
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FUMF TEST. DATA FOR FUMFED LIMESTOME FIEZOMETER

AT CLEH-2(FUMFING BOREHOLE DATA).
Time(mina) Drawaﬁwh(m)
2.0

2.2
1.0

r

it = A, P e A £ TR

P P

7%

o~ =
NI N
[ I

R SR N SN Y SR AR

15.Q
2.8
25.9
0.9
5.4 .
4@.0Q
345,Q
55.0
=57 .0
60.8

L0 M .0 000 m -0
T 0 O B LD g n

S.W.L. = 0.50 m below.top of tu_h(e;-‘Z

-

Data not analysable.

P B N
; S I s e e
L .
: .

- - . o h el v
* f -
oW . ) N F ) . B .




. Time since .
pumping started.
(mins) '

0.02 -
@.3
1.9
2.9
Z.8
5.0 ~
ia.@
12.@
2.0
Z23.8
Q.0
43.8
+-9.8
-7a.@
1z2@.@
188.0
24@.0
Q.0
I68.0
385.@

Drawdown in gravel pi

T=2.20 /7 4 n &8

o |
I

118.9 m3/day
Fe = @.38314 m

T = 1542.486 m*/day.

;

Drawdown

{metres)

S W.L. = 4.41 m below top of

@.135

e e e
B N - R P

SRR RN
(B
Ohoho (A

Casing.

2ezo at end of test

DI S I S

PUMP TEST DATA FOR PUMPING GRAVEL BOREHOLE.
(FUMFING BOREHOLE DATA).

Lo Tt A SR IO o PR,

=9

R T A



R YR i TR A 1 £ VB R 1 ) P QO] T TGAAT D T 378 T T o T GRn M e A Ty T 1 b A TR R L Wy SFh f AN RN

FUMF TEST RECOVERY DATA FOR ESKER BOREHOLE

Time since Drawdown /e
pumping stopped {metres)
{minz)

@.20 0.145 e
3.25 ‘ 2.07 1787

i
1

2
i

-3
)

-

a
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W.L, = &4.41 m below top of well,
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