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i 1 - INTRODUCTION

wy This project took place -as part of the Irlsh-Dutch;
"_Peatland Geohydrology and Ecology Study, which ise’a:,t

"'multldlsc1p11nary study 1nto the eco-hydrology of ralsed

...._tx_...,

"5? pogs. "Two raised bogs are - be1ng studled in-Ireland: Clara o
qug and Raheenmore Bog, both=owned'by?the-1r15h Wildlife
Esetvioe. Ireland is onewofjtheffenieountries ln Western
l;Europe to still have intactrtoos as.manf countries, such as
. the Netherlands, drained thelr wetlands before reallslngi

.the ecological consequences The flora on boglands have toﬁ

survive very nutrient-poor condltlons and have thereforef{ﬁf'
developed in a particular way with spec1es found there that .
are unique to a bog habitat. Some of these plants 1nclude'f’;w
bog.asphodel andlthe insectiferous snndews and butterwor-_j:s.»=

Peat is cut on a large 5ca1e::in 'Ireland, both Sy

individuals and commercially by Bord na Mona (the Irish

" ' Peat Board). With the develoﬁment in the last fifty years -
" of efficient peat-cutting machinery, the bogs are being.

destroyed at an increasing rate; and for this reason theA

Irish-Wildlife Service has begqun a strategic purchase of

bog areas in order to conserve an endangered environment.

To conserve a bog and to sustain_its gfowth, a management

strategy needs to be developed. The main aim of such a

strategyL is to preserve a high water table which is

necessary for the bog moss to grow. The Irish-Dutch

Peatland Study hopes to be able to produce such a st:ategy,-

by studying therhydrology; geology and ecology of bogs and

.
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' the 1mpact man has had on them. A bog is a 11v1ng entlty .,-};fif

B

,and to preserve 1t 1nvolves conserving its dynamics whlch“ff'

are’ essentlally hydrologlcal and assessing to what degree}ﬁ.‘"

: should sustalnable development be allowed in such areas.
7 This pro)ect concentrated on Clara Bog wh1ch 15'1n*.‘ ' ,j
'coonty foaly in tte Mldlands of Ireland. Flgure 1.1 showsf :ﬂlj-:;
the most receot7(1910) Ordnance Survey'map of theﬁbdg.]_
Clara Bogris recoonised'interoationally as an-imPOrtaﬁt?

nature reserve as it is one of the largest raised bogs

P

remalnlng in Western Europe, with an area of 665 Ha, and .-
the only one left in Ireland w1th a well-developed soak:
system. The bog is noted as being relatively intact but it =

~is not (and has not been) free from human influence. The

[

edge of.the south-west area of tﬁe bog is still under
private ownership. and is being actively cut for use as
fuel. _The rest of the bog was previously owned by Bord na
Mona. In 1983 they cut a series of parallel ditches into -

‘the bog surface on the eastern side in order to initiate

dralnage preparatory to commercial harvestlng These

drains remained in operatlon until declaration of the bog

k3 T

as a nature reserve in 1987 and they have since been.
blocked by damming. The third human 1nf1uence is a road
that traverses the bogirunning from the town of Clara to
Rahan dividing the bog into eastern and western portions,

and which has been in place for over 150 years.

1.1 AIM OF THE PROJECT’

The aim of this project was to assess the hydrological
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‘w-valley that plunges to‘the south across the bog Three

f'effects of one of these human 1nf1uences; = the : road,.

vm N
.

hftraver51ng Clara Bog.' The road is known locally as’ the New L

i* ‘-"

\;7

suggestlng 1t was constructed earllerv and many bog roads

* .1‘

*ﬂ—of its. type are known from hlstorlcal ev1dence to have beenﬁﬂ“

-_.~ .,_., - oo “_:." _AHT_ S e s e

bullt 1n the 1700' ? TWO dralns run parallel to the road

r""

{‘on its eastern and western edge.f The road runs along a’

kS *

depre551on on the bog s surface so that the tarmac surface":

" is up to 6 metres lower than the hlghESt part of the bog Onf i

30

-

-elther side of 1t;, Flgure 1 2, shows a maP °f the surfacey;m_

-

_ topography of the bog converted from or1g1nal Bord na Mona;'

......

" survey data 1nto metres above sea level by M. Smyth 1991.'

Thls map shows the road to'be lylng along the axis of a -

theorles had been put forward to explain this morphology.

By

ﬁl; The road was bu1lt 1n a natural depre551on through the'

middle of a tw1n~domed bog Thls theory sugqests that- the.

road has had’ llttle lmpact:on the bog."

2. The road was bu1lt across the mlddle of a 51ngle-domed

2:’,

. ,..,,-

bog and has 1tself (or by v1rtue of its drains)} created the

valley through sub51dence.; Thls theory suggests that the_-

" road has had a major impact’on the bog and its hydrological

regime.

3. The road was built'across a single-domed bog and the

depre551on was created by peat cutting along the roadside.

This thlrd theory can almost 1mmed1ately be re]ected

by simple observation of the slopes of the becg surface at

the roadside " which are 'largely too smooth to have been

Ppg :
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- whlch came flrst the road or the

“peat u51ng plezometers
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B cauved by cuttlng 'In a feW' areas where cuttlng ‘has |

J!- . a

’ﬁoccurred the face bank*ls steep hnd‘the cause is clear.”'-f”

p

—N-A‘

of any substantlal cuttlng

¥ ‘»‘

Thus, only the flrst two theorles need to be cons1dered '

. A:.: - sy Eale et ’_‘;’4- R m’dh,

and the objectlve of thls prOJect 1s to try . and dlscover

;‘1nvest1gatlon in order to assel

b

Lalley.and how the road

. is. now affectlng the flow of water through the bog.

The approach taken has been essentlally one of field.

.ature of the problemﬂ

‘;followed by some analytlcal/numerlcal modelllng of thet

‘hydrology The‘fleld work for thlS study included:

3

1 Measurlng water table levels and hydraullc heads in the

T

2. Measurlng permeabllltles of the peat..

f iﬁ-
: ‘-\i

3. Drllllng and sampllng the peat ‘in order to observe theff‘

o

changes in Vegetatlon type the degree of humification and"*f

" for measurements -of den51tyﬁ for the assessment of the -

amount of any sub51dence

x -

4. A geothSJ.cal survey (undertaken as part of another

pro;ect) to 1nvest1gate the hydrogeologlcal stratlflcatlonl

r-‘.. L

in the v1c1n1ty of the road.

The follow1ng chapters include--a review of some
background information relevant to bogs and this prOJect
a descrlptlon ‘of the methods and materlals used in the.
field work ‘a descrlptlon of .the geology and geophy51cs of
Clara, a presentatlon of the results together with a

discussion of which of the two theorles outlined above are
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~::2. PEAT AND PEAT BOGS

:é.liwnAT_Is-PEAT? 
Peat;consistéiéf fhe dead remains of plénts that haﬁg o ffﬁ
ac¢umu1atéd over.thoh;ands of years in afeas where the rate |
of plant. producﬁiﬁn exceeds  the rate df 'plaﬁt
decomposition. Peatiands are composed of deep layers of
'Wéterlogged peat (ﬁhe‘catotelm) and a surfacenlayer of‘i;y
living vegetation_(the acrotelmj. Peat is physicallf a h

very heterogeneous - deposit and can havé very loﬁf

iy -
S e
: %

pefmeabilities. ‘Thére are four main types of peatlapaln
found in Ireland and Britain. Blanket bogs form where ‘
precipitation is very high, for example on upland plateaux.“ f
Here peat accumulation can spread or even start directlf-,
over level mineral ground. ﬁhere the pfevailing geologyii§”¢ ;E;’*
of sén&stdnes or hard igneous rocks d¢ground waters may

almost bé as poor in nutrients as is rain water and lakes.:
may'be”colonised difectly by oligotrophic (mineral péor)“
vegetation to form basin bogs. Valley bogs form alongside“

stream courses in iowiand heaths. .The-fourth type of
peatland found is the raised bog an example of which is.

Clara Bog.

2.2 WHAT IS A RAISED BOG?

Raised bogs ocdur in areas wheré the average rainfall

is 800-900 mm/year. They are termed raised bogs becauée of-
_théir domed topography. Cu;rent raised bog formation '

started at the end of the last glaciation some 10 thousand:

years ago when the glaéiers had retreated northwards. At

6
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thls tlme much of central Ireland was covered by shallow

- lakes: left behlnd by meltlng 1ce.- Lakes also formed where V

‘e"' -

glac1a1 rldges such as eskers 1mpeded free dralnage of the-

-"melt water._ Bogs formed by the gradual 1nf1111ng of these

lakes under anaeroblc condltlons that prevented the decay

of the dead vegetatlon. "The-hydroseral,development of a
ralsed bog has three maln stages depicted in figures 2.1
and 2.2. The flrst type of peat to form is known as a fen
peat. Thls 1s made of the remalns of eutrophlc (mlneral- ]

rich) vegetatlon such as reed sedge alder and birch. The

.succe551on then undergoes a tran51t10nal stage until . the

" mire has become a proper ralsed bog where only ollgotrophlc,.

vegetatlon can grow such as sphagnum moss, cotton grass and
heather. Flgure 2 3 shows a cross sectlon of a raised bog

and the dlfferent peat 1ayers._ As the lake beglns to fill,

peat accumulatlon beglns 1n the 1owest parts .of the rellef

or the depre551on from the remalns of eutrophlc vegetatlon

the reserv01r w1th1n the peat 1tse1f gradually ralslng the ‘

water 1evel w1th1n the surroundlng 1land, (Hobbs, 1986)
Accumulation is more rapld,at;the centre of the depressionri

than at the margins where theVnutrient rich seepage waters

encourage rapid decompositionﬂof the dead vegetation. As
a result of thls dlfferentlal rate of accumulation and the
very low permeablllty of the peat the concave peat surface
gradually becomes rarsed'above the surroundlngs, and, with

the central -parts' of the” mireA having to rely to an
1ncrea51ng extent on atmospherlc m01sture, the eutrophic

fen vegetation gives way to trans1tlon vegetatlon, basin -




'BOG

L :

FEN

RAISED
BOG.

The developmental stages fror a laké [0,a raised bog. A represents a lake with an open
body of water and marginal reedbeds.” The lake has thin layers of marl and. lake peat (for an
explanation of the symbols, see previous figure). B -‘rep(e’sents a lake which is being infilled with
fen reed peat. C is the fen stage. D is the raised bog woaodland phase and £ is a profile through
a present raised showing a Pine stump layer buried in,aEid peat.

PEERY

FIGURE 2.1 : FROM HOBBS, 1986
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- bog or poor-fenhcpn&itions, better able to survive undef;‘
‘dligotrophiC'cbﬁdiEions (Hobbs, 1986). A developed, raised-

bog - is fed. édlgly by rainfall. Much of the rainwater

" collects oﬁ»Sr,ié held close to the surface of the bog

Rl A Al

lthrdugh fheisppnéé-like aption.of sphagnum moss, but a .
considerable:;ﬁéﬁntlof watér runs off the bog;s'surfacé
eiﬁher diregtiy Qr"vié anlinternal drainage systgm known as
a soak (Ogébnﬁeli;‘1987j. The soak on Clara Bog éonéisﬁé
of a series of lakes intercoﬁnected by natural drains with'”t
an ‘exit draiﬁ leadihg to the bog margin (O'Conneil, 1987);'
The iake ﬁater ié rich in minerals and the'source of this

water is currently under investigation.

2.3 SOME HYDE'lOLOGICAL PROPERTIES OF PEAT : ' | -
‘ - Sﬁhagnum peats are bﬁilt‘up'in a lenticuiar fashiéﬂffﬁ"h
due to the fact that a sphagnum bog is built up AS a mosaic
of“alternaéiné‘hpllows and hummocks in which the hollowé 
are 'gradually ,réblaced by -humchks' and vice versa Qs
vegetétipn'groﬁfh and decay continues (Dooge, 1972). This
tfpe of regeneratibn ?esults in a deposit which is neither
homcgeneous nor random.and which therefore may exhibit‘
markéd changes in hydrological behaviour at different_
~ levels in the bog or in different parts of the bog, (Dooge,
1972) . N |
One of the‘mos£ striking'characterisfics of-peat ié
its ability to hold water. It has porosities in excess of
90 %. 1Five me;fes_of fibroué peat may contain 4.5,m of

water and as little as 300 mm of solid plant matter and yet
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*f;Q ‘ Water bound phy51ca11y,'chem1cally, ‘colloidally. and

osmotlcally
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The permeablllty Of a peat bog 1s very variable. The. . - -7

L

acrotelm.i-,'h 'most permeable part of the bog. Romanoﬁ

.~;._. ;,' ), W -

(1968) has quoted seepage ve1001t1es in the acrotelm as-

T .«.A‘,-‘» £

’hlgh as-.2.5 cm/s. The permeabllltles in the.catotelm arer»ﬁ

;-v"-« ..-_

generally lower and can be qulte varlable. Ingram (1983x.?

- ”
¥ s

quotes results frDmJnear the top of the catotelm that rangeff?iﬁf

1e~% .“"‘ 12

el

from 1010 to 103 nVs. . Permeab'l;ty depends on: (after

Ingram 1983)

1. the_ botanlcal

2. ﬂthe degree of: humlflcatlon "the least . humified

«ra-‘\,

‘peats of glven botanlcal comp051tlon are the most

_permeable,

3{ fthe.bulk.density'-errmeabiliti'varies invereeiy with

bulk density,

N

4. fibre content --permeagilitypboéitively correlated

with fibre content,

5. porosity - the-higher theuporoéitf'the higher the

permeability,”

sphagnum, .least

oW,
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7. the "urfaée* loadlng -:j -this“- decreases the

' -permeablllty by decreas1ng the por051ty

There 1s some ev1dence that peat may not act as a

4.

i

"Darc1an medlum to water flow. A full rev1ew of work done.

4 B

- to 1nvest1gate the hydraullc propertles of peat has been-
" made by Inqram 1983 . Relatlvely undecomposed peats have

7.a hlgh hydraullc conductance ‘and. Ingram et al. (1974) and ;.

Rycroft~etoa1. (1975) found waterﬂflow through them to

follow Darcy s law qulte closely._ "However, the same

»-

;workers found that flow 1n humlfled peats does deviate from

, Darcy's law as they found that the hydraullc conduct1v1ty;‘

: qaried w1th the potent1al gradlent under which it was

. measured. This result was 'also- found by Flynn (1990)
e . . ; L.

, during work on7ciara'BogJ One reason for Darcy's law

breaklng down in peat is: because of a dual porosity that :

may exist where.macropores_are present.
2.4 SOME‘ENGINEERING PROPEBTIES';

The drainage and cultivation of peat soils brings
about irreversible changes'in'theirithsical and chemical

characteristics (Dooge, - ;972). . It removes the excess

water, stops peat accumulation, causes.peat subsidence and

changes physical properties, such as the permeability, of

the peat (Daly, 1981). The causes- of subsidence are as
follows:
1. Shrinkage due to drying. After desiccation the volume

of the peat is reduced causing a lowering of the peat

surface.

10
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. '.‘e"- ; ‘v

i

force of the water. 'If the water table 1s lowered thls

fbuoyant force is 1ost and the relatlve pressure 1ncreases

¢

-G?to a greater degree than for normal “soils. ThlS can be

*

”stress where -

dd’T = dge +"a’i3t

‘,._‘a ,

_rwhere ¢T is the total vertlcal stress downward {peat and

: .-‘l ::»,-

p is the fluid pressureiﬁ

T

stress whlch is that portlon of total stress not borne by

water),

:1«,— ¥

'fluld pressure.

»,JJlOe (due to a loss of p under dralnage) than other 50115.2‘

fiw_m-

Thlcker peat areas w1ll compress more than thin areas.

Peat has a high porle

3. Contractlon by caplllary force._

volume, - After dralnage the peat drles and the resulting. .

caplllary forces cause compres51on of the soil skeleton and L

'.-s.‘

a decrease in pore volume.. Vertlcal contractlon causes

subsidence whilst horizontal' contraptlon causes crack

formation.

4. Biochemical Oxidation. .fhis_ actually causes peat
wastage as air enterspthe.peatfanq material is lost which
does not happen with the‘.nechanical effects mentioned
above. - | .

5. Other factors such as wind erosion, burning and

11

Peat' isf

organlc materlal 1s only sllghtly greater than 1.0, 1ts .

The pressure of overlylng

and Qe is the effectlve‘f
f-.

Peat 1s less able to sustain an 1ncrease

T




_compactlon by machlnes and of course compactlon by roads.“
Typ1ca1 subs1dence rates 1n Ireland are quoted as belng 4*i55

'fcm/year for the flrst few years after dralnage, decrea51ng’ N

. ,_:
e

- to 2.5 cm/year for the next seven years and 1ater to 0.9

cm/year (Daly“21982)

of the three states of water found 1n'peat only the

free water and caplllary water' can be expelled by

M

:
i
.
o
¥
T

consolldatlon, whereas most of the water can be removed by ngg;

Ly

S Y -

oven drylng at 105 degrees Ce151us
The permeablllty of peat ‘is anglmportant englneerlng

property 51nce it controls the rate of .consolidation of

peat under load and therefore 1ts strength (Hobbs, 1986)

A striking characterlstlc of peat is. the remarkable decllne..

in - permeablllty' w1thvnreductlon "in v01d ratio or water.'.
Zicontent falllng by some three orders‘agalnst a change 1n'
. void ratlo of half an's order (Hobbs,; 1986) Based ont

laboratory tests w1th a Rowe cell Hobbs reported that. ther

pressure .cau51ng compre551on'wdoes not appear to be

important but the 51gn1f1cant factor 1s the 1n1t1al void -

ratio, reflectlng the natural state of the peat and the"

void ratio attalned under loading.

[
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3. METHODS AND MATERIALSf-:‘.H‘,
3.1 INTRODUCTION ' 3

The hydrology of peat 1s unlque “due to 1ts hlghly

heterogeneous nature and pecullar phys1ca1 characteristlcsu'
which were discussed in sectlon 2. Nevertheless -the ba51c;
investlgatlve approach in the f1eld 1s 51m11ar to other<:"

hydrogeologlcal * investigations -fBut : adapted to peat:

conditionsr-jdeternination of the.3ebipressure field in

order to evaluate flow ) directions, ‘measurement

PR

ofpermeabilltles and assessment of relevant hydrogeological
proflles.‘ Additional 1nformatlon on peat densities and
the1r variatlon w1th depth is required in order to assess
the degree of compaction .. i
The fieldwork carried out‘for this project consisted
of: | A .
1. Making;‘ installing- and'-nonitoring piezometers to
determine eqnipotent1al contours o

2. Drilllng in the peat to note peat type take samples for

den51ty measurements and to estimate any subsidence caused,

by the road.
3. Permeability measurements in "the peat to assess the

effect of the road and for use in modelling.

4. A dipole-dipole survey in the vicinity of the road

carried out with a team .of geophysiCists from University
College Galway as part of their study'of both Clara Bog and
Raheenmore Bog.

The Irish Office of Public Works (O.P.W.) have

“installed wooden stakes over the bog which has established

13
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r‘snorthlngs.ﬁ

- lcomblnatlonv of 1etters for eastlngs and numbers, for’=%it

R

: 'road - a map of the?frld can. be found 1n appendlx Al3. The .

ey

-

0 P W._also placed benchmark studS‘at 100 metre 1ntervals_

-..», rm,..'.rl'.jﬂ‘-;

‘t“along the road and some“benchmarks out on the bog 1tSElf

R I 2 THE PIEZOMETERS AND“PHREATIC TUBES

'A-“

‘f"

of water through the bog four transects of plezometers werei

..,l;,.. e s‘ .

1nsta11ed, labelled as NE NW SE and SW. After examlnlng

- water table maps from reports by 1ynn (1990) "and Neefjees

,,1

(1989) - flgure 3 1 shows 'a dlagram with these maps

TrEe r,"

combined_- and the peat surface contour map produced by.

(," e )

Bord na Mona 1n 1982 (see flgure 1. 2), the transects: weredp

allqned at 60. degrees to the road Ain order to follow flow“g

llnes as closely' as p0551b1e - F1gure 3.2 shows the

locatlon of the transects. . It ‘was intended that in

addltlon to ShOWlng the effects of the road the southern

EN

transects would show what effects,‘lf any, the cut-away

area at the south west margln is. hav1ng on the bog. There

-are f1ve plezometer statlons along each transect 1nsta11ed,

as part of thlS project except for statlons 108 and 113 on

~ Clara East whlch were already 1nsta11ed as part of a

different transect by Henderson and Flynn in .1990. The

14

The orlgln 1s at the»northern end of the New o

the B

In order to study‘the effect of the road on the flow

22
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locatlon of the plezometer nests are shown in flgure 3 2 o

' fand thelr natlonal qud co-ordlnates glven in appendlx AZT
: .. bl SO A K ) ) _‘__ oL - 37 Lo

. e n .
4 . L. N ¢ e

-

‘ Plezometers (51mp1e dev1cesy; for measuring” the

»hydraullc head at a p01nt 1n the ground) were 'made from one

' 71nch dlameter P V c. tubes. Holes of 5mm dlameter were -

drllled 1n‘to the bottom 150m of the tubes to glve an’ open

l‘"'t‘

area of approx1mate1y 10% and a rubber ferrule placed over

the? end to prevent peat enterlng' the tube " during

1nsta11at10n The holes were then covered with a flne mesh R

geotextlle stocklng to prevent blockage.

Each prospectlve plezo statlon 51te was drllled w1th

a hand auger 1n order to ascertaln the total depth of thew

peat. - Three plezometers were 1nsta11ed at each station at :

dlfferent depths, (shallow,dlntermedlate and deep). 'The -

plezometers were numbered w1th the statlon number and thenﬁ'

a preflx of A for the phreatlc tube, B for the shallowest

plezometer ‘¢ for the next deepest and D for the deepest

T

The depths of each plezometenaaregshown in appendlx A3.

‘They, were installed by driving;them into the peat. The

piezometers could be set at vaﬁii depth by adding tube

extensions-using PVC couplings ahdbSolvent cemented joints.

-About 40cm of tube was left above the ground surface. The

plezometers were then fllled w1th bog water fronm the drains

and left to equlllbrate for'a weeh,

A phreatic tube (effectively'a shallow piezometer) was'
also installed at each station. These consist of 1.5 metre "

1engths of the same P.V.C. tubing with holes drilled over

15
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1 metre. They'é:e‘ﬁsed to measure the height of the waﬁgr-

table.-
Mohitoring;of“the water levels in the tubes took place fv

évery two weéks during the field season (first monitoringf

;16/6/1991;'last 7/8/1991). The tubes were levelled using';

théHO.P.W.'s benchmark studs along the road and benchmark
E on Clara East. 'This allowed the head in each tube to be -
calculated relative to Ordnance Datum by subtracting the
distance to the water from the top of the tube from the-

levelled value of the top of the tube. Hence hydraulic

heads at different depths for a certain date were obtained

and equipotential contour maps could be drawn (see section

5).

Four wooden stakes were hammered into the drains by

the road at the end of each transect. These were alsq

levelled in and the water level from the top of the stake
measured _during monitoring in order to determine the
changing étorage role of.the drain with time. Stakes were
alsc hammered into the‘shallow drains on Clara East along

the transecﬁs and the water levels in them also monitoréd.

+3.3. DRILLING IN THE PEAT

Detailed drilling of the peat was undertaken at eight

of the piezometer stations and at pegs 5D (west) and 5E

- (east) on the O0.P.W. grid. A hand auger with a 50cm long

semi—cylindrical ¢hamber at the end was used. This allowed

an almost undisturbed peat sample to be obtained. Drilling

stopped once the clay was reached or sometimes earlier if

16
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~an- 1mpenetrable layer. was encountered. " Two peop1e~werea

=

'necessary ‘for the drllllnq A detalled 1og was made notlng
{‘the humlflcatlon degree of the peat and the vegetatlon

'types present. The degree of humlflcatlon was assessed‘-

us1ng the cr1ter1a outllned 1n vOn Post's Humlflcatlon

Index (see appendlx Ad). Thls is: a scale of humlflcatlon

'from 1 (hardly hunmified plant remalns) to 10 (totally

humlfled plant rema1ns) based on the‘structure of the'peat;

the degree to which it can be'squeezed-between the fingers

i

.and the colour cf the squeezed water By'its nature it'is’

a very subjectlve method and an assessment together w1th

the results achleved can be found later in section 5.

.

A 5 cm long peat sample was.taken from every flfty

: centlmetre long core, These‘ were used for dens1ty-t

measurements. The den51ty was calculated from the wet::

weight and dry weight of the sample and.the sample volume.
The samples were dried 1n an oven for at least 24 hours at
105 degrees Celsius. Any hlgher temperature is likely to

cause charring or ox1datlon of the sample Hobbs, 1986),

I

' The volume of the sample 1ssknown by the diameter of the

drill chamber (4.68 cm.) as“is-thehlethh of peat core cut,
(usually 5cm). Water contents-offpeat are high, ranging
from 75% to 98% by volume Occa510nally a sample would
indicate a water content of over 100% probably due to
errors in determlnatlon of sample volume occurrlng whilst
taking the sample. Flbrous peat is dlfflcult to cut

cleanly and measurlng in fleld condltlons can be difficult.

Hobbs (1986), indeed, reported that .the cutting resistance.

17
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fof fibrous natter'to'tube‘or piston sampling can cause a‘?.il
con51derah1e compre551on of the peat, affecting the water -;s
- content, permeability, compress1b111ty- and 5treﬂgth,,fi*?~*i
A‘Stronger, less decomposed peat is more susceptlble toﬁ
_oompression than softer more highly decomposed peat. .Th%siipﬁ ;-
effect nouldﬂmean that the VOlnme used in the calculationsvf'

could be smaller ‘than the real volume leading to. the error"

in the percentage volume of water.

The sample'containers were also weighed so that the’

weight of the organic matter could be calculated.

3.4 PERMEABILITY TESTS

_3Permeability\tests were carried out in the field using

the constant head  piezometer method. This method uses

Marriote vessels which are water containers designed to,

'Jproduce a -fixed- imposed head'irrespective of the watermx.

.level in the container, see figure 3.3. The containers are‘-'

filled w1th bog water from the drains and sealed w1th‘
vaseline to be air-tight. Bog water must be used because
the permeability of peat also depends upon the chemistrylof
the percolating water, since the adSorption complex willﬂbe“

affected by any change in chemistry (Hobbs, 1986). Plastic

@

tubing is used to connect thercontainers to the water in =

the piezometers. To initiate the test the vessel isrraised,,
so that water runs into the piezometer. Care must. be

taken that no air bubbles are left in the tubes and that

_the end of the-tube is below the water level so that water

is not just running_ freely into  air. The initial water

18
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level in the'centainer_ie'poted;andmits_dropiis measured at .

-

'lelntervals.f .

Accordlnq to Klrkham (1945),

K= q/(S*h)

Where K is:the hydraullc conduct1v1ty, é is the'rate of

utflow from the Marrlote vessel ‘which is necessary to

'maintain a constant water level 1n ‘the plezometer under an

‘1mposed head of h. h 1s the d1fference between the water

level in the plezometer before the test and the constant

water level 1n_1t at the end of the test. The p1ezometer

is therefore dipped at the beginning and the end of the

test in.ordef fer_this to be caicuiated. S is the shape
factor which is, . |
= (2ML)/1n( (L/d)+(1+(L/d)2)1/2}

after Hvorslev, where L is the length of open section and

d 1is the. 1nternal d1ameter of the tube. For the

piezometers in this project S is 0.354 metres. S has the

. dimensions of length.

The tests were carried out over various time intervals

depehding‘oh the conditions of. the peat at each piezometer. .

During some tests it was found ‘that the Marriote vessels
emptied very slowly and these were then left for a few days

with a measurement being taken two or three times a day.

. When the drop in water level is so slow it is more accurate

to measure a drop over a longer bperiod. It was also

discovered that the_ rate of outflow often decreased

markedly with time. This phe_nomenon is noted by Doocge

(1972) in his review paper. Sometimes the flow would

19
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‘appear to become constant but was actually Stlll changlng*

slowly so that at a later stage a smaller flow was,j
measured see, for example, plezometer SE4D appendlx A5°l
: Some of the vessels emptled at a much faster rate taklng

_only a few hours. For—these tests 1t is. hard to be sure

that a constant water leyel in the p;ezometers is achleved.

Unfortunately lt'was.notfpossibleﬁto-monltor the water

levels in the'tuhesAduring;the’testsIas the diameter of the"

' piezometers is toof small. The values obtained are a

-

measure of the hor1zonta1 hydraullc ‘conductivities in thej=

peat, under the spec1f1ed head

The constant head test was used rather than other

plezometer tests such as the falllng or rising head methods‘
because there is sone ev1dence that ‘peat may not act as a
. Darcian medlum to water flow and permeabllltles would varyr:n“
with the head. A constant head test would therefore seem;

the appropriate method_to_use, wrth as low an imposed head

as possible to resemhle natural'conditions in the peat.

3.5 SURFACE GEOPHYSICS — DIPOLE-DIPOLE SECTIONING

The dipoleedipole method is a geo-electrical

technique used to'produce a resistivity pseudo-section.

This pseudo-section can - not be considered to- directly
reflect the sub-surface geology, but can be interpreted to
indicate the general configuration of sub-surface features

such as_‘bedrock, layering, faults, etc, (Smyth, 1991);

Figure 3.4 shows the-electrode”arrangement.' The apparent .

resistivity (pa) is calculated as follows:

20

3]




. . z . " . o Tar. T4 P

v

. + .

' a4 b y
=1
n=2
n=3
TECHNIGUE..
The three current-dxnole posxtxons cnrreencnd to

three dszerent multxples uf the basxcﬁspaC1nq. The measured

- a !

values are plotted ‘at the interse:tions uf 45' slope lines
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'pa = n* (n+tl)*(n+2) * a * R

where the current-voltage spacing. is increased in multiples
' of_é, n is the mﬁltiple of 'a' separating the nearest.?;"
current and potential electrodes and R is the resistance

read from the instrumentation. The results are plotted as

shown in figure 3.4, these values being contoured to

produce the resulting pseudo-sections.

The 'dipole—dipole technique was used along six

transects in the vicinity of the road; four traversing it

and two alohg its length. PFigure 3.5 shows the locations-

of the transects. The pseudo-sections were produced by M.
Dowling, D. Kechane and E. Naughton, University College

Galway.
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4. GEOLOGY AND GEOPI'-IYSICS. ,

&

4 l REGIONAL GEOLOGY

.The geology of north County Offaly is domlnated by

Plelstocene and recent dep051ts, ‘the former having a

:glac1a1 orlgln (Flynn, 1990). :The region is traversed byrl

a series of east-west trendlng eskers with subsequent

’ Holocene dep051ts lylng-lnbetween, predomlnantly of organlc

_or alluvial/lacnstrine-origin.' Bedrock exposure in the

jdep051ts in the ‘esker are exposed in numerous local

farea is rare but borehole data shows it to be Carbonlferous

11mestone
Clara -Bog lies sonth' of the Esker Riada which

separates 1t from the. Rlver Brosna catchment to the north.

' The Sllver Rlver 11es to the south of the bog. The

quarries. They are dominated_by medium sands; well-sorted. -

and,sub—angular to sub-rounded ln:shape There are also

lenticular unlts of predom1nantly cobble and boulder-sized

- material (Flynn, 1990)

4, 2 THE GEOLOGY BENEATH CLARA BOG "

Bedrock drllllng ‘was carried out by the Geologlcal

- Survey of Ireland at three sites in the study area in 1990

and at four sites in 1991. A full account of the drilling

investigations from 1990 is covered in reports by Henderson

g _(1991) and Smyth (1991). Drilling at the carpark off the

New Road in the centre of the bog was carried out both in

1990 and 1991. During the 1990 drilling it was discovered

that artesian conditions.existed in the 1limestone there
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whlch hlndered 'the emplacement of plezometers. ‘A new

3 3- \"‘._

borehole was fdrllled' i 1991 :and because artesian

1cond1t10ns-were expected precautlons could be taken in

1nsta111ng the plezometers. L A detalled 1og of thlS
borehole can be found 1n appendlx A12. ﬂ:;;d:iR
Drllllng through the bog has shown the general

geolog1cal succe551on to be peat (Holocene), underlaln by

blue-grey clay (Holocene), underlaln " by -glac1al tlll“

(Plelstocene), underlaln by ma551ve to 11ght1y flssured

.clean, bluevgrey llmestone (L Carbonlferous)

The depth of the peat varles spatlally over the bog

Flgure 4.1 shows a peat thlckness contour map converted toJ

metres from Bord na Mona survey data by M Smyth, 1991. It

shows that the peat is’ at 1ts thlckest (over 8 metres) 1n'

the ‘areas 1n Clara east ‘and* west that ‘coincide with the”

ey

surface topographlc hlghs.; The map also shows that the

peat thins out towards the marglns of the bog. Hand-"

-~ . ‘-«‘

augering 1n the peat durlng the course of this prOJecti'

P

revealed that the peat thlns near the road. Peat depths

S

along the road were also found to be‘varlable ranging from '
6 metres at the carpark to 3 75 metres at piezometer nest'
NW5. This varlatlon 1s partly due to the undulating nature
“of the'peat—clay intertace. fThe deepest peat found during_‘

_the augering was at O.P.W,}peg'SE on Clara east, where the

peat was 9.5 metres deep. In the middle of Clara west the
peat has been reported‘-as being as deep as 10 metres
(Flynn, 1990).

. Hand-augering at each.Apiezometerf nest consistently
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'.thls unlt was observed to vary from a smooth, plastlc,

5 howed clay to underlle the peat. The nature of the top of

blue-grey clay, to a gravelly clay, to‘a 511ty clay with -

"-shell fragments.. The th1ckness of. the clay un1t has- been-

found to vary over the bog from 1 metre up to 5 5 metres at

5_ the .carpark.; The clay 1s stlcky w1th ‘a very 1ow

':' permeablllty although the peat—clay lnterface may be

relatlvely permeable. The nature of the clay is such that

it effectlvely seals the peat off from the underlying

%‘

layers.‘ Hand—augerlng showed the peat clay interface to
‘j'undulate as’ was found by Flynn, 1990 sée figure 4.2.
Flgure 4 3 shows a contour map of the peat- base.

;topography, agaln converted to‘metres from Bord na Mona

.-\‘,'

I

'survey data by M. Smyth 1991., Thls map shows the pre—peat

~

ex1sted with. the lowest part (less than 50 M.0.D.) in the -
centre The shape of. the contours suggests that the ba51nf
contlnues further south than the southern margln of the'

ex1st1ng bog » The bog probably extended further but has,

since been cut-away A ’."‘ﬁhl
4.3 SOME GEOPHYSICAL DATA ON CLARA BOG
Flgure 4. 4 shows a contoured re51st1v1ty map from a

VLF-R survey taken from M. Smyth 1991 Areas of high

re51st1v1ty (re51st1v1ty values greater than 450 ohm-m)

1ndlcate bedrock 1s 11ke1y to be closer to the surface

(Smyth 1991) . Following thlS cr1ter1a it can be seen that -

bedrock is deep under the central -area of "the bog where the’

24

- topography of the area.,T It can be seen that' a ba51nf'"
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résistivities are less thah‘ibo ohm-m. Bedrock can be seenr;;
;% té fisé-'towards the edgéé of thé bég where: higher

.reSiStifities are féund.J fhis would indicate that a basin
exists in the bedfﬁ@k ﬁndgf the bog and this correlates.

well with the conciusionswfrom the peat-base Bord na Mona_“

data. The subsﬁrface 'toébgraphy: of the basin is very
irregular. _ h

The pseudo—sectionslfrpm'the dipole-dipole profiles
are shown in figufe 4.5.withlpermission frﬁm M. powling.
A detailed description of fﬁem and other geophysicai wofk
done on Clara”Bog iﬁ June,-1991 can be foundiin the Méc
thesis of M. Dowling, 1991. The following crite;ia has
been used in interpreting the sections:

0-300 ohm-m - peat/clay

300-600 ohm-m '~ boulder clay
600-1000 ohm-m bedrock

The pseudo-sections can then be seen to correlate well with

the VLF-R contour map in figure 4.4. The - east-west

sections 200, 500 and 800 all show the bedrock to be deep

underneath the road. Section 200 shows the bedrock to be-

shallower to the east while section 500 shows it to be

shallower in the west. The east-west line 1000 shows high,

resistivities beneath the road indicating that the bedrock

is near to the surface at this point.--This fits in well
with the;VLF-R contour map and dould be due to the effect
of the basin. Some mineral coﬁpany maps of the area show
a fault in the southern region of the bog but there is soﬁe

uncertainty over its actual position. The north-south line

25
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300 in the weét:ehoﬁe a resistivity hioh that correlatee
w1th the anomalous hlgh to the north-west of the road in

o flgure 4. 4. The north-south llne 300 1n the east shows the
. bedrock to be relatlvely shallow ln the north which agaln

correlates w1th the VLF—R map.
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5. ANALYSIS AND RESULTS . - . =5

st

ST

¥ "

o5 HYDRAULIC HEAD DATA - .73535

R T T Ny T A T

Flgure 5 1 shows the equlpotentlab contours through*

st

the peat for the northern and southern pleZOmeter transects bf
from data collected on the 10/7/91.f All‘of the monltorlng
data: collected durlng the fleldwork per1od showed a similar -
'pattern w1th heads d1ffer1ng only by a- few centlmetres if
at all ‘and show1ng the same trends The equlpotentlal
cross~sect10ns for the 26/6/91 24/7/91 and 7/8/91 can be
found 1n appendlx A6 w1th the raw data llsted in appendlx:

A7. The data collected can be con51dered as belng;
rrepresentatlve-oflthe hydrologlcal 51tuat10n during the -
summer Season _The transects have been-draWn as cross- - -
sections but 1t must be remembered that the angle betweenz

the two northern transects and the angle between the two"i"
southern transects is 120 degrees, not 180 degrees because'

-

the plezometers were located along flowllnes. The

underlying clay has been'assumed to-be'a~no-flow boundary

so that the equlpotentlal contours cut 1t at rlght angles.

Rt

. Although in reality flow w1ll occur’ through the clay its
SthkY nature would 1nd1cate that it has a very low }
permeablllty and that’ these flows would be very small. j %ML
| If a ba51c assumptlon is made that the peat is
homogeneous at the_reglonal_scale, flowslnrz_dlmenslons can
be considered as occurring -pernendicular to the
equlpotentlal contours from areas of hlgh hydraullc head to

areas - of low hydraullq;;head. , Both | the northern and

27
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southern transects show that the dralns along the road

’;

,3’ Ve

_affect the flow of water in the bog con51derab1y ' WaterA

-flows towards the dralns from up to 650 metres away.. ‘The - -

spac1ng of the equlpotentlal contours becomes very close?‘“

..v,,

near. to “the. dralns because there_lssa rapld decrease 1n

L
- *

head governed by the p051tlon of the water table which is
in turn governed by the topography and the water level in
the dralns..:','i~

The vertical hydraullc gradlentsrare mostly downwards
Only very near to the dralns (less than‘lo metres away) are
any upwards gradlents found.i. cenupmt—fw?“ ﬁuif ¥ b ——%r

In the north east sectlon at a dlstance of more than
250 metres from the road_ the equlpotentlal contours bend
as 1f the flow 1s downwards 1nto the underlylng clay layer.
As mentloned above the clay 1s assumed to have a very low
permeablllty so an explanatlon for the bendlng ‘may be a
hlgh permeablllty 1ayer 1n the peat or a hlgh permeablllty
peat- clay boundary 1n that area.ii ) ‘
The heads in the northern transects are higher than
those in the southern ones as’ would be expected from the

thelr topographlc dlfferences._ TheAheads in the western

transects are higher than,those in the;eastern transects by’

approximately‘l'netre. _This is:becausevthe water levels in
the western drains'arephioher and the,drains in the east
are deeper at stations:400 and 900_where the transects
neet; | | |

' As the flowlines are at,so'degreesvto the road the

road cannot be the sole influence. The angled flow is due

28
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to the 1ower topography 1n the south whlch is probahly-i_

‘caused by the cut away area 1n the south

Py PR . . . i - -~

5. 2 RESULTS FROM THE PEAT DRILLINGS ‘
The data- ..... from the peat dr1111ng is listed  in

appendlces AB and A9

+
i

5.2.1 HUMIF'ICE\T'ION' o D

"

Because the method of a551gn1nq a humlflcatlon degree:
to peat 1s so subjectlve, there'ls some doubt as to its

worth. The humlflcatlon degrees found ranged from H2 to

HS. Flgure 5 2 shows an attempted cross-section of

humlflcatlons for the northern 'transect Although the

humlflcatlon 1s very varlable some general p01nts can be_n
'made.. The peat at the top tends to be of low humlflcatlon

degree H3 ‘or less.» The lower peat tends to be composed of'i‘

layers . of varlable humlflcatlon until the bottom layer,

with a humlflcatlon of HS/HG - is reached Near to the road~
the peat at the top is-of HS5. and not the poorly humlfled.71

materlal found;further awvay. Thls wouldllndlcate that sonme °

disturbance has occurred'and the top layer has been greatly

compressed.
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5.2.2 VEGETATION TYPE | o }: Lo e

The vegetatlon can be d1v1ded 1nto the follow1ng..

' ._L:

-categorles, after Hobbs (1986) ' ”'"_;“~v'

" ¥

Ralsed Bog ijf_ sphagnum, cotton grass, heather

Transltl°n Peat"= _,sphagnum, ,»cotton Vgrass, heather,‘-:7

wood sedge, reed

Fen'Peatﬁvtf S wood sedge, reed

‘ Flgure 5 3 shows a cross-sectlon of the northern transect.

with the vegetatlon d1v1ded 1nto these categorles. It can

be seen that the tran51t10n peat and ralsed bog 1ayers tend -

to bevthlnnerfnear'tolthe-road,probably as a result of
compression;jff . , ..J

o . PR

5.2.3 DENSITY MEASUREMENTS ,ff

Graphs of den51ty versus depth for the 10 drllllngs‘"

made are shown 1n appendlx Alo. It would be expected that -

den51ty lncreases w1th depth. _?his trend is found in.most

of the curves, though.vtheyﬁ'are not very smooth. The..

drllllng' made at plezometer' nest, SW5 has the opp051te
trend. " The effect of the road ‘may account. for some of the
irregularltleslln the_ourves,f Denslty also varies with
vegetation type and humif%Cation degree. The least
irregular curves are”those furtheSt from the road. It can

be seen that the den51t1es found in the peat near to the

- road are higher than the den51t1es found in the peat away

from the road even though the peat 1s_much thicker there

therefore the peat nearest to the road has been compressed.
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5.2.4 ESTIMATINéﬂTHE AMOUNT OF SUBSIDENCE
The émdﬁﬁf&‘of subsidence can be estimated using

'dénsity meésureménts or the weight of orgaﬁig"métter in a

fixed volume. = In order to calculate the amount of

subsidence density/organic matter measurements must be made

with reference to peat in an "undisturbed" area. An

average,dengity'per metrée or average weight of organic.

matter (in a fixed volume) per metre is then calculated for

the peat column. - Three such drillings were made on Clara

Bog; at piezometer nest NE1, at the O.P.W. peg 5D on Clara -
west and at the O0.P.W. peg 5E on Clara east. - Then thé\'ﬁ

-amount of subsidence at a location can be calculated from:

pa/(1 + X) = 12p

or - ‘ wa/(l + %) = Z%L////

where pa/watis tﬁe average density/;éight 6f organic mat#e;y
(in a fixed volume) in the peat column at that location, =
Zp/Zw is the average density/weight of organic matter (in
a fixéd volume} per metre'in the unqisturbed'column, 1 i;

the length of the peat column at that location and x is the-

amount Qf'subsidence. _
| For NE1, Zp = 7.5 * 1073 g/cm’/m
Zw = 0.32 g/m
For 5D, Zp = 6.73 * 1073 g/cmi/m
Zw = 0.29 g/m

For 5E,. Zp = 5.75.* 10°% g/cm’/m

I

Zw = 0.25 g/m
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Results: ‘l@fﬁ;a-

U51nq NEl Zp ’

: NEl NE2 NE3 'NE4 NWe NW5 SW3 SWs.
x(m) o 00- 0. 90 3. 02 5. 73 2.08 5 72 2 10 7:22f
Using NEl ZW~J_ ‘ %?f;; ~ _ AA

NE1 NE2 NE3 NE4 - ‘NW4 NW5 ’SW3 SW5
x(m) 0.00 1.00‘3.06 5.84°2.16. 5 81 2. 22‘7L3;‘
Using 5D west, Zp .5ff:3f‘;3 :" o

NEL ‘NE2.NE3 E;:_ngk{NﬁS':swa5sws
x(m) 0.92 1. 864 19 egsg;afisfsisd;;.éo'8153

-

U51ng SD West Zw

NE1 NEZ'_NE} NW4 NW5 © SW3 .SW5

x{m) 0.83 1. 88'4 13 6. 94 3 13 6 80 '3.22 8.51

~U51ng 5E east, Zp

* NE1 NE2 NE3 NE4 gﬁW4f'NW5"sw3 SW5'

.

x(m) 2.43 3.4676.14 8. 99 4. 92 8. 60. 5 02 10.71 "
Using 5E east{EZw ) .
NE1L NE2 NE3 NEQ’:EW4H Nﬁs 'éﬁji SW5
x(m) 2.24 3 38 5. 95 8§.81 4 79 8.49 4 94 10.55
The X values calculated us1ng Zp ‘and Zw are very close
for each dr1111ng \

Figure 5.4 is a diagfam of the reconstructed bog

- surface u51ng den51ty measurements and the Zp values for-

the three drllllngs in undlsturbed areas. It can be seen

that column 5E east consistently gives a greater value of

subsideﬁce'fblloWEd By column 5D west and then NE1. The

.three recohstfucted-profiles have a very similar shape.

‘From the position of NE1 on the bog itfiS'posSibly still”
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sllghtly dlsturbed by the road and 'so the subs1dences_l

'calculated u51ng 1t w111 be an under-estlmate. However the

S - ,ea+

X values“lt produces are the most 51m11ar to those -one-.

gt

would expect from looklng at the topoqraphy of the present

-

Abog surface.:LMore subsldence has occurred in the south of -

" S ek

the area. The reconstructed proflles brlng the altltude of

<
Vs er

the bog surface in the south to the same as that 1n the

north . The extra sub51dence 1n the south is probably -

assoc1ated w1th the cuttlng of peat in that area.

The method used above assumeSwthat the same depths of\

s - A

peat of the same type are found every where on the bog, as

dlfferent vegetatlon types w1ll have different den51t1es

L e

If ‘the above method 1s applled to the layers of peatc

type based on vegetatlon (see sectlon 5.2.2) all of . the

sub51dence 1s found to occur 1n "the top two layers; the?{zn

raised bog and trans1tlon 1ayers For example using 5D

west w1th the follow1ng Zp values for each layer:

Zp‘

Raised bog.. - 0.0194 t -
Transition5' "0.0134
Fen 1 0.0395

W

the following x values are found at piezometer site NE4:

x(m)
Raised bog 1.95‘
Transition 7.16
Fen  Zo.96

The negative value for the fen veqetation,occurs-because

that layer is actually thicker at NE4 than it is at peg 5D
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west. That the sub51dence has occurred in the top : two

1ayers is also verlfled by looklng at the actual values of

-den51ty and’ welght of dry matter for the dlfferent layers.*
Both values are'much higher for the transition 1ayer at_sh

NE4. Flgure 5 5 shows the den51ty versus depth: graph fori

NE4. The value of 0.102 g/cm at 1.35 metres occurs in the

tran51t10n type peat layer. The thickness of the layers in

the cross-sectlon of vegetatlon types in figure 5.3 would'

also 1ndlcate that most subsidence has occurred in the top

layers. The fact that the subsidence has occurred in the.

top layers reinforces the hypothesis that the subsidence is
due to surface drainage, as drainage caused, for example,
by a permeable sub-stratum would result in subsidence . in

the lower layers.

5.3 RESULTS OF THE PERMEABILITY TESTS

The results of the constant head tests are listed in

‘appendlx A4. As-can be seen from fiqgure 5.6, the resuitsi

are very varied with values of permeablllty found dlfferlng |

' by two orders of magnitude. ‘However the general trend
found was for the permeabilities to be lower nearer to the
" road. Drainage causes a drop in permeability.

A plot of density versus permeability is shown in

figure 5.7. It shows a clear linear trend with higher

"~ density peat having a lower permeability. A plot of
humification versus permeability is shown in figure 5.8.

Although not so clear, a trend exists such'that the higher

the humification degree the lower the permeability. Figure
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5.9 shows humification versus density and shows that the
.density increases with an increase in humification. 'hs
_-compactlon of peat produces an increase in density’ 1t w111

also cause a decrease in permeablllty and so affect theu

fluld flow through.the bog,
5.4 ASSESSMENT OF THE DRAINS

5.4.17THE DRAINS BY THE ROAD

A survey of the two drains running parallel to the

road was made at 100 metre intervals starting from.thé‘

0.P.W.'s benchmark stud 100 to stud 1400. The height above

sea-level of the bottom of the drains and their width was

~measured. The survey data is listed in appendix‘All. . The -
" width of the.drains varied from 0.4 metres to 2.5 metres:"“'”
On the whole the east drain is deeper than the western one;'

Figure 5.10 shows the longitudinal sections of the”

drains. The difference in altitude between'the northern:
and southern end of the drains is 4.614 metres for.the west :
drain and 4.525 metres for the east'drain,xso that Waterif
flows from north to scuth. The difference-in altitude of';x
. the bottom of the drains between the middle of the northern
'and southern plezometer transects (at benchmark studs 400
and 900) 1s 2.311 metres for the west drain and 2. 683 '

. metres for the east drain. The water in the west dralnmls

:T"

almost stagnant in places espe01a11y north of benchmark 400

due to' the local topography of the drain in thlS area.

Flows in both drains will be affected by the amount of
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'vegetatlon grow1ng in them and also other debrls such aszm_

_11tter and even a dlscarded three-plece SUlte'

' Us1ng the relatlonshlp f:{‘r?:f;_f"ﬁ

ey = (RZ”‘ 572

' where v 1s water veloclty, n 1s Mannlng s coefflclent R is -

the hydraullc radius: and S 1s the slope of the energy 11ne,
a value of v can be calculated between statlons 400 andm

900. -U51ng a value of n of 0 1 v 0 22 m/s for the west";

drain and 0 25 m/s for the east draln. 'An estimate of the’”“

cross-sectlonal area of the water 1n the dralns at statlon; -

900 1s 0 08 m2 in the west and 0 ;1 'm® in the east. This

together w1th the veloc1t1es glves an estimated dlscharge

- of 0 0176 nﬁ/s for the’ west draln and 0.025 m’/s for the

east draln If .the area of the bog that drains towards the
road is estlmated very roughly as 2 kn@ in the west and lzf‘

km? in the east 1t is p0551ble to estlmate a depth of water .

- across the bog that can be dralned by the road in a chosen

time per1od. For the western draln thls estlmate is 0.28

metres in one year and for the eastern drain it is 0 79

\\Nb 5M arece ﬁ&k{,_\-ovo &uWMQ

metres 1n_one year. % b ERE oo metp 1B RSelie—

Se CeRe \?\‘ e “\”\“
RN o jw-i Qm\a QA - {\1?6\_ u\c\ﬂ o ‘,‘_‘-MW(. ey A-WQ.'
: RS Brtaags e mebece @0 Cob.

.5 4.2 THE SHALLOW DRAINS ON CLARA EAST

An extensive set of shallow dralns'was cut on Clara
east byrBord na Mona in 1983. mfigure'S.ll shows the extent
of this drainage. - The dralns’hawe;since been blocked with
peat'which appears to'have_beenleffective as the'water
lewelskon either side‘of the dams canroften be seen to:be

siqnificantly different. If the water levels in the drains

36
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are . plotted w1th the water ,table helghts alongh the"

'plezometer transects (see flgure 5. 12) 1t can be seen. that

! .,

‘the northern proflle has more of a stepped appearance thanr

.5
DAy :\a‘\

'_the southern one. Thls mlght suggest that the dammlng ‘has

had more success 1n the north and that the water levels are
affected by the’ dams.'J“

Vegetatlon has begun to regrow 1n the drains. wh1ch is

‘another s1gn that the dammlng is hav1ng the desired

effect.- The greatest regrowth has take ‘place in the dralns

'furthest from the road The dralns nearest to the road.

~t.'

were dry or nearly dry durlng the summer Wthh explalns the

lack of sphagnum regrowth. The drains were dry because the"

water table was below thelr base - drawn down by the water"

table, the topography and the water level in the dralns

parallel to the road so that the sub51dence caused: by~
these dralns is hlnderlng the regrowth of vegetation in the:

5 shallow drains on Clara east

5.5 EVIDENCE FOR THERE BEING ORIGINALLY ONE DOME

Two domed'bogs'are known to exist; figure 5.13 shows

a cross-section and plan‘yiew of such a bog taken from

Bellamy, 1986. It can be seen from this' diagram that in

order for two domes to form a ridge must exist in the

basin. From the Bord naoMona map of peat-base topography
(flgure '4.3) and the geophy51ca1 work carrled out on Clara

Bog, 1t 1s clear that there 1s just one ba51n beneath it.

' The decrease 1n‘permeab111ty and 1ncrease in density

in the peat nearAto‘the'road indicates that subsidence.due.
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to dralnage has occurred. U51ng the den51ty or welqht of
A _‘_7,,_,,. ‘_r

‘3.’\.

. dry matter measurements, values of sub51dence can be

calculated that ea511y account for the present dlfferencei'

-

1n altltude between the bogxsurface near’ the road and that

[ .
N .

in. ‘an undlsturbed area. "“;qi;‘e{_ff_,

K

If the sub51dence rates quotai 1n sectlon 2.4 are

applled to Clara Bog the dra1ns would have had to be cut at

least 500 years ago.‘ Although the age of the road is not -

known a common estlmate is about 200 years Either the

road is" older than assumed or the sub51dence rates theref

.r:, B
Pk

are hlgher -”’",

g

If one plots the spot-he1ghts along the road from the
1910 Ordnance Survey map agalnst the helghts of the
benchmark studs emplaced by the O P.W. in 1990 (figure

5. 14) the dlfference 1n altltude glves sone 1nd1catlon of

the amount of sub51dence that~has occurred durlng this tlme

7'1nterva1 The maxlmum sub51dence has occurred between

"

benchmark 800 and 900.' Here the dlfference in altltudes is

‘1.3 metres whlch glves a sub51dence rate of 1.625 cm/year'
over the perlod between 1910 and 1990 This is higher than

the. values quoted in sectlon 2. 4 but still is not hlgh

enough'to account for the_sub51dence71frthe road is only

200 years old. However the rate of'subsidence is known to

decrease with tinme.
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6. MODELLING THE HYDROLOGY

The computer package FLOWNET (van Elburg et al 1989)

was: used to model the flow to the dralns by the road. It

flow 1n a rectangular, 1nhomogeneous, anlsotroplc sectlon_.

=

of the subsoll The pattern of flowllnes and equlpotentlal
lines is obtalned by u51ng the f1n1te dlfference method and

a regular grld.

.

The topography of the bog surface was difficult to
'51mu1ate due to. 1ts curved nature. A compromise had to be?
reached between the accuracy of*the topography and ‘the

number' of nodes used For the 'model of the northern .
transects 74 columns and 20 rows were used while the model

it B - B

&y

of the southern transects«used 98 columns and 22 rows.

heads along the top of the model ‘and down the right- and

left hand s1des and permeablllty values at every node. The

‘ permeablllty values’ from the constant head tests were'
contoured and values 1nterpolated from them. The model. d1d
not work w1th the actual permeablllty values obtalned

because they were too 1ow for the calculatlons it uses. " To

combat th1s problem the permeabllltles were all increased

by one order of magnltude; The peat-clay interface was

modelled as a straightwline-for simplicity and as a no-flow

boundary

N - . B ) -, " B
TR BN @R N SN S A ) o G & OE R A B S
| _ . — -] -

Flgures 6.1a and b show the model with the present
data for the northern and southern transects respectlvely

1

The'boxes at the top and 51des_of the dlagrams glve-an.

39
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The data 1nput to the package 1ncludes the hydraullcf R




FLOW LINES

| ‘ FIGURE 6.1a : FLOWNET MODEL OF THE PRESENT SITUATION, NORTHERN
‘ - ; ' TRANSECTS. = VERTICAL TO HORIZONTAL SCALE IS 40.

’ : . 0 ’ 3

T -

RE




6L

WEST

EAST

[T
A , :
: e D, 1 3
... FLOW LINES . S :

FIGURE 6.1b

-

FLOWNET MODEL OF THE PRESENT SITUATION, SOUTHERN
TRANSECTS. VERTICAL TO HORIZONTAL .SCALE IS 100.

T Ty TS L

fi




F

- N
ot ' . . . K
‘ . v .
. (. ' ¢ N .
. . .- a 4 .

'1ndlcatlon of the hydraullc head. Most flow occurs 1n thef

top half of the sectlons where the permeabllltles aref

@

hlgher. Many of the flowllnes in both sectlons come to the

surface before reachlng the dralns. ' This may be an'

artlfact of the model or ¢ould represent seepage faces.

- During the fleld season for thls prOJect overland flow was

'observed on Clara east near to the carpark. Both sections

show that more flow occurs.to the drains from Clara west
than Clara east.

The model was then changed to see what effect damming

the drains would have on the flow. Figures 6.2a and. b show

the merls"for. the northern and southern transects
respectivelj,with'the drains dammed. For the northern

model the water level in the drains was raised to 56 metres

M.0.D. and SO any water levels less than this were also‘
‘raised to 56 metres M. O D.. For the southern model the

water level was ralsed to 54 metres M.0.D. These 1evels_

were chosen because they were just under the height of the

road at each location. If dammlng did occur the water_

levels would probably‘not be made so.high because the road
would then be in danger of flooding. Figures 6.2a and b
show that raising the water levels in the drains does
affeot"the pattern of flowlines. Most change in flow

occurs in the northern profile. The FLOWNET package allows

‘the flow rate in a chosen area to be calculated. Since the

permeabilities used in the model are not the real ones the

flow rates obtained can only be used relatively. The flow

rate to the road was found to decrease slightly in the
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7. coucwsxons AND RECOMHENDATIONS

Ly

s '.+l

.

The 'New' road runnlng through Clara Bog and the two.
drains runnlng parallel to 1t have had a major 1mpact on .

~ the hydrology of the bog 3 The bog was orlglnally one

ralsed dome. The road and 1ts dralns have caused more than

- «

six metres of subs1dence and have in effect caused two

= ‘:—r B

_domes. . The sub51dence has 'increased the density and

decreased the permeablllty of the peat near the road.
Water flows towards the road from Clara east and west and

it acts as ‘a major dra1n~on the bog

The effect of peat-cuttlng in the south of the area,'

f‘

has 1ncreased the subs1dence due to the road., This makes

the flow llnes approach the road at an angle (60 degrees)

rather than perpendlcularly

If the dralns by the road were dammed the water level

T

would increase and the effect of the drains would be ‘

.\

sllghtly decreased espec1a11y 1n the northern half of the

bog. However such dammlng may produce problems w1th

north of the bog Wthh presently draln 1nto these outlets.

Before any dams are ”placed in the dralns a thorough

" investigation of their;effects-should be made. Weir should

be placed in the dralns. kofe time should be spent - on

.modelllng the 51tuatlon to see to, what helght the water

‘level would have to be ralsed to make any substantial

_floodlng whlch would affect the road and farms with land f

improvement and whether thls 1evel 3is practlcal to

implement: 'The maximum water level poss1ble is constralned'

by ‘the. he1ght of the road It would also;be 1nterest1ng to
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find out the present rate of sub51dence in the area. -:The\r'”

'dlfference 1n altltude of the road between 1910 and 1990 ;'

T

(see flgure 5, 14) would 1nd1cate that ‘subsidence is Stlll‘

actlvely happenlng. If thls is the case it would be even
more worthwhlle to- block the dralns as thls would decrease
the subsidence.’ Blocking the dralhs:mey in fact be more
important in stopping any‘fhrthef ShSEidehce than actually
restoringfthe pfevieus-hydrqlegicai regime.

1
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- BOLT LEVEL M.0.D. ~ .~
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" PIEZOMETER
_ STATION

108
'NE1

~NE2

NE3

' NE4

NW5

113

SE1

SE2

SE3

SE4

‘SW1

SW2
SW3

SW4

- SWH

225410

e E L L0
. el

_ NATTONAL GRID
.© CO-ORDINATES -

EASTING

e

325280

225120

225060"

225020
224680

224800,

224910

224950
224980
7225470

225190

224960

224890

224850
ééiﬁio
224789
224750

334590.

224440

- NORTHING

' 230580

230550

230520

. 230510

230500
230840
230710
230570
230530
230500
230140
230080
230030
230020
230010
230020
230060
230090
230260

230420
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DATA OBTAINED AT EACH PIEZOMETER

CLARA BOG N L
PIEZO ~ DEPTH | H. DENSITY . K
LT .. (g/cm3) .(m/day)
108B 2 3 ;
108C 3 3
.108D 5 - 5
108E 7 6 - L
NE1B 2 3 0.068 0.144
NE1C 5 5 0.051 0.142
NE1D 8 5 0.087 0.0068
NE2B 2 3 0.046 0.0872
‘NE2C 4 6 0.076 -0.149
- NE2D 6.5 - 5 0.103 0.002
NE3B "2 5+ 0.073 0.0023
NE3C . 3 5 0.083 1.506 -
NE3D ‘5 . 0.00166.
" NE4B A "7 0.082 0.0279°
. NEAC 3 6 0.095 0.0039-°
NE4D 4.25. 6 . .-0.000756
NW18 2 ' : o
NW1C 5
NW1D 8
NW2B 2.
NW2C 5
. NW2D 8 :
NW3B 2 - 0.44
NW3C 5 6.129
NW3D 8 - 0.0324 .
NW4B 2 7 0.068  0.0264
NW4C 5" 5 0.080 0.251
NW4D 7 ‘5 . 0.000729
NW5B 2 6 0.079 0.0384
NW5C 3 6 0.101 0.005122
NWSD 3.97 CLAY - 1.423
113B -~ 2 5 - :
113C 3 6
113D 5 7
113E 7 8
113F 9 8
SE1B 2 0.335°
SE1C 5 0.0299
SE1D 8 0.138
SE2B 2 0.2717
SE2C 5 . 0.004457
SE2D 7 0.00909
SE3B 2 0.0126
SE3C 3 0.00225
SE3D 5 0.1925.
SE4B 2 0.03309
SE4C 3 ~0.181
SE4D 4 0.00537
SW1B 2
SW1C 5

-1
-1
-4

. LOG K

.938
.952
.991

- -2.44
-1.904

-6
~6.07
0.

-6.

-3.

-5.

-7.

. =0
1
=3
-1
-7

.215

409
401
579
547
187

.821
.813
3.43

.634-

.382
.224

-3.26

-5
0

-1
- -1
-1
-5

.274
. 353

.094
3.51
.981
.284
.388
-4.7
.374
.097
.648
.409
.709
L2217

93




&

SW1D

"SW2B’

SwacC

- SW2D
SW3B-

SW3C
SW3D
Sw4B

SW4C

Sw4D

- SW5B

SW5C
SwW5D

W O N U N U@

T NT. I

NS NS, W

0.061
0.0
0.089

073

.100
.082
.085

0.672 -0.397
0.444 -0.812
0.1522 -1.883

0.006268 -5.072

. 0.04 -3.219
0.001584  ~6.448

0.00359 -5.63
0.191 -1.655
0.027 -3.613
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'5;fCompletely"unhum1f1ed plant reﬁains ‘from which
éialmost colourless water can be squeezed

‘rAlmost unhumlfled. plant remalns,. squeeze water is

. s e —

$'pllght brown and almost clear.ln”

‘*,Very poorly humlfled plant remalns, squeeze water is

- N

‘7cloudy and brown.,:

' QfPoorly‘humlfled plantgremains;apeaty substance does

not'escape_from between the fingers on squeezing.

LT R TR B
B ]

iuhoderately-humifiedﬂplantﬂremains} the structure.is
'fhowever'clearly Visiole{'squeeze water is dark brown

‘and very cloudy Some peat escapes between flngers

(tegture).ls unclear. About a 1/3 of peat. escapes

s

between fingers. . f;; S

Ay - Eald o

;Falrly hlghly humlfled plant remalns, the structure

Highly humified plant¥ remains; -about 1/2 escapes

brown. ‘SZQgA“j,

‘Very hlghly humlfled plant remalns. About 2/3

e

escapes through flncers, only left. with resistant
wood roots, etc.nd '
Almost completely humlfled ;almost all peat escapes
through flngers on squee21ng Structure is absent. .

Totally hum;fled and amorphous. All peat escapes

rthrough.fingers. No free water v151ble.

_through finqersjwhepasQueezed{ _Squeeze water is dark.
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' METHOD: CONSTANT HEAD PERMEABILITY TESTS 15°§“

PLACE: " CLARA, PIEZOMETER NE1B;
~ DATE: 1991/7/11 ' . o
TIME VESSEL '; DROP RATE T "Q. " ' IMPOSED SHAPE
(HRS) LEVEL(cm) . (cm) (cm/h) (m3/day) HEAD;(m) FACTOR
o 0.00 20.3° , - NSO
12.05° 1770~ 3.3 1. 584 0 012925 ? 0.163 0.354
4.25 13.6:, wf 3,4 °1.457 0.011889 .. 0.163 0.354
- 7.10 10.8 . 2.8 1. 018 0 008307 , 0 163 0.354
METHOD: CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER NE1C R
DATE: 1991/7/11 =~ < o A
TIME VESSEL - © .- DROP RATE =~ - Q. '‘IMPOSED SHAPE
(HRS) LEVEL(cm) “(cm) (cm/h) (m3/day) HEAD (m) FACTOR
0.00 2v.5. R L . T Sen e
2.05 200 . 1.4 0.672.0.005484 - :0.078 0.354
4.25 18.8 . =:1.3 .. 0.557 03004545‘;' 0.078 0.354
7.10 17.4 - 1.4 0.509 0.004153- .~ 0.078 0.354
23.25 8.8 . 8.6 0.529 -0.0043177, - 0.078 0.354
25.35 7.5 :1.3 . 0.600 03004896 ;0.078 0.354
29.30 5.4 :2.1-  -0.536 0.004374: ..0.078 0.354
32.25 4.0 1.4 0;480'0.003917 ‘0.078 0.354
METHOD : CONSTANT HEAD ‘PERMEABILITY TESTS STu L
PLACE: CLARA, PIEZOMETER. NElD . S
DATE: 1991/7/12 S B
TIME VESSEL DROP RATE . Q. ° IMPOSED SHAPE
{HRS) - LEVEL(cm) ~ (cm) (cm/h) (m3/day) HEAD-(m) FACTOR
0.00 16.0
2.00 15.0 1.0 0.500 0.004080 .0.502 0.354
5.55 ©13.5 1.5 0.383 0.003125 - ~ 0.502 0.354
‘8.50 12.8 0.7 0.240.0.001958 0.502 0.354
94.35 0.1 12.7 °.0.148 0.001208 0.502 0.354

.(m/day)

Coocoooo

0. 224003
0.206043
0.143962

K
(m/day)

.198592
.164607
.150422 .
.156332
.177314
.158401
.141851

K
(m/day)

0.022959
0.017587
0.011020
0.006796
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PLACE:

~ DATE: "’

TIME .

(HRS)

15
135
.20

.25
.45

mxusahﬂbhgo

[ S I 8]

PLACE:
DATE:

TIME
{HRS)

0.20
2.10
6.00
9.00

PLACE:
DATE:

TIME
(HRS)
0.00
1.55
4.15
7.00
23.55
26.15
30.05

.50 -

0.00.

CLARA, PIEZOMETER NEZB
1991/7/11 -

DROP RATE

VESSEL

LEVEL(cm) . (cm) (cm/h)
19.5 - L
18.0 1.5  0.667
16.5 1.5  0.643
16.4 0.1  0.400
14.9 1.5  0.600
7.4 7.5 = 0.466
5.9 1.5  0.643

CLARA, PIEZOMETER NE2C
1991/7/12

VESSEL , DROP RATE
LEVEL{cm) (cm) (cm/h)
20.8
19.9 0.9 2.700
16.6 3.3 1.800°
11.9 4.7 1.226
8.5 3.4

CLARA, "PIEZOMETER NE2D
1991/7/11

VESSEL DROP RATE
LEVEL({cm) (cm) (cm/h)
23.5
23.5 _
23.2 0.3 0.129
22.9 0.3 0.109
20.5 2.4 0.142
20.4 0.1 0.04%
20.3 0.1 0.026

1.133

‘-'METHOD CONSTANT HEAD PERMEABILITY TESTS

' METHOD : CONSTANT HEAD PERMEABILITY TESTS

METHOD : CONSTANT HEAD PERMEABILITY TESTS

0.000212

R

LA T e R TR R

~ Q  IMPOSED SHAPE
({m3/day) HEAD (m) FACTOR
0.005443 0.17  0.354
0.005247 0.17  0.354
0.003264 0.17  0.354
0.004896 0.17  0.354
0.003803 0.17  0.354
0.005247 0.17  0.354
~Q  IMPOSED SHAPE
(m3/day) HEAD (m) FACTOR
0.022032 0.175 0.354
0.014688 0.175  0.354
0.010004 0.175 . 0.354
0.009245  0.175  0.354
- Q  IMPOSED SHAPE
- (m3/day) HEAD (m) FACTOR
0.001053  0.302  0.354
0.000889 0.302  0.354
0.001159-  0.302  0.354
0.000351 0.302  0.354
0.302  0.354

FOREET TR i el

e Y

K

(m/day)
0.090441

Q. 087186

0.054237 -

0.081356

0.063186
0.087186

K o
(m/day)

0355642

0.237094 " -~

0.161488

b

0.149238 -

K

- (m/day)

.009846
.008320
.010838
.003282
.001985

COO0O0OO

PR SN
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METHOD : CONSTANT HEAD PERMEABILITY.TESTSt_‘

19, .000212. . - 0.362

TNV Tt sk K R T 1 e i YT 4 i PR et

M P

K

(m/day) -

A e, i e e

0.354 0.006037 -
0.354 0.002854

0.354 0.002290

K .
{m/day)

0.354 3.414407
0.354 2.146610

0.354 1.505508

PLACE: CLARA, PIEZOMETER NEBB
DATE: _1991/7/11 '
TIME VESSEL DROP RATE - . Q IMPOSED SHAPE
(HRS) LEVEL(cm)~ (cm) {(cm/h) . (m3/day) HEAD (m) FACTOR
- 0.00 . 22.0. : T
: 1,107 22,0 . _ T ‘”;_*ifj - I
w  3.00 22,0 - - o S
" 5.20 22.0 -
8.05 22.0
24.05 22.0 _ A , o
24.40 - . 22.0. : ‘ _ L L
26.30 21.9 0.1 0.055 0.000449° . 0.21
30.20 . - 21.8 0.1 ‘0.026 0.000212 0.21
33.20 . 21.8 - 0.0 R ¢ .3 | 0.354
119.05 -20.6 1.2 0.014 0.000114 . - 0.21
METHOD : CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA; PIEZOME‘I‘ER NE3C
DATE: <1991/7/9 o :
TIME VESSEL DROP'RATE T - Q + IMPOSED SHAPE
" (HRS) LEVEL(cm) (cm), (cm/h)  (m3/day) HEAD (m) FACTOR
0.00- - 21.5 C R . S
0.19 20.0 1.5 - 4.74.0.038678 0.032
2.50 ©12.5 - 7.5 . 2.98 0.024317 0.032
5.51 6.2 6.3 2.09 0.017054 0.032
METHOD ; CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER NE3D
DATE: 1991/7/9
TIME VESSEL DROP RATE Q IMPOSED SHAPE
{ HRS) LEVEL(cm) (cm) (cm/h) {m3/day) HEAD (m) FACTOR
' 0.00  21.0 v - S
0.29 - 20.9 0.1 0.207 0.001689 0.362 0.354
3.00 20.8 0.1 0.040 0.000326 0.362 0.354
6.01 20.5 '0.3 "'0.099 0.000808 0.362 0.354
21.40 20.4 0.1 0.006 0.000049 0.362 0.354
26.17 20.2 ‘0.2 0.043 0.000351 0.362 0.354
29.40 20.2 0.0 -0.000 0.000000 0.362 0.354
45.20 - B 0.4 0.026 0 0.354

K
(m/day)

0.013181
0.002547
0.006304
0.000382
0.002738

0.000000.

0.001656

oo
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METHOD CONSTANT HEAD PERMEABILITY TESTS

.006 0.000049

PLACE: CLARA, PIEZOMETER NE4B
DATE: 1991/7/9
" TIME VESSEL DROP RATE Q IMPOSED SHAPE
" {HRS)  LEVEL(cm) . (cm) (cm/h) {m3/day) HEAD (m) FACTOR
0.00 20.0 ) S ‘
1.10 18.5 1.5 . 1.286 0.010494 0.105 0.354
3.32 i7.5 1.0 0.423 0.003452 0.105 0.354
. 6.45 " 16.0 1.5 0.466 0.003803 0.105 0.354
0 22.25 11.9 4.1 0.262 0.002138 0.105 -0.354
- 27.05 10.4 1.5 - 0.321 0.002619 0.105 0.354
30.20 10.4 0.0 " 0.000 0. 0.105 0.354
46.05 8.4 2.0 0.127 0.001036 0.105 0.354
pralETHODG QNS TANT UEAD, PERNEARILITY TESTS
DATE: 1991/7/9
TIME . VESSEL DROP RATE Q IMPOSED SHAPE
(HRS)- LEVEL(cm) "(cm) (cm/h) (m3/day) HEAD (m) FACTOR
0.00 21.9 & : '
1.00 21.9
3.22 21.9
6.35 21.9
22.15 21.9
26.55 21.8 0.10 0.021 0.000171 0.112 0.354
30.10 21.8 0.00 0 0.112 0.354
45,55 21.5 -0.30 0.019 0.000155 0.112 0.354
PLAgngon CRNSTANT Hg DT gaﬁg BILITY TESTS .
DATE: 1991/7/9
“TIME VESSEL DROP RATE 0 IMPOSED SHAPE
(HRS) LEVEL(cm) (cm) (cm/h) (m3/day) HEAD (m} FACTOR
0.00 23.0
2.22 o 22.7 0.3 0.127 0.001036 . 0.183 0.354
5.35 22.4 0.1 0.031 0.000253 0.183 0.354
21.15 22.4 0.0 -0.000 0 0.183 0.354
25.55 22.4 0.0 0.000 0 0.183 0.354
29.10 22.3 0.1 0.031 0.000253 0.183 0.354
44.55 2 - 0.1 0 0.183 0

.354

(m/day)

0.282318
0.092862
0.102302
0.057517
0.070470

0.000000

0.027881

K

(m/day)

0.004322

0.000000

0.003910

K .
(m/day)

0.015997
0.003905
0
0
0.003905
0.000756

© W

~~~~~~

tol




' METHOD CONSTANT HEAD® PERMEABILITY TESTS
© ., PLACE: CLARA, PIEZOMETER NW3B

TIME VESSEL . DROP RATE . .- Q- , ,
(HRS) . LEVEL(cm)  (cm) (cm/h) - * (m3/day) HEAD (m) FACTOR - (m/day)

, R - . * . Doeteg
Ul B O B G A & G E ) A D aF aE R Ea ‘ ' : - .
P
H

DATE: 1991/7/18

. 0.00 23.0

“t
g

TIME VESSEL ~ DROP' RATE . .o  Q

eualET OGRS T AR RRR I oSS
DATE : 1991/7/20 1 _gyf;'.- o

©o3l1s 11.0 © -12.0. . - 3.69. 0.030I1%., 0.14
7.00 1.0 '10.0.  2.67 0.021787 . 0.14-

(HRS) LEVEL{cm) {cm) (cm/h)' (m3/day) '"HEAD
0.00 19.5 o .
0.02 17.0 2.5~ 75;0:0.612000-, ,0.176
0.04 15.0 ..2.0 :‘60}0_0.489600‘V'50.176
g.07 12.0 3.0° --60.0-0.489600 “.0.176
0.12 7.8 4.2  :50:4 0.411264 - 0.176
- 0,27 3.9 3.9 0.176

-7 46.80.381888

 IMPOSED SHAPE K.

© 0.354 0.607554
0.354 0.439613 .

IMPOSED SHAPE K
(m) FACTOR (m/day)

0.354 9.822804-
.858243

0.354

0.354 7.858243

7
7

0.354 6.600924
6

0.354 6.129430

i dendias e L

opon . ke

ANT_HEAD PERMEZ BILITY TE o '
PLAgETHODCERgET PIEZOMETER-NWD %, STS
DATE: . 1991/8/1 R o
TIME VESSEL DROP RATE Q. 'IMPOSED SHAPE Kk -
(HRS) . LEVEL(cm) (cm) (cm/h) (m3/day)‘HEAD {m) FACTOR {m/day)
0.00 19.1 | , ——
6.02 11.0 §.1 - 1.343 0.010959 - 0.351 0.354 0.088197.
24.52 1.7 9.3 . 0.494 0.004031  0.351 0.354 0.032442

o2
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" METHOD : CONSTANT HEAD PERMEABILITY TESTS

SHAPE
FACTOR

0.354
0.354
0.354
0.354
0.354
0.354

0.354

SHAPE
FACTOR

- PLACE:  CLARA, PIEZOMETER NW4B-
- DATE: 1991/7/18 gf_ N )
TIME VESSEL ~ . DROP RATE L IMPOSED
(HRS) LEVEL{cm) " (cm) (cm/h) .(m3/day) HEAD _ (ni)
©.0.00 . 22007 A
3.35. - 21 z‘.; &'o_a .0.223 0. 001820 ;. 0.041"
7.15  ©.20.7 . 0.5 :70.136.0.001110". ~ 0.041
25.22 1852777 T.2.5 . 0.138 0.001126 - '0.041
30.05 17.5 0.7 "'- °1.148 0.009368 ~  0.041
50.00 15.0 - " *2.5 ~ "0.126.0.001028 - 0. 041
56.25 4.4 'f30"6'f”‘0 094, 0.000767::,7 /07041
95.50 19597 .- 4.5 .. 0.047 0. 000384 0,041
 METHOD;CONSTANT HEAD ERMEABILITY‘TESTS”wag;"
PLACE: = CLARA,. PIEZOMETER NW4C R
DATE: 1991/7/18 v__l'. . S _-”
TIME VESSEL . DROP RATE:- ~  .Q°, IMPOSED
(HRS). LEVEL(cm) ‘ (cm) (cm/h) = (m3/day) HEAD (m)
0.00 19.6 ¢ .
0.20 17.7. 1.9 5. 700 0. 046512 - '0.354
3.30

0

.354

0.354

5.5 . 12.2 3.853 0703%440 _J_Q 354

Lo ety

METHOD : CONSTANT _HEAD PERMEQEILITY TéSTs" ‘

PLACE: ~ CLARA, PI1EZOMETER NW
DATE : 1991/7/18
TIME  VESSEL DROP RATE - . Q : IMBOSED
(HRS) LEVEL (cm) (cm) (cm/h) (m3/day) HEAD (m)
0.00 0 22.3 :
3.20 22.0 0.3 0.090 0.000734_ 0. 253
7.00 22.0 0.0 - 0.000 - .0 0.253
25.22 21.9 0.1 0.005 0.000041  0.253
30.05 .21.8 0.1 .0.020 0.000163 . 0.253
1 49.45 21.5 0.3 0.015 0.000122 . 0.253
56.10 21.5 0.0 0.000 . 0 - °0.253
95.35 21.2 0.3 0.008 0.000065 -

0.253

SHAPE
FACTOR

0.354

0.354

0.354
0.354
0.354
0.354
0.354

K
(m/day)

0.125374
0.076461
0.077586
0.645424
0.070839
0.052848
0.026424

K

(m/day)

0.371158

0.250890

K . .
(m/day)

0.008200

0.0060000
0.000456
0.001822
0.001367
0.000000
0.000729

o3
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. METHOD: CONSTANT HEAD PERMEABILITY TESTS

5.5

2.160 0.017626

5L

’ PLACE CLARA, PIEZOMETER. NWSB
. DATE: - 1991/7/16 T*r“,;w. 3
TIME VESSEL n DROP RATE} " - Q- IMPOSED : SHAPE
“"(HRS) LEVEL(cm) (cm)‘(cm/hf (m3/day) HEAD (m) FACTOR
©0.00 18.4 ,
1.30 17.9 - O'S‘Wf 0 333 O 002717 %"Ozlg, 0.354
3.55 17.4 0.5 . 0.207-0.001689 ©0.12 0.354
6.50 16.7 0.7 - 0.240 0.001958 -+ 0.12 0.354
23.20 13.1 3.6 0.218 0.001779 ' 0.12 0.354
27.30 12.0 1.1 . 0.264 0.002154, - 0.12 0.354
47.32 8.0 4.0 - 0.200 0.001632-- . 0.12. 0.354
51.22 7.2 0.8 -0.209-0.001705 0.12 0.354
55.02 6.4 0.8 0.218 07001779 0.12 0.354
71,00 3.2 3.2 . szoo 0 001632 0.12 0.354
METHOD : CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER Nw5c *‘r;»g, L
DATE: -1991/7/16 Lo
TIME - VESSEL DROP RATE o ‘Q " IMPOSED SHAPE
(HRS) -LEVEL{cm) -{cm).. (cm/h) (m3/day) HEAD {m) FACTOR
0.00 19.0 .
0.55 18.9 0.1 0:109 o 000889 0.045 0.354
1.45 18.8 0.1 0.120 0.000979 " 0.045 0.354
4.10 18.5 0.3 .70.124°0:001012 - 0.045 0.354
~7.05 18.3 0.2  0.069-0.000563 0.045 0.354
23.35 18.0. 0.3 ~ 0.018 0.000147 . 0.045 0.354 -
27.45 17.8 0.2 - 0.048-0.000392 - 0.045 0.354
47.47 17.4 0.4 "0.020 0.000163 0.045 0.354
51.37 17.1 0.3 - 0.078. 0.000636 0.045 0.354
" 55,17 17.0 0.1 0.027 '0.000220 0.045 . 0.354
71.15 16.6 0.4 0.025.0.000204. 0.045 0.354
76.00 16.2 0.4  0.084.0.000685 0.045 0.354
95.55 16.0 0.2 . 0.0107°0.000082 0.045 0.354
METHOD : CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER NW5D
DATE: 1991/7/16
TIME VESSEL DROP RATE . '~ ' Q IMPOSED SHAPE
(HRS) LEVEL(cm) (em) (cm/h) - (m3/day) HEAD (m) FACTOR
0.00 21.2 ‘ : -
© 0.55 20.4 0.8  0.873 0.007124 0.035 0.354
1.45 1 19.4 . 1.0  1.200.0.009792 0.035 0.354
4.10 11.8 7.6 3.145 0.025663 0.035  0.354
7.05 6.3 0.035 0.354

K

(m/day)

0.063966
0.039763

S

0.046102

0.041876
0.050712
0.038418
0.040147

0.041876.

0.038418

K. -

{m/day)"

0.055834 *

0.061469

0.063518

0.035345

0.00922 .

0.024588
0.010245

0.039955 .

0.013831

0.012806

0.043028
0.005122

K
(m/day)

0.574954
0.790315
2.071283
1.422567




. o
R . . s . Ty

7 METHOD CONSTANT HEAD PERMEABILITY TESTS

" PLACE: CLARA, PIEZOMETER SEIB
DATE: - 1991/8/1 o e .
TIME' VESSEL DROP' RATE - - .~ 0
{HRS) LEVEL(cm) i (‘cm) (cm/h)
~ 0.00 21_5 ﬁ’i _
0.50 lﬁ;Q'N‘fQF4,6_i 5 52 0. 045043
- ...;;;, FER = . -~

e AR AT I g s

DATE: -1991/8/1~ -C}',

TIME VESSEL .. DROP RATE . Q.

(HRS) LEVEL(cm) (cm) (cm/h)

0.00 21.2. R .

0.50 20.8 - .+ 0.2 0. 480 0 003917
7.20 | 16.1°. . 4.7 ' 0.723,0.005900.
25.37 . 9.1 -, 7.0 - :0:383 0003125
5 - 1.6 %0, 257 0. 002097

31.50 7.

) METHOD CONSTANT HE D PERME
PLACE CLA RA, PIEZOMETER SE
"DATE: 1991/8/1 <
TIME - VESSEL. . DROP RATE * .. . Q .
(HRS) -~ LEVEL(cm) - tem) (cm/h) . -(m3/day)
- 0.00 i8.0 o
0.50 14.3 3.7 4 440 0. 03623
7.20 1.0 13.3 2 046 0. 016695

R oa s

.

. IMPOSED -.SHAPE = K . .

iJ*b;

(m3/day) HEAD (m) - FACTOR

i -

(m/day)

0.354 0 334844

IMPdSED SHAPE K

:‘vo_
o
=70,
o

ot

Igerqusrsﬂif&"”;

HEAD (m) FACTOR

(m3/day) HEAD “(m) FACTOR

198

198
198
198

:0;341
0,341

(m/day)

0.354 0.055881
0.354 0.084171
0.354 0.044588
0.354 0.029920

;IMPOSED SHAPE K

(m/day)

0.354 0.300134 -

0.354 0.138305

106




METHOD : CONSTANT HEAD PERMEABILITY TESTS

., PLACE: CLARA, PIEZOMETER SE2B
. DATE: 1991/7/29
TIME: VESSEL DROP" RATE . Q
 {HRS) LEVEL(cm) (cm) {cm/h) (m3/day)
0.00 15.9 .
4.7 2.688 0.021934

- 4.10 11.2

PLA@ETH9DcER§iTAN$IEﬁeagsﬁﬁMEQEéLITY TESTS

DATE: 1991/7/29
TIME VESSEL DROP RATE - Q
(HRS) LEVEL(cm) {cm) - (cm/h) {m3/dav)

0.00 23.0 ‘

4.10 22.3 0.7 0.168 0.001371
22.20 16.8 2.5 0.138 0.001126
29.06 - 19.0 0.8 0.118 0.000963
45.58 17.5 1.5 0.089 0.000726
52.35 16.9 0.6 0.091 0.000743
69.52 15.8 1.1 0.064 0.000522

o alEHOD; QNS TANT AR EERUEARTLITY TESTS

DATE 1991/7/30

TIME VESSEL DROP RATE ‘ Q

- (HRS) LEVEL(cm) {cm) (cm/h) (m3/day)
- 0.00 19.8

6.50 16.0 3.8 0.556 0.004537
23.42 12.4 3.6 0.213 0.001738
-30.19 11.4 1.0 --0.151 0.001232
47.38 9.2 2.2 0.127 0.001036

- IMPOSED

HEAD (m)

0.224

IMPOSED
HEAD (m)

.331
.331
.331
.331
.331
.331

SO0 OOO

IMPOSED
HEAD (m)

0.322
0.322
0.322
0.322

" SHAPE
FACTOR .

0.354

SHAPE
FACTOR

.354
.354
.354
.354
.354
.354

COO0OO00O0

SHAPE
FACTCR

0.354
0.354
0.354
0.354

e

K

(m/déy)

0.27661q

K
(m/day)

0.011700
0.009610

0.008218"°

0.006198

0.006337

0.004457

K
{(m/day)

0.039802
0.015248

0.010810
0.009091

156
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“METHOD : CONSTANT  HEAD PERMEABILITY TESTS T

PLACE' CLARA, PIEZOMETER SE3B . St
. DATE: 1991/7/29° u_’f‘ . I ~’j ' g*?
"~ TIME . VESSEL DROP ‘RATE - - Q@ IMPOSED SHAPE
(HRS}  LEVEL(cm) (cm) (cm/h) (m3/day) HEAD (m) FACTOR -
. 0,00 . 21.0 S
o 4.15 " | 19.0 2.0 . go 471 :0: 003843 : 0 341 0.354
122,20 - 14,1 .74:97 . 0.271.0.002211 ; 70.3417 - 0.354
29.05 12.6 -7 "1.5¢ ° 0.222:0:.001812~ -0.341 0.354
45.56 9.0 3.6 0.2140.001746. ... 0.341 0.354
52.35 7.8 1.2*0.180 0.001469 .. 0:341 0.354
6 - 3.2 0.354

69.50 4. 0.186° 02001518 ﬂ#50434r-ﬁ

|‘J, !’

METHOD : CONSTANT HEAD

.PLACE: ~ CLARA, PIEZOMETE%Rg % ILITY\TESTS
DATE: 1991/7/29 ' . Cr
TIME VESSEL DROP RATE- ffft Q. :»IMPOSED SHAPE
(HRS) LEVEL(cm) (cm) {(cm/h)"° (m3/day) HEAD (m) FACTOR
0.00 19.0 IR
4.15 18.5 0.5 .. 0.118;0,000963‘_w,0.502 0.354
22.20 17.0 1.5 0..083°0.000677 - 0.502 0.354
29.05 16.5 . 0.57 0.074 '0.000604.". 0.502 0.354
45.56 15.4 1.1. - 0.065-0;000530.."" 0.502 0.354
52.35 15.2 0.2, 0.030 0.000245.. “2'0.502 0.354
69.50 14.6 0.6 0.035:0.000286 .--0.502 0.354
76.35 14.4 0.2 - 70.030 .0.000245 . 0.502 0.354
95.54 13.3 1.1 0.057 0.000465 - 0.502 0.354
102.05 13.0 0.3 ‘ 0 0.354

iO 049 Q.OOQQOO 502

METHOD ; CONSTANT HEAD PERMEABILITY TESTS

'PLACE: CLARA, PIEZOMETER SE3D
" DATE: 1991/7/29 '
- TIME VESSEL DROP RATE - = . Q IMPOSED SHAPE
(HRS) LEVEL(cm) (cm) (cm/h) (m3/day) HEAD (m) FACTOR
0.00 22.4 : oL
4.15 3.3 19.1 ,0.538

. . - . R LLom Tk ER

 4.49470.036671

K
(m/day)

10.031839
0.018319

0.015007

0.014466

0.012168
0.012573

K -
(m/day)

0.005418 -
0.003811 -

.003398
.001378
.001378

. 002617
.002250

COCODOoOOC

K
(m/day)

0.354 0.192547

.002985 .

.001607.

T R PRI

ST



‘ METHOD CONSTANT HEAD PERMEABILITY TESTS
. PLACE: CLARA, PIEZOMETER SE4B

DATE: 1991/7/28
“TIME '  VESSEL '~ DROP RATE 0 IMPOSED SHAPE - K :
(HRS) LEVEL{cm) (cm) (cm/h) (m3/day) HEAD (m) FACTOR (m/day)
.0.00 22.5 ' S : I
4.05 17.4 5.1 .1.249 0.010192 0.535 0.354 0.053814

22.50 3.0 14.4 0.768 0.006267 0.535 0.354 0.:033090

METHOD;CONSTANT HEAD PERMEARILITY TESTS
PLACE: ~ CLARA, PIEZOMETER SEAC
DATE:  1991/7/28
TIME VESSEL DROP RATE Q0  IMPOSED SHAPE K
(HRS) = LEVEL(cm) (cm) (cm/h)  (m3/day) HEAD (m) FACTOR  (m/day)
0.00 19.0 | -
4.05 4.6 14.4  3.527 0.02878  0.448 . 0.354 0.181474

' METHOD :CONSTANT HEAD PERMEA ILITY TESTS . : -
PLACE: CLARA, PIEZOMETER SE

. -DATE: 1991/7/29
TIME VESSEL DROP ‘RATE Q IMPOSED SHAPE K-
(HRS) LEVEL{cm) {cm) {cm/h) (m3/day) HEAD (m) FACTOR (m/day)

0.00 21.9 ' _ :

4:25 21.3 0.6 0.136 0.001110 0.352 0.354 0.008906
22.25 18.5 2.8 '0.156 0.001273 0.352  0.354 0.010216-
29.12 17.7 0.8 0.118 0.000963 0.352 0.354 0.007727
46.05 - 15.8 1.9  0.113 0.000922 0.352 - 0.354 0.007400
53.02 15.0 0.8 0.115 0.000938 0.352 0.354 0.007531
69.56 13.7 1.3 0.077 0.000628 0.352 0.354 0.005042.
76.45 13.2 0.5 0.073 0.00059¢ 0.352 . 0.354 0.004780
96.02 11.5 1.7 0.088 0.000718 0.352  0.354 0.005763

102.10 11.0 0.5 0.082 O 0

.000669 0.352 .354 0.005370

l.
o
'lg
g
a .

log.




L

METHOD CONSTANT HEAD PERMEABILITY TESTS. S
. PLACE:" CLARA; PIEZOMETER SW3B - - L
DATE:  1991/7/28 A R S

TIME VESSEL - . DROP RATE ' . : - -0 - IMPOSED "SHAPE K -
" (HRS) LEVEL(cm) (cm) (cm/h) j (m3/day) HEAD (m} FACTOR (m/day)
0.00 ~ 21.5. -
0.35 ~18.4ﬂ;, 301 5.314 0:043362. . 0.136 - 0.354 0.900678 -
4.40 2.27 7 162 3, 967 0.032371 5 0. 136;,- 0.354 0.672373

vl -t - .
. C . i . N L -
[ . - Tl ai
R

I METHOD ; CONSTANT HEAD PERMEARILITY TRgTs 7.
*  PLACE: CLARA, PIEZOMETER sw§8IL1T¥ ?FSTSf='
- DATE: - 1991/7/28 .~ TR ‘ : 7
| l TIME . VESSEL . DROP ‘RATE - . v..Q 7 IMPOSED SHAPE K
. (HRS) LEVEL(cm) (cm) (cm/h) (m3/day) HEAD “{m) FACTOR (m/day)
. 0.00 i8.8 u_;h L
I 0.35 15.0 3.8 6 514 o 053154 o 338 0.354 0.24424.
ETHOD:CONSTANT HEAD PERMEABILITY.TESTS - -
PLACE: TOPAERRA AN R OHBTER SHaD ‘;VESTS
DATE: . 1991/7/28 . RAT | N
TIME  VESSEL 'DROP RATE .. o IMPOSED 'SHAPE K . ¢
(HRS) LEVEL{(cm) - (cm) (cm/h)" (m3/day) HEAD (m) FACTOR (m/day)
0.00 22.9 £ .
0.35 21.0 1.9 ~."3.257.0.026577 0.367 0.354 0.204568
4.40 7 11.1 . 9.9 . 2.424 0.019780 - .0.367 0.354 0.152249

. . Y I
' ‘ ’ - ;_ - - - - -A
. . . i ] E
f S

wr 14

g vt e w




.‘PLACE:
< DATE: -

I‘ Pl

Py
I\

(HRS)

1991/7/23

TIME. VESSEL

LEVEL(cm)
12270
20:9: . -
18,4 af
149

61 o0

0.00
5,40
" 24.15
' :'48.45
119.45

oo &dl . a

s

e

PLACE: ~ CLARA, PIEZOMETER
DATE: 1991/7/23 B
TIME VESSEL
(HRS) *  LEVEL(em)-
- 0.00 22.4
4.35 18.9 3.5
23.40 5.3 .

L

' METHOD: CONSTANT HEAD PE
PLACE: RME

CLARA, PIEZOMETER SW
DATE: =~ 1991/7/23 ..
TIME VESSEL
{HRS) LEVEL(cm) (cm) (cm/h)
0.00 17.9
5.40 17.2 0. 7'
24.15 16.0 1.2
48.45 14.6 1.4
‘'11.9 2.7

119.45

1,1
2.5

3.5
. 887 0,124 0. 001012

' METHOD : CONSTANT HEAD PERMEABILITY TESTS
CLARA, PIEZOMETER swap ¢ -7

DROP RATE 1.; .0
- (em) (em/h)

'0 194 o 001583
- 0.135 0:001102"
0.143 0.001167"

e - Il el e Al -

SW

‘Nbﬁob RATEH'_' S
(cm) (cm/h)

) l3i6f 

DROP RATE - . .. Q.
(m3/day) HEAD

s

H
.

4C - V‘:

O 764 0. 006234

10.713 0:005818"

Ty

BRILITY TESTS |-

_'0 174 0. 001012 _
0.065 0.000530 "
0.057 0.000465

0.038 0.000310

IMPOSED ' SHAPE -

" 0.456

. 0.456

. 0.456
0.456 .

METHOD ; CONSTANT HEAD PE RM ABILITY}TE%TS‘Q '

0 411
0.411

(m3/day) HEAD (m) FACTOR

0.354
0.354

-0.354

0.354

0 ; IMPOSED SHAPE
(m3/day) HEAD (m) FACTOR

0.354

0.354

. IMPOSED SHAPE

(m) FACTOR
0.553 0.354
0.553 0.354
0.553 0.354
0.553 0.354

K g -
(m/day}

0.009807 -

0.006824

0.007229

0.006268

K o
(m/day)

10.042849

0.039988

K
(m/day)

0.005169

0.002709
0.002376

0.001584

L i e S Rttt

NO




- METHOD:CONSTANT HEAD PERMEABILITY TESTS

PLACE:  CLARA, PIEZOMETER SW5B
DATE: 1991/7/22 :
. TIME VESSEL 'DROP RATE Q IMPOSED SHAPE = K . -

(HRS) LEVEL(cm)  ‘(cm) (em/h)  (m3/day) HEAD (m) FACTOR (m/day)
70.00 22.8 = ‘ R
2.27 22.4 0.4 0.163 0.001330 0.34 0.354 0.011051
'6.25 22.0 0.4 0.101 0.000824 0.34  0.354 0.006847
 24.40 20.1 0.9  0.049 0.000400 0.34 © 0.354 0.003322-
31.10 19.6 0.5 - 0.077 0.000628 0.34 0.354 0.005220
49.30 18.5 1.1 0.060 0.000490 0.34 0.354 0.004068
73.57 17.2 1.3  ~0.053 0.000432 0.34°  0.354 0.003593

;AgETHODCCONSTANT HEAD PERMEABILITY TESTS

LARA,  PIEZOMETER SW5C
DATE: 1991/7/22
TIME VESSEL DROP RATE Q IMPOSED SHAPE K-
(HRS) LEVEL(cm) (cm) (cm/h)  (m3/day) HEAD (m) FACTOR (m/day)
0.00 20.6 | o
2.27 10.9 9.7 3.959 0.032305 0.479 0.

H

METHOD CONSTANT HEAD PERMEABILITY TESTS
LACE: LARA, PIEZOMETER SW5D

354 0.190518

DATE ‘1991/7/22

TIME VESSEL DROP RATE Q -IMPOSED SHAPE . K

(HRS) LEVEL(cm) {cm) (cm/h) {m3/day} HEAD (m) FACTOR (m/day)

: 0.00 22.5 B oo
2.27 19.4 3.1 1.265 0.010322 0.276 0.354 0.10565
6.25 16.4 : 3.0 0.756 0.006169 0.276 0.354.-0.063139
24.40 8.6 7.8. 0.427 0.003484 0.276 0.354 0.035662
31.10 2.1 0.323 0.002636 0.276

6.5

s +

S LY
L5

i
lt

i

d
l‘ '
T

{

oy TR -

0.354 0.026976

DR o R T Y TEPR Tt A

M




. - . - : : Bt "o ¥ N - o B - B J. N - - R
. " N - . W ' " N

B
L2
i

: . PR '

N
- R : e .
. N . . 5
. B . IR . .
B ' B ’ . [ v - ] :
° " PN ’ v - * . L . ) o R
- " . Bl N N ‘ A " P m. . - PR
. . ! . . v e L B o
. B e . o . - . - . . .
o o : - ) o , : o
R . - L. ' . . . DR - - ! ' LI 1
: o , N . ) , g . ,
- S . X PR - . H g
: : s : \ : - Lt . o o
. - “ . v . . —
“ . - . f LE )
B - » . . ' . . oo . i . H o o . e
Vs : P . - . . . + - L.
5. AN 1 ) ‘ a ' i o n A : " -~ e B
; M N y H . - . 4 . .= " 4 . , - .
" Do . . RS ;o B . . L . W
. . . - D . . o . [ B 3 L .
- . i - T a PR . e ¢ on LN “. 1 . i P R R . B
. R [ .o P .- s v R Y [P - i A . ' . . o . . v . e
- : ‘ . vt R . s . - w . ) . P ) -
" N . E - Vo . T P ! - oo T . . - . - . - .. .
. i . L ] } . . .
. . . . - = . . ! R .
. B . . - . Lo, PO
: . ¥ PR Tl N
L N . . ) g Lo
T . W - N
' ) b *




. - . . id - - R Rt ¥ o . e S i
: . - . . - ' ' - . . .o

!

. . _me!res
300 _ 200 . 100 0 100
T . T 3 T

NORTH WEST 500 0
A T

60
B8 [
56
57 |-
rires 56 o ’ ﬁﬂ.ﬁ

ove
1 level 55 +

A o)’ﬂnﬂ-‘)l
515 580

- o8f
Rt .
T O S

-~~~ == Waler table . o

=== Pent- clay boundary

EQUIPOTENTIAL COKTQURS THROUGH THE PEAT
ROARTHERN TRANSELYS Oate 26/6/9]
Contour interval 0.5m )




N

' melres -
SOUTHl WEST 500 [ 00 00 100 0 100 200 00 0] 500 -E!]U SOUTH EAST )
r T T T T T T T T T T T T 1 r T T (R
50 - . e :
swi . SW7 i
P .|
LIRS :
LT SN .
ey nbmjrsﬁ . . ‘
level !
8- 1
LT N .
81 ‘-_‘., .
P TR
YRS :
Bl . 5
50 I e ______—_,-_—_—.-_.—::‘: ________________
19 [ T
1]
KEY , ‘ F
— o ===~ Vaoter lable , :
" =z==3z Peal-cloy boundary Iy PR ..-1 ;
' : ) EGUIPGTENTIAL CONTOURS THROLGH THE PEAT j,
' SOUTHERN TRAKSECTS. Date 26/6/9) 5 : " ™ '
Conteur interval £.5m - -
i
C s
g
N §
B2 . : ) _ &
¥ s . . T R I R 1




. . s i g
. N 7 3 . [y il = = - o . h n . ¥ “ E - &n
. . - N < . B I R . R o - .

L0D 0 w0
T ‘

melres

00 [

i

" NORTH WEST 500
T

60
69 -
58

[Za)
=
1

KEY: oo . .
~ - —= Woler table : Ty -

-

=z am=E Feut.-cluy boundary

1

FOUIPOTENTIAL CONTOURS THROUGH Tﬁ[ PEAT
HORTHERN TRANSECTS Dote 2477791
Contour interval 0.5m

s

o
v

il
o +

&, H
a N
e L]

" NORTH EAST

P

A




’ ]

. ) melres
SOUIH WEST 00 L00 300 %0 00 o wm - 200 H 400 500 600 SOUTH E4SI
B | T T L

T - 1 T T T T T T T J 7 T T T T 1 T 1 T 1 T

b0 o ‘ , , o o 3

56 -
57 |-

t4 above
level

o

gl
561
b4 |
51
8

51

w|

-

KEY:
o - ~=— Vler lchle

b ‘ === Peat-clay boundary

EQUIPOTENTIAL CONTOURS THROUGH THE PEAT,
_SOUTHERN TAANSECTS, Date 24/7/9

Contour interval 0.5m

ergitey oSt ik, | s eeSieazaie e 4 o e

il




4 . : : . ‘ ’ * C . e
. : . . ' o . c

- ‘ ' . melres - [
NORTH WEST 500 400 300 160 0 100 Il 100 . . 509 HOATH EAS
Ll T T T T .

T T T =T T

w1 , ' : - . ‘ ' a
o _ _ 108

50~ ‘
M ;
% ; s
§7 ) 3
" Al . .3 . ~
e
level 55'»
L .
sE
52 |-
51+
50 F
KEY. ‘ . , , A N T AT T e ey e T
- =— =~ Woler table ‘ 7 : NEEEA U e T T R S
= Pent ~clay boundory | ' ' ' ) S ‘ T : . S

EQUIPGTENTIAL CONTOURS Thousk THE PEAT "~ 7 T ol
NORTHERN TRANSELTS . Ucte /8791 o
Contour intesval 0.5m

%

r
N

.
&
te
.

¥

L
=<
e o




i

tres above
level

3l

SOUTH WEST g

metres
b

§

]

b0
W1

] e

58
gk .
56 |-
5 |-
Sh .
5
5 |-
LY
9k
19+

.k

viater table
" ferd“cloy boundary

COWPOTCRTIAL CONTOURS THROUGH 1NE PEAT,
SOUTHENN TRANSECTS {ate 3/8/01
Contour interval 35m

s

Y

P

o S0 W NN SN AR U G W 0N WS B A NN W EE I an
. . . . ) - J ST e o o ‘ -
. . RN . . ) . .




- B - B L "
ISR L I T
: el "o e - - N
- - .. ) .o
. e
. . . L
- N L. al 3 R
- - . L A . i
o : N : [ P
. ER R R A .
P e - R ER .
.o ST - .y
. N ut ! " a
Y ' A 2’

APPENDIX

Las .
Lo e ek . -
oy - . « . .
- e T . < .
’ .o ‘ . . Lo B
7 Lt h

. . . . . .
& - " El B . : .
Yo : . " t s " .
R . . Y . . ] i
. . oo i »
- v . . . &
. . Sl . R L1
i [l . ES - -
. [ L. s . . .
w - - . K : .
. Lo - R
. A R .
L, e or e
v ) 3 - - 3 [
v f Tor s : ' '
P . s ) . ., X '
' - R .
iy e - i o
. " A N . . N
. - v L
o vt " 5 . : .
N -7 b .
<ot
. LTt T e . L
- . L TR - " -




‘ol

I

S

l-. |
I\.
l'

SE1C

’ - .HEAD DATA

. M.O
160

RS

TOP TUBE BOT..

60
60.
60.
60.
60.
59.
59.
59.
59,
58.
58.
58.
58,
57.
' 57.
57.
57.
55..
55.
55.
55.
- 60.
. 60.
© 60.
60.
59.
" 59,
59.
59,
58.
58.
58.
58 .
58.
58.
58.
58.
56.
56.
56.
56.
60.
60.
60.
60.
60..
60.
59.
59.
59.

CLARA. = > S
‘DATE: . '1991/6/19
PIEZO. = DEPTH
e (m)
108aA phreatic
- 108B. 2
. '108cC -3
--108D 5
108E 7
- NE1lA phreatic
NE1B 2
NE1C" 5
NE1D 8
NE2A phreatic
NE2B . 2
NE2C 4
"NE2D 6.5
NE3A pPhreatic
NE3B - -2
NE3C 3
NE3D -
NE4A phreatic
NE4B ' 2
NE4C 3
NE4D 4.25
‘NW1A phreatic
NW1B 2.
NW1C 5
NW1D 8
NW2A phreatic
NW2B ' 2
NWw2C 5
~ NW2D . 8.
NW3A phreatic
"NW3B - 2
NW3C "5 -
NW3D 8.
NW4A phreatic’
NW4B : 2
NwW4C 5
" NW4D _ 7
NWSA phreatic
NW5SB - 2
. NW5C - 3
NWSD _ 3.97
'113A _ phreatic
1138 2
113C 3
113D 5
" 113E 7
. 113F , 9.
SEl1A phreatic
SE1B 2
5

.D "

160
155
145
150
670
665
675
660
575
570
580.
575
565
550
565
543
750
775
770
765
480
495
505
490
715
725
730
750
853
840
830
815

125

115
120
130
220
215
205
200
233
213
233
183
243
183
038
053

053

TUBE  WATER

633 .

M.0.D:." LEVEL(m)
59,655 0.568
59.650.  0.596
59.660  ~ 0.597
59.700 0.781
59.675 0.981
59.280°  0.481
59.255 0.540
59.260°  0.602

 59.240 0.835
58.165"  0.501
58.160° 0.566
.58%165 . 0.495
58.175. 0.950
57.155 0.713
57.130 0.768
57.145 0.801
' 57.140. 0.834
55.340- 0.382
55.360-- 0.459
55.370 0.537
55,375 °  0.558
60.065°  0.455
60.070: 0.511
60.070 0.667
60.070 0.564
59.310 . 0.419
59.310: 0.458
59.315-  0.645
59.305.. 0.708
58.435 ' 0.520
58.427 ©  0.574
58.430 0 0.798
58.400 0.824
57.710" 0.588
57.705 -  0.651
57.720 0.733
57.720° 0.771
55,795 0.531
"55.790 ° 0.462
55.790 0.423

. 55.795 0.344
59.763 0.474
59.743 0.51%
59.743 . 0.542
59.743 0.565
59.758 0.610
59.738 0.644
58.633" 0.575
58.628 0.679
58.

0.700

HEAD
(m)”
59.592
59.564 "
59.558"
59.364

59.169 “__

59,189
59.125
59.073

58.825 M

58.074
58.004

58.085 i.

57.625
56.852
56.782
56.764

T

56.709 M —

55.368
55.316
55.233

55.207 _ -

60.025
59.984

59.838

59.926 ' _

59.296
59.267
59.085

b

.

59.042 & ___

58.333
58.266
58.032 1

57.991 _+»

57.537
57.464
57.387

57.359 ~

55.689
55.753
55.782
55.856
59.759
59.694
59.691
59.618

59.633 ; -

59.539
58.463
58.374 |
58.353

i

}
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SE1D
SE2A

SE2B

SE2C
SE2D

SE3A -

SE3B
SE3C

- SE3D°

SE4A
SE4B

SE4C
SE4D.

SW1A
SW1B
SW1C
SW1D
SW2A
SW2B
SW2C
SW2D
SW3A
SW3B
SW3C
SW3D
SW4A
SW4B
. SW4C
SW4D
SW5A
SW5B
“SW5C
SW5D

f

8 ".59.078
phreatic . 56.428 -
.7 2. 56.418 .

5., 156413 -

- 7 56.438"
phreatic ...54./963

2 54,958

3 54,973

5. "54.992 .
phreatic 53:438

2 . 53.443.

3 53463

4 53,468
pPhreatic - 59,405 -

2 59.440 -

5  59.455

8 59.470
Phreatic 59.135. .

2 . 59.155 -

5  59.165,

8 °59.150
phreatic 57.200

2 57.190:~

5 57.210

7 57.215 +
phreatic 55,765 -

2 55.770
4 55,780

6 55.780: -
Phreatic  54.090

2 54.100°

3 '54.100°

4 54.120

0.8487 58,230 |

56.028 -~ 0.715- 55,713 7
56.008°  0.700° ~55.7i8
55.998 . .0.877.7°55.536 . A
55.998.° 0.721 . 55.717 - _
54.553 . . 0.818. .54.145

54.553 0.933 54.025. [
54.558 - 0.996 = 53.977 |
54.573-  1.070. 53:922 _
533.0137  0.976 - 527462

53.033 1.019 . 52.424

53.033 .~ 1.083 s52.380 Vv 4
53.038.  0.892 -.52.576

58.945 0.503- '58.902
58.990; - 0.580 58.860
59.020: " 0.794- . 58.661 |
59.025 1.015 58.455 Vv
58.710- - 0.501 -'58.634 +
58.725 .. 0.513 . 58.642

58.720: 0.538“”-58.627,{
58.720 - 0.583 58.567 v
56.790. " 0.581 56.619

56.785. 0.664 56.526

56.795: .. 0.918 ° 56.292

56.805 - - 0.958 = 56.257
55.360 . 0.764 . 55,001 |
55:365 -  0.958 54.812 \
55.350 -.° 0.945 54.835

55.330, 0.930 - 54.850
53.675 ' 1 1.020 53.070 ~ 4
53.675 - 0.959 53.141 :
53.685 - 0.974 53.126 \L _T
53.705- . 0.928 . 53.192 .

3
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" HEAD DATA _ |

. CLARA , :
"DATE:  1991/6/26
. PIEZO ° DEPTH
“.- (IH.)
1084 - phreatic
108B : 2 .
108C 3
108D 5
~108E 7
‘NE1A phreatic
NE1lB - .2
. NELC 5
. NE1D 8
NE2A phreatic
NE2B wl 2
NE2C : ’ 4
NE2D _ 6.5
NE3A phreatic
"NE3B 2
NE3C 3
NE3D 5
NE4A phreatic
'NE4B o2
NE4C 3
NE4D - 4.25
NWiA phreatic
NW1B 2
NW1C . 5
NW1D 8
. NW2A phreatic
NW2B 2
NW2C 5
NW2D 8
‘NW3A phreatic
NW3B o 2
NW3C : 5
NW3D . - 8
Nw4a phreatic
NW4B - ' 2
NW4C 5
NW4D 7
NW5A phreatic
NW5B 2
NW5C 3
NW5D 3.97
- 113A phreatic
113B T 2
113C .3
113D 5
‘113E 7
113F 9
SE1A. phreatic
SE1B 2
SE1C 5

M.0.D
60.160
60.160
60.155
60.145
60.150
59.670
59.665
59.675
59.660
58.575
58.570
58.580
58.575
57.565
57.550
57.565
57.543
55.750
55.775
55.770
55.765
60.480
60.495
60.505
60.490
59.715

59.725.

59.730
59.:750
58.853

. 58.840
58.830

58.815
58,125
58.115
58.120
58,130
56.220
56.215
56.205
56.200
60.233
60.213

60.233"

60.183
60.243

"60.183

59.038

59,053
59.053

TOP TUBE BOT..

M.O.
59,
59.
59.
59.
59,
59.
59.
59.
59.
58.
58.
58.
58.
57.
57
57.
57
55.
55.
5%
55.
60
60.
60.
60.
59
59.
59
59
58
58.
58.
58.
57.
57
57
57.
55.
55.
55.
55
59
59-
59
59,
59
59
58.
58.
58.

TUBE WATER
D. LEVEL(m)
655  0.543
650  0.594
660  0.587
700 0.772
675  0.968
280  0.446
255  0.526
260  0.595
240  0.805
165  0.463
160  0.553
165  0.457
175  0.927
155  0.680
.130  0.753
145  0.802
.140  0.840
340  0.379
360  0.447
.370  0.531
375  0.556
.065  0.450
070  0.497
070  0.660
070  0.557
.310  0.404
310 0.445
.315  0.635
.305  0.701
.435  0.488
427 - 0.560
430  0.789
400  0.819
710  0.548
.705  0.636
.720  0.724
720 0.755
795  0.535
790  0.451
790  0.415
.795  0.333
.763  0.475
743  0.517
.743  0.544
743  0.566
.758  0.607
.738  0.645
633  0.528
628  0.671
633

10.699

HEAD
(m)
59.617
59.566 /
59.568 / 1
59.373 /|
59.182
59.224f
59.1397
59.080,
58.855 L)
58.112
58.017 7 -

58.123" 1

57.6487_4
56.8857
56.7977
56.7633
56.703 /Y
55.3717

55.328"
55,239/
55.209 ‘v _
60.030l

59.998
59.845
59.933 1
59.311
59.280
59.095
59.049 V__
58.365
58.280
58.041
57.996 v
57.577
57.479
57.396
57.375 v
55 .685
55.764
55.790 /
55.867 3

59.758
59.696

59.689
59.617
59.636- T
59.538

58.382
58.354

58.5104L.
L

&

e

122




“-SE1D .
SE2A -
.- SE2B

SE2C
“SE2D
SE3A
SE3B
"SE3C
SE3D
SE4A
SE4B

SE4C |

SE4D
SW1A
SW1B

" SWIC

‘SW1D

- SW2a

“SW2B

sW2C
SW2D

"SW3A

. SW3B

SW3C
SW3D
SW4A

. SW4B

SWAC
SW4D
SW5A
SW5B
SW5C

SWSD

N R ¥ i . N - - - L. B
. ' €« .

8

‘phreatic
2
5

7
phreatic
2
3
5
phreatic
2
3
4

phreatic

2

5

. 8
phreatic
2

5

8
phreatic
2

5

7
phreatic
' 2
4

6
phreatic
2

3

4

54,973

54.992 -
53.438-
53.443 -
53.463
53.468.
59.405
59.440
59.455. -
59.470 .
59.135 .

59.155
59.165

39.150°

57.200
57.190

57:210

57.215
55.765

55.770~
55.780 -
55.780

54.090
54,100
54.100
54.120

59.078 .
56.428"
56.418
56.413
56.438. "
54.963

54.958"

'58.618
56.028
56.008 . 0.
55.998 . . 0.
55.998 . -
54.553
54,553
54.558".°
54573
. 93.013 =
53.033
53:033 -
53:038 -
158.945
58.990 "
59.020 ©
59. 025"
/58,710 " -
- 58.725" ?‘".
. 58.720 *{« )
58.720
56. 790

56..

56.,795
56.805-
55.360. ..
55.365 "
- 55,350 ";fK.
55.330° © 0.
© 53.675 - 0.
' 53.675
53.685 . 0.
53.705. .. 0.

[ TPPR SO R PR

53.974

ﬂ]?ﬂ o
58 566_,‘=

ﬂ '<—~
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- 'CLARA - ‘
.  DATE: 1991/7/10
“ PIEZO DEETH
: {m)
108A. phreatic
IOBB fﬁl ZE?
108C 3
108D 5 -
108E 7.
NE1lA phreatic
- NE1B S 2
NE1C .5
NE1D .8
NE2A phreatic
NE2B ‘ 2
NE2C -4 -
NE2D 6 5
NE3A phreatlcf“
NE3B 2
NE3C .3
NE3D RN
NE4A phreatic
NE4B 2.
NE4C 3
" . NE4D 4.25
NW1A phreatic
NW1B 2
- NW1C 5
NW1D 8
NW2A. phreatic
.NW2B ) 2
Nw2C 5
" NW2D ) 8
NW3A phreatic
NW3B 2
NW3C 5
NW3D 8
NW4A phreatic
NW4B 2
Nw4C -5
NW4D 7
NW5A phreatic
"NW5B 2
NW5C 3
NW5D 3.97
113A phreatic:
113B 2
113C 3
113D 5
~ 113E 7
- 113F . 9
SE1A phreatic
SE1B 2
SE1C 5

L4

. : ' R ; .- + "
. - . . : . L . - P i
' - ' [ . v W
) e S

“;'HEAD DATA

;‘:.-, .

M.0.D’

160.160"
‘6071607
* 60,155 .

60.145.

_60 ‘150
359 670 .
~59.665
. 59. 675
«.59 660
. 58.575 -
58_570
,'58.580"
..58.575.
57. 565'
57. 550
- 57.565
© 57.543
:551750'%

55.775 °

"555770
. 55.765
'60.480

60.495
60.505
60.490
59.715
59.725
59.730
59.750
58.853
58.840
58.830
58.815
58.125
58.115
58.120
58.130
56.220
56.215
56.205
56.200
60.233
60.213
60.233
60.183
60.243
60.183
59.038
59.053
59.053

TOP TUBE BOT TUBE WATER

‘M.0.D. - LEVEL(m)
59. 655 0.619
7596507 . 0:637 -
-59.660 . 0.644
 59.700  0.825
59.675.. 1.037

__59,280_‘4 0.525
59.255 . 0,577
59.260  0.656

159.240 - 0.865 -
58.165 . -~0.569

58.160 . 0:601

"58.165 0.567
58.175 . 0.980

57155 | 0.792

~ 57.130 . ° 0.700
'57.145 . 0.800
57. 140 0.842
55.340. - 0.458
55.360 ° 0.464
55.370  °0.546
55.375. . 0.561

60.065. ;0.520
60.070°~ 0.550

©60.070  '0.719

60.070 *70.619

59.310 . . 0.451
59.310 . *10.499
59.315° 0,694
59,305 -0.784
 58.435 .-.0%589
- 58.427 ‘. 0.615
-58.430 " " .0.838-
58.400 - 0.878
57.710 - 0.662
57.705 - 0.691
57.720  0.771
. 57.720 . 0.780
55.795 0.616
55.790 0.512 -
.55.790  0.476
55.795 . 0.390
59.763 . 0.536
59.743 - 0.568
59.743 0.600
59.743  0.628
59.758 © .0.669
59.738 -.0.706
58.633 - 0:611
58.628 0.721

58.633

59.945

0.752

3
b

HEAD R
-{m)

59:541

-59.523

59.511
59.320

' 59.113 V'

59.145

~59.088

59.019
58.795
58.006
57.969

56.773 7§_
56.850 'T
56.765-1L
56.701
55.292
55.311 |
55.224 l
55.204
59.960"

<

- 58,013
. 57.595

59.786 “
59.871 T
59.264 |
59.226
59.036
58.966 Y,
58.264
58.225
57.992
57.937 bk
57.463
57.424
57.349
57.350
55.604
55.703
55.729
55.810

. 59.697

59.645
59.633
59.555
59.574
59,477 4
58. 427‘11’

58.332
58.301

R4




1
."SE1D . - 87 %59 078ﬁ; 58.618 ‘-,0;904 58,174 il .
" SE2A phreatic” '56.428" 56.028 - 0.772 55.656. . :
. SE2B. ' 2. . 56.418.°'56.008 - - 0.760.  55. 658'ﬁl -
SE2C : ‘5‘1555;413,_ 55.998 -~ 0.915 '55.498 - .T: e "
~ SE2D o 7 ~ 56.438: 55.998" - '0.773, .55.665 _. -k *
. 'SE3A  phreatic .54.963 " 54,553 - 0.892° '54.071. | ' '
SE3B 2 /54,958 . '54.553" ° 0:969 - 53.989. :
~ SE3C 3-- 54.9737 54:558-- 1048 '53.925 |} i
"SE3D - , 5 . 54.992 - 54, 573 . '1.126 53.866 _%
SE4A phreatic  53.438 53.013. . 1.063 52.375.
SE4B ‘ 2 53.443 . 53.0337 -71.075 52.368
- SE4C 3 53:463 '53.033°. 'I.114 52.349 v}
. SE4D | ‘4 '53.468 - 53.038.° -.0.935 : 52.533 _ -
SW1A phreatic. 59.405 - 58.945 0535 58.870 ]
SW1B" : 2 59.440 ' 582990- -. 0.618 58.822
SW1C 5 59.455. . 59.020.°- . 0.839 58.616
SW1D. 8 .59.470.° 59;025 “1.063.  58.407 Vv
SW2A phreatic 59,135 7.58.710 % .0.543 ° 58.592"
SW2B 2 59U1I55 _*58,725=';go.563- ' 58.592
Sw2C ..°5  59.165 .:58:720 .- 0.597 . 58.568
. SW2D - 8 597150 - 58.720° - " 0.626 58.524 X~
SW3A phreatic  57.200 '56.790 ., 0.591 56.609
 SW3B 2 57.190 °'56.785 ' . 0.686 56.504
- SW3C 5 . 57.210 - 56.795 ° 0.935. 56.275
SW3D 7 57.215 ' 56:805 ° :0.997 56.218 _v
SW4A phreatic- 55.765 - 55.360° .0.824 54.941 "]'
SW4B . -2 55.770 55a365;,;‘1 004 54.766 -
SWAC 4 '55.780 -55:350- ©.0.970 54.810 ' —
.SW4D 6 55.780 - 55;339_' 0.963 54.817 _ |
'SW5A phreatic  54.090 .53.675. '°'1.069 53.021 1~ .
. SW5B : © 2 54.100 - -53.675 -0.999 53.101 J A
SW5C 3 54.100 . 53.685 -~ 1.021 53.079 o
- SWS5D 4 54.120 - '53. 705 x; 0.969 53.151-\*__j:_ &

- : ’ ' N *
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CLARA e
- DATE: 1991/7/24 -« - -
PIEZO DEPTH '~ TOP TUBE. BOT. TUBE' WATER
‘ (m) - -M.0.D° M.0.D. 'LEVEL(m)
.108A phreatic ' 60.160 59.655 ‘ 0.547
'108B © o "2--.600160° 59.650 " 0.577
-108C "3 .60.155 59.660  0.586
108D 5 .60.145 59.700- 0.767
108E 7 .760.150. 59.675 = 0.967
NE1A phreatic 59.670 59.280 . ' 0.454
NE1B. 2 +59.665 59,255 . 0.529
NE1C 5 59.675-° 59260  0.597
NE1D 8 . 59.660 59.240 ° 0:830.
NE2A phreatic 58.575 @ 58.165. = 0.481
NE2B 2 °58.570 - 58.160 - 0.553
NE2C ~ 4 7.58.580. 58.165 " 0.477
NE2D ' 6.5 58.575.<- 58.175 0.922
‘NE3A phreatic - 57.565 : 57.155 0.709
NE3B 2 °57:550 ~ 57.130 0.746
NE3C 3 57.565. 57.145 . °0.816
NE3D "5 '57.543 - 57.140 0.872
NE4A phreatic 55.750 55.340  0.384
NE4B 2 55.775 55.360 ~ 0.457
NE4C 3 55.770 55.370 0.549
NE4D 4.25 55.765  55.375 0.564
NW1A phreatic  60.480.- 60.065 0.439
NW1B ‘2 60.495 60.070 0.493
NW1C 5 :60.505 ' 60.070 0.659
NW1D 8 60.490 - 60.070 0.568
NW2A phreatic’ 59.715 59.310 0.406 -
'NW2B | 2 59725 59.310  0.443
NW2C 5 59.730 ,59.315 - 0.637
NW2D B8 59.750 59,305 - 0.761
NW3A phreatic  58.853 -58.435 .- ‘0.481-
NW3B -2 58.840 58.427 0.566
-NW3C - 5 58.830 - 58.430 . 0.801
NW3D 8 58.815 58.400 0.910 -
- NwW4a phreatic 58.125 57.710 . 0.498
NW4B 2 58.115 57.705  0.639
NW4C 5 - 58.120 57.720  0.734
NwW4D . 7 58.130 57.720 0.572
NW5S5A . phreatic 56.220 55.795 - 0.531
- NW5B - + 2 56.215 55.790  0.457
NW5C .3 56.205 55.790 = 0.422
NW5D 3.97 56.200 55.795 0.336
“113A phreatic  60.233 = 59.763 0.471
1138 : 2 60.213 59.743 . 0.516
113C 3  60.233 59.743° 0.545
113D 5 60.183 59.743  0.569
" 113E 7  60.243 59.758 0.618
113F 9 60.183 - 59.738 0.654
SE1A phreatic 59.038 58.633 0.519
' SE1B 2 59.053 58.628  0.673
- SE1C 5 59.053 58.633

HEAD DATA .

0.701

(m)

0 59.613°
- 59.583"
-59.569

59,378
59.183
593216
59,136
59.078
58.830
58.094
58.017
58.103

57.653

56.856
56.804
56.749
56.671

55.366

55.318
55.221

'55.201

60.041

1 60.002

59.846

'59.922

59.309

‘59,282

59.093
58.989
58.372
58.274
58.029
57.905
57.627
57.476
57.386
57.558
55.689
55.758
55.783
55.864
59.762

- 59.697

59.688

59.614

59.625
59.529
58.519

'~ 58,380

58.352

HEAD -

S+

o
.
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| SE1D
- SE2A

SE2B
SE2C

SE2D - -

SE3A
SE3B
SE3C

" SE3D

SE4A
SE4B
SE4C
SE4D
SW1A
SW1B
SW1C
SW1D
SW2A

. SW2B_

SW2C
SW2D -
SW3Aa
SW3B
SwW3C
SW3D
SW4A
SW4B
SwW4C
SW4D -
SW5SA

- SWSB

SW5C
SW5D

8.
phreatic

5.
7

phreatic
2
3
5

Pphreatic

2

3

4
phreatic
2

5

8
phreatic
2

5

8
phreatic
2

5

7
phreatic
. 5

4 .

6
phreatic
2
3
4

59.
56.
56.
56.
56;
54.
54,
54.
54.
53.
53.
.463

53

53.
59,
59,
59
59,
59.
59,
59.
59.
57.
57.
57.
57.
55,
55,
55.
55.
.090
54,
54,
.120

54

54

078

428
418

413

438
963
958
973
992
438
443

468
405
440
455
470
135
155
165
150
200
190
210
215
765
770
780
780

100
100

58.
56,
56.
55.
55.
54.
54.
54,
54,
53.
53.
53.
53.
58.
. 58.
59
59.
58.
.725
58.720
58.
56.
56.
56.
56.
55.
55
55.
55.
53.
53.
53.
53.

618
028
008
998
998
553
553
558
573
013
033
033
038

945

990

.020

025
710

720
790
785
795
805
360

.365

350
330
675
675
685

705

0.857
0.722
0.719
0.908
0.759
0.781
0.942

1.011

1.086
1.022
1.033
1.092
0.500

. 0.480

0.56%
0.787
1.021
0.471
0.511
0.550
0.593
0.511
0.643
0.922
0.984
0.757

0.960
1.032

0.963

58.221
55.706
55.699
55.505
55.679
54.182
54.016
53.962
53.906
52.416
52.410
52.371

- 52.568

58.925
58.871
58.668
58.449
58.664
58.644
58.615
58.557
56.689
56.547

56.288~

56.231
55.008
55.770
54.820
55.780
53.058
54.100
53.137
54.120

1?—
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—
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" HEAD DATA _

" CLARA = -
DATE:  1991/8/7
PIEZO  DEPTH '~ TOP TUBE BOT. “TUBE . WATER, " HEAD . -
o (m) . . M.0.D M.0.D. LEVEL(m) (m).
108A . phreatic '60.160 ~59.655 . '0.546 -. 59.614 |
108B° © 2 6071607 59.650 . " 0.577 . :59;533
108C’ '3 60.155. 59.660 01573“ '59.577
108D 5. 60,145 59.700 - 0.772. 59.373
108E 7 -60.150. 59.675 " 0.965 59.185
'NE1A phreatic .59.670 . 59.280 .'0.432 59.238
NE1B "2 59,665 59.255 _°0.519 i 59.146 - :
NEIC ' 5 '59.675° “59.260 °0.590 jsg.oss
NE1D - 8..59.660 59,240 -'0.826.7° 58.834
NE2A phreatic - 58.575 .. 58.165  0:449 = 58.126 l
NE2B 2 58,570 58.160 = 0.556 . 58.014 - + -
NE2C 4~ 58.580 58v165- . 0.434. .58.146 L L=
'NE2D 6.5 58.575 ~,.58.175 ../ 0.931 .57.644 oo @
NE3A phreatic =~ 57.565° 571155 < 0. 616 56949
NE3B 2 57.550 -~57:130 -0.764 . 56.786
NE3C - 3 57.565 57.145 . 0.822 ~56.743
' NE3D 5 57,543, .57.140 :0.877 . 56:666 _M-_
NE4A phreatic  55.750° 55.340  0.365: °55:385
NE4B. 2 55.775 <55.360  0.441 755.334
.NE4C" 3 551770 55.370 0.526  55.244’ "
NE4D . 4.25 55.765°.55.375 ' .0.545 :55.220 . B
NW1A phreatic  60.480; - 60.065  _ 0.433. 60,047 e
NW1B 2 60.495 . 60.070 04482 . '60.013 | o
NW1C 5 60.505 ° 60.070 = -0.653. =59;852- \/ﬁ‘ i
NW1D , 8 60.490 . 60.070 "-..0.563 59,927 _ ! —
NW2A phreatic 59.715 . 59.310  0.378.~ 59.337
NW2B 2. 59.725.  59.310- . 0.428 59.297 | :
NW2C : 5 59.730 59:315 - 0.627 . 59.103 '
NW2D 8 59.750 -'59.305: - 0.761. ' 58.989
NW3A phreatic. 58.853 . 58,435 0.479.°°58.374
NW3B 2 58.840 - 58.427. 0.555- '5B8.285
NW3C 5 58.830 58.430 - 0.797 - 58.033
NW3D 8 58.815 -58:400  -0:825 57.990
NW4A phreatic  58.125. . 57.710  0.566 57.559 j[”" o
NW4B. 2 58.115. 57.705  0.650 57.465
NW4C , 5. 58.120 - 57.720 - 0.724 57.396 ~
NW4AD .7 58.130 57.720  0.657 57.473 _ _|_
NW5A phreatic 56.220 ° 55.795 ~ 0.526 55.694 7
NWSB 2. 56,215 55.790 ~ 0.440 - 55.775 - °
NW5C 3 56.205 .55.790 . 0.396 55.809
NW5D 3.97 56.200 55.795  0.309 55.891 :
113A phreatic 60.233 ~ 59.763  0.466 .59.767
113B 2 60.213 -.59.743° @ 0.514 59.699
113C 3 60.233 59.743 °  0.544 59.689
113D 5 60.183 59.743  0.563 59.620 -l
113E i 7 60.243 - 59.758 0.615 59.628 ’y
113F 9  60.183 ° 59.738.  0.652 . 59.531 _ _ _{
'SE1A - phreatic- 59.038 58.633  0.486 58.552.
' SE1B 2 59.053 58.628 . 0.666 58.387 \l

SE1C 5 59.053 58.633  0.697 '58.356

Lo ! ' . ’ " . ) . . * - I e, ] . . . S
" S d
W I

|
!

g




H
4

'szln

SE2A
SE2B
SE2C
SE2D
SE3A

- 'SE3B

SE3C
SE3D
SE4A
SE4B
SE4C
SE4D
SW1A
SW1B
SW1C
SW1D

SW2A

SW2B
SW2C
SW2D
SW3A
SW3B
SW3C

- SW3D

Sw4Aa

SW4B

sw4cC
SwW4D
SW5A
SW5B
SwW5C
SW5D

NW5B
NW5C

8
phreatic

5

7
phreatic
2

3

.5
phreatic
2

3

g

phreatic
2

5

8
phreatic
2

5

B
phreatic
2

5

7
phreatic
: 2

4
6

lphreétic

2
3
4

2
3

2

59.078
56.428

- 56.418

56.413
56.438
54.963
54.958
54.973
54.992
53.438
53.443
53.463
53.468
59.405

59.440

59.455
59.470
59.135
59.155
59,165
59.150
57.200
57.190
57.210
57.215
55.765
55.770
55.780,
55.780
54.090
54.100

54.100
54,120

55.936
55.928

. 58.618

56.028
56.008

- 55.998

55.998
54.553
54.553

54.558 ..

54.573

-53.013

53.033
53.033
53.038
58.945
58.990
59.020
59.025
58.710
58.725
58.720
58.720
56.790
56.785

- 56.795

56.805
55.360
55.365
55.350
55.330
53.675
53.675
53.685
53.705

55.533
55.532

0.836
0.707
0.708
0.926
0.766
. 0.715
0.926
1.000
1.098
0.942
1.015
1.069

0.888

0.465
0.556
0.772
1.017
0.468
0.511
0.557
0.586
0.478
0.637
0.933
0.982
stolen!
.981
.952
.952
.851
.945
.967
.916

OCCOOO0OO0O0OO

.764
0.696

(=]

58.242

-55.721

55.710

55.487

55.672
54.248
54.032
53.973

52.428
52.394
52.580
58.940
58.884
58.683

-58.453

58.667
58.644
58.608
58.564
56.722
56.553

L
T
1 &
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DRILLING AT PEG 5E EAST

DEPTH HUMIFICATION

- (METRES) DEGREE
0.00-0.35 ,iHS
0.35-0.50  H3
0.50-0:95 H3
. 0.95-1.00 | HS
1.00-1.75 H3
1.75-2.00 HS
2.00-2.10 H6
2.10-2.70 H3
2.70-2.85 H5
2.85-2.90 | H7
2.90-3.25 .. H4
3.25-3.50 H7
3.50-3.58 H6
3.58-3.70 H7
3.70-4.20 HS
4.20~4.23 H8
4.23-4.25 H3
4.25-4.27 H8
4.27~4.50 H5
. 4.50-5.75 H5
5.75=6.00 H6
6.00—6.20 H6

[ i

VEGETATION TYPE

MOsS,
MOSS,
MOSS,
MoSS,

MOSS,

GRASS

MOSS,
MOSS,
MOSS,

MOSS,

HEATHER
HEATHER
COTTON GRASS

HEATHER

HEATHER, COTTON
SEDGE
SEDGE, HEATHER

SEDGE

SEDGE, REED,

COTTON GRASS

MOSS,
MOSS,
MOSS,
MOSS,
MOSS,
SEDGE

MOSS,

REED,

MOSS,
REED,
MOSS,

MOSS,

GRASS,

MOSS,

SEDGE
SEDGE, REED
SEDGE, HEATHER |
SEDGE

COTTON  GRASS,

SEDGE
SEDGE

HEATHER

'SEDGE

HEATHER
HEATHER, COTTON
REED, SEDGE

 REED, - SEDGE,

HEATHER

REED,

SEDGE

B\



e

. - . . . Sy

6.20-6.50

6.50-6.70 - ..

6.70=7.00 -

7.00-7.50

7.50-9.50

H6
g

H6

H6 - -

.37.1:"h

REED SEDGE ALDER:

SEDGE REED

?]ALDER REED, SEDGES
faHEATHER

1REED SEDGE |
-FhEED SEDGE ALDER

132
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DRILLING AT PEG. 5D WEST. .

'DEPTH - . HUMIFICATION
. (METRES) " "

" “DEGREE .

0.00-0.25: ~ ' . H& .

0.25-0.75 . . H5

0.751.00 % ETQ'ﬁ4;
1.0041.50 - o
1.50-2.30 . ., H3
z.3qezi55 C m

3.55-3.00 - .- H4

3.00-3.45 e H3

3.45-3.50 . - - HE
3.50-3.70 HI
3.70-3.80 ﬁaw.
3.80-4.00 . Hﬁ'l'-
4.00-4.30 o s
4.30-4.32 ;‘; H7
4.32-4.37 '{V‘ H5:
4.37-4.40 . Hs
4.40-4.58 o He
4.58¥4.7o_ | ~ H8
4.70-5.25 - . H4
5.25-6.00 H6
6.00-6.50 - He
6.50-6.70 - H6
6.70-7.25 - HS5
7.25-7.40 - H5

VEGETATION TYPE

MOSS
MOSS
MOSS
MOSS
MOSS, HEATHER

MOSS, REED

. MOSS, HEATHER, SEDGE

MOSS, REED.

MOSS, REED

MOSS, REED

MOSS, SEDGE

MOSS, HEATHER

MOSS, C.GRASS, REED

MOSS, REED

" MOSS, C.GRASS, REED

MOSS, REED, SEDGE
MOSS, HEATHER

MOSS, REED, SEDGE
MOSS, REED, SEDGE
MOSS, REED, HEATHER,
SEDGE, COTTON GRASS

ALDER, REED, SEDGE,

'BIRCH

ALDER, - REED, SEDGE,
BIRCH, C.GRASS
REED, SEDGE, ALDER

REED, SEDGE, ALDER
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DRILLING AT PIEZO NE1 _ -

DEPTH . HUMIFICATION
(METRES). = DEGREE -
.0.00-6.357*" ,‘-:”Hxéﬂlﬁ
0.35-0.80 ‘H2
0.80-1.20 _‘ﬁaﬂﬂ':
1.20-1.30 B H4 :
1.30-2.55 Hy
-2.55-2.65 _ HS
2.65-2.69 © . H3
2.69-2.79 HS
2.79-2.89 H3
2.89-3.00 . HS
3.00-3.70 H4
3.70-3.80 3
3.80-4.05 - HS
4.05-4.10 . H3
' 4.10-4.20 | H5
4.20-4.40 H3
4.40-4.50 " H6
4.50-5.20 =5
15.20-5.60 . H?
5.60-7.000 ~  HS
7.00-8.00 HS
8.00

T

VEGETATION TYPE

MOSS, COTTON GRASS .-
MOSS '
MOSS, .REED

MOSS, HEATHER, C.GRASS

"MOSS, - HEATHER, REED,

SEDGE

SEDGE, REED, MOSS

SEDGE
SEDGE, REED

MOSS, HEATHER, REED,
SEDGE

SEDGE, REED,
GRASS, HEATHER
SEDGE, HEATHER, MOSS
MOSS, 'C.GRASS, REED
MOSS, COTTON GRASS
MOSS

REED, SEDGE 7
MOSS, C.GRASS , HEATHER
COTTON GRASS, REED
MOSS, HEATHER

SEDGES, HEATHER
ALDER, REED, SEDGE
SEDGE, REED,
BIRCH

CLAY

COTTON

ALDER,

e

. MOSS, HEATHER, REED, .
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DEPTH - '~ . HUMIFICATION . -
(METRES). © " . -

0.00-0.30.
0.30-0.50". .. S
0.50-0.85

0.85-1.20

1.20-1.30

1.30-1.50"

1.50-1.58

1,58—1.64

1.64-2.20

IR

2.20-2.35

2.35-2.37

2.37-2.41

2;4;-2.55

2.55-2.70

©.-2.70-2.90

2.90-3.13

3.13-3.50

3.50-3.65

3.65-3.80

3.80-3.90

3.90-4.00

4.00-4.05

DEGREE:- -

oH3' U Mosst T

DRILLING AT PIEZO NE2. © . = &

| VEGETATION TYPE

C.H6, ... " -<MOSS . . .,

HS 'Y . | MoSS, HEATHER

w .

“H2 ' MOSS, HEATHER

- _HT . 'MOSS; HEATHER

‘H3 .  .MOSS, HEATHER
H5 - © . MOSS, HEATHER
© H3 - MOSS, HEATHER

Ha . MOSS,  HEATHER,

SEDGE

HS - - SEDGES.

T He : MOSS, HEATHER,

SEDGE

. HS . 'SEDGE .

HS5' : HEATHER, = SEDGE,

GRASS

HY | MOSS, HEATHER

H6 .. REED, SEDGE

He o '~ MOSS, HEATHER,

' GCOTTON GRASS

H3 . MOSS

H6 ~ COTTON ' GRASS,

SEDGE . -

0

" H6. " REED, SEDGE

T T m R g

REED,
REED, -

COTTON

REED,

H6  SEDGE, REED, HEATHER

MOsSs,

H3 . COTTON,GRASS, MOSS .
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4.05-4.20 - =
- e i-":".' .:a._k ~.
;;":.'

,,,,,,

5.00-5.20 -5
5.20-7.50 ..

7.50

[ o
-~
2]
-
-

- . . -F
Lt sw L
- 2oyt
‘e

CLHS -

TR

~ COTTON GRASS, HEATHER

‘REED, " SEDGE, HEATHER

“}f?ALﬁiﬁ; HEATHER, REED,
 sEncE, o
‘.i!COT%dN GRASS
';j¢6§£bn AGRASS, SEDGE,
. HEATHER
'"*?éﬁﬁp{’SEDGE, HEATHER
. ALDER, REED, SEDGE

¥

.-
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"DRILLING AT PIEZO NE3

. DEPTH HUMIFICATION VEGETATION TYPE =
(METRES) DEGREE '
Ab.oqeo.zsl " H3 MOSS
'6.2541.00 : . -H2 , MOSS
. 1.00-1.30 ° ©H3 MOSS, HEATHER
1.30-1.40° "735 © MOSS, REED, SEDGES
1.40-1.70 H3 ~ Moss.
©1.70-1.74 H8 SEDGE
1.74-1.77 : H3 4 MOSS, SEDGE
1.77-2.10 | H5 ' SEDGE, HEATHER, COTTON
| GRASS | .
2.10-2.15 - H8 SEDGES
2.15-2.75 . H3 ~ COTTON GRASS, MOSS
2.75-2.80 H4 SEDGE, REED
2.80-3.00 R ‘ﬁs : HEATHER, REED, SEDGE, -

COTTON GRASS
3.00-3.20 HS COTTON GRASS, SEDGE,

MOSS, HEATHER

3.20-3.50 = H5 ALDER, REED, SEDGE,
HEATHER “
3.50-7.25 . HS REED, ALDER, SEDGES

. =%
l ‘ | |
l c

. <
-..z|

7.25 ‘ ' CLAY

g
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=~ DRILLING AT FIEZO NE4 | L
DEPTH, o HUMIFICATION“.‘{ ** VEGETATION, TYPE
(METRES) ' ,." - DEGREE- S "L-“
0.00-0.35 . .. H%é;f'.,‘: o MOSS )

0.50-0.90 . mA ‘- , - Moss! COTTON GRASS

PR N

b
U

0.90-1.20 . .i”v:_ Hé?ﬁ.’j ‘ :“:‘LMOSS, HEATHER

1.20-1.65°  He- - ;‘ﬁﬁgiﬁﬁi, MOSS, COTTON
. -,GgA;S'Q -

1.65-2.35 - W7 . ’.AﬁBER:iBEED

2.35-2.90 He. o SEDGE, REED

2.90-4.75 {1 | Hé;ﬁ"} - ?"REED SEDGE, ALDER

4.75 L o ELAY‘

' .o " I . .t . .
-7 . . " ) - t . . B
¥
3
g

- #n
e
g
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|i_ DRILLING AT PLEZO NW4 :
l o " DEPTH.  HUMIFICATION VEGETATION TYPE ~ *
R (METRES) DEGREE .
' 0.00-0.30 -  HS MOSS
B - 0.30-0.50 " H3 . MOSS, HEATHER -
l 0.50-0.70 H3 MOSS |
’ 0-70-0.80 ‘H6 REED,  SEDGE,  MOSS,
l | HEATHER '
l'_'- , 0.80-1.00 H2 MOSS
| o 1.00-1.50 H2 MOSS, SEDGE
' ‘ 1.50-1.75 - H4 | MOSS, comoﬁ GRASS
N 1.75-2.00 H7 | ALDER, MOSS
. 2.00-2.25 2 | MOSS
' 2.25-2.50 . . MOSS, COTTON GRASS
T 2.50-2.65 ' H3 MOSS
l' 2.65-2.75 - . H7 - SEDGE, REED
B 2.75-2.95 - oms C.GRASS, ALDER, MOSS
." . 2.95-3.00 . He6 . COTTON GRASS
l o 3.0043.'_35  He | SEDGE, MOSS
d I 3.35-3.50 HS | COTTON GRASS,  REED,
l | | 'HEATHER | |
- 3.50-3.60 . H5 HEATHER, MOSS
l 3.60-3.75 HS5 'COTTON GRASS
' | 3.75-4.15 HS HEATHER, MOSS, REED
| 4.15-4.50 H7 " MoSS, HEATHER, SEDGE <
| l 4.50-4.60 ~ HS MOSS o |
- 4.60-5.00 Hé ALDER, MOSS, | REED,
l' - SEDGE |
| 5.00-7.25 - HS " REED, SEDGE, ALDER
l k 7.25 - ~ CLAY
i
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DEPTH.
- (METRES)

0.00-0.30
0.50-0.70
0.85-1.30
1.30~1.50
1.50-2.25
2.25-2.85
2.85-3.45

3.45-3.75

3.75

{

0.30-0.50

0.70-0.85

DRILLING AT PIEZO NW5

HUMIFICATION
DEGREE

HS .
LH§f "
i
ws

:

H6

HT

H6 -

VEGETATION TYPE

MOSS

MOSS, COTTON GRASS
MOSS |

MOSS, HEATHER

MOSS, COTTON GRASS
MOSS; COTTON GRASS
MOSS, HEATHER, ALDER,
COTTON GRASS

ALDER, BIRCH, SEDGE,-
REED

REED, SEDGE o
VERY WET, AHORPHOUS‘ =T

CLAY

4o




LN & -
B - N . A . ‘\. AN " i : " .

-
. By
- oy 5
:

T S 1

sy

A

PR

i

po-

DRILLING AT PIEZO SW3 - |

DEPTH ‘ffgffﬁUMIFIdiTibN;: O
(METRES) - . ..~ DEGREE. . -

0.00—0;20.ﬁiff ”{:EIHB

o

0.20-0.40 #L*}l'r inﬁﬂ'*

10.40-0.60 <. HI.

0.60-0.80 . . H5

0.80-1.00 .  H3.

1.00-1.10 G 7 H3 .-

1.10-1.25 . - :HE .-

1.25-1.30 . H3 '

1.30-1.40 " Hs

1.40-1.50 . H3 . -

1.50-2.03 . - | H3 L

2.03-2.08 . . H6

2.08-2.18 . H&e -

2.18-2.55 ©H3 - L -

2.55-2.95 H7

2.95-3.00 - H3
3.00-3.25  H6
3.25-3.30 ' HSJ'
3.30-3.35 - H7
3.35-3.70 ' Hs
3.70-4.22 H6

4.22-4.32 H6

*~

' MOSS, SEDGE, HEATHER,

] 4
&
>
%
o
e

VEGETATION .TYPE

*.“MOSS, COTTON GRASS

., Moss

MOSS, C.GRASS, REED,

ALDER

" MOSS

'MOSS, REED, HEATHER

- 'MosS, SEDGE, HEATHER

. MOSS, HEATHER -

'MOSS, COTTON  GRASS,

. HEATHER, REED

1MOSS, SEDGES

 "<.MOSS, COTTON GRASS

- REED,  SEDGE,  MOSS, .

'HEATHER

HOSS, HEATHER

‘SEDGE, REED, MOSS,

HEATHER

" MOSS, HEATHER
 MOSS,C.GRASS, HEATHER

. MOSS, HEATHER

MOSS, HEATHER,C.GRASS
MOSS, HEATHER
MOSS, HEATHER, REED

REED, SEDGE, MOSS

14




4.32-4.60
4.60=5.00
5.00-7.50

7.50.57

-

t o
wk n
LY
e,
N
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PR
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" 'REED, SEDGE, MOSS
" ALDER, SEDGE, REED -
" REED, SEDGE, ALDER

. CLAY
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3.50-3.80

DRILLING AT PIEZO SW5

DEPTH .. - HUMIFICATION

(METRES) . - ... DEGREE"
0.00-0.55 ... . H3
. oo T - . ; ta,

0.55-0.85 .0 i  H3

L

0.85-1.000 " HeY 7

1.00-1.35 . " H5 . °

1.35-1.50 ¢ H6.. .

1.50-3.50

3.80-4.25 H& "

" REED '

. VEGETATION TYPE

' MOSS, HEATHER

“REED] .COTTON  GRASS,
. HEATHER

'HEATHER, REED

- COTTON . GRASS, HEATHER,

. N

' SEDGE, REED

'REED, SEDGE; ALDER

REED, -SEDGE, ALDER

SEDGE, REED WITH SILTY

. LAYERS AND SHELLS

CLAY
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=-METHOD'

_PLACE.
DATE:

- 1991/8/15

- DEPTH (M)

- 0.25-0.
© 0.80-0.
.30

1.25-1

1.80-1.
.30-2.
.80-2.
.30-3.
.75-3.
.30-4.
.70-4.
.25

.20-5

.20-9

!

.75-5.
.20-6.
.75-6.
.20-7.
.70-7.
.40-8.
.70-8.
.25

30
85

85
35
85
35
80
35
75

80
25
80
25
75
45
75

VOLUME
(cm3) ’

43
43

.43

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

WET

70.
65.
Y

71

70.

71

66.

70

68.
71
73.
69

72

68

71

16.
71.

71

70.

A

WTJ;
{g) .
34
.96,
77
.65
8177
L1000
82

31

56

93
42

.87

s13
08.."
37
11
06 -

.82

83

30.

DRILLING WITH A PEAT AUGERy:'
CLARA EAST, ‘PEG S5E° o

710

DRY WT = .
(g) '
31.82 <--28
30.94 _ - 28
30.05 . - 28
31.28° " 28
30.54*. 28
29.75 - .27
30.68 28
29.95 - 28

" -30.05 .27
29.57 .27
31.28 . 28
30.52 [--28
30.93 . 28
30.44.. - 28
30.59 . .°28
32.89° 30
31.68  ..28
30.56° - 27

.WT_DRY - WATER WATER
.-MATTER £ (g) % WT
.82 ° 3.00 - 38.52 - 92.775
.73, 2.21 35.02 94.064
.45~ jnf1 60. . . 31.72 95.198
.28~ +-3.00- 40.37 ~93.083
.32.07.072.22 0 40.27 94.775 ,
L1200 020637 41.35 94.020 .
49 2,19 36.14 . 94.286 ;
.08 - ‘f1;37 . 40.36 -95.572 ,
.98 ° '2.07,.. 38.88 94.945
L7179 i-1 78 © 41.85 ° 95.920
.70. 2.58 42,28  94.249
.4335\_12109, 39.35 .94.957
817 "2.12  41.80 95.173
53.- .. 1.91 37.64 95.171
.08 .7, 2051 40.78  94.202
210 2.68 43.22 94.161
.62 3.06 39.38 92.790
.53, .+.3.03 41.26 .93.159
58 - ’2 13' 40.12 . 94.959 -
'WATER DENSITY
% VOL (g/em3)
89.581 0.070
81.442 0.051 -
73.767 0.037
93.884 0.070
93.651 0.052
96.163 0.061
84.047 . 0.051.
93.860 0.043
90.419 0.048
97.326 0.041
98.326 - 0.060
91.512 0.049
97.209 0.049
87.535 0.044
94.837 0.058
100.512 = 0.062
91.581 0.071
95.953 0.070
©93.302 0.050
148
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- METHOD DRILLING WITH A PEAT AUGER i "
PLACE:  CLARA® WEST, PEG 5D = h :w
‘DATE: - 1991/8/15 _ S
'DEPTH (M) VOLUME- ng WT " DRY WT Box WT DRY":
T (cm3) < (g) i@ . MATTER
© 0.30-0.35 ‘43w;"71:33; 30,96 - 28.45, . - 2.51
'0.75-0.80 43 .. 67.99 - 29,82::_W27¢704_.“w2 12
1.20-1.25 -~ _ 43 - 66.56- -:30.29 ~ 28.83 . | 1.46
1.85-1.90 . 43 - '68.84 29.27° . 27.61l. . 1.66
£ 2.10-2.15 °-" .43 - . 66.48 - -29.95 -- - 28.09° --'1.86
. 2.75-2.80 .. 43 . 67.03.  29,80:° 28.05 . - 1.75
3.20-3.25 43 --767.53 | 31.20 ' 29.34'  : 1.86
3.70-3.75 43 .-68.59  29.76 ., 27.33°  2.43
4,25-4.30 43.  '68.27 = 30.74 - 28.83 - 1.91
 4.75-4.80 43 - 66.66 -2 30.04 .28.25 . 1.79
©5.20-5.25 43. . 68.63 ~ '31.05 . 28.97  '.72.08
5.65<5.70 . 43 71,06 ~ '32.35 -:.29.21 - 3.14
.. 6.25-6.30 43 . 72.58  31.84 . 28.52 . [3.32
6.75-6.80 - 43~ -76.46° " 33.16 , .729.52° . 3.64
7.25-7.30 .43 - 68.55 % - 31.19 “:27.96 .. ,3.23

) - . N . . 3 . ¥
. \ “ . . . = -
. . - P

39

- 36.

37
- 36
38

37.

36

37.
38.
40.
43.
37.

WATER

. WATER
(g)

- 40.

. 38.

36.

37

.57

.33
.83
53
.62
58
71
74

36

% VOL

93.
88.

92.
'84.
86.
84.
90.
87.
85.
a7.
90.
94.
100.
86.

884

767 .
.349

023
953
581
488
302

279"

163
395
023
744
698
884

17
27

53"
.23

30 .

WATER

$ WT

94.
94.
96.
95.
95.
95.
95.
94.
95.
95.
94.
92.
92.
92.
92.

146
738

130

974
155
511
130
111
157
340
755
497
465
245
042

DENSITY
{g/cm3}

0.
0.

0.
.039
.043
.041
.043
.057
.044
.042
.048
.073
.077
.085
.075

"0

cCoo0COoOO0OCO

058
049
034

146
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METHOD:
PLACE:

. DATE: -

DEPTH (M)

. .- v . - - . v m . S y - -
X ) , . - " w . . L T q
- . . : L g
. Y .

.25~
.85-
.40
~70-
.20-
.75-
.20-
.85-
.35-
.75-
.25-
.75-
.25-
.70~
.20-
.75=

0.30
0.90

-=1.45

1.75
2.25
2.80
3.25
3.90
4.40
4.80
5.30
5.80

6.30 -

6.75
7.25
7.80

VOLUME
{cm3)
43

43
43

43
43
43
43
43
43
43
43
43
43
43
43
43

WET WT
{(g)..-
67.73
71
69.
70.
68.
71.
70,

' 68.
68.
72.
72.
70.

68

71
72

73.
75.

73

41
08

76
32
88

72
.01

09
13

59

04’

85
.52

1

N N

-.30

DRILLING WITH A PEAT AUGER
CLARA, PIEZOMETER NEl»i: -
1991/7/17 o

EQR?'WT_
(g) -

38

.61 .
230,
- .31,
30.
~29.
T 28.
< 30.
29.9
- 30.
© 31,
030,
302
31
© 31,
33.

BOX WT DRY .
. MATTER
28.70 j, 2.68
'28.31 . ', .2.30
28.03 - °2.42
28.44 - -2.95

28.11 - 2.41
27.33 . 2.65
25.57 -. 2.70
28.47  .2.10
27.69  2.29
29.35 . 1.55
2922 - 2:49
27.98 ©2.35
28.35  "2.53
28.09- - 2.98

'28.84 - 3.06
29.83 ° .3.47

.

. WATER
-(g)

36.35

-x; 38.10
38.96

38.69
- 37.51
- 41.61
42.49
©37.75
38.90
41.74
41.01
40.52

40.64
40.94 -

- 41.19
41.83

WATER

% VOL
84.535
88.605
90.605
89.977
87.233
96.767
98.814

87.791

90.465
97.070
95.372
94.233
94.512
95.209

95,791

97.279

WATER
% WT
93.
94,
94.
92.
93.
94.
94.
94,
94.
96.
94,
94,
94,
93.
. 93.
92.

133
307
152
915
963
013
025
730
440
419
276
518
139
215

085

340

DENSITY
(g/cm3)

. 0.
0
0.
“0.
0.
0.
0
0.
Q.
0.
0
0.
0.
0.
0.
0.

062
053

056
069
056
062

063

049

053

036

.058

055
059
069
071
081

147 |




- METHOD: DRILLING WITH A PEAT AUGER -
PLACE:  CLARA,. PIEZOMETER NE2 '~ - .

l : )
3
.

DATE: . 1991/7/16
. DEPTH (M) VOLUME WET WT DRY WT .~ BOX WT DRY WATER - WATER.
R (cm3) (g) gy - - MATTER (gq) % WT
0.35-0.40 43 72.93 30,72 -28.10 2.62 42,21 94.156
0.60-0.65 43 68.07 31.16::- 29.05 2.11 36.91 94.593
- 1.30-1.35 43 66.34 29,69 -:27.80 1.89 36.65 95.096
1.65-1.70 43 67.62 29.84° 27.99 1.85 37.78 95.332
2.45-2.50 43 66.90 31.03 ~+-28.72 2.31 35.87 93.950
© 2.65-2.70 43 71.89 30.41 - 28.33 2.08 41.48 95,225
3.07-3.12 43 - 74.91 - 30.79 = 28.50 2.29 44.12 95.066
3.70-3.75 . 43 73.14 31.83.-°29.53 2.30 41.31 94.726
4.10-4.15 43 73.21  31.54 - 28.51 3.03 41.67 93.221
4.70-4.75 43 76.20 31.73 . 28.63 3.10 44.47 93.483
5.15-5.20 43 .72.83 '31.80°  28.26 3.54 41.03 92.057
'5.72-5.77 43 71.60 30.72 27.86 2.86 40.88 93.461
- 6.25-6.30 43 77.10 32.58 , 28.85 3.73 44.52 92.269

' 6.70-6.75 43 75.82  32:03- . 27.60 4.43 | 43.79. -90.813

WATER _ DENSITY

% VOL (g/cm3)
98.163 0..061
85.837 . 0.049
85.233 0.044.
87.860  0.043
83.419 = 0.054
96.465 ~ 0.048
102.605  =0.053
96.070  0.053
96.907 -0.070
103.419 0.072
95.419 -0.082
. 95.070 0.067
103.535 0.087
101.837 0.103

48

"y
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WWNNF SO O -

METHOD:
PLACE:
. DATE:

[ e
* .
l’.

.15
.70~
.20-
.75-
.25-
.80~
.25-
.70~

.DEPTH (M)

0.20-
0.75
1.25

1.80
2.30
2.85
3.30
3.75

VOLUME
(cm3)

43
43
43

43

43
43

. 43

43

wﬁwaT :
- (9).
68.

13,

79
74,
68
72.
.74,
77

87

83
J31 -
07,
.58 " .
81
28 -
.60,

DRY’

_DRILLING WITH A PEAT AUGER‘
CLARA,. PIEZOMETER NE3 -
1991/7/16 '

- (g)

- 30.
- 30

33

32.
3.7
J31

32
31

©.33.

56

.86; .
.63
03

34

213

el

Wr

07"

BOX WT DRY
MATTER

'21 16

-28.08:
30.22 ..°

28.77
28.84

- °28.84
-28:60
28.63

j WATER
(g) '
"3, 40 38.31
;2 .78 0 42.97
©3.41 .. 45.68
7-3.26 -42.04
-2.50 37.24
3.47. 40.50
3.13 . 42.55
4.44°° 44.53
". _WATER
‘$ VOL
89.093
99.930
106.233
97.767
86.605
94.186
98.953
103.558

WATER

% WT.
9l.
93.
93.
92.
93.

- 92.
93.
90.

DENSI

848
923
054
804
709
108

148 .

933

TY

(g/cm3)

0.
0.
0.
0.
0.
0
0
0.

079
065
079
076
058

.081
.073

103

149




- METHOD: 'DRILLING WITH A PEAT AUGER'
. PLACE: CLARA; ! " PIEZOMETER NE4 -

DATE: 1991/6/24 _
DEPTH (M) VOLUME . WET WT _DRY WI' BOX WI DRY .. WATER WATER
: (cm3). . (g) T (g) - (g) MATTER  (g) % Wr
' o 10- 0.15 43° 60.46  31.85 . 28.57 "3.28° .28.61 89.715
0.40-0.45 43 62.16 30.24 . 27.87 .. 2.37 31.92 93.088
0.65-0.70 43 64.70 30.94. . 28.63 - 2.31 - 33.76 93.596
1.35-1.40 . 43 76.67 32.35  27.98 . 4.37 44.32 91.025
1.95-2.00 43 72.70 . <32.02 --28.76 - 3.26 40.68 92.581
2.40-2.45 43 71:14 32.84 ° .29.81 3.03 38.30 92.669
2.80-2.85 43 75.10 31.94 - 28.47  3.47 43.16 92.558
3.30-3.35 43 75.02 - 32.59  28.50 -, 4.09 42.43 91.208

©3.70-3.75 . 43 78.23 - 33.33 . -29.02° 4.3l 44.90  91.242

WATER  DENSITY
% VOL (g/cm3)

66.535 0.076
74.233°  0.055
78.512 0.054
103.070 0.102
94.605 0.076
89.070 0.070
100.372 0.081

98.674 0.095
104.419 . 0.100




VU B W W) - e O

DATE: 1991,/7/8
DEPTH (M) VOLUME
. {cm3)
0.35-0.45 86
.70-0.80 86
.20-1.30 86
.70-1.80 86
.70-2.80 86
.20-3.30 86
.70-3.80 86
.20-4.30 86
.70-4.80 86
.20<5.30 86

.70-5.80 86

WET

{g)

- 138.
130.
134.
142.
149.
153.
150.
152,
141,

147

-147.

METHOD: DRILLING WITH A PEAT AUGER.
PLACE:  CLARA," PIEZOMET T

ER NW4
WT  DRY WT

(g)
38 62.14 .-
73 62.45 -
71 . 61.99
39  61.99
57 62.67
27  64.91
45  63.26
25 °.65.66
74°  63.00
.90 63.70 .
24

63040

BOX WT DRY WATER

~ MATTER " (q)

- 56.66 . - 5.48  76.24
57.88.°  4.57 = 68.28
57.. 04 '4.95  72.72
56.61 . 5.38 - 80.40
56.20 6.47  86.90
58.21 6.70 . 88.36
57.17 6.09 ©  87.19

. 58.47 7.19 . 86.59
57,03 5.97  78.74
57.06 6.64  84.20

.. 56.62. 6.78  83.84
WATER
% VOL
88.651
79.395
84.558
93.488
101.047
102.744
101.384
100.686
91.558
97.907
© 97.488

WATER

% WT
93.
93.
93.
93.
93.
92.
93.
92.
92.
92
92.

DENSI

294
727

627

728
071
952
471
333
952

.690

518

TY

(g/cm3)

‘1
OO0 OO0C0CO0OO

.064
.053
.058
.063
.075
078
.071
. 084
.069
.077
.079

ISt




METHOD: DRILLING WITH A PEAT AUGER
'PLACE: . CLARA, PIEZOMETER NW5

Pty ey
-
I‘ - |

DATE: 1991/6/24

~.DEPTH. (M) VOLUME WET WT - DRY WT BOX WT DRY WATER = - WATER

. _ (cm3) (g) " (9) (g) MATTER (g) % WT
0.15-0.20 - 43 66.87  31.65-  28.78 2.87 © 35.22 92.465
" 0.40-0.45 43 72.44 . 32.09°  28.81 3.28 40.35 92.482
0.60-0.65 43 72.70 32.74 30.20 2.54 39.96  94.024
1.05-1.10 43 72.94 30.50 28.29 2.21 42.44  95.050
1.93-1.98 43 68.83 30.91 27.77 3.14 37.92  92.353
2.35-2.40 43 70.95 - 31.63 28.26 3.37 39.32  92.106
©2.70-2.75 43 75.20 32.08 28.06 4

.02 43.12  91.472

WATER DENSITY
% VOL (g/cmd) -

81.907 0.067
93.837 0.076
92.930 0.059
98.698 0.051
gg.186 - 0.073
91.442 - 0.078
100.279 . 0.093

l|52,
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METHOD: DRILLING WITH A PEAT AUGERfff o
PLACE: CLARA, PIEZOMETER Sw3, o T
DATE: 1991/7/23 B ,:_ N ;,‘,;; -
" 'DEPTH (M) VOLUME WET WT‘ | DRY:WT_ BOX. WT DRY WATER WATER
A ~ {em3) o (g) gyt MATTER (@) $ WP
0.30-0.35 43 . 71.27 i31 23 "28.32° .91 40.04 93.225
- 0.70-0.75 43 --70.44 31262 - 28.8l-— -2.81 38.82  93.250
1.15-1.20. 43 Y .76.33 31.38 - 28.51 - .87 44.95  93.998
1.75-1.80 43  '71.63 31.74 - 29.52 2.22 39.89 94.728
2.25-2.30 43 '70:35 31.61 ° 28.97:. [ 2.64 38.74  93.620
2.75-2.80" 43  74.06 - 32.50°  28.80°- .70 41.56 ° 91,825
3.20-3.25 43 ' 76.84 . ,31.89 - .28.30  3.59 44.95 . 92.604
3.85-3.90 ‘43 71.74- - 30.84  -27.11.° 3.73 40.90 91,642
4.35-4.40 43 71.08.  31.46-: 27.98 ° .48 39.62  91.926
4.75-4.80 43 ° °70.53 31.55- 28.74 .81 38.98 93.276
5.22-5.27 43 69.72 - 31401, 28.07. . . 2.94 38.71  92.941
5.90-5.95 43 .67:73° 31.61% -~ 28.49 - 3.12 36.12 92.049
'6.25-6.30 43 72,91 31.34°  27.79 ;55 41.57- 92.132

CPI

o

\ uwmmmuuuppmw‘“m

WATER DENSITY
% VOL (g/cm3)

93.116 0.068

90.279 0.065

104.535  0.067

92.767 0.052

R 90.093 - 0.061

96.651 . 0.086

| S T 104.535 0.083
| Mo - 95.116 0.087
A : . 92.140 -0.081

AL S 90.651 - 0.065

S S ‘ 90.023 0.068

- I 84,000 0.073

96.674 0.083

' b
. . i
3 . . - . L )
- 3
. : . - : g
. - . . L g
2 i
A0
.

153



. . . g . . . . . N .
. . F

3.85-3.95 - 86

METHOD: = DRILLING WITH A PEAT AUGER

PLACE: CLARA, PIEZQMETER SW5
DATE:  1991/7/9 . .
DEPTH (M) VOLUME . WET WT .  DRY WT
- : (em3) . (qg) (g)
0.80-0.90 86 143.54 65.41
1.40-1.48 69 125,27 63.56
1.65~1.75 86 ° 148.59 62.70
2.15-2.25 86 . 147.86 63.99
©2.75-2.85 86 144.70 - 63.44
3.15-3.25 86 141.65 64.48
144.68 64.26

BOX

37.
57.
54.
56.
'57.
57.
57.

WT DRY
MATTER

20
11
12
76
49
37
53

AN JdoDOm

WATER
(9)
1

.45
.58
.23
.95
.11
.73

61
85
83
81

77.
80.

78.

13
.71
-89

.87

.26
42

WATER

% VOL

90.
89
99.
97.
94
89.
93.

849

.435

872
523

.488

733
512

17

WATER

% WT
90.
90.
90.
92

. 93.
91.
92.

DENSI

491
537
918

.064

177
564
278

TY

(g/cm3)

ToO0ocOo0oco

.095
.093
.100
.084.
.069
.083
.078

154
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~ DENSITY WITH DEPTH

7T CLARAWEST.PEGD, -
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DENSITY WITH DEPTH

P]EZOMETER NE1

¥
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LT
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b
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DEPTH {metres)

- DENSITY WITH DEPTH
' PIEZOMETER NE2 '
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EAST DRAIN.. WIDTH: 0.7 m
" WEST” . MIDDLE ~ EAST -
" '55.932  55.447  55.797

“WEST . MIDDLE" S EAST
'56.147 . 56; 082 -G§5;1721i

'STATION'NUMBﬁﬁ’- 200 o
"EAST DRAIN WIDTH: 1.0 m
WEST - MIDDLE  EAST
©'55.75° 55.08  .55.385

‘*WEST DRAIN WIDTH:;l 6 m
.'WEST MIDDLE ‘"‘EAST ,
" 56.02 55 715 55 815

30‘

. STATION NUMBER |
" “WEST DRAIN WIDTH: 1:i5 m . ‘EAST DRAIN - WIDTH: 0.7 m
WEST - MIDDLE * | EAST - . WEST . -~ MIDDLE - EAST

55.635 54,8551‘_'55 68’

STATION,NUMBER:£f4bd;x’

aA’-\‘

WEST MIDDLE . EAST -

, - %« WEST-- - ..MIDDLE . EAST.
55.61 55.23 . .55.61 . v

STATTION. NUMBER : 500 SR

WEST MIDDLE " EAST WEST MIDDLE EAST

55,127 = 54.45  55.105 %

\STATION NUMBER : _600 G i A

WEST DRAIN WIDTH: 0.5 m. *. ‘'
WEST ~ MIDDLE = EAST . ° . WEST MIDDLE  EAST-

STATION NUMBER : 700

WEST DRATN WIDTH: 0.6 m . -  EAST DRAIN INACCESSIBLE
. WEST MIDDLE  EAST ... ° L T
54.22 53.53  54.345.

- s - . - - - - - - - ‘ - ’ - -" - - -\ '- - ‘—W -‘
B . .. . . . . - ER . S v Lot Lo r A
. L . . ) - IR P S . . L i B P R
R . . . . ‘ R . . R . T . 5 R . w7 R . . . L .o . Do
2 . - | - o 1 . . Ll N ’ 3 . . et e 7
. . . . . i 3 . . . . . . . B N R - A . P R
. \ , . . P M . L K g

55,343  54.945  55.685

WEST DRAIN WIDTH: 1.2 m - E‘EQV;3_EAST'DRAIN':WIDTH: 1.0m

55.188 54,425  54.98 (-

WEST DRAIN WIDTH: 0.7.m i * " EAST DRAIN WIDTH: 0.6 m™
" 54.333 -53.895 - 54.37:. % -

EAST DRAIN WIDTH: 0.6 m .

55.08  54.618  54.955 '~ 54.37 53.582  54.538

166.
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" STATION NUMBER : 800, = -

WEST DRAIN WIDTH: 0.7 m

" WEST. - MIDDLE  EAST . -
'53.868 . 53.227 ° 54.003 .

STATION NUMBER : 900.

' WEST DRAIN .WIDTH: 0.4 m

WEST MIDDLE EAST

53.292 52.919 ° 53.356

STATION NUMBER : 1000

WEST DRAIN A WIDTH: 0.9 m
WEST . - MIDDLE EAST
53.115 52.208 52.936

STATION NUMBER : 1100

- WEST DRAIN WIDTH: 0.7 m

WEST .. MIDDLE EAST

-51.818- 51.162 51.79

STATION NUMBER : 1200

 WEST DRAIN WIDTH: 1.0 m .
WEST * MIDDLE . EAST
52.37 51.743 . 52.514

- STATION NUMBER : 1300

WEST DRAIN WIDTH: 0.8 m.
WEST - MIDDLE EAST

52.123 . 51.64 52.443

STATION NUMBER : 1400

WEST DRAIN WIDTH: 1.4 m
" WEST . MIDDLE EAST
52.37 51.468

52.366

: "EAST DRAIN WIDTH: 0.5 m.
- WEST MIDDLE.  EAST .

52.953  52.01 53.258

' EAST.DRAiN WIDTH: 0.5 m

WEST MIDDLE EAST

53.022  51.442  52.972 .

EAST DRAIN WIDTH: 1.0 m
WEST MIDDLE EAST
52.838 51.364 52.24

EAST DRAIN WIDTH: 1.0 m.
WEST MIDDLE ~ EAST -

52.136 50.431° - 52.657

EAST DRAIN - WIDTH: 1.5 m-
WEST MIDDLE  EAST
52.005 = 51.181 . 51.973

EAST DRAIN- WIDTH: 2.5 m

_WEST MIDDLE  EAST
. 51.864 50.922°  51.494

EAST DRAIN INACCESSIBLE
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U R R
A GRGVELS ‘LOOSE (_Iarge, mediom Fme.) o har
u.'gg 0045 e Lo gravels ¢10em). Very little silts or sards
4 ey %?_LAI?DEE__ FIRM, light grey and sellcw ~brawn clay -
. 00%5‘55 .. . with medium 4o fine graovels Crounded)
% no O GRFNELS . LOOSE ,angular gmuels (large mednum) olH

1b:0

21'75‘

mediom sands

R ST TR P e
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Clay washed inte  fssures in
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