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many new friends.

make my stay in Ireland so 'enjoyable.

trany thanks to, ~~e.ca~ey.fam~ly.for letting me stay'

with them and looking after me.so well.

I thoroughly enjoyed my,time-in Clara. Not ,only did

'I learn a lot, I also"met many' interesting people and made

.~', _';"'" ,'h~' ,," ~"~. ''-.:'''i ~,-~~",,< ": r..,,~.~~,

, ':, in Ireland and everyone~ll3e,invol·ved<:with;.:the bog project '-?

.' ~:,'., <,>:~::".::._.: ;. " '. I>' ,.', -:: ~'.;;.'.' .,::,.<,..~" ",;<., .,'" ',:t

(too many, to raerrt i.ont y.~ . . ,.'~ ,'" ~.' I,' >~~ ",.
". "j .,. ,....>" ••.~..;.:" c ~~,' I '~'::~,. ~ .. ... ' • >~~.".;. ~:-•. r:-~~ ~.-..

I~m;yery gratefuq:"",tq'~ttie Appij;~d Geophysics unit at
. " . :·:E,;:\<",>,·,>,: >' .':[~;'~,;'~':':"t:~:",~<,~>':~:,~'~"" .', .,:< ','"
,·.'q;nl.versit:y.~C.dl1e~~.: Gal~ay .. ~f¢o~~}'~1;~i~g"~me use some of the.l.t:;.:;~.· " ..

~_ . -" ;- ._ .s,...~ ._..:. ",." '. ,.;:' '. ': ~'~'o •.,;~: ':':;~7':'.~,~ !-;,'.'_~. ,/J' ." -, i. -; ~1- -" ' ._ ~: .'

'data and c' ,tt? .'M:a~c:~rm:· Dqwli'hg',<"lfo'r::Jhe'rping me produce the c'

~', ..~ : "'1'.~""; .~~ -;c~ ,f~. - ;.,....;.:j>:' ~'" ":

Geosoftmaps ...• And " thanks",·Ethel, 'Dan and Malcolm for . t.he.. :.,.
. ~r~.'. ~~ ··'<;'c..~,:,· ~~; ..' '; •• ,~,:-.' < ;,"t'r, ..

.weekends in:'Ga1w.ayf' <_ ,.' ';'~:':. .:.r
". ~ .~'

.I .wC;;':lid' ~like. to s'ay 'a-"'~~e~i~i "thank you to Margaret: ,:'t:
'. ' ',~~,::,: ".::",,' o/~\ J< ~.,: :\ \" y, ", ~ . . ""f:'-<,

Keegan for alL'herhelp·with·the~fieldwork and to all the., ' " .. . ~.. .. , " ....~,~" """ .

.others w,ho' ~ei~~d~'; me: '~ith' th~:;}~ugering: Ab Veldhuizen,
"~~,-.. ~" r: c , ~ _.: •• T.,.. ~. 1'~.'-":" ~"~.,; ,"t,' .. • :.~ .
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The Irish-Dutch

The main aim of such a

Geohydrology

necessary for .the bog moss to grow.

strategy needs to be developed.

peatland

To conserve a bog and to sustain. its growth, a management

individuals and commercially by Bard na Mona (the Irish

Irish, wildlife Service has begun a strategic purchase of

Peat Board). with the development in the last fifty years

of efficient peat-cutting maChinerY:, the bogs are bEd~g'

destroyed at an increasing rate; and for this reason :the

Peat is cut on a largescale' 'in Ireland, both by

strat:egy, is to preserve a high water ·table which is'

Bog and Raheenmore Bog, bcithowil~d"by' the Irish Wildlife

bogs •. Two raised bogs are,"b~irig stti~r~d Ln Ireland: Clara
.... - . .~.,'." .

~" -

Europe to still have Lrrcacti bog~, aamany countries, such as

the Netherlands, drained their w~tlarl(is·before realising
, ~ ..:.~;

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

survive very nutrient-poor condl t Lons and have therefore,-:',·

bog areas in order to conserve an endangered environment.

5.

Peatland Study hopes to be able to produce such a strategy

by stUdying the hydrology, geology and ecology of bogs and

"

bog asphodel and the insectiferous sundews and butterworts. " ',~ .
. . - "; '"

developed in a particular way with's~ecies found there tha~

are unique to a bog habitat. some of 'these plants LncLude .r .

.Ehe ecological consequences. ,!he fl'ora on boglands have to,

. servi.ce , Ireland is one of ·the',. fe~\c,ountries in Western

"multidisciplinary study 'i~t~' th~, ~~~~~~drOlOgy of raised
_.. " e , -~ ': I ,.

J
,,';~;:L ,INTRODUCTION

"" This project took place .as pat:.t"'·of the Irish-'Dutch
• a· ~ P" ••
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the impact man, ,has had on them. A bog is a living entity

and to preserve:~t involves conserving its dynamics Which~:'
.- \ ~ .,-,. . " .;. . -'

are essent~ally, hyc;rological and assessing to what deg;-ee'",

should sustainable development be allowed in such areas~

This project concentrated on Clara Bog which is' in '

'county Offaly in the Midlands of' Ireland. Fig~re 1.1 shows:

the most Fecent (1910) Ordnance Survey map of the,' bog.',

Clara Bog is recognised internationally as an importariE'

nature reserve as it is one' of the largest raised bogs ,

remaining in Western Europe, with an area of 665 Ha, and

the only' one 'left in Ireland with 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 the bog is still under

pri.vat.e ownership, and is being actively cut for use as

fuel. The rest of the bog was previously owned by Bard na

Mona. In 1983 they cut a series of parallel ditches into

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

drainage preparatory to commercial harvesting. These

drains remained in operation until declaration of the bog

as a nature reserve in 1987 and they have since been

blocked by damming. The third human influence is a road

that traverses the bog running 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

2

-,

·u" ·c'
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~,.'-.. "'""1.
• '"J/' -c'

.,'

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

. ,

..
"-y'

~ ..,

regime.

.....~ .

'\either s i.de of: :It.~ :·F~~\l*~~c>},.ShO~:S'. a, ma~ .. of t.he surface
, _ oF ". _,(' ~~:_,;._. ~ '.,~" ? 1"',

'topography of the. bog 20nyertea:from original, Bord na Mona·
: ..' ~ J.'. ."' . ",~~ ."...,..-,1'-.:": ~ ..- "', ". _

, '. survey data i'nt~ metres !ab~ve:,sea-level.by M. ~Sinyth, 1991.'
, .fo.t ," •

middle of a twin~domed, iJo~·.·'" ..This theo~y' suggests that· the.
,,,,,... .

road has had' little imp~Jf:~4rfthe bog.'
. -'; .• ~:"-J "

..- ';", _ ;_. ;,~._ ' ... if., • n

2. The road was bU1lt'across'the m1ddle of a single-domed

'effects of ,. one", of thesehiunan C influenc~s~:"- the; road'
..; c·3~· ,'- ...~, . .;.~~~~:""'.... : ;~}~... ' ... ~ ~ L,

;. ..~-_·-r~··· .' :;':::':'~~:~j,~~::" "~"~:.i.-L'· . ~_ ';.. .: .. . , ~'1" ~~-~. • ', ~

," '/ travers1ng: plara Bog. The road,' is known local'ly' as' the, New':':)'> " ,:' '~>'::{,.'':~~, " ": I~'~," '_'.' " :" ,,:,,::~:_' ','

>' Road thougli:,it,':is,.marked .. ;o!l:,or,dnance· Survey,'; maps of 1840

':'~';:~~~ug~estt'ri(f::~t:':'~~{ c'~nst~i:tl~:'~arlie'r~'"and~'~m~ny bog roads
!. "> -~;. ".:-,:-:':~"-''''~~~~~;.'~';''>''~~ :~, -j::. ~,-/,j

>. ~.:." of its. typ~"ar~' kn6~m' fr;m~'histori~Ji-~evid'eRc~;'to, have been:
".i.- .. -.' ~, s: ~~:,....."., .... ' ,:~". .. . ~~ • . '" ~ ....: ~ -n '~ ~'.

.. " '~_:;'.' " _ ,'. ..;,!;", ..~::J .:·~-.>.t<""::"_· .~~"-." •• - " ,.' , • <'''' r •

. :~ ~:'built- iIlthe<l70~'·S·.:"·· TWo.di~-iris .rui(pararT~el' to the road
",: > " .: • :"' -', • :l' • _ ., n_.;" " ·,i....., -, . .~ - ,- ~ .

. ~.« on its eastern' and 'western· edge . .- .The: road runs along a'
~c._..~. ',' I ~f"~".: r •••••,- •• ~ r, .~•• '><? ~;;~, ..... ~. . ~ ~. . .": ~., ~ _ {,.
',:" depreasLcn ~onthe bog I s~ur~ace. so that the t.armac surface

~,,:;, : is up to '6 ':etr~s,~~we~;t~~~,';,~~~' highest 'part of the bog on.'
'1'" ~ - •• -' - . - .-. '. 0./ ~_

.J .~. ',,:;' , .. J"-;'

bog and has itself (or,bi".'~i~tue of' its drains) created the
r " ••~.,"'<:..- .' • • -

valley through. SUbsic:l~~s:e~~··.this theory suggests that the
',0 ,r "

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

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

This map shows -the road:t'"o.:.'be lying. along the axis of a
~~, ,~.~ 0.' T~' ." ~< ~,: .~:{ t.:>;~~(}:.~!

, valley that plunges to·;~;t$e S~\lth across the bog. Three
" . ". ',-" :' :'{..-, .

....... .theories had ,been put" 'fohi'a:t'd,'\o explain this morphology:
'" • ' • -'~ .' ~ ~ _,,:'J. ~ •

: ~,'; ~ ,', ·'t. ,.-;l,.-"", ", _ .. '

,1. The road was built fn:'anatural depression through the,
• ~ ~ -', -.-j: < ,~ ~

n.-·'

~ ~. _. ,.

depression was created' by peat cutting along the roadside.

This third theory can almost immediately be rejected
" .. " ,

by simple observation of the slopes of the bog ~urface' at·

the roadside' which are _:la~gely too smooth to have been
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to observe the".'

'.~ '" -;.

; ~ ," {.. ':t'".,
,,'c, '

'< ,.'

"

.. +,~.

, -,

in the vicinity of the road~

for measurements', of

-, '

change~ in 'vege,tatiori type~·· the, degree. of humification and'

d~nsify>':f'6~,\the.' assessment of the

. ~.'

• - < ~ ~.

4. A geophysical survey (unde,ttaken as part of another

project) to investigate theChydrogeoiogical stratificatfon
..' ~... . . '~' ~ , ,.': .

The following chapters include-, a review of some
, ~. ..

background information releva~t,tobogs and this project,
_ • , • .:1 - .'

a description of the methods and materials used in the.. "

. -..; .....

4'

field work, 'a description of.,the geology and geophysics of

Clara, a presentation of the' results' .together with a

discussion of. which of the two theories outlined above a~e

~' if -,
~" •~ .:~.~ '.' ~ ~ , f.'~ '.2 C"; d" - ...

,~ '0,. .;.. '~ -, " ., " ir-.' ;,': _, v , -;

• , . ~I • ~~- , ::.. . '. .' , ~ ...:,~,.!:.;",', ;' ~·i:,.:: f-'
caused~"by cutt;fng. 'in": a few areas:where cutting 'has

• ,,~ _.. ,. ...'. - .. ' :~. " ~•• -~:" ••-' -00.

. _\:'.:,'Y -: ,: .'-..{,:., ····7·,~~:.~ .:~:.. ';'., , ~~'. ~,: .. ",,~, ~}'~'/'.~;:?~~~~j' J~~'A",:'~+~'" '.

,,'-occ~~red:the fac.e' bank,~'~s'steep'~and'. the . cause r s clear. .:
. ,~': ~~~t...: :..·...rs~~'~~~~~· ~>:~.~.'.~~.,/ ';'-';~'''M<' ~,.:\'~~~ .::"""" '., -\. ','~,~~":;A~ " ~.,,, ,; .: . .

, : Nevertlleless:. there' appears" to be,'.littre"re!3idual evidence
~ ... ~ i ,L...· ~ -,' ,. ";,:,:'. ~ -:'~. ~:_ 'n,,: '..:~,' 1· " ·M~'-. ' ..~", .... 1~. ,--:, .," ;~t" ',~- ',' I' _.

'~f: ail;"> '~ubst~ntiaI~',"~ut~i~(i.::· ';'. ,,-' , -, '
_""" '.: ""'Y'~... ':'!'~ ...'".,:., ~ -.r"',,.- :M :'""• .,.., .: ~>!.:. ~;:, .,. w' ~ > ',' .:~'t.. .,;.:_ . . ~ .,~

..:. Thus ~ ~6nly '.the f irst two~ theor'ies '.need; to be considered
J., ,"- <.' ~;' -,'-'. . . . ~", ~'-;----=.; ::-,_ .0"-. -': _ •. .' .,:;1,::.,..;. . .-'~~. '_;-'~" --;-"""~: , •

'"and the,' obj'ect:ive" o'f' this', project. i's' ',to try, and discover
~ ~. ~ , r' - ~ .:», r >. ~: •

-. ... ~ \o.:'~>_'W ... ' .' .. ,',. ~.' "Jo~ ••; •• ~' •

c which' came first:· the road: or" t.he- valleY:' and how the road
. .".'.'0 ~.>., .. ' ,:', '..:' -'. .' r _ ; ~,~'. ", ••••••• : ~,,:.o<",. ~"'.", ",' ' ._

, . '. ' • . '. . ,': '. "', ,.' , '., ~ .~ ~, -»" .
:'.- is. nov affe,ct~ng t.he ,·flow of. water through, the bog.

"': :' ,'.r"'-, . :'," ".' ,,'.: ._~_:,.,"'" " .," ~:,." '
',The approach, taken -has beeIi',essEmticdly one of field.

",. ,~~, '<~ '~,. • ..i.~' 'r,~'" : . <. --:.~~' ~ .
,. , '. .' ,'. • ... c ," ,. ~' •.s; ·,1 "':.... ,~ ; J: \,. l' ~,

. investigation'ein order to"assess,'the·:nattire of the problem,
".-. " ;':.'" .>: ':2> ;. .'.' ':.', " _, c .. )~:::':<'>;';';"\ ~".' ;" c', •••

. .·f()llow~d -by': .scme --ana·lytical/numeric.~l 'modelling of the'
.;1' r' .... " ::; - '~, ~ "!. ., -", ., .... ..' ;' ,'.~ " - •

• • < ~ '" .'~"'.tt··.. ~ ::.~, .

hydrology. ' ~J}'e" f-ieid work 'foJ;·.~hi,s.:,.~tudY included:
- - ~ ~,. . . '.'

L Measur~ng 'w~ter table·l~yel~~arla.'hYdraulic heads in the
. ' '> / .:.;~ ':: '. 'M .r"<-

'peat u~ing ;·'p·.i,~?6meter~:L· - "..", '.' ;..../ ..~. ::,"

:~'I' ~ .,.
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2.2 WHAT IS'A RAISED BOG?

Raised bogs occur in areas where the average rainfall

is 800-900 rom/year. They are termed raised bogs because of

. their domed topography. Current raised bog formation.

started at the end of the last glaciation some 10 thousand

years ago when the glaciers had retreated northwards. At,

.: 2.1 WHAT IS PEAT? .~

Peat 'consists of the dead remains of plants that have

accumulated over thousands of years in areas where the rate

of plant production exceeds the rate of plant

decompositi~n. Peatlands are composed of deep layers of

. waterlogged peat (the catotelm) and a surface layer of'

living vegetation (the acrotelm). Peat is physically a

very heterogeneous deposit and can have very low" ',;<. ~ ....
i. ~ .

permeabilities. There are four main types of peatland ..-.

found in Ireland and Britain. Blanket bogs form where'

precipitation is very high, for example on upland plateaux.

Here peat accumulation can spread or even start directly'

over level mineral ground. Where the prevailing geology Is

of sandstones or hard igneous rocks ground waters may

almost be as poor in nutrients as is rain water and lakes.,

may be. colonised directly" by oligotrophic (mineral poor)

vegetation to form basin bogs. Valley bogs form alongside,

stream courses in lowland heaths. The fourth type of

peatland found is the raised bog an example of which is

Clara Bog.
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known as a fen

in figures 2.1'

Ficju~e '2:~j: shows a cross-section of a raised bog

raised bog'-hasthree', m,ain stages, depicted
. . <. ",.o!~ ~•• .: ....

and :2.2. Tf?~ -{iist, type o~ 'peat 'tOo f~~ is

heather.

increasing extent on atmospheric moisture,' the eutrophic

fen vegetation gives way' to transition vegetation, basin

very low permeability of the peat, the concave peat surface

the central parts' of the' mire having to rely to an

rich) vegetation such as reed;, sedge',' ~lder and birch. The
. . ...... ~ ~: .

, ' '

peat. This is made: 9fth~J;emains;:'of .eutrophic (mineral-
• " r :", ....;"'.1;. ~ ,I<- ::,,- - • '",

this time.mtich of ce~tral Ireland was· covered by shallow
~: : ., L. • "~ , _ ~ .:.- ..' _ ', ,

lakes' left' behind. by- melting,' ice.' .Lakes also',formed where
, . ..-.; .. - -,' ',. ,,'.;:-."< . . . .....

~ • ~. • .A

gla~ial ~idge~ s~ch as'eskers impeded" free drainage of the

melt wat,er~ Bogs':formedby.the gradual infilling of these
... ot'';. • , •

'0 ,

or the depression fr~m the're~ains of eutrophic vegetation,.

'.' ." ....

and the dif:fere~t pe~tlay~rs... _ As ..tJ:ie lake begins t'o fill, "
.." . . ~..... ~ -,:: . ~

'~.' ,"

peat accumulation begi;n's: 'in!' t.-l:l~·lowest parts ,of the relief

of the dead vegetation. :The hydroseral development of a
.' r ; • • ;. ~. •

lakes under iin~~robic,cohdi~ion'stliat -preverrt'ed the decay

vegetation .can ,g~6~,s:UCh.assph~agnum'~6,ss, cotton grass and
, ~ ~"'- . ... .~_. ..... ~ .

water level w'ithin the 'surrounddnq., land, (Hobbs, 1986).

Accumulation- is more rap'id, at,' the centre of the depression

than at the margins'where the' nutrient rich seepage waters
, • _ -.:t". ~ .

-c-

encourage rapid decomposition of the dead vegetation. As

a result of this differEmt.ia{'rateof accumulation and the

o •

gradually becomes ra~sed above the surrou~dings, and, with

successIonrtnen Ui1de'~goes'a.:transitJ~nal stage until, the

mire ha~ b'~~~m~. a pro~~~' ra'{~:~~:' b~~ ~h~~e only oligotrophic

.t.he reservoir withinthe"~ea£-",itseit"graduallYraising the
• ., ,+' ' ,.' ••,. 't -::'" ... . ',. ' ~,..
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.. bog or poor' fen conditions, better able tosurvive under.'

. o'l~gotrophic ~;~~di{'ions (Hobbs, 1986). A developed, raised.'
..

bog '-is 'fed. solely. by' rainfall. Much· of the rainwater
"

. collects on or is held close to the surface of the bog
. .

through the-sponge-like action of sphagnum moss, but a
' ..

considerable' amount;' of water runs off the bog IS' surface

ei~tler directi"y or via an internal drainage system known as

a soak (O'Connell; 1987). The soak on Clara Bog consists

of a series of lakes interconnected by natural drains with

an 'exit drain leading to the bog margin (O'Connell, 1987)'.

The lake water is rich in minerals and the source of this.

water is currently under investigation.

2.3 SOME HYDROLOGICAL PROPERTIES OF PEAT

Sphagnum peats are built up .in a lenticular fashion'"

due to the fact that a sphagnum bog is built up as a mosaic

of alternating hollows and hummocks in which the hollows

are gradually .replaced by hummocks and vice versa as

vegetation' growth and..decay continues (Dooge, 1972). This

type of regeneration results in a deposit which is neither

homogeneous nor random and which therefore may exhibit

marked changes in hydrological behaviour at different

levels in the bog or in different parts of the bog, (Dooge,

1972) .

One of the most striking characteristics of peat is

its ability to hold·water. It has porosities in excess of

90 %. .' Five me.tres of fibrous peat may contain 4.7 m of

water and as little as 300 mm of solid plant matter and yet
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permeabil,ity varies Inverael.y with

osmoti~alty:.
• <>' " .'.J'....

" • ',~~ c·:;'--,.....-' '~

fibre content -permeability ..:p~s·itivelY correlated
~ • ~'~,-~~,~, ".<

permeability;' .

with fibre content,.

9

the

bulk density,

permeable,

. r ,
por'osLt.y ., the' higher the po"ros:ity the higher the

-. ,.- .. -

,- ~ri· ,i:. •

: .~c. ~~-::;-:C(..~. '~~~:~ ':~<....;;;:_~~.
boianical .. comp_osf{:lon. ~':.,'

-~- >;*~';.'"~'~. , :,~~>-'~.
. permeabl~~ sed9'e, ~ost:p'~rme!-'ible,.- ... ~':'- .,:~-,,: .., ,.,~-.~ ~~

,.the degree'~cif' ,h'.llnit16~t.'io~->:"·the_. . ; ,-': ' .

4.

Ingram, 19.83)

3. the bulk density
. .

5.

~ • ~_ -" c «' r'" .~S . ~, '

ge~e-raiiy:r6wer.-:a~d can be' .qtiit'e'·;va:tiable. Ingram (1983)'.·
. - '.' '" ..... "; -," - • .; ,. , l;- ~ --:""

... ~.:". _ " ~~~;"/'~ ',_': -: '" ~ c _ • , .. t":--:... .:.•. r~ •. ".T .~~...~. ". / 1,;. : .•••_~.,... '"\

quotes,/!sl;l",~~~s;-~~~~/ne~~, t~e,: t?~;,>~_f~.!-~e catotelm that ra~g~ .'. "

from 10-t~»'t6' 1'0-3 m/s. perm~a~i.ritY"~'depends on: (after .,
,... " .~ ..:,.:.~>~.-,.'~ -' .,:~

~',

2.
>" .1'-r: -' . :. '.;

peats of _ given botard~'a!" composition are the most

-.It _, -;. "', -.:

..~.'. ~. ~. ~"'., A, 'T.. ~/t;'- .~ ~ _.:.,.~.L,'. :- ~'I." .,-

2 ~ 3'.1 THE ",PERMEABILITY OF PEAT·"~""·;'·,<'·>

.' . ,., ',,'f: _~".",~'.>~~';:' . .'.~:); v ,,~,":<:.,-;~ ~~.,:,,:":.-; - ,
The:p~:nne:ablllty of a:"pe,at'cbog.: is very variable. The.'

~ r '.... - _.. • •. if . ." .~. + '" OJ _ '. '~ c ~ ,

,acrot~'lfu;, ":i~";~h~:--mast' p~rme~~-le:'~p~it;~' of th~ bog.
' .. ,: ""\;'":'''' ~ /~.... . hl~· .,...,- " ~~ ...,~:;.~- ~.,..

(196'8)' h~s qUoted seepage ~e]:ocitfe'i; in the acrotelm 'as'
.. , h'l'~- ,~< . ," .;~ "r~'C' ,.(~ :

·,}ii.gh'· as-. 2~.5 :~m?~·., ..The pe~~ab):lities in' the. cat.ot.elm .p.re',

...i. - .

<, ~. '. F > -' "'>~ ~~ ~~ ~~r '~~ ,.

,,"£~t;.<:.·.:.~.." .' "e. :~'~i ;ii'"

.. ," ;:.~.9S~~·~~· .:-~. s~ij'n~fic~nt ', shear streri~~~.a~d~behave in. many· ..
~I\:"_~~:J"~~": ...:~~~.:~-_ ;'.. '_~~'~"\£~~;'''~:'~'' TJP~~\:~ 'y- ~_ r ": ~~~> •. _.,,~_ ',,:,~.:-·;~n~,;-· .

.: :·~·b~i;;·pe~.ts 'li'ke;~:~rio'rnall}<n consolidated- claY/=,(HObbs, ~986).'~

.' ";:'"':~:l':<:~~(~'::'" ':. '·"f:' ..".-., "'\"':':, '<)":. "~ .. :'>.
"", Three'::states ..of·,Mater .can .ba ·,recognised :;",~.,.. ;.,
_.':~.'-._<':."_'_. ~~:.~':>l:.';,yv!;;.~·o;_ .. r~::~~,.~.. _u· .r>. ~ '-- < " ••:. $ ..... 1~'

. -: '~'~~'~ ·','.·F~e~<w.a~ei<~.in:iarge:c~v'iti~~·:.C!f th'~" pe·~t.

" ··':.-~·i'.' ~'··~·~~-pil~aJ;'~~'te;~:'.i~' '.~h~~l1arrO~ef,. ~a~i~ies .:
; <.':.. ~<-._~"-'~._~:!~~~~~~.o::.:,--'.' '-., 'i<'~ ': '', ;.~';',_;,' .~. teo>: .. Lu.>~" ,':;·,,:~.r~

"~.':3. Wjlter. bound' physically,. chemidally,,,:colloidally and
-. .',.. . -~
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. workers found .that;'flow; in' .hua.i f i ed peats d()~s deviate from

Darcy's' lawa~ 0" they found that"·the -hydraufic conductivity.

• I~ pO •

the

However, the same

• ". I

·this" ·-de~reases

It removes the excess

The causes· of subsidence are as

This result was, ',also found by Flynn (1990)

surface- , loading.the
",

', ,:. .;. ~ .":1·

"permea~~ll;ty'~y. decreasing the pozosI ty'~
•••••• c .....

follows:

7.

measured.

the peat (Daly, 1981).

during work, on' Clara Bog·: ',-~ Onergason for Darcy t slaw
. . ~ . .

breaking down in, peat }s :'because' of a duaI porosity that

The drainage and cu~tivation .of peat soils brings

about irreversible changes. ilf'th~ir'physical and chemical

10

varied with the potentiai ,gra<;lient. under which it was"-----__:....--.:....__----'----;,,0----__--2 ------

changes physical properties, stich as the permeability, of

may exist where ' macropores are present.

-
Rycroft ".etal.., (1975) 'founc'Lwat,?r" flow 'through them to

.'

characteristics (Dooge,' ~972).

, . .
2.4 SOME ENGINEERING PROPERTIES"

surface .

water, stops peat accuniulation, causes,peat subsidence and

of the peat is reduced causi.nq a lowering of the peat

1. Shrinkage due to drying. After desiccation the volume

~.t \~~ ~r

Ther~:'is" some "evi.derice .:that peat may not act as a
• ~1' . • .,

". ..~ - •••• ~~j ~. ~;'~., "/.~ .~.. ' ~ •

. Darcian medium to-waterflow. A fUIl.rev~ew ,of work, done
. ~.:
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Peat is,

This can be

sustain an increase,

stress not borne by

erosion," burning and

. .~'-' ...
. :-- ~{ .

." ,}- :-r-,

This actually causes peat

, ~ -: '". ~ :'. .;

-.- ,~ ..+ .:~!,. 1'" '. ~
.. ', ..~ ~ ;. -'. ~..

.-- ...
., ":..

, L ,- _'. "_~,

= d'\l"'e +'d~',. d~T

". O"··~ .;." ••

Biochemical oxidation.

11

"

Other factors such as wind

fluid ~r~,~~,ure.

4.

3.

formation.

above.

5.

stress'~~hich is -that portior{~:/:{'io,:tal
t ..':~ .... >. ,"-;.o.:'?-,_::",:~: .

Pe.at iSle'~'s:-:~bleto
",";'

. .
,. n, ~ •. " ,~.t~'iIi • ~:'.

Contraction by cap~llary;~force: Peat has a high pore ",'
~~ " ~. :' ~......' c",~-.'1C~;. " >,.

volume. -.:-After drainage" ·th~ ,{)~~t .' ~r .les and the reaul t.Inq.,.

capillary force~ cause co~pr:~kl~n~ofthesoil skeleton and

'.'

·expre.ssed,·~'.·simPlY 'in .t~~s >6't .ttie~, principle of effective
. . .. --;.

.,. ..... • , ~.-: •.~ <r-<.

.stress .where'
...;,..

in cTe '. (due to a loss of "P u~~~r:'~rainage) than other soils.
·2'·",-.' ',,~ - . n....- ~ •

'< - r~'~~'

Thicker peat areas will comprlass'J;l1~re than thin areas.

a decrease in pore vo.l.ume. vertical contraction causes

subsidence whilst horizontal contraction causes crack

wastage as air enters the,peat,anq material is lost which
~. . .. '"

does not happen with the. mechanical effects mentioned

., .- ':-~ . ~'''.' ~

where {rT -Ls the total'~~~rtical.'s"tre~s downward (peat and
L , ;~~'::;~ -.:'"--::.,.•. - -~/: • •

water)'i"'p" is the flUiC:i"'pre~¢ul:e"::"~'~na' <:Te is the effectiv~",
",'.' c'" ....... -

'. ,....:·2 -, :.. ··'sprig~·lidatiorl~~·.bY,'-:ld,,~~·.of·-:~UOY~r~ force.
<: \ ~ ~_·:,·.c·,,:~·-::· ~~4~-<;;? . ~~~~:.;:,.:.._...;_~.~'" c.~lL:". T ~~.~__...c ' ~

·,,·formed·<{;in~:_and under.·:wafer~' "As tllEf". specific weig~t'of
-, ,~~:~ ~~. ":",-,:. .: .:.;':~: .. ".,""-.- ~/!_,,: ..' .. ~~ 1 -r .c

~ '".: >~ .".~~ s : .: 1~~. _ ." .. -~.,< ." ...' " I ., -; .~.; ., - ~ ~ .:~-~'-":'-'. ~~.~.:
:. ,",organ:l:.c·' m.ater1a11s· only,' .·s1:-1ghtly·" greater than 1. 0, . its
:.:,~:j ~ ,)-.<.\~~.. ~~~_.~~< .,: .'. .: ~~ :-~~'~::·'~::~-·~-'~'~:'•• ~~:'-~~"l ,~.r .:: ~~.. ~ '~. • ..

,',weignt' -under water Is ve'ry l'Ow'~ '. The .pressure of overlying
':::'::."' ,·~·~.:<X-:>·,·· :,~",,' ':'j <: '>.: >~~.
'layers·~oil~linderlying·ones·is '~only/,sl~ight due to the ouoyarrt.

• ..> . .:... J' ';.'~"':.:. "... ~.::::. ,::... • I . -. '" ~;' •

... ~. ,>.'.' . • _ . ':T7''4~;~': ,", ..~~.':~~~~.: ....
,"'iorce of'--"the water'.. If ..the~ water:, table is lowered this

:'.~uoyant""fO'~~'~ is lost' ~~~ ·t~: "-~eirt:i~~ pressure increases.
- '•..• t , , •• ~,~> ...,_ .: • " . ._. " '~, t; .'{~.' .".;L;.0' ~'.~ . • •

or ~ .... •. .~

,,:to a great.er degree'than· for :normal 'soils.
,; . _. -or "':" J. ~\
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Based on

. .',;{
• - r ...

'>~. ".

free water a~d' ~capillarY' "watei-~:'dan 'be expelled by
~._ o~,;r;· ~ . "",'"' . ." .,. ,- ,'. ..

• _ ;. ., • . '. ...", i .~

con~olidati~n/'-whereas ~mo~t-,of ,th:~"w~t~r- 'dan be removed by
• ".I- (, ••t h... .

'.:.:. : ..-, "'~ ... : "",'

oven drying at 105 deg:tees' Celsius:'

void ratip,',of" haLf ,ant, order '(Hobbs,' 1986).

i :.- ,

The _Pe'riri'~~bi.J.ity. of' p'ea't >is~~ri<i~'po:d~:ant engineering
,- 1;- ~''''-' ~~>" ' ,

property -si~~~::if contrroLs the '·rat~· o'f 'consolidation of . ,>
_ .' • ". '. ,'c

important but the ,s~gnificant faetor is the initial void

laboratory tests with a' Rowe, cell, Hobbs reported that the
, " .. '.~, '., ......; . " ',- ',' , ..

pressureeausing eompr~ssion '~does not appear to be
-. ~

void ratio attained under loading.

12
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., ,

peat under load and therefore its strength (Hobbs, 1986).

ratio, refieeting the natural state. of ,the peat, and the

..~~ ~ " .:...." r-.
.:~~. <

~ u q. '.~ '!:'~-.

.compact.Ion ,by machines and of course C01!1P~'ci~.ton by roads. '
.' ': -':~, ::; , .', .: -, .' ..' .,' ~<>, ,,-:\; ~~-".' ", -':. . - ..- '..

Typical subsi.dence rates In 'Ireland'; are; quoted as being " .. -, ;;,"~
" " ;'''., .~ -: .. -<~i':' ";.,; ,'. ;,':' ,:,,;.-, ':_., ,:';' ':.: _';-'.-"., ,:' ,'. .•

-cm/year. for"the.'fitst few years·: after,' dr'a'Lnaqe , decreasing' <O"";~_,,,-~
_. '. ~ .,."' .;:;~<~>:~:, ~ I~_~ .-~.~ _~ft. ~~. _. i., ,;_~~~):~:':"(. ,~',.- ': 0 . -, . ..: .•• _:~"E.: ~~? _>~ :t~ >"~«~~ <~.-- . -' '. ,;_

to 2.5 em/yea;-', fo~ ~he ,ne.~~ seven' year~,::,a!lci ~ater to 0.9
'" ~ . . .-' ..... ~....,....... ~.~

em/year .(6al'~:'~~:'19'~~). "':,.' ':"1- .. "". -,.:.~-
- ,-'. j .• J' .. •

•• • ..... ' > • .T. .~. ,O.u ~.•,.," • ,

Of the··thre~ -st:~tes~of w~'t~r fOU~_d;;:';irt' peat only the

A striking' ·eha.raet~ris~icr~i' peat' 'is t.he remarkable deel ine "

in permeability, wit~'"' ~~eciuction.; .in 'void ratio or water,

,content, fa;iirig,bY som~~th~~e. ~;de~~'ag~inst a change in
r ~ •
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measurementdi:r~ctions,flo:wevaluatetoorder

proriles , "Add~ti~nai 'information ,on' 'peat densities and

their variation, with depth is required' 'in order to assess

the degree ,'of 'compact.Lon.

ofPerme~b~'lH:~~~and assessment ,O'f'~'~~'~~ant hydrogeological
. . - '. . ~.

of r.

"

which ~~re dlsctiss~d'in' sectio~ :i:' '~~y~rtheless" the basi.c-

3. Perineability measurements in' the, peat to assess the

. ,_.- ... '''-'~'''''.~".' ~_\- -.

The Irish Office of Public Works (0. P. W.) " have

installed wooden stakes over the bog Which has established

, .
hydrogeologlcal' .: investigations, .but; ~ adapted to peat :

conditions -~' determinatio~ of t~e. 3"':'P' pressure field in'

investigative approach in the field Is similar to other ','

The fieldwork carried out for'thi.s project consisted

heterogeneou~ nature and peculiar physical Characteristics

3'. 1 INTRODUCTION .. '
..- ~ . _ ....

, , The ,hydr:olOgy' of', peat.: is unique' 'due to its highly
'. ' • 0-

3. METHODS AND MATERIALS," ,;

13

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.

" ,
1. Making, installing and ~?nitor~ng piezometers to

determine equipotential corrccurs": "

2. 'Drilling in the peat to note peat type, take samples for

density measurements and "to estimate,a~y subsidence caused

by the road.

•
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";"l

-- .~~.~,:--.~." ~-.:::-~, ,-...,.. '.~

~. ~

','

shows 'the

,.I _', :,0,

...... ,.

.-- - -.~ -.,~ ...-~.;. ..

r ... ' ~_. ~;

"".' .~.;:,-

~ ;~<~:".' .~~

,. ,0". ,~~- - ":.;: _.

lin~s . as'closely as' p~~sih:i.~~:.Figure 3.2

addition to showing the ~ffects_of the road, the southern
;: 1 " ' ~
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. .

Clara East which werei.·arready installed' as part of·' a

different transect by Henderson and Flynn in 1990. The

transects would show whi;lt;. effect~,"-" if any, the cut-away

area at the ~outh west ma~gin.is.h~vi~g on the bog. There

are five piezometer s~at{o~s along e~ch ~ransect, installed.

as part of this project :except' for':'stations'108 and 113 on

, _ .' •__ ' .'~_.• ' _,-L •.<:_ a.,"", _ ;':':, ~ ~:'~' _' ._ -,i. A. -:'. • ~,
, 3.2." THE PIEZOMETERS AND.:,PHREATIC ..TUBES.

<.:" . -... +'~';;"-~I.~·.~....,..~::"~",~"":,,,,,!~,,-.,l._~_~:,",

...,~ ··~1' _c~-'r'~"'- • -. ; ~~ ~ .:.~, "

In order to study·'.~he effect "of the road on the flow
,~..i\ ,~ ~ -i', • • ""~t:.:! "- • • .... . _.- • "~.

, -. .' '-~>-~ ._;'c,-" ~:. .,..: ..<";_. " ,-.1" . 01

of ,water :t;hrough t.h_e,~,~~~:~o~:r::':tr~~~n~:~ctsof· p Lezomat.er-s were;
• _ r".~'f,.~Y"'. . _ .~ ~ " .,"_~ _. _.' _ ~

installed; labelled as NE,. NW,:~SE;~and sw. After examining
. . .: .' . :"'~';,,:',>~>' r ':..~:,~~ ~~'">:' '., ._
water table. maps from reports by~Elynn (1990) and NeefJees

": '.. '~~. . -' =. " .~ ~-:;.~ ;-'-"~ -',
(1989) r -~ ,figure, 3.1. shows £"a\"·d~_agram with these maps

'. , . u,- ".
'~;": :e· .

combined- .and the pe'cit>s~rfac~'. contour map produced by,
. _~ ."' '>'~. _,(, ......~,r - ,,.• ~,~ .:

Bord .ne Mona' in '1982 _ (,~ee fig~i-,e'.;l; .,2), the transects, were
. .. . .- . •.i~.. .,-" ....... .,: ,'.. :.f .. ,

a Ldqnad at 60·. degrees to, ,the 'road:in order to follow flow.

location of' the transects.'; It,·:~as intended that, in
• ' ..... ,:.- • ~. (" C • >; .~.:

D' < _: '~., ' ...;~ • ""

,.'·1 a suiXeyedgr:i(rreferenc~,: sy:~tem ~o ;whi,;etf ·l~¢ations., can~ be ,:. ' .
~.j,." .." ':~ ~"~~"'-~~7;~~-. ':~ ~ , -: ~.... ~.~. ".' ~~ ." . ".:2," >": ., ..... ~ <:>, < • ~ ...

,. relate~l':;/'~ T.he>· grid" lia~' a, 100 :..it'~i~~,. fnterv~i' and uses· ~
c' "" ~~.£~\o-/ _~'"~~~_p< -'~~ >~, '.,' '~.- '< :" '": ;"'~~><-•.•• • .'~.>'. .: ~~~·~2'~~'...··~ ,'6. ...":. . T ,

(., .:: ., comDin:ati6n~.i>of ' letters'~ for easting's:"'arid' numbers . ",for " .'.
,:.... . ,~«\:;~,;..,c'\:i , "';:.': . '. ~"~",:",,,'-: -", :.J',::: . '::.

,. ~..,; northings,~".The otlgiri',is: at,· the",r1ortherri' end of. the New

." :.. road·,-('~~~.~ap~.b'~' 'ith~::~~i~.·ca~ .. be 'f'6~nd'~~'~p~endixA13. . The

o. ~: w·:':.. ai"s6:piac'e~~"~~~~h~~~k:"~:tud~ ~,~t ;~{ in~:~~ intervals
.T.i'. "., -~ ".' ". ~,._ - • .;' ;~.t;'" ,*,.. ;e ; ; '.'~ ~- ~ ~ : ~r~:'" :. .. "!,. .: -

., ., ~, _, ~ L' '. .: ~ ~ " ~. ..: ~ ~ '.' ~ : ~ . ~.. •

along the "road and 'some""benchmarks:'Quton the bog i tsel f ..
. "":. ., ..: ....', '. ' .. ,' ." . ">i.>: e<,r: ~c:';,< ..<" .~ ',/.;' ..'" ,:. . . .; ..' .!

These were ·~used'dtirlrig.:tlevel:liI'ng ~.:,~"' The ,elevations of the
.~."'~" ...: ~.~ ~ ": .~', c\. \'n:

4

-, ~ ••,...~~: .~""~ T"" . ','

benchmark s'tuds are' 1Lst.ed J~:.L.~ppendix:A1-.
.':.~ { . :' .v.: ." t ::';. '";," :;,' .~ .·..~r••• ~~-,:··,<:::,' .
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About 40cmof tube was left above the ground surface. The

piezometerswere then filled with bog water from the drains

',."t'

'f

.. <

.• )

, ,?

. �~�. �.�~ -

the

The

fine mesh

measuring

, t :

, '

�~ Hol"esof ,5mm diameter were'
�~�' �~ ..,;: -.

�.�~ .:

., -","

,",
�,�~ .: !, ...

�~�. �~�/ . .-...
" .

,,_.' �~�.�~ ',.

. ''''-T'"';,'
;;. .:.. • ... ;.' ,'.'...'"". _1: �~ • '" _ • �.�~�.

'--:"' �P�i�e�z�o�m�e�t�e�r�~�:�" �(�~�i�m�p�l�e . �d�e�v�f�c�e�~�~ .: �;�f�o�~
, "

a hand auger, in. order.to as'certaih"the,total depth of �t�h�~�"
,. • ' �~ �~ �'�~ .;;..... �.�~�~�.�. + �~�- . r ._

peat. ' Three'piezometers�w�e�~�~�.�f�~�'�~�'�t�:�a�i�\�e�d at eachstationat
." '0-" .'-. -: ..... :_ �,�~�:�.�: •

�d�i�f�f�e�~�e�n�t _depths> (shailow,' :fnt'ermediate and deep).
• .' �~ .': ....�~�.�: .. -i"••,." . .so-.: .... ,r i

installation,.' The �h�~�l�~�s �w�e�r�e�:�,�t�h�~�n�'�c�o�v�~�r�e�d�, with a

�g�~�o�t�e�~�t�i�{�~�"�'�~�f�~�6�~�k�i�~�g �,�t�~�~�'�<�b�;�E�l�V�e�h�~ �'�t�i�i�~�~�k�a�:�g�e�.
�.�~ + I �-�.�~�. "::;-, �~ "- ,

drl1�~�e�~ in- to ,the" bottom·15cm' ,of. .the 'tubes'·to give an:open
•.,' • ... • .: .' ',;C 'C!'" • • .

• t �~�,�-�; �~�. �~

area-of' �a�p�p�~�.�o�~�i�i�n�a�t�e�i�y "Uli' 'and" anibber ferrule placed over

the·"-end :t6'.·,�'�p�t�~�v�e�n�t�' peat. J �e�r�r�t�e�r�i�?�~�" the tube - during

piezometerswere numbered�w�i�t�h�:�t�~�e�~�~�a�t�i�o�n number and then,'

Each' �p�r�o�s�p�e�c�t�i�~�e piezo-stat.1.on'site was drilled with
".' �~�.

a prefix of',A for the �p�h�r�e�a�t�i�c�'�t�u�~�e�,�,�' B for the shal Lowest;
�~�r " -.....�~�_ �~

�~ • • . �~ �-�:�~ t +.
piezometer,C 'for the next �d�~�e�p�'�e�s�t -and D for the deepest.

extensionsusing PVC couplingsand"solvent cementedjoints.

also installedat each et.at.Lon, Theseconsistof 1.5 metre'

lengths of ' the same P.V.C. tUbing with holes'drilled over

and left to equilibrate for a week,.,

A phreatic,tube (effectively a shallow'piezometer)was

..
,hy?raUlic'�h�~�a�d at.apoint- in ,the-grdrlnd)",weremade from one

l' �~ , ..., �.�~

'inch diameter P.v;C'.- �·�,�t�u�b�e�~�.
- , .

....•.

The depths of each pLezometier», aI:"e./,shown in appendix A3.

.They, were installed by �d�r�i�v�~�~�g�' them: into the peat. The

piezometers could be set at. �a�n�y�~�' depth by adding tube

, Locat.Lon ,o.f the ,piezbmEiter',nests,Are, �:�s�h�o�~�n in figure.. 3.2
",': �~�,�,�"�>�,�'�:�,�'�'�'�.�~�.�, '.' �'�;�,�"�:�'�:�'�~ ': ..,<'; !-:>', .. ' �~�.�" .

�~�~�a�n�d�' their natii.onaI. grid:.co-ord.inat.esgiyen .Ln appendix''A2 .
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. 1 metre. �T�~�e�y�'�a�r�e�'�u�s�e�d to measurethe height of the water·

table.:

Ma'nitoring:o't-the water levels in the tubestook place

every two weeks during the field season(first �m�o�n�i�t�o�r�i�n�~

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

the.. o. P.w. 's benchmarkstuds 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

headsat different.depthsfor a certain date were obtained

and equipotentialcontour maps could be drawn (see section

5) •

Four wooden stakeswere hammered into the drains by

the road at ·the end of each transect. These were also

levelled in and the water level from the top of the stake

measured during monitoring �~�n order to determine the

changing storagerole of the drain with time. stakeswere

also hammered into the shallow drains on Clara East along

the transectsand the water levels in them also monitored.

3.3. DRILLING IN THE PEAT

Detailed'drilling of the peat was undertakenat eight

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

(east) on the O.P.w. grid. A hand auger with a 50cm long

semi-cylindrical chamberat the end was used. This allowed

an almost undisturbedpeat sampleto be obtained. Drilling

stoppedonce the clay was reachedor sometimesearlier if

16
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probably due to

, Thes'e', were used for density'

Fibrous peat is difficult to cut

Any higher temperatureis likely to

The' �d�e�g�r�e�~�, of �h�W�i�~�1�f�i�c�a�t�i�o�n was assessed'
. , _",'" �'�,�~�.�~ I. �~ •

�~ ,'.�~ �~

The density was�.�~�a�.�~�c�u�i�a�t�e�d from the wet.:

.•.. ::

........ - .' . '"

• 01 �~�.�:�.�-

"-l,,"

.-. �~

de9reeto which it can �b�e�s�~�e�~�z�~�d�:�b�e�t�w�e�e�n the fingers
.! .. / �~�!�~

�t�:�t�t�~ colour of the sque'ezedwater;:By its nature it is :

indicate a water content of over' 100%

taking the sample.

A 5 em long p·eat.sample:was: .taken from every fifty

..
weight and dry weight of' the sample and.the sample �v�o�l�u�m�e�~

The sampleswere dried in an oven'!or at least 24 hours at

105 degreesCelsius.

.-

a veri·.sub] ectiv« method and: �~�n�, �a�~�s�~�s�s�m�e�n�t together with

the results achievedcan be fourid'later in section 5.

cleanly and measuringin field cohditionscan be difficult.

Hobbs (1986), indeed, reportedthat.thecutting resistance,

measurements.

errors in determinationof sample volume occurring whilst

17

.,:"", 'I'

�I�n�~�e�x (see appendLx A4).·' This' Ls.ia- scale of humification

cause charring or ox.i.dat.Lon of the. sample Hobbs, 1986).
'. ,J

The volume of the sample �i�s�<�k�~�9�w�n by the diameter of the

drill chamber (4.68 cm.) as"is the length of peat core cut,

(usually Scm). Water contents·of peat are high, ranging

from 75% to 98% by volume. Occasionally a sample would

centimetre long core.

the

.'
�a�n�·�>�"�i�~�~�e�n�e�t�r�a�b�l�e layer,was �e�n�c�o�u�n�t�e�i�~�d�'�~�:�" Two people.were

.'TO �.�~�_ �~ "<".:, ..:'·t:.. -',�_�·�~�n .

using: .t.he criteria out.IIned,' iri,Von<, Post's Humification

�·�t�h�·�e�~�·�' huniification qegree" of �t�h�e�p�~�~�t .and the �v�e�g�e�t�a�t�i�o�~
. - -. �~ .

.tYP7s:-present.

.and

.from 1 (hardly hum.ir i.ed . �~�l�a�n�t�r�e�m�a�~�n�s�) to 10 (totally

humified plant remains) bas"edon the·,structureof the peat,

. - necessary-for the drillinli .. A �d�e�t�a�i�l�e�d�:�l�~�g was made noting

./FIf
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. level in the container, see figure 3.3 . The containersare '
• �~�,�. t' ••

"

strength.r

Care must· be

This method uses

compressibility , and

water runs into the piezometer.

. permeability,'

The sample containerswere also weighed so that the'

Permeability,testswere carried out in the field using.

content,

so that

the constant head. piezometer method.

filled with bog water from the drains and sealed with'

the permeabilityof peat also dependsupon the chemistryof

the percolatingwater, since the adsorptioncomplex will 'be ..

affectedby any changein chemistry (Hobbs, 1986). Plastic

tUbing is used to connect the containersto the water in

3.4 PERMEABILITY TESTS

Marriote vesselswhich are water containers designed �t�o�~

the piezometers. To initiate the test the vessel is raised

, ,

vaseline to be air-tight. Bog water must be used because

in the percentagevolume of water.

18

. "

considerable'compreesion of' the peat, affecting the watJer

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 �j�~�s�.�.�:�t�.�_�j�:�"�u�n�n�i�.�n�g�_�t�r�e�e�l�y into air. The initial water---- . �-�-�'�-�~

of fibrous matter to tube or piston sampling �c�a�n�~ �c�a�u�~�~ a '

,weight of the organic matter could 'be calculated.

_.. f. •

, stronger, less'decomposed peat is more 'susceptible'to

compressionthan �s�o�f�~�e�r more highly decomposedpeat. ,This

effect would mean that the volume used in the calculations

could be smal Le'r.itihan the real volume leading to. the error

t __

"produce a -fixed' imposed head' irrespective of the water'",;;:

. ;I
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Filling p.ug �\�r�-�-�-�-�.�~�H�e�r�m�e�t�i�: 'sed. '

." ..
•

Air tube �i�r�i�e�t�~

,Head imposed

•

hie

�~�s�o�l�a�t�i�n�g valve , .
. original water leva.

,

" ,I

FIGURE 3·3 Marriote Constant Head Appartus

�F�R�O�~ FLYNN, 1990
:.., I .•

j �J�-�_�'�~�. �"�\�~�_�~�~�~�l�; .�.�'�~�" •. ,: .••. • �~�"�~�;�"�:�I
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The testswere 'carriedout over various time interVals

discovered that the rate of outflow often decreased

During some tests it was found,'that the Marriote vessels

�~�o

For the'

It was also

Sometimes the flow would

19

This phenomenon is noted by Dooqe

(1972) .Ln his review paper.

to measure a drop over a longer period.

d is the, internal diameter,'of' ,the tube.
<

markedly with time.

emptiedvery slOWly and thesewere then left for a few days

with a measurementbeing t.aken two or' three times a' day.

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

dependingon the conditionsof.the peatat eachpiezometer.

K.;'" q!(S*h).

where' K ' is:1:;hehYdraulic'·conductiyity, �~ is the rate of

level in the' �c�o�n�t�a�i�r�i�e�r�i�~ .notied,and.,itsdrop,is measuredat '

after Hvorslev,"whereL is the length of open section and

. '

S == (21TL)/ln,{ (L/d)+(1+(L/d)2)1/2)

outflow from the Marriote vessel,which is necessaryto

, �m�a�i�n�~�a�i�n a: �c�~�n�~�~�a�r�i�t�~�a�t�~�r�'�l�~�v�e�'�l�' �'�i�~�"�~�h�e piezometer�u�n�d�e�~ an

imposed head of h. h is �t�h�~ difference betweenthe water

level in the �'�p�i�e�z�o�m�~�t�e�r 'before. the: ,test and the constant

water level 'in ,it at the end'of the 'test. The piezometer

is therefo;::e,.dipped'.at �.�~�h�e .beqLnni.nq . and' the end of the,

test in.order tor ,this to be calculated. S is the shape

factor which is,'

piezometersin this project S is 0.354 metres. S has 'the

, dimensionsof length. ,

, dntervals• . ,.'

Acdording'to Kirkham (1945),
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,-'

3\

flow was

The values obtained are a

at: a, later�'�"�s�~�a�g�e�:�, .a-. smallersci that

a few hour's s-.: �F�o�r�~�t�h�e�s�e �t�e�s�t�s�~ it is. hard to be sure
. . " _ .' �"�.�~ .

This pseUdo-sectioncan,not be considered to directly

, ,

3.5 SURFACE GEOPHYSICS --DIPOLE-DIPOLE SECTIONING

as possible to resemblenatural'conditionsin the �p�e�a�t�~

-
The dipoie-dipo,le method is a geo-electrical

technique used to produce: a resistivity pseUdo-section.

Figure 3.4 shows the �e�l�~�c�t�r�o�d�e arrangement.'The apparent

reflect the sub-surfacegeology, but can be interpretedto

"

peat, under the specified'head.'

indicate the generalconfigurationof sub-surfacefeatures

such as bedrock, layering, faults, etc, (Smyth, 1991).

,
piezometers is too' small:

resistivity (pa) is calculatedas follows:

that a constantwater leyel inthe'piezometersis achieved.

Unfortunately it' was not . possible to' monitor the water

levels in the tubes �d�u�r�i�n�g�:�~�t�h�e�; �t�e�~�t�s as the diameterof the

, "

The constant,head test was used rather than other

piezometertests �s�U�~�h as the �i�a�~�~�i�n�g or rising headmethods

becausethere is some �e�V�i�~�~�n�c�e�;�t�h�a�t peat may not act as a,

Darcian medium to �w�a�t�e�~ flow' and permeabilitieswould vary

measured,see,'for -example",- �p�i�e�z�o�~�e�t�e�r "5E40, appendix"AS.

Some of �t�h�e�~ �'�v�e�s�~�~�i�~ . �~�m�p�~�{�e�d :: �~�t�'�" �i�/�~�~�c�l�i�'�:�f�a�f�?�t�e�r �~�a�t�e �~�a�k�i�n�g
, ., " '<' ,

with the head.' A constanthead test would thereforeseem

the appropriatemethod to use, with as low an imposed head

measureof the �h�o�r�i�z�b�n�t�~�l�: �h�y�~�r�a�u�l�i�c�" conductivities in. -the'

.only

'appearto'becomeconstantbut was �~�c�t�u�a�l�l�Y�' still changing

'slowly
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values .;"e.PI.ot"ted"at �t�h�~ �i�n�t�l�t�,�.�.�~�.�'�:�t�i�o�n�S�-�_�;�~�1�·�·�"�4�'�. slol=llt linlts

f,..om ·tne �c�e�n�t�r�~�s 01 tl"le" curr.:e!'1t"'voltac;edlpoles.

.;:

. �,�~

- •.�~ .-.?

32.

to

n:1

n-=2

n:3
... - .... �~ I •

. �.�~�,

. :"..

;J-"; .

�O�I�P�O�L�E�-�D�I�P�O�l�;�.�E�"�~�5�E�u�r�i�c�i�-�S�E�C�T�I�O�N .CONSTRUCTION-,,-"

�~ - ..-....
• �~�> •

FIGURE 3.4 :' : FROM: "FLYNN, 1990

. �~ , .'.
TECHNIQUE �~ "

.-.,

I Mil som,.. 1QS9 ) - ".

Tl'le tl'lree c;urr:e-n t-d ipolit posi �t�i�o�n�~ cordts'pond
, !l: �~ ,- �"�~ , • '. '
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pa = n * (n+l)*(n+2) * a * R.. "

where the current-voltagespacing.is increasedin multiples

of "a, n Ls the mUltiple of I a I separating the nearest ....

current and potential electrodesand R is the resistance

read from the instrumentation. The resultsare 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

transectsin the vicinity of the road; four traversing it

and two along its length. Figure 3.5 shows the locations

of the transects. The pseudo-sectionswere producedby M.

Dowling, D. Keohane and E. Naughton,'University College

Galway.

.....:

�I�~�~ ,..'�"�~�.�: ...�~�.�,�.�.�,�~�"�"�~�"�:�.�~�.�"�.�"�- �_�;�c�"�"�'�"�~�,�,�_�. ".
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limestone._

35

There are also

REGIONAL GEOLOGY
_ �.�"�f�'�~

.. . �~

�a�n�d�s�u�b�-�a�n�g�u�l�~�r to sub-roundedIn:shape.

, ,

investigationsfrom 1990 is coveredin reportsby Henderson

and at four sites ln 1991. A full accountof the drilling

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

Bedrock drilling 'was carried .out by the Geological

4.2 THE GEOLOGY BENEATH CLARA BOG

material (Flynn,' 1990).

,-

Clara .Bog lies south of the Esker Riada which

separatesit from- the.River Brosna catchmentto the north.

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

1990 and 1991. Ouring the 1990 drilling it was discovered

that artesian conditions existed in the limestone there

4. GEOLOGY AND GEOPHYSICS

The Silver - River lies to ,the' 'south'of the bog. The
- .

(1991) and Smyth (1991). Drilling at the.carpark.offthe

,4.1

-area is rare but boreholedata shows it·to.be Carboniferous

'lenticular units of �p�r�e�d�~�m�i�n�a�n�t�l�Y cobble and boulder-sized, -

.: :', ,The geology- of n'orth'couney Offaly - is dominated by

Pleistocene, and recent,depos.its,. �~ the ,former having a

:giacial origin' �(�F�l�y�n�~�; 1990). -The region is traversedby

a. series of east-we,st_trending eskers',with sUbsequent
, .

Holocene-deposits�l�y�i�n�g�i�n�b�e�t�w�-�e�e�n�~ predominantlyof �o�r�g�~�n�i�c

.'or alluvial/lacustrine origin.' Bedrock exposure in the

.-deposits in the .esker are exposed in numerous local'

quarries. They are dominatedby medium sands;well-sorted" .
., -
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/1,

Hand-';

Peat depths

.'

ranging from

.,... ."

• ". C ._;'."':..
' ..... c

.. . ,'

is" at. its thickest'(over 8 metres) in
_ �~�. • �'�.�~�_�. - �~�r�.�- -. '._.

�e�a�~�t "and" �w�~�~�t�'�·�t�h�a�t�"�'�;�c�o�i�n�c�i�d�e with the'
,- - .'-.. �~ ....- .

"

4.1 shows a' �p�e�a�t�'�t�h�i�c�k�n�e�~�s contour map convertedto
• ;', ::,., �~ T ' • ;.<: ,>,'",": J'-,'i"'. .'

�f�r�o�m�.�:�B�~�r�d�:�n�a�~�M�o�n�a�·�-�s�u�r�v�e�y �d�~�t�a�,�~�y�-�-�M�. Smyth, 1991. It

Figure

boreholecan,be.,:found in �a�p�p�~�n�d�{�X�: A12 .

,
T .J'

peat thins out towar51s'-�t�h�e�"�~�"�m�a�~�g�i�r�i�s�; .9f the bog.

shows �t�h�a�t�t�h�e�'�p�~�a�t

the areas.in" Clara

metres

�~�.�~ �~

revealed,that the peat thins·nearthe road.

along the �~�~�~�d �w�e�r�~ �a�l�~�6�:�'�~�o�~�n�d to· bfj!' :ariable,

surface topographic'�h�i�g�t�i�~ '!., :The' map also shows that the

c· .... "

�D�r�i�l�l�i�n�~ ',thrqugh the,t>?g,has' shown the general
." \'.• ' >; ...... 1-<. T ._-t"

geological:successi.on to" b'e' �p�~�a�t ' (Holocene);' underlain by
- • �,�~�, - T '''. ',.

blue-grey.. clay'· �(�"�H�~�l�o�c�~�n�e�l�~ �~ �'�u�n�d�e�r�)�'�-�a�i�~�" by'giacial till'
�~ �~�. o. ," -. ' - '" �,�~�.

• ... .+. '. _, _." ',1 ,

(Pleistocene>,;..underLai.n by' :massive�'�~�~ lightly fissured,
. '. �~ o. . .

.. , ;j -

augering in the peat'during,: the course of this project
T ':.-. .! l ' �7�-�:�'�~�.�"�.�J�~ , �~ �~ �~ .

peat was 9.5 metresdeep., In the middle of Clara west the

peat has been reported as being as deep as 10 metres

, Hand-augering at each,piezometer nest consistently

which hiride'recf"the �'�e�m�p�l�~�c�e�m�e�n�:�t .C?f, �p�i�e�z�~�~�·�e�t�e�J�;�s�. "A new
�~ _ "'.. . ' .. <: 1; :1, .: •

, I _ • "r'" , �~ . "-of> • •

borehole'-"was ,'c;lrilled in, 1991 > "and because,'artesian'
":- �~

condi�t�i�o�h�s�'�.�:�~�'�~�e�r�e�' expact.ed 'precautio.:i's'·�~�~�U�l�d�" �~�~ , taken" in

�i�n�s�t�a�l�~�i�~�g�' �.�t�h�~�"�~ �p�i�e�z�~�m�e�~�~�~�·�s�.�'�, ,,'i �d�~�t�a�i�i�~�d�"�~�O�g of �t�~�i�s
�~ . ,-.- .. . �~

(Flynn, 1990).

.clean, �b�i�~�~�:�g�r�e�y�. 1iine'stone':(L. .carbonifermis-).
•' I.. �~ �~�f�'�~�' c

, '.. . :. �~ .
Thedeptn"of-the.peat;''val:'Les'spatially over the bog.

,-' - c· �~�" ; • • i. '; '.

6 metres at the carpark to �~ 3 .....75 metres at piezometernest
_ _ • c • " • �~ • • r •

NW5. This variation is partly due to the undulatingnature

'of the peat-clay interface. 'The deepestpeat found during

the augeringwas at o.P.W. 'peg5E on Clara east, where the

1
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Areas of highVLF-R .suryey t.aken f rom M•. smyt.h, 1991.
>

resistivity (resistivity �v�a�l�u�e�s�g�r�e�a�t�e�~ than 450 ohm-m)
•• -. ' .- L

indicate bedrock is, likely to -be «?:oser to the surface

(Smyth, 1991). Following this criteria it can be seenthat

bedrock1S deep under the central area of'·the bog where the'

24

centre. The shapeof,the �c�o�~�t�o�p�f�s�'�s�u�g�g�~�s�t�s that the basin
" . �.�~�. �~ "

topography of' the . �a�r�e�a�~�.�·�·�'�I�t�~�'�:�,�<�?�a�!�l�' be seen that- a bas i.n

existedwith, �t�h�e�'�l�o�w�e�s�t�'�:�p�'�~�'�r�t�>�(�l�e�s�s�:�t�h�a�n 50 M.O.D.) in the:
. �'�.�;�f�~�:�~�~ ".J' -S':

�F�i�g�u�r�~ 4.4 'shows a contouredresistivity map from a

4.3 SOME GEOPHYSICAL DATA ON CLARE BOG

since been·cut-away:

. \ , ..
it effectively' seals the peat,off from the underlying

• c .' ,; • "'c' : ,." 'G

• �J�~�' • " "- '. �'�.�~ :. �~ - • : . , 1;" ' •••. ," L <., _ :':!, r

layers. . �H�a�n�d�7�a�u�g�~�r�i�n�g sliqwed,,'the'peat-clay interface to
_ r. '"' �.�~�' •• '.' t • :. • ",.. �~ _"l ' •• ,'

undulate as:was.fou·nd by �:�'�F�l�y�~�h�~�; �~ 199(), �~�e�'�e figure 4.2.
... M •• -

continues further sout.h than,,the_�,�~�o�u�t�h�e�r�n margin of the

existing bog. �T�h�e�b�o�g�'�p�r�b�b�a�b�~�y ,extended further but has.

�p�e�r�m�e�a�b�i�l�i�t�y�'�:�a�i�t�h�~�u�g�h �.�t�h�e�-�_�p�e�a�t�~�c�l�a�y �~�i�n�t�e�r�f�a�c�e may be

�r�e�l�a�t�i�v�e�l�~�~�~�~�~�~�b�i�·�~�. '- �T�~�e �'�-�n�a�b�i�r�e�>�~�f �·�t�~�e �~�l�a�y�' is such that

- ....

the carpark,., The clay',�i�~�' 'st.icky _:wi th a very low
�~ ,'= • c " " I

Figure 4.3 �~�h�o�w�s�' �~�a . cc:nit61ir map of the peat-base'
�~ <' ':F

found to vary, .cver-the bog from·,1 ,metre'-,up'to- 5.5 metres'at
. ,!.' .' _, '.,.0,< ..

.tiopoqr-aphy , �a�g�a�i�n�c�o�r�i�v�~�r�t�e�d�:�'�:�f�o�"�'�~�e�t�r�e�s -from Bord na 'Mona'..... .' .. �'�~�'�.�' , .
.. '. ,,:. �~�- �~�.

�~ .'

survey data by M. Smyth, 1991.," �T�h�;�i�~ map shows the pre-peat
�~�. �~�,

,showed�c�i�~�y�·�t�o�~�u�n�4�e�r�l�i�e the peat. The nature �~�f the top of
. . . ..: ", : �~�.�. . " ,

. this �u�r�i�i�t�~�" �w�~�s �·�"�'�o�l�:�;�s�~�i�:�v�~�.�d to vary fF9m �;�·�~�·�·�'�s�m�o�o�t�l�i�,�'�· plastic,

�b�l�u�e�-�g�r�e�;�"�~�l�~�a�y�,�; .: �t�~�,�" a,�~ �g�~�~�v�e�l�l�Y �c�l�a�~ ;"to' a �s�i�l�~�Y clay with
T • _ �~�~ �~�. • • " �~

':1"
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underneaththe road. Section 200 shows the bedrock to be

resistivitiesare less than200 ohm-roo Bedrock can be seen

,"

.. " "

40

.',"

The' east-west,

bog where" higherthe

The following criteria has

boulder clay

peat/clay

bedrock

"'. '

edges ofthe

0-300'ohm-m

300-600 ohm-m

600-1000 ohm-m

The subsurface topography of the basin is very

The pseudo-sectionsfrom the dipole;....dipole profiles

a fault in the southernregion of the bog but there is some

is near to the surface at this point. This fits in well

irregular.

with the VLF-R contour map and could be due to the effect

of the basin. Some mineral company maps of the area show

uncertaintyover its actual position. The north-southline

done on Clara Bog in June, 1991 can be found. in the MSc

thesis of M. Dowling, 1991.

are shown in figure 4.5, with permission from M. DOWling.

A detailed description of them and other geophysicalwork

the VLF-R contour map in figure 4.4.

exists in the bedrbck �u�n�d�e�~ the bog and this correlates

well with the conc.LusLonsvrrom the peat-baseBord na Mona'

to rise, towards

The pseUdo-sectionscan then be seento correlatewell with

been used in interpreting the sections:

resistivitiesare found. This would indicate that a basin'

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

sections200, 500 and 800 all show the bedrock to be deep

shallower to the east while section 500 shows it to be

data.

'resistivitiesbeneaththe road indicating that the bedrock

I
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300 in the west shows a resistivi.ty high, that correlates
. • �~�" r

wit"h �t�h�~�-�a�r�i�o�m�a�l�o�u�s high to. the- north-west of the road in

fi9ure �4�.�-�"�4�~ The north-south"line 300 in:" the eastshows �t�h�e�~

bedrockto be �r�e�l�a�t�i�v�~�l�y shallow in the north, which again

�c�o�r�r�e�l�a�t�e�s�~�w�i�t�h the VLF-R"map.-
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sectionsbut it must be'-, rememberedthat the �a�n�g�l�~ -between. . . �~�-�:�.�, �~ .
;;

...
'.

theto

c.

f'.....

�~ .."'

" -.'j:-

Both the'northern and

�~�'�o�'�-�~ .'

. \-

oc?urring .perpendicularas

The �t�~�a�r�i�~�e�c�t�s have'been drawn as cross-··,

considered

5. ANALYSIS" AND RESULTS. �,�.�~ .' .

, .
�~�,�~ .-

Figure s.·i �s�h�o�w�s�"�,�t�h�~�.�; �¢�q�u�i�p�o�t�e�n�t�i�~�J�.�.�. coneours through':
-e �.�~�~�_�. '. • �~ ". 0". ,_. �~�T�·�.�,�l�. •

the peat·for thEf·northern-and'�~�o�u�t�!�l�e�r�n�p�i�e�t�o�m�~�t�e�r transects
<. ''::- �~�. • • ,.

5.1 HYDRAULIC HEAD DATA':

croas-vsect.Lona f,or the 26/6/9i�~ .24/7/9'1 and 7/8/91 can be

found in �a�p�p�e�n�d�:�i�x�A�6�~�'�i�t�h �~�6�e �.�'�~�a�w da'ta 'lIsted in appendix.
C •• '. ." • • • ". • �~.• �'�~

from data co'lLectied on �t�h�e�·�.�·�·�1�0�/�7�/�~�n�. -. Ali· of the monitoring
• <" �~�' .• .-, • - - . "-. �~ ,

27

data·collected:during the �f�i�'�e�l�d�w�o�~�k �'�p�'�e�~�i�9�d�;�s�h�6�~�e�d a similar
�~ J" �'�~�:�.�~ �~ ","c' • -. ". •. _ .: '. <..�~ ."

patternwith headsdiffering only by'a:'few'centimetres,if

at all,' and showi.nq 'the- �s�~�~�e .t'rertds., -The equipotential
-'

• �~�'�!�.

the two northerh transects:and the angle between the ·two
. " �~�:�.

aoutihern transectsis �1�2�:�~�d�e�9�r�e�e�s�, �n�~�t�.�i�8�0�,�d�e�g�r�e�e�s because
, -

-,

the piezometers were located along flowlines. The 1- .
underlying clay has been•assumedto .be .a;no-flow boundary �i�~

so that the equipotentialcontours'cut.it' at right-angles.• II

areas. of low hydraulic.head.
• 'r> •

summer season.

�e�q�u�i�p�o�t�~�n�t�i�a�l c?ntoursfroinareasof high hydraulic head to

A7. The data collected can be cons i.dered as being'

representative·of .the hydrologicaf- situation during the .

Although in �r�~�a�l�i�t�y fio\vW:ill �o�c�c�u�r�"�'�t�h�~�b�u�g�h the clay its

sticky nature would indicate that it has a very low �~�~

}
' ')I;<'fi./tL

permeability and that"these flows would be very small.

If a basic assumption is made, that the peat is

hOinoCJeneousat the regional scale, flow-:in:2.dimensionscan

be
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southern.. traP,sects show that. toe drains,along, the road
�~ •"X"..: .....�,�~ -. �~ ....�~ . ".- _ .: �-�:�~�~�.�: '''> �N�:�'�;�t�:�,�;�.�c�;�:�~ .

affect'the'. flow' of .water in the bog considerably. Water"
, ; -. �~�"�.�~ �~ .. �~

flows' �t�b�J�~�~�d�~ �~�t�h�e�d�r�i�d�n�s . from �u�p�~�t�~�. 650 �m�~�t�i�e�s away., The"
�.�~�~ r.: �~ . �~ �+�~�.�' ,.... ' •• �,�'�~�. "_/' +.

�s�p�a�c�i�n�g�·�,�c�i�f�:�t�l�i�e�:�.�e�q�u�i�p�o�t�~�n�t�i�a�l�, �c�:�:�o�r�i�t�d�~�f�~�"�;�~�~�~�~�~�e�s very cl.ose" -, ":,
�~ . '" . r, �'�~�< ' ¥ "" , �~

�~�; ..... �,�'�!�'�t�~ -. • �~ . ,\ • �.�:�l�-�~�.�' ,_ , �r�;�~ .. ; .
near, to'-.the,:,drains,··'because.the.re�'�T�~�S �,�~�a�'�·�;�,�r�~�p�~�d decreasein ' " . r

head �g�O�V�~�~�~�~�b�~�t�h�e position' �~�f �,�~�e�.�~�~�~�~�~�, :table, which is /; :

in turn �g�o�\�r�~�,�;�n�e�d�' by the �·�t�.�o�p�o�g�r�~�p�l�i�:�(�a�n�d�:�.�,�t�h�;�(�w�a�t�e�r level in �~�'�1 �~ .

"l.. , •

those in the southern ones,as woufd, be •expected from the

their topographic'di �f�f�e�~�e�r�1�<�:�;�e�s�.�, The heads in the western

The heads in the northern,transectsare higher than

28

permeability.so �a�n�e�x�p�i�a�n�~�t�i�o�n�. for. �t�h�~ bending may be a
�~ -!-• ...,

, As the flowlines are at, 60 degrees'to the'road the

The'verticalhydraulic �'�g�r�a�d�i�e�n�t�~ .a:te 'mostly downwards.

Only veryriear to" �t�h�~ �d�r�'�a�i�n�~ , (less'than\10 .metresaway) are
. -; r . n':' .- �~�'�.�r _ • 1j ;,

any upwards�~�r�a�d�i�e�n�t�s foi?hd. �~ �~�~�;�'�I�h �~ '1 k, *'J
, "<,-,.

In the north-eastsection, ({t, .a ,distanceof more than

250 metres �f�r�o�~�. �t�h�e�~ road,�.�'�,�t�h�e�~�~�i�p�o�t�e�n�t�i�a�l contours bend
: �~�.�" ....�;�~�-�. cr • - j " > • �~ - -" .'" ; , '. , • .... '"' - ,

as if the flow is �d�o�w�n�w�a�~�d�s�" �i�~�t�o�~ �t�~�e -'underlying clay layer.

5\

the drains., ' ,

road cannot be the sole influence. The �'�~�n�g�l�e�d flow is due

high permea};>ility layer in" the peat; or.a,high permeability
• n ' - A �~�,�- • .'. A • • _ .'. " _ • '. �~ ,','. • ••

peat-clayboundary in that area.

{f ,

As ment.Loned�,�a�b�~�v�e�"�:�-�t�h�e�' cl'ay,'is: �a�s�~�u�m�e�d�, to have a very low
. ,.' . �~�;�-�"�, . ......."" . .

are deeper at stations,400 and 900 ,where the transects

, !.

�t�r�a�r�t�~�e�c�t�s are higher than those in the �~�~�s�t�e�r�n transectsby'

approximately1 metre. This is beoauseit.hewater levels in

the western drains are higher and the drains in the east. .",

�m�e�e�t�~
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Al though the
" .

. - .

. �T�h�~�~�·�-�'�h�-�i�.�l�I�n�i�f�i�c�a�t�i�o�n •degrees found ranged from H2 t·o

�>�-�,�,�~ .....),... .;f-

o.W, " r"'"
r'r

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

5.2 RESULTS -FROM THE: PEAT·.DRlr..LINGS. . �~ �~ .'

,"

H8. Figure" 5'.2 shows an attempted cross-section of
I ._ , ...

�h�u�m�i�f�i�c�a�t�i�C�?�n�~�.�:�-�'�<�f�o�r the northern :transect.

�h�u�m�i�f�i�c�~�t�i�o�n�"�i�s very vari abIe some general points can be .

",.,'

Beoairae th€; 'method of assigninga 'humification degree',

the peat at the top Ls- of, H5. and not the poorly humified -,
. ,

worth.

- , ,

appeJ:ldices:.As'·and A9,. :.' .
.:�~ �~ ,

The �~..:data.:" �f�.�r�o�~�·�:�;�·�,�t�h�e�p�e�a�t drilling is listed in
, �;�~�. �,�,�~�. "

, ".
�-�~�. �~ ,
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...-

to peat, is �_�'�~�o�~�u�b�j�e�~�t�i�i�e�; 'there"is some doubt as to its,. �~ . ... .

�.�~ ,"

�~ l' ,L. . '........ �"�~

to the' �l�o�~�e�r�t�o�p�o�g�r�'�a�:�p�h�Y�' in �t�h�e�s�o�u�t�l�i�~�"�w�h�i�c�h is probal:>ly-
• • �.�.�~ • �.�.�,�~�~ -, �~�'�~�.�:�"�.�_�, ;> .' �'�~�.�' "4' c �~�'�_�-�r�.�~�,�=�-�: ... �~ ,-" :'_>. '.. �~�~ . I �.�:�.�~�_ ...: �.�'�~

caused,by the cut";'away"area.in: the south'.::.
• 1",.'.." �~ ....' •

j , ;:;__ .•• �~�; �~�.�~�_�~ .,.' �'�i�~

�c�o�m�p�r�e�s�s�e�d�~

degree,,H3"or"less.' ,The .lower, peat tends to be composed'of'

made.. The"'peat: �~�t the' top tends'to be'of low humdr i oet t on
r- _"'; ,r"' •.". .'

material found', further away�~�T�h�i�s would indicate that some

disturbancehas occurredand the top layer has beengreatly

, .
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heather,

The least
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into - the following

"

.....- -.' " ..
�s�p�h�a�g�n�~�, cotton grass, heather

. '..'
wood�~ sedge,·reed

I ""i- �~
::::,,:e'

�~�r�6�~�s�-�s�~�c�t�i�o�n �~�f the northern transect

.sphaqnua,�.�,�.�-�~�c�o�t�t�o�n ., ?rass�~

wood,' �s�e�q�~�.�e�~�' reed

Fen Peat'; : ..
. ' . �~�. �~

4 •• , "oj

Figure.5.3 .·sh?ws·a

, .
Transition Peat'

vegetation type and humification degree.

be seen that the densitie!? �f�o�u�~�<�i�. Ln the peat near to the

thereforethe peat nearestto the road has beencompressed.

. '--. -"

Graphs,'of density, versus depth for the 10 drillings
. .. 1:.;" > ;"

compression.-,

from the road even though the peat is ,much thicker there

road are higher than the densities found in the peat away

irregularities,in the_curves.:· Den?ity also varies with

30

r \,j •

with �t�h�e�.�'�v�~�g�e�:�t�a�t�i�o�n �d�i�v�i�d�e�d�.�;�i�l�l�t�~�'�,�t�h�e�s�e�· categories. It' can

be seen"that �;�t�h�e�;�'�t�r�a�r�i�s�f�t�i�o�~�' �·�p�e�a�:�t�.�·�,�_�~�n�d �r�~�i�~�e�d bog layers tend
�~ - .0.:;:' �~ ". " •

to be ,thinnef>near �t�c�>�"�:�~�t�h�e�' pJiid -probably as a result of
�~ �.�"�~�'�. • _ • ; :. c

irregular curves are those furthest from the' road. It can

�'�.�'�~ �~

made are shown in appendix �A�1�0�~�.�'�I�t would be expectedthat

density increaseswi �t�h�c�i�~�p�t�h �~�- This trend is found in most

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

drilling made at piezometer nest SW5 has the opposLtie

trend. 'The effect of the road'mayaccount-for some of "the

5.2.3 DENSITY MEASUREMENTS

�~ ....t .•

?2.2 VEGETATION TYPE i
l/•.. �.�-�·�~ �"�:�;�~�:�'�~�'

', �"�T�'�h�~�' �~ �·�~�e�g�e�t�a�t�i�o�n�c�a�i�;�·�. �'�b�~�'�'�'�'�d�i�v�i�d�'�e�d
.;' .;" .1', '.' ' ..

�~ �.�~�. '}

�,�c�a�t�e�g�d�~�i�~�~�'�; ':after Hobbs"(�1�~�9�,�8�~ )':.' .. .:
'>, "to
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amount of'subsidence.

amount of subsidenceat a location can be calculatedfrom:

.j,
,

..�~

-1

Then the

paj(l + x) = Zp
\)t y .�~ :. �~ �~�)�~�\�-�.�'

waj (I + x) = �Z�~ . ( .

averagedensity/weightof organicmatter

In order to calculate the amount of'

Zp = 7.5 '* 10-3 g/cm3/m

Zw = 0.32 g/m

Zp = 6.73 * 10.3 g/cm3/m

Zw = 0.29 g/m

Zp = 5.75.* 10'3 gjcm3/m

Zw = 0.25 gjm

For 5E,.

For 50,

- The' amoctnt\·of subsidence can be estimated using

5.2.4 ESTIMATING:·,THE AMOUNT OF SUBSIDENCE

For NE1,

Bog; at piezometernest NEl, at the �O�~�P�.�W�. peg 5D on Clara

with, reference to peat in an "undLs'turbad" area. An

-
fixed �v�o�l�u�m�e�~

or

subsidencedensity/organicmattermeasurementsmust be made

average densi,ty per metre or average weight of organic,

matter,(in a fixed'volume) per metre is then calculatedfor

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

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

where pa/wa is the

west and at the O. P.w. peg 5E on Clara east.

(in a fixed volume) in the peat column at that location,

Zp/Zw is �t�~�e average,density/weightof organic matter (in

a fixed volume)' per metre'in the undisturbedcolumn, I is

density neasureraent.sor the weight of organic matter in a

,""
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,I.

. "

SW5

SW5

NW5 '"' SW3 ,SW5

NW5 SW3
.--1 • �~�'�-�. �.�.�,�~

.- ...

_4 r'"

.'.,l' - f • " �~�. �~

. "

NE4.. NW4. 'NW5' 'SW3

NE4:',NW4

NE4" ,Nw4

NE3
... T,' ,"

NE2

NE1 'NE2.. �'�~�N�E�3." .

"', ./

NE1

NE1 NE2 NE3

x(m) 2.24 3.385.958.81 4.79 8.49 4!94 10.55

The x vaiuescalculated.usingZp and Zw are very close

for each �d�r�i�~�t�l�n�g�.

Figure 5.4 is' a �d�i�~�~�r�a�m of the.reconstructedbog

: ...�~

NE1 NE2 NE3 NE4 ,Nw4 NW5 SW3 SWS
• • • �~�.�~�'�. • , c .. ,

, NE1, NE20 . NE3 . NE4NW4 NWS:' .. SW3 SWS' .
.. �~ ,,,'c.· _.> �_�~�~ .' .... -:' .

�~ �~ '. '. "':-"

x(m) �0�.�0�0�'�O�~�9�0�'�3�-�~�0�2 �5�~�~�8 2.085.72'2.10 7.22.

Results:- ··l,.: '....r �:�:�'�~�. .,
,,_ :"'4

using'NE1, ."ZP. "; ,

32

From the position of NElon the bog it','is' possibly still-

surface using density measurements'and the Zp values for'

Using 50 we'st,/'zp

Using 5E east"zw

Using 50 west�,�~�-�Z�w

,: .

U
. . ;'

s anq NEI, ',Zw'-,
.. �-�;�i�.�,�.�"�~ •

x(m) 0.83 1.88 4.13 6.94 '3,.13 6.80 3.22 8.51
[ ., .--., �~

�~ ..
-Using 5E east,,'zp

�~�~�'�. - ,
.,

" '\

NE2' NE4: ..NW4,
,

NE1 NE3 NW5 SW3 SW5'. . . ..�,�~ .....
":', . �-�~ ". .-

x(m) 2.43 3.46.6.14 8.99 '4.92" 8.60: 5;02 10.71

the three drillings in �u�n�~�~�~�t�u�r�b�e�d areas. It can be seen

that column 5E east �c�o�n�s�~�s�t�e�n�t�l�y giyes a greatervalue of

subsidence'followed by"column 50 west and then NE1. The

_three reconstructed'profiles have a very- similar shape.
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. t

6-0

-, - �~ '.

:/ ...

-.

.'

7.16

1.98

Zp

x(m)

-0.96

0.0194

0.0395

"0.0134

�~ ". �~�. �~�.

�T�h�~�'�~�x�t�r�a�"�s�u�b�s�i�d�E�H�~�c�e . til ,·the south is probably'

.. ' �~�.

Fen

Raised bog

Raised bog,"

north.

Fen

Transition

Transition'

the following x values are found at piezometersite NE4:

..,-".,' ... '(, �~

. lfttle "aboVe meth9dis �a�p�p�~�i�e�d .t.o the layers of peat

type based on "vegetatfon (see' section 5.2.2) all of . the
. �,�~ . ,

that layer is actually thicker at NE4 than it is at peg 50

33.

west with �~�h�e following �Z�p�'�~�~�l�u�e�s for each layer:

The negative value for the fen vegetation occurs because

associatedwith' the �'�~�~�t�t�i�n�g�o�f peat in that area.
c • ' • �~�.�' •• '. • • • "'".

• • _ • �~�'�.�. ..',c •• _. '. �~ 1. ".

�T�h�~�m�e�t�h�o�d used above assumes>thatthe same depths of,

peat �o�f�,�:�t�l�i�~ �,�s�a�m�~�'�t�y�p�e are"found every where on the bog, as
• " : • oc • , ••••• .; - •• ', • �~ -

different �~�~�g�e�t�a�t�i�~�n types �w�i�i�i�'�h�~�~�~ different densities.
>' .' 10,

-;r

sUbsidence.,is:found· t.o �o�c�c�~�r�'�.�'�f�r�i�"�t�h�e top two layers; 'the": : ."

raised.bogand-transition' �l�~�Y�e�r�?�. For example using 50

\'1.--. ,'-

slightly:" �d�i�s�·�t�~�~�b�~�d�·�. �~�'�b�y�<�.�t�h�e road.. · and so the subsidences
': •••• ' "", ....... �~ .......".' .",0' ","'''.>-:-.' �:�~�_�: - •• �~�.�"�;�r �,�~�.�~�~�:�;�.�, _ -t." .• ' .. �~ �~

calculated:usfng'it-will ,be an �u�n�d�e�r�~�e�s�t�i�m�a�t�e�. However the
• -.. ' •. �~ �.�~ ... , •.c, < �~�~�' " •

, �~�~�, : . �~�.�" �~�. '" �,�~�"�, �~�:�; . '. ..t. �~�.

x.. values" it produce!:;' are the.�m�b�'�s�~�' similar to those.one-..
....�_�~�.�·�t�~�~�>�.�-�:�.�·�!�·�~�'�·�·�'�_�-�:�~�~�;�.�·�·�_�"�:�;�. ' �'�~�,�~ '. �\�~�_�.�;�,�,�,�,�,�~�~�:�,�.�' �.�~�'�, �~�~�~�'�> �<�'�~�.�'�'�'�'�\ :' �.�'�~�" �~�.�"�"�'�" -v , �~�" ,t"., .
woula exPect.froni'lookfng "at: the:·topoqraphyof the present
. ... ;' :'.>.:." ";:':':.: ;.-..". �>�:�<�:�~ .' .' .

.boq �~�s�u�r�f�a�c�e�.�~�M�o�r�e�"�,�:�s�u�b�s�i�d�E�:�m�c�e�~�.�·�h�a�s�,�o�c�c�u�r�r�e�d an the south of
'" - .. �.�.�.�.�~ .. '''", �~ -. �~�'�.�: �~�. :, :". . ,'!....... .t- -

�t�h�~ �'�~�r�E�?�a�:�'�~�: .:. �T�h�~�' �~�~�c�o�n�~�'�t�r�u�c�t�e�d Profiles bring the altitude of

�t�h�e�b�c�;�~�'�,�~�~�~�~�'�i�a�c�e�; in' �t�h�~�.�· �s�~�u�t�h �~�~�'�,�·�t�h�e same as that in the
�~ • '. .. t

�~ . :

..�~�.�'

. ,

. '-.,-,... - -.-.... �~�. �~�.�,�.�.�.�.�.�,�.�.�.�,�.�.�.�"�,�.�.�.�-�.�,�.�.�.�.�.�,�.�.�.�~�=�-�-�:�"�-�-�:�-�-�-�-�.�,�.�.�.�.�.�.�.�,�.�.�.�"�.�-�-�-�.�,�.�.�.�-�-�.�,�.�.�.�-�,�.�.�.�.�.�.�.�.�.�.�.�.�.�,�.�.�.�.�.�-�-�-�-�-�,�-�-�-�.�,�.�.�.�.�.�.�.�.�.�"�.�,�.�,�.�.�.�,�.�.�.�.�,�.�,�.�-

I
�~�,�I

I'"
I
I
I
'1

'.

I·
I
'I
I
I
;,1

I
I
I
I
I
I·

f l



bf

10
I

9

�~ ,'."; ... - "

• '+..<', ,.

. -- .......�_�~�.�;

" . �,�~ , .

. '.

I .

. �~ '.. ".
i'- f •

. s'

FIGURE 5.5

I .

. �~�.�l�' .

..
'.

�~ ", f_'

, .' ..-.

.- �~�.�' .. �~

.. '.. �,�:�~ '"'T �~

" of" _ ", . ... " -,"
-:- . �~ "-., �.�~�. . �~ ' �~ .

�'�.�~�.�.�.�, ¥'.

�-�~ �~�.�' -'..' ...,., . . ..

.: .. �-�;�'�·�,�~�.�·�'�:�t�)�-�E�N�S�-�F�r�Y�·�W�I�-�T�H�·�· DEPTH
• • '0 " • .'PIE,ZOMETERNE4 <:: .
• �'�P�~�' •. �~ . . ... <:- '

. .,

o· .1 0 2. 3' 4 S '6 .7
DgpTH(metres)

VI
I
I
I,:.
'I,'
I

0.1 I' .. : /'.'.
I �~ I \' /
I �~ O.ilS. I ....../ .

�~ '\ J . ., �~�'�< '. ;'

1.1 !

I �~�0�(�J�6 \ I
�~ . .....

II. s
I �~ 0.04

,.,
lJ

ilf.
�~
\1
I
I
I· .
I'

·1.
I
I



!"I 'to .
.c

34

5.3 RESULTS OF THE PERMEABILITY TESTS

The results of the constanthead tests are listed in

. r

A plot of

However the general trend

It shows a clear linear trend with higher

That. the subsidencehas occurred in the top :otwo
-' ..west.

top layers reinforcesthe hypothesisthat the subsidenceis

also indicate that most subsidencehas occurred in the top

layers. The' fact that the subsidencehas occurred in the·

layers is �a�l�s�~ �v�e�r�i�~�i�7�d by looking at the actual values of
density and weight of dry matter for'the different layers..,

Both values are much higher for the transition layer at

NE4. Figure.5.5 shows'the density versusdepth:graph

NE4. The value of 0.102 g/cm3 at 1.35 metresoccurs in

transition type peat Layer , The thicknessof the layers in

the cross-sectionof vegetationtypes in figure 5.3 would'

A plot of density versus permeability is shown in

due to surface drainage, as drainagecaused, for example,

by a permeablesub-stratumwould result in subsidencein

the lower layers.

appendix A4. As can be seen from figure 5.6, the results

are very varied with valuesof permeability found differing

by two orders of magnitude.

found was for the permeabilitiesto be lower nearerto the

figure 5.7.

road. Drainage causesa drop in �p�e�r�m�e�a�b�i�l�i�t�y�~

density peat having a lower permeability.

humification �v�e�r�s�u�~�~�p�e�r�m�e�a�b�i�l�i�t�y is shown in figure 5.8.

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

the humification degreethe lower the permeability. Figure
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5.9 shows humification versus density and shows that the

. �d�~�n�s�i�t�y�. increaseswith an increase in humification. As

compactionof peat producesan increasein �d�e�n�s�i�t�y�C�l�~ will

also cause a decreasein permeability and so affect ·the

fluid flow through.the bog.

5.4 ASSESSMENT OF THE. DRAINS

5.4.1 THE DRAINS BY THE ROAD

A survey of the two drains running parallel to the

road was made at 100' metre intervals starting from the

O.P.W.'s benchmarkstud 100 to stud 1400. The height above

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

measured. The survey data is listed in appendixAll. The

width of the drains varied'from 0.4 metres'to 2.5 metres.

On the whole the eastdrain is deeperthan the westernone..

Figure 5.10 shows the longitudinal sections of the

drains. The difference in altitude between the northern

and southernend of the drains is 4.614 metres for the west
, .

drain and 4.525 metres for the east drain, so that water'

flows from north to south. The difference in altitude of ."

the bottom of the drains betweenthe middle of the northern

. and southernpiezometertransects (at benchmarkstuds 400

and 900) is 2.311 metres for the west drain and 2.683

metres for the eastdrain. The water in the west drain is
'l;J'

almost stagnantin places�~�s�p�e�c�i�a�l�l�y north of benchmark400

due to' .the local topography of the drain in this area, .

Flows in both drains will· be affected by the amount of

35
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This

. "

," ..

�"�~ ''"':'- .

'. 1,:-""

n of �O�~�'�l�,�'�~�~�·�·�:�= 0.'22 m/s for the west
, . '

.:'.' ,". -: . ;"

�~ t �~�c�- ....�~ �~
�/�~�.�: .-

, '
..�~�, ..' ..,-

900. �~�u�s�i�n�g�' a-vaIue of
. -: �~�'�- .'" ,"

drain and �b�~�2�5�, mls for 'the �e�a�~�t�: drain. An estimateof the'

,"..
eastdrain. I-f':the areeof the "bo'g'that drains towards the

road is �e�s�t�i�~�~�~�e�~�' �v�e�r�y�'�r�~�t�i�g�~�i�y�~�:�a�;�~�: �'�~�, km2 in the west and 1

km2 in the east" 'It is' �p�o�s�s�i�~�i�.�e �;�t�o�.�,�~�~�t�i�m�a�t�e a depth of water,
�~ ".' : �~�- �~�1 ...

•• -, ;;..':.. --."'0:+ .: ';".;-

1 i �t�t�e�r�;�a�n�d�·�'�:�~�e�~�e�n�· a �d�i�~�c�a�t�d�e�d �t�h�~�e�e�:�"�p�i�e�c�~ �~�u�"�i�t�e�!
".-, �~ �~�~�' , �~ L 1 �'�~�, .... - •••

'I . "..;. , \ , �.�~ .'" .,

using"�t�h�~�. relatioriship - .: - " �~�,�"�"
�'�D�"�~ �:�~�"�"�; �~ :-.' • �'�~�_�I�' •• �"�-�,�~�.�. �~�'�" < 'l-....

". ., -.' v ',:., ,":i/n' �(�R�2�I�~�' �~�1�;�2�j - ":.-
.' "'. �~�.

acrossthe bog that can be drai"ned'bY the road in a chosen

+ .....".-. .\. ..:.'

vegetatiQng'r'6wing in -,theJ:U and also �o�t�h�~�r�, 'debris such as

the hydraulic radius and S is, the slop.e of the energy line,
. . ' , �"�~�: �~�. �~ �~ . \ ,"-,' .

where�'�v�~�i�s�"�'�~�a�t�e�,�r velocity," �'�~�~�'�i�i�!�:�l�M�~�n�~�~�n�g�; �s�"�c�o�~�f�f Lci.ent; i ,R is
• - <' '!,' " , , �~�,�'�. " •

significantly different. "If the water levels in the drains

of this drainage. The drains �h�a�v�e�~�s�i�n�c�e been blocked with

peat which appear's to havE!, been effective as the water

levels'on either s{de oi the darns can often be seen to be

�~ '.. l'l-
�~�. �¥�'�.�~

togetherwith.the velocities,gIves �.�~�n �e�s�t�i�m�a�t�e�d�.�d�i�s�c�h�a�~�g�~

of 0.0176 m3/s 'for the 'west �'�d�~�a�'�i�~�" and 0.025 m3/s for the

eastby Bord na Mona in 1983.. Pigure"5.11shows the extent

An extensive set 'of shallow drains was cut on Clara

time period: For the western drain this estimate is �0�~�2�8

metres in one year and. for the easterndrainit is 0.79

metres in one year.

5.4.2 THE SHALLOW DRAINS ON CLARA EAST
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It can be seen from this diagram �t�h�~�t in

....../-

r �.�;�;�;�.�~ ,

.. ' �~�~�.

Bellamy, 1986.

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

shallow drains on Clara east.

5.5 EVIDENCE FOR THERE BEING'ORIGINALLY ONE DOME

�h�a�d�-�:�i�n�o�r�e�~�'�~�~�c�c�e�s�s in �t�h�~�:�'�n�o�r�t�h and �t�h�~�t '.the water levels are
�~ "" c 1'"

parallel to the road, so �~�h�a�t the' subsidencecaused·by'

thesedrains is hindering'the regrowth of vegetationin the,"
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are.'>plbtted wi �t�h�~�. the' water table . heights along,,the
, '.; A.. �~ �~�"�'�.�_�=�, • • .. �_�~ �~ . .".

�~ �.�~�: ,." �y�~�P�'�; < •• - "._ • �~ �~ • �~ • •

�p�i�e�z�o�m�~�t�e�+ transects(s'ee figure 5.1,2). 'it can be seen.that
"'. ' 1"'.... '.' ,r "' . r" �~�. • •

: ,,' _ .... �"�:�~�l .... ,"I" �,�.�~�. : : , • �,�~�.�, 1'- -,:", • �~ .,;, • •

the', northern�p�r�o�f�~�l�e�h�a�s�<�m�o�r�e of a steppedappearance.than
�~ �'�;�:�~ . .�~�;�,�.�"�'�-�'�-�i�' :J'., �~ . • ..' . .,< • .+ -. •

�t�h�e�~�s�o�u�t�h�~�r�n one. �T�h�~�s�m�i�g�h�t sugge;tthat,the damming has
�-�i�;�'�~ �~�'�_�.�~�'�:�'�:�'

Two domed bogs are known to exist; figure 5.13 shows

a cross-sectionand plan'view of such a bog taken' from

'in the peat near to 'the road indicatesthat subsidence:due

basin. From the Bard na,Mona map of peat-basetopography

(figure '4.3) and the geophysicalw9rk carried out on Clara

Bog, it is clear that there is just one basin beneathit.

The decreasein permeability and increasein density

water table was below ,the1r base·drawn down by the water

table,' the" topography and 'the water level in the drains

. �~�~�~�. �~

�f�u�r�t�h�e�s�~�,�/�.�f�r�o�m the road.. " 'The,drains nearestto the road
�~�;�: L �.�~�-�. ,I' :

were'dry or nearly dry �~�~�r�i�n�9 the summerwhich explainsthe

lack of' sphagnumregrowth. The drains were dry becausethe
�~ �~�:�,�~�'�, .;.:; �~�.�:�'

• r • : -; •

ve<;iEitation has �b�e�~�n to regrow' in' .the drains which is

'another .s"tg'n that 'the:: �"�d�a�~�i�n�g is' having the: desired
... �'�=�~�'�~ �~�_�.�"�'�" l. . ".

effect: �,�'�.�"�T�h�~ greatest�~�~�g�r�o�w�t�h has take place in the drains
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Either the

�~ ,."�~ .... �.�.�~�.

""::. ..

decreasewith time. ,

''7. • . •.•- "__ "'", T ••�~�.

benchmark.�~�t�l�l�d�.�S emplaced �b�y�~�~�t�l�l�e�,�~�o�.�p�.�w�. in 1990 (figure
. .' '., ", �'�~�:�'�.�. -. 't. �'�.�~

5. 14) the.di i-ference in ,-alti�t�u�d�~ gives.some indicationC of
. �~ , ., �~�. ,

the amountof ,subsid'ence�t�h�a�t�>�~�h�~�s�,�o�~�c�U�l�:�:�r�e�d during this �t�i�m�~
�~�} .1'

interval. The maximum.subsidencehas occurred between
.0('- , T" - -"t.., c··...r

�~�\�;�"

benchmark800 and'900.' Here �t�h�~ difference in altitudes is

• �~ �~ ;,,' �~ <

over the'peri od betweeO!.{910and':1990. This is higher than'

the.values' quoted in section',2.4; but still is not high
', ,

enough'to account for the subsidenceif the road is only

38.

200 yearsold. However the rate of subsidence is known to

applLedtociara.Bog the drains'would have had to be cut at
... .... , �~ . - . - , .

, _, _. • : .....oJ.. ' •• ,;: ••

least 500 �y�e�~�~�s ago. Although the age of the road is not'

• > ..

r • �I�f�;�:�,�·�~�~�~�'�s�u�b�s�i�d�e�n�~�_�~�~�"�.�~�a�t�e�~�"�~�~�~�e�d in' 'section 2.4 are

.....
are hi9her...�,�~�'�. J '

• J -

1910 -or'dnance Survey,.'I11i:lP' a-galrtst the heights of the

.....�~�c�"�+�"�.�_ �~ • �~ •

r-oad. is'" �o�f�d�~�r ':thanassumed..�o�r�,�t�h�~�"�,�s�l�i�b�s�i�d�e�n�c�e rates there'
. �~ ..,. . .�~

" . �~ ..

oIfone �~�l�o�t�s the·�f�?�P�o�t�-�h�~�i�g�h�.�t�s along the road from the
• '. • 0. ;;.. , " �~ ... >. ,

.1. 3 metres which gives a· sU1'?l?idencerate of 1. 625 cm/year

to, �d�r�a�i�n�~�g�e l{as_'occurr-ed," <. l,sing�~�'�1�:�-�h�e �'�d�e�n�s�:�i�-�~�Y�: or weight of
�"�'�~�'�" -;' �"�~�.�:�'�~�;�_�\�" �~�i �"�"�~�~�_�~�"�~�~�'�"�,�:�>�~ �~�;�~�'�.�,�~�_ • "," _, �.�~�_ �~ .',:.' �~ .: �I�:�~ :..'" ":+ j,!-, �.�,�-�,�:�:�~�, ••••'_ �.�~�~�' '.

dry" ,matter �_�m�e�a�~�u�r�e�m�e�n�t�s�,�'�'�'�' values.: of �~ .'subsidence can be
.••. �~�.�,�~�-�~�.�- - �~ .. �'�~�. �~�-�.�:�~�. �~�.�:�>�-�.�~�~�"�. + '.. " • r•. -, _ •• 0":', '''''' Ie " ••.: •• ". �~�.�~�-�~�~�;�<�'�:�:�: .'
calculated;tihat; ';easily aoccimc:�.�f�o�~�_�t�h�e�' presentdifference
.....�,�.�.�;�.�~�;�~�<�~ �~ ..... ' - :," ..�<�~�~�~�:�, �:�;�'�>�~�; .... f: �~ �~ .. + �~�. ': • -' :._ •• '. _' ,,"?

1 11 �a�l�~�i�t�u�d�e�.�b�e�t�w�e�e�n the. �b�o�g�,�'�s�u�r�f�a�~�~�:�n�e�a�r ·the road and that
, , .0:, �~ '"l' �~�. �.�.�~�.

in an �t�i�n�d�i�~�t�u�~�b�e�d �,�~�a�r�e�a�. �~�< .. - �.�~�.�Z - ", .- , ..
�~�~ 't
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,...•• �~�. �~�"�I�,�i�"�" ••....

. ...�~ ...

. �~

. ,

( ,

The

hydrauLi.c"

right -and

',.

t".
. ."" �:�.�~�{

., �~�. .': ..,

\.

left hand �s�~�d�e�s andpermeability.valuesat every node.
., �~�. �~

�.�~�. �~ .

�<�:�~ : i' .. �.�~�.

of the southerntiaJ;1seGts<used'98columns and 22 rows.

a �r�e�g�u�i�~�r�_ grid'.'
�~ ".'", -,

. . �~�:�~ �~�:
" '

contoureda!1d �~�a�l�u�e�s�' �i�n�t�~�r�p�o�l�a�t�e�d from them. The model,did

not work with the actual permeability values obt.aLned
c �"�'�!�.�~

becausethey were too �'�l�o�~ for the'calculationsit �~�s�e�s�,�. T0l}
combat this problem the ,permeabilitiescwereall lncreasedV{
by one order of mag!1itJJ.de..;. The peat-clay interface was

modelled,as,astraight line for simplicity and as a no-flow

boundary.

, -
The data input to' the pacJiiige includes the

heads �a�l�o�~�g�. the· �t�~�'�~�.�·�.�;�o�~�·�· �t�~�:�}�:�'�n�i�O�d�~�i�"�~�n�d down the
"". '"iii· -: •• -. - - .

'. The'comput.erpackageFLOwNET(:vanElbu'rg et ai , 1989)

�w�a�~�' �c�i�~�~�d �~�t�o�,�:�~�~�d�e�l the' ,tiow 'to: �t�~�e�·�\�i�~�a�i�~�~�' �~�;�' the road. It

Figures 6.1a and b show the'model with the present

data for the northern.andsoutherntransectsrespectively.

The boxes at the top and sides of the diagrams give, an

39

6. MODELLING: TIlE, HYDROLOGY',. "

, '

reached.: bet.ween:�t�h�~�'�:�a�c�~�u�r�~�b�y�,�;�<�o�'�f '"the topography and the
.,' " ;. . �~ :."... ... "-

number of. nodes used" :.,: �F�o�.�r�t�~�e ,model of the northern. .. " ....
• ..... • r· �~�. .

. ;-- . . ,. �~ �~

�m�O�d�e�i�s�~�w�o�'�d�i�~�e�n�s�i�~�r�t�a�l�,�;�~�t�e�a�d�y�s�t�a�t�e�)�s�a�t�u�r�a�t�e�d �g�r�o�u�n�d�w�~�t�e�r�'
. . �~�'�. "'". ,'__ �,�~ .': �.�~�~�~�~ �~�_..', '... , '. ...... ' " �.�~�~ ... �~ .... I',: .. �~�. . . ... ..

flow, ipa 'rec:tangular,.�i�h�h�o�m�,�o�g�e�n�~�o�j�i�s�, �a�n�~�s�o�t�r�o�p�i�c section
, ,

of the subsoil. �,�,�~�h�e�,�p�a�t�t�e�r�n�_�o�f�"�f�J�:�o�w�l�~�n�e�s and equ.ipot.errtLal
• I" • • _ < �~�~ ••�~�~

lines is �,�o�b�:�t�:�a�~�n�e�d�b�y using,�t�h�e�"�f�~�:�n�i�t�e �d�i�f�f�~�r�e�n�c�e method and

�'�~ ... '. _. .,

transects'74columns'and20 rows were used while the model'

The topography of the ',bog,"ij;urface .�~�a�s difficul f to

'simulate:,dueio, its curved'·�n�:�a�t�u�r�~�~�: 'A compromisehad to be,
�~�. . ' �-�~ '.. .; .

, .
�~�.�,�.�.
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FIGURE 6.1a FLOWNET MODEL OF +HE PRESENT SITUATION, NORTHERN
TRANSECTS. VERTICAL.TO HORIZONTAL SCALE IS 40.
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than Clara east.

the flow rate in a chosenarea to be calculated. Since the

-.
'-"1

, "

are·

This may be an

For the northern

Most change'in flow

Most flow occurs in the .

If damming did occur the water

"

.-

surface.before-' �r�~�a�C�h�~�n�g the' drains.

artifact of the model or could representseepage face's.

-. �-�~ , �~ t-.

higher•. Many of the flowlines in both sectionscome to the

i! . -.

toP. harf ,c:,f the sections-where the, permeabilities

, ,
M.O.D. and so any water levels less than this were also

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

,
During the �f�i�e�~�d seasonfor this project overland flow was

, .

respectively with -the drains dammed.

were chosenbecausethey were just under the height of the

raised to �5�~ metres M. o.D.· For the southern model 'the

permeabilitiesused in the model are not the real ones the

. '.
water level was'raisedto 54 metres M.O.D. These levels

, .

observedon Clara �~�a�s�t near �~�o the carpark. Both sections

show that more flow occurs,to the drains from Clara west

road at' each location.

levels would probably not be made so high becausethe road

would then be in danger of flooding. Figures 6.2a and,b
" '

occurs in the northernprofile. The FLOWNET packageallows

affect the pattern of flowlines.

show that raising the water levels in the drains does

The model was then changedto see what effect damming

the drains would have 'on the flow. Figures 6.2a andb show

the models for the northern and southern transects

. ,

flow rates obtainedcan �o�~�l�y be used,relatively. The flow

rate to the road was found to decreaseslightly in the

, indication of· the �h�Y�d�:�~�a�u�~ ic head.
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FIGURE 6, 2a FLOWNET MODEL WITH THE WATER LEVEL IN THE DRAIN
RAISED TO 56 M•.O. D., NORTHERN. TRANSECTS. VERTICAL
TO HORIZONTAL 'SCALE IS' 40" . '-.
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would increase and the", e'ffect"'of' 'the drains would, be I I'

slightly decreased�e�s�p�~�~�;�~�a�l�l�Y inth,,·northern half of the / (
... -;< ,

bog. However such damming: may, produce problems with

�~�(�'�_�'�~ _ c

84

(
!

I
,1

"i

This makes

of the area

and west and

More time should be spent'onbe placed in the'drai'ns.

has

",' ;

�T�h�e�e�f�f�~�c�t of �p�e�a�~�~�~�u�t�;�t�i�n�g 'in' ':,tlie· .sout.h
..�~ "

. �~ ..."J • �.�.�~ .

increasedthe subsidencedue to' the road.. . .
.,;n,; •

�~�~ • Ii: .', r,

the flow 1ines �a�p�p�r�(�)�a�C�t�l�:�.�:�.�~�h�e�" �r�o�~�(�.�~�t�i �~ an.anqLe (60 degrees)
�~�' • I"

rather than �p�e�r�p�e�n�d�i�c�u�I�~�r�l�Y�.�~.: �'�~ .

the hydro16gy,:bi' the bog.:', The- �b�o�~�'�:�:�'�w�a�s�, ':6rigimilly, one

�r�a�i�s�~�d �~�o�~�~�~�. --,..�~�h�~ �r�~�a�d�, �:�~�~�~�.�~ �'�~�~�~�:�"�d�~�'�a�i�~�s�·�'�~�a�~�e�:�;�c�a�~�s�e�d more �t�h�~�n
, " ,-. . -, �~�. �~ �~�'�- :f -....;. -.

six metres:of �·�s�~�b�~�'�.�i�d�e�n�c�e�"�: and have'in'" effect caused two

""....... "., -,

flooding which would �a�f�f�~�c�t�t�h�e road and farms with land

north of the bog �~�h�i�c�h .�p�r�e�s�~�n�t�l�y drain.into theseoutlets'.

�~ _r. �~�~

domes., The" subsidence'�'�h�.�a�~�"�~�i�n�t�~�e�~�~�e�d�,�'�t�h�e density and
• ,. r \ ••�~�.�' - • _ �'�~�.�:�~ _: ;...' '.'.).". •• �~ • /C �~ .. " . .

de?reased,the, �p�e�h�n�e�a�b�~�l�;�i�t�y�, �o�f�·�t�:�h�~�.�p�e�~�t�:�' near the road.
;. ......
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7. CONCLUSIONS'AND �R�E�C�O�M�M�E�N�D�A�T�I�O�N�S�,�~�:�'�,�; �,�'�~�>�1�,�,�'�~�'
, .. �~ ......_ T_'" _ ,"'/ or",�~�~�r�7�: rO... �~ �~ .. �,�~ .....';:,.,...

,The' .1Newi .road runnihg, through'c'lara';Bo9 and the ,two
...... "'. ;' ," �.�~ .: ,j" •.. ". '. �~�.�: �~�.�:�.�c�, : �~�.�: �~�.�,�~�.�, ."_ �.�~�;�~�.

drains rUJlnin<j:, �p�a�r�a�~�l�e�l�. to',,' it �'�h�a�~�e�"�'�h�a�d�"�a m'ajor impact on
:- ... " .." �~ .-" .

Water �f�l�o�w�s�t�o�~�a�r�d�s ther'oad �f�~�o�m�: 'C'rara'east
. . . �~ .: .,

.. �~�, • \;.. L f.

it acts as'a' major 'dbiin'- on' the boq; :
.' .. �.�~�. .'

improvement and whether 'this' level' is practical'to

�i�.�m�p�l�e�m�e�n�t�·�~�.�, The maximum' �w�a�t�e�~ level �p�~�s�s�i�b�l�e is constrained

by the,'heightof the road.' "It would also be interestingto

.modeLl.Lnq the situation,t.o see to, what height the water
, -

'level would have to be raised, to make any substantial. ". ,

�,�~

Before any' dams are pl.aced in' t.he drains a thorough

, investigationof their �'�e�~�f�e�c�t�s shouldbe made. Weir should

�'�I�~�"�'�" "
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. .
find out the presentrate of subsIdence "in the area.'. The.

�'�d�i�f�f�~�r�e�n�c�~�' 'in altitude 'of" the road between 1910 and 1990
.. "

(see figure 5.14>" would, indicate that 'subsidenceis still

actively happening. .rr this' is the case it would be even

more·'worthwhile ,to 'block the drains'a's .this would decrease

the subsidence.' Blocking the drad.ns-, may in fact be more

importarit 'in stopping any further �s�U�D�~�i�d�e�~�c�e than actually- , ,

restoring'the previ.oue �h�Y�c�:�:�I�r�o�l�o�g�i�c�a�~ reg.ime.

" ,
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O.P.W. "CLARA BOG SURVEY �~�A�L�O�N�G THE NEW: ROAD,«1990
�~ �~�" .: " �~ .. - r

1
.',

, ,

• i.:' "

", • 1'-
. ,,..' ',

".,.'
I �~ !

"_ .r:"

,.-0.-

• �.�-�"�!�"�~�,

. .....

'of ... _1 �'�~�.

""53.87

, "
I"T

e-

"" 54.41

'56.22

. P',
_ -- .Ai" • �"�;�,�~ • �~ •

" .

.: '; 54.82
-...�~ .

-.:54.'53

.', �·�.�:�5�6�~�c�4�-�7�-
- .....

�~ i . -. �~

Or. • �~

,_ :,. �'�~�_ ", ",!-:f.'" �~�~�.�.�.�. �~ •

. ,>: '.57.62 .

• '; •. ' • > :54<29
:. ,

. " 53.89.
�~�~ . .; >. r- /

,..
':;, �~�~ �.�~�- -

. I

a

200

700

900'

800

300 ,,,' ,'.56.14'

400 . ,.· ..·>56�~�:�~�3 �~�,�,�>�.

500 55.:35
"

600 " �.�~ �5�5�~�2�b�' . �"�~

100

1400 .

1200

1100

1300

1000

STATION NUMBER
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"'J' �~ �~�v�·�·�:�c�:�c�~�- �.�-�~ ,

\ ... -.
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I· ;, ,

I ,
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, . <,

PIEZOMETER 'NATlo'NALGRID

I': STATION CO-ORDINATES' .: '
, t �~�'�. �~ •

, , '
_.;,.'1.. ' ,

EASTING NORTHING
., .�~ ...�~

·1: 108 '2254.10' 230580'
�~ .. �,�:�,�.�:�~�.�~�.�- "

�~ ..." .
NEI 225213"0 230550

I·· ,

"NE2 ,"225120 230520

I
NE3 2250'60' 230510

:

NE4 225020 230500

I- NWI 224680 230840

. NW2 224800 230710

I
.'

NW3 224910 230570

I', ' NW4 22'4950 230530

NW5 224980 230500
, .

I 113, '225470' 230140

SEI 225190 230080

'I SE2 22'4960 230030

I
SE3 224890 230020

SE4 224850 230010
.-

"
."

I SWI i24810 230020

SW2 224780 230060

I SW3 224750 230090

SW4 224590,, 230260

I SW5 ' 224440 230420

I
I
I,
:1
I,'

9'\�~
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I DATA OBTAINED AT EACH PIEZOMETER
CLARA BOG ..

I .PIEZO DEPTH H .- DENSlTY K LOG K �~

"

�(�g�l�c�;�:�m�3�~ _(m/day)
"

108B 2 . 3

I 108C 3 3'
.1080 -. .5 5
108E 7 .6'

I
NElB 2 3 .0.068 0.144 -1.938

NE1C 5 5 0.051 0.142 ..: 1.952

NE1D 8 5 0.087 q.0068 -4.991

NE2B -2 3 0.046 0.. 0872 .-2.44

I -NE2C 4 6 0.076 ·0.149' -1. 904

- NE2D 6.5 .5 0.103 0.002 -'6.215

NE3B '2 5 0.073 0.0023 �~�6�.�0�7

I,' NE3C· 3 5 0.083 1.506 0.409

NE3D '5 0.00166. -6.401

NE4B 2- '7 0.082 0.0279' -3.579

NE4C 3 6 0.095 0.0039" -5.547

I NE4D 4.25- 6 ,,0.000756,' -7.187

NWlB 2
NW1C 5

I NW1D 8' " .

NW2B 2·
NW2C 5

I·
. NW2D 8

NW3B 2 0.44 -0.821

NW3C 5 '6.129 . 1.813

NW3D 8 0.0324 -3.43

I NW4B 2- ·7 0.068 0.0264 .-3.634- '.

NW4C 5- 5 0.080 0.251 -1. 382

NW40 7 -5 0.000729 -7.224

I
NW5B 2 6 0.079 0.0384 -3.26

NW5C 3 6 0.101 0.005122 -5.274

NW5D 3.97 CLAY 1.423 0.353

113B 2 5

I 113C 3 6
1130 5 7
113E 7 8

I
l13F 9 8
SEIB .2 0.335 -1.094

SE1C 5 0.0299 -3.51

I
SE1D 8 0.138 -1.981

SE2S 2 0.277 -1.284

SE2C 5 0.004457 -5.388

.SE2D 7 0.00909 -4.7

I SE3B 2 0.0126 -4.374

SE3C 3 0.00225 -6.097

SE3D 5 0.1925. -1. 648

I
SE4B 2 0.03309 -3.409

SE4C 3 0.181 -1. 709

SE4D 4 0.00537 -5.227

SWIB 2

I SW1C 5

I
I
I �9�~



SWID
·SW2B·
SW2C
SW2D
SW3B··
SW3C
SW3D
SW4B
SW4C 
SW4D

. SW5B
SW5C
SW5D

�-�I�~

I
'1'
1-,
I'
�I�~�" .
I

:1
I
I-
I
I
I
I
I
'1
I:
I'
I
I
I

8
2
5
8
2
5
7:
2
4
6
2
3
4

•. > �~�~�J�.

. 3 0.061 0.672 -0.397
5 0.073 0.444 -0.812
5 0.089 0.1522 -1.883

0.006268 -5.072
0.04 -3.219

0.001584 -6.448
5 0.100 0.00359 -5.63

,. 5 0.'082 0.191 -1.655
'. 4 0.085 0.027 -3.613
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.......r ,

which

escapes

from

1/2

the structure.is

on squeezing.

All 'peat escapes

squeeze water is

,,-- <,

piant" remains;. about. - �~ .

> �~�. �>�~ ,.�~ �~�,�.�.�. .
..,. �~�. .

betweenfingers.

however clearLy �v�i�,�~�i�b�l�~ i. 'squeezewater is dark brown

Highly humified

brown..

_ '.f' " T' •

�(�t�~�?�'�t�u�r�e�t�,�i�s uncledt.r:.,AP.6iit f 1/3 of peat,escape.s

. through �i�i�n�g�e�~�s�w�h�e�r -". squeezed', s.queezewater is dark.

not escapefrom �b�e�~�.�w�e�:�e�n�· ..thefingers
. . : .." " ....,',.

. �M�C�?�d�e�r�a�,�t�~�I�Y �h�u�m�i�f�i�~�i�( plant.remains;
-.10 •• �~ • :

"and very_ cloudy. �,�s�o�m�~�'�· .. pe'at.escapesbetween fingers.
�~�. �.�.�~�.�' �.�~�, .. c �~�:�'�-�"�" �.�~�- �<�"�'�~�/ ..." .' �~�~�~�-�~ ,.. _.. �~ " �~
Fairly �h�i�g�h�l�~�: humified 'plant' remains; the structure

_.. 1

HID Totally humified and amorphous.

H6

H7

. �;�,�~�,

.
·H2 ? .' Almost.-unhumified,pl.ant- 'remains';

.. �~�. �~

I t- '.'. •

',THE. �V�9�~�;�.�:�,�P�9�S�T�:�H�U�M�I�F�I�C�A�T�~�P�N INDEX',"'· ,
, ... r' •••

�~�: �-�~�.�'�. �~ ...

H9 Almost·completelyhumified;;almost all peat escapes

�t�h�r�o�u�g�h�~�i�n�g�e�r�s on .squeezi.nq�~ structure is absent.>

through fingers. No free water visible.

HB ,!ery, �h�i�g�h�l�y�·�.�_�h�u�n�i�i�.�f�j�.�~�d�P�.�l�a�n�t�· remains. About 2/3
J. J->; • _ _1.' ••

escapesthrough .�f�~�n�g�e�r�s�;�" only left. with resistant

wood, roots," etC. " :; '.'.

.,·H5

. �'�~�H�3 .. very poorly, humlfied plant' remains; squeezewater is
, • (. '. • �~ ._ • T,

�,�:�c�~�o�U�d�Y�'�" and,brown. .: ,,:,; �,�~�"�" ,
•

• �~ �~�.�.�.�.�.�.�. • - - ,T '.' -\'.:of �~ , '

" "' ::
�~�4�' �'�~�'�:�'�P�o�o�r�l�y�' hum.if i.ed �'�p�l�a�t�:�l�t�,�.�r�~�m�a�i�!�1�s�;�·�. peaty substancedoes

, -. 0 T �.�~ , I' •

..
�~�~ __.' •.•• �~ .: ., .:: �.�~�~�: �_�,�~�. 'n '- • �~�. >'-, .F',

n _ C > 'i-' �~ �~�:�. - - < �~ ,"", .' ' ..

�~�\ ,- ---', ;," •." '. - ' . : .' �~�-�~�. . .... �~ ., �.�~�" ,\,

, '·HI:: . Completely' unhumff'Led.' plant· > remains

.. , �'�>�_�"�:�·�a�i�~�o�~�'�t�·�·�9�o�f�~�~�r�i�e�s�~�·�'�·�~�a�~�'�~�~�·�~�:�~�a�:�n�'�.�,�· be �s�~�·�e�~�~�e�d�.
.. •• -,:' • �c�~�~ ..

�~ • '. t, • +

, ,,"

�I�'�-�'�~�~�'�-�"

I'
I"··
1·'-
I:":
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I
I
I-
I
I·
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', "-k .•

.. '

" ... "

�;�,�.�~�r�,�:�"�,�;

�-�.�'�,�~�' "";:

" v ,
I·-; ";

, ......
�~�. I �_�~

. �.�"�>�:�~�-�' ..'; " . �~�~�:�: ..
�~ "',

j.'"'; • �~�.
';;; .,.

,
-. " �~

K
(m/day)

.,
0.3540.2240'03
0.354 0.206043
0.354 0.14396,2

.
�I�,�~ .- .'

-i.584 �0�,�.�0�1�2�9�2�~ 0 '0.'163
: 1.4,57 0.011889. �0�~�1�6�3

1.018,.0'.008307 " �0�,�~�1�6�3.,.. ' -,

RATlt " 'Q" IMPOSED SHAPE
�(�e�m�~�h�) ,(m3/day) HEAD,· (m) FACTOR

�.�.�.�,�~�"�C�:�:�:�, ... ; - ••".;. �~�- '.. �~�:�:�- - .--'l:"

\_- 'r·'·> •

...} ."

.... " .
VESSEL :.::. ',:o.:,'DROP
LEVEL( em)' ": c (em)

)0..3 ": ' �~ ,
17':0 '" -:. 3.3
13.6, 3.4
10.8 " -, �2�~�8

r �~ \ .'1 •

TIME
(HRS)

0.00
, 2.05 '
4.25
7.10

.....�~

" '
• 1 ...:. •

METHOD: CONSTANT HEAD ',PERMEABI LITY TESTS
,PLACE: CLARA, pIEZOMETER NE1C ,,,,\
DATE: 1991/7/11', ..., :

• .'.;-- r '?._ �~

" ,

�~�;�'�. - �~�,

Q', -. '-IMPOSED SHAPE
(in3/daY),HEAD (m) FACTOR

�.�~ .: �~ .- �~ . �~�_�. . ,'. .

0.672',0.005484',0.078
0.557 �O�~�· 004545' .: 0.078
0.5090.004153-.' 0".078
0.-529 ..�0�.�0�0�4�3�·�l�T�~�;�·�·�,�. ·0.078

, 0.600 0.004896" . ,0.078
0.. 536 0 :001374<:', ,:.0.q78
0.-480 0.003917' .' ' �·�0�.�~�0�7�8

TIME
(HRS)

0.00
2.05
4.25
�7�~�1�0

23.25
'25.35
29.30
32.25

VESSEL _.:, DROP RATE
LEVEL (em) "'.,( em) (em/h)

'21.-5- '.;; ,
20:,1 1.4
18.8 ',:.1.3
17 . 4 '�~�"�'�,�' �1�'�~ 4
8'.8 -:';0-. :;8\6'
7.5 '·::1.3
5.4 ',2.'I '
4 �~ 0 �~�1�.�'�4 ,

0.354
0.354
0.354
0.354
0.354
0.354
0.354

K
(m/day)

0.198592.
0.164601
0.150422'
0'. iS63,32
�0�~�1�7�7�3�1�4
0.'158401
0.141851

, ' .

METHOD: CONSTANT �H�E�A�D�·�P�E�R�M�E�A�B�.�I�L�I�T�~ TESTS �~�~ .: �~�:�!�-�"

PLACE: CLARA, PIEZOMETER,NE1D
DATE: 1991/7/12 ' , "

..

TIME VESSEL, DROP RATE Q, IMPOSED SHAPE K
(HRS) LEVEL(cm) (em) (em/h) (m3/day) HEAD (m) FACTOR (m/day)

0.00 16.0
2.00 15.0 1.0 0.500 �0�~�0�0�4�0�8�0 ,0.502 0.354 0.022959
5.55 . 13.5 1.5 0.38.3 0.003125 . " 0.502 0.354 0.017587
8.50 12.8 0.7 0.240-0.001958 0.502 0.354 0.011020

94.35 0.1 12.7 '.0.148 0.001208 0.502 0.354 0.006796

98



. ,

1-.5 0.667 0.005443 0.17 0.354 0.090441
1.5 0.643 0.005247 0.17 0.354 0.087186 ,"

0.1 0.400 0.003264 0.17 0.354 0.054237"
1.5 0.600 0.004896 0.17 0.354 0.081356 ;

7.5 0.466 0.003803 0.17 0.354 0.063186 ""

1.5 0.643 0.005247 0.17 0.354 0.087186

..;

VESSEL DROP RATE Q IMPOSED SHAPE K

LEVEL(em) (em) (em/h) (m3/day) HEAD (m) FACTOR ' (m/day)

23.5
23.5
23.2 0.3 0.129 0.001053 0.302 0.354 0.009846
22.9 0.3 O.IO? 0.000889 0.302 0.354 0.008320

20.5 2.4 0.142 0.001159 0.302 0.354 0.010838
20.4 0.1 0.043'0.000351 0.302 0.354 0.003282

20.3 0.1 0.026 0.000212 0.302 0.354 0.001985

METHOD:CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, �~�I�E�Z�O�M�E�T�E�R NE2B
DATE:' 1991/7/11

, �'�'�;�'�~

t
"-"J

, ...�~�.

0:355642.:
0.237094···.: .

" .o�.�1�6�1�4�8�8�·�.�~ "
0.149238

K
(m/day)

K
(m/day)

0.354
0.354
0.354
0.354

�'�-�~�"�:�"�"�-�'�;�-�'�,�,�,�~�:�-�-�'�;�"�"�-�,�,�~�'�W�'�t�'�-�-�~�"�'�-�"�-�-�~�'�-�"�~�-�"�t�-�"�"�'�~�:�:�-�Y�-�"�,�o�I�,�C�F�,�!�I�,�"�,�"�, .... �,�p�t�l�'�"�'�1�" �~ �- �- �~ ...-v-e»

�.�~�,�.�~ "!I; L

0.175
0.175
0.175
0.175

Q IMPOSED SHAPE
(m3/day) HEAD (m) FACTOR

Q IMPOSED SHAPE
'(m3/day) HEAD (m) FACTOR

2.700 0.022032
1.8.00' 0.014688
1.226 0.010004
1.133 0.009245

0.9
3.3
4.7
3.4

DROP RATE
(em) (em/h)

DROP RATE
(em) (em/h)

VESSEL
LEVEL(em)

19.5
18.0
16.5
16.4
14.9
7.4
5.9

..

METHOD:CONSTANT HEAD' PERMEABILITY TESTS
PLACE: CLARA,' PIEZOMETER NE2D
DATE: 1991/7/11,.

METHOD:CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER NE2C
DATE: 1991/7/12

TIME
(HRS)

0.00
1. 55
4.15
7.00

23.55
26.15
30.05

TIME VESSEL
(HRS) LEVEL(em)

0.00 20.8
0.20 19.9,
2.10 16.6
6.00 11.9
9.00 8.5

T'IME' .
(HRS)

�·�"�.�·�O�~�O�O
2'.15
4.35

'.' 4.50
7.20

'23.25
25.45

II"·"':""

I
I·'
I:
I-
I.
I
I

�~

I
I·
I
I.
I·
I
I
I
I
I
I.
I
I



�.�~ �-�~�" .

TIME VESSEL DROP 'RATE 0' ,- IMPOSED SHAPE K
(HRS) LEVEL(em) (cm) , (em/h) �(�m�3�/�d�~�y�) HEAD (m) FACTOR (m/day)

0.00" ' 21.5 -
0.19 20.0 1.5 4.74,0.038678 0.032 0.354 3.414407
2.50 12.5 7.5 2.98 �0�~�0�2�4�3�1�7 0.032 0.3542.146610 .. "

5.51 6.2 6.3 2.09 0.017054 0.032 0.354 1.505508
",

TIME VESSEL DROP RATE.' 0 �I�M�P�O�S�E�~�. SHAPE K
(HRS) LEYEL (emj , (em) (em/h) (m3/day).HEAD (m) FACTOR (m/day)

0.00 22.0.
I' .10', 22.0' �~ �.�~�"�. .,.. �.�~ ..-

''';',' 3.00' 22.0
5.20 22.Q '
8.05 22.0

" '

24.05 �~�2�.�0
24.40 22.0, ....
26.30 21.9 '-0.1 0.055 0.000449' 0.21 0.354 0.006037.
30.20 21.8. 0.1 '0.026 0.000212 0.21 0.354 0.002854
33.20 21.8 �O�~�O .* �·�~�0�.�2�1 0.354

119.05 �~�2�0 .'6 1.2,_ 0.014 0.000114', 0.21 0.354 0.,002290
-,

" ., �~ �~

, .

, .

..,.., ,,

METHOD: CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER NE3D . , "
DATE: 1991/7/9

TIME VESSEL DROP RATE Q IMPOSED SHAPE K
(HRS) LEVEL(em) (em) (em/h) (m3/day). HEAD (m) FACTOR (m/day),

0.00 21.0
0.29 20.9 0.1 0.207 0.001689 0.362 0.354 0.013181
3.00 20.8 0.1 0.040 0.000326 0.362 0.354 0.002,547
6.01 20.5 '0.3 0.099 '0.000808 �0�~�3�6�2 0.354 0.006304

21.40 20.4 0.,1' 0.006' 0.000049 0.362 0.354 0.000382
26.17 20.2 0.2 - 0'.043 0.000351 �0�~�3�6�2 0.354 0.002738
29.40 20.-2 0.0 ,0.000 0.000000 0.362 0.354 0.000000.
45.20 19.8 0.4 0.026 0.000212" 0.362 0.354 0.001656

METHOD: CONSTANT, HEAD PERMEABILiTY' TESTS ,
PLACE: CLARA; PIEZOMETER NE3'C.
DATE: 1991/7/9 �,�~ .

'.. .

'METHOD:CONSTANT HEAD PERMEABILITY ,TESTS
PLACE: CLARA',' PIEZOMETER NE3B. .
�D�A�T�E�~ �1�9�~�1�/�7�/�1�(

I
r
,I

I
I
I,
I
I
I
I
I
I

�~�I

I
I
I
I
I
I
I'
'I

�~

11·
\ '





, ..C

C
" �'�~�~�,�~�, cc

�w�~�. .

TIME VESSEL DROP RATE Q', 'IMPOSED SHAPE K:
(·HRS) LEVEL(em) (em) (:cm/h)" (m3/day) HEAD (m) FACTOR (m/day)

0.00 19.1 .
6.02 11.0 8.1 �~ '<, 1.:343 �0�~�0�1�0�9�5�9�' ';0.351 0.354 0.08819i

24.52 1.7 9.3- 0.49
04

�0�~�0�0�4�0�3�1 0.351 0.354 0.032442

, .
"4>

-102--

K
(m/day,)

K
(m/day)

9.822804
7.858243,
�7�~�8�5�8�2�4�3
6.600924
6.129430

0.354 0.607554
0.354 0.439613

0.354
0.354
0.354

'0.354
0.354

.- �'�~�I�. :

�~ J
i

" , •

'0. 14.
0.,14:,

'"

, '..;

Q' ,IMPOSED SHAPE
, Jin3/daY)·:}JEAD (m) 'FACTOR

c; 3.69 ; 0.;03011':,.;·.. ,
,i �~ 67, 0.9217.87, '.
,." �~ .•.:. ', �~ • •. • : • ", �'�~�*�,�:

:

..
" ,

'2-.5" .,; ;75:0 �.�~�O :612'000' " -6.176
2.0: '60';0 0.489600'-:'0.176
3.0 " -" �'�6�0�:�"�O�'�~�O�. 489600 <, 0.176
4.2 :50:40.411264' 0.176
J.9 �'�-�:�4�6�'�~�'�8�·�O�'�.�3�8�1�8�8�8 0.176

JjROP RATE,
(em) (em/h)

" '

DROP' RATE �"�'�~�: Q 'IMPOSED. SHAPE
�(�c�m�)�~�(�c�n�i�/�!�"�t ) (m3/day) 'HEAD" (m) FACTOR

. ",

, 12.0,
, '10.0

TIME VESSEL
(HRS) LEVEL(cm)

�~�L�O�O�' 19.5
0.02' 17.0
0.04 15.0
.0.07 12.0
0.12 7.8
0.27 3.9

"METHOD;.CONSTANT HEAD PERMEABILITY TESTS
PLACE: \..LARA, PIEZOMETER:NW3C. ';, "
DATE: 1991/7/20 ' . ' , .

�~ • �:�Y�~ ....... '

..... ',[,# �.�~�~ .........-' •. T:. ", <

METHOD;.CONSTANT HEAD PERMEABILLTY TESTS ,
PLACE: L.LARA, PIEZOMETER' NW3D �~�.�~�"�, .
DATE: , 1991/8/1 ' .'.�~ '" ;.-. ',': . , ,,' '

'. I �~ ,

�~ �~

.TIME VESSEL
(HRS) , LEVEL ( em)

-0.00' 23.0
3 �~ 15 11.0
7.00 1. 0

I
" ',METHO.D: CONSTANT HEAD -r.PERMEABILLTY TESTS

, _PLACE:' CLARA, PIEZOMETER NW3B
'DATE: 1991/7/18

I·
I:
I
I
I
I,
I
I
I
I
I
I
I
I
I,
I
I'
I
I



I �-�:�'�~�.�:�.�- _. _

K
(m/day)

0.354 0.125374
0.354 0.076461
0.354 0.077586
0.354 0.645424
0.354 0.070839
0.354 0.052848
0.354 0.026424

0.354 0.371158
0.354 0.25Q890

SHAPE
FACTOR

. ..
�~ .t" �~

'. ' - '....

; ;. ". ..-

- .
�~�.�:�.�.�/ ... �~�_ •• : �'�~�. L

!.... L:, ,
< �~�!

.....,.. .

., .7' ,"

�~ - '"' �.�'�~�,�'�: ,.-

I' •.

'. ,.�~ . -...�~�. ": �'�~ .
�~�~�. �~ �~ �~�"�~ �/�~

. " .. .;.

. ".

",

�.�~ "; ""!

Q: IMPOSED SHAPE
(m3idaY·)· HEAD (m) FACTOR

: '."

. -.'

- : �~�.�' �'�~�, �~

0.3 0.090 0.000734 <0.253 0.354 0.008200
0.'0 0.000 ,.0 0.253 0.354 0.000000
0.1 0.005 0.00004i 0.253 0.354 0.000456
0.1 0.020 0.000163 , 0.253 0.3540.001822
0.3 '0.015 0.000122 0.253 0.354 0'-001367
0.0 0.000 0 ·""0.253 0.354 0.000000
0.3 0.008 0.000065 0.253 0.354 0.000729

''!- ".

::, -:.
'. '. J

DROP RATE
(em) (em/h)

.'.

,',. -
r" ' .... /. �~

�.�~�o�·�·�, '...""

DROP RATE, " Q '- ,'IMPOSED
'(c'ni) (em/h) �~ (in3/day). HEAD (m)

, ;' , 5 �~ �7�0�0�0�:�.�;�~�4�~�5�'�l�i�·�·�: �.�'�~�. :6'.354

3.853 0'. Q31440' '.' ,'0.354
" 1. 9 .

12.2

-.

. i. i'

,.

VESSEL,.. ' DROP' RATE'" ," 0: :. IMPOSED SHAPE .' K, ..
LEVEL ( em)!"''-:'( em).'· (em/h) ··(m3/day)•. HEAp.(ni) FACTOR (m/day)

:22'0" .... "..;". , .."
'21:2 .�~ ".' oe .s' "�~�·�·�.�:�O �~ 223 O. �0�0�1�8�2�0�.�~ .6.041
..2().,7,.· .. -, 0'.5 "::',O.i360.0011fo.'" 0.:04i
.lfk2':> �'�~�.�2�'�-�5�:�: 0'.138 0.001126>'""0.041
IT.5 . :'0'.7. ::"1.148 O.009368 �~�, , '0.,04:1.
�~�5�.�0�.�·�, "'2.5 : '0.126..0.0010:48 > '0.,041
1'4-."4 - �'�~ 0,:6' �~�" '--0-.'09'4, 0'.000767.:" '0':041
. �9�:�~�-�9�' �~ :,4.5-' ,,:0::047 0.000384· '0·.04'1

�V�E�S�S�~�l�i�- �~�,

LEVEL (em)
19.6
17.7..
5.5

VESSEL
LEVEL(em)

22.3
22.0
22.0
.21.9

.. 21.8
21.5
21.5
21.2

TIME
(HRS)

0.00
3.35.

'.7.15
25.22
30.05
50.00
56.25
95.50

METHOD:CONSTANT HEAD PERMEABILITY �~�E�S�T�S
PLACE: CLARA,. PIEZOMETER NW4D '
DATE: 1991/7/18

TIME
(HRS) .

. 0.00
0.20
3.30

TIME
(HRS)

0.00
3.20
7.00

25.22
30.05
49.45
56.10
95.35

... • •. �~ '0'

, METHOD;.CONSTANT HEAD PERMEABILITY ,TE?TS·. '.,':'.-
PLACE: \".LARA,. PIEZOMETER NW4C ,'. ", ,;.
DATE: 1991/7/18·.··. ',. /

METHOD:CONSTANT HEAD PERMEABILITY TESTS
, PLACE: CLARA'; ,PIEZOMETER.NW4B:' ' s

. DATE: 1991/7/18'' .. :,;-" " ,,- '.'
�~�-�' ..

I
,';;' ..,.....,..
".C e, �.�~ > .. �~

�~�,�,�[

I
I'
I
�I�~

I
I
I
I
I'
I
I
I

, .

'1
I
I
I
I
I
I

�~ I



�.�~�~�"�"�. ' , ,

I· '., .':, ","
.. �~ �~

0.00
1. 30
3.55
6.50

23.20
27.30
47.32
51.22
55.02
71.00

VESSEL'
LEVEL(em)

18.4
17.9
17.4
16.7
13.1
12.0
8.0
7.2
6.4
3.2

' .. s . �v�~ -", .. ', .
-T.";'

.,. . of�~ .•• ..::-'. �~

, �~ ..,:' ':-.

::l' �~ '" I ,"

...' .. '..- "'-

�~�; " �~�~ 'r'

�.�~ :::,..�"�~ ..,. ... '
c. �'�~�.

.
0.5 "":,; 0 �;�-�J�-�:�3�3�-�0�'�~ 0027i7 - .',... 0".12
0.5 .' 6:io'7 '0:.q01689 0: 12
0.7- . 0'.240 0.001958 .. 0.12
�3�~�6 ·0.21S �0�~�0�0�1�7�7�9 0.12
1.1. .0'-264'·0.0'02i54. 0.12
4.0 < 0.'200 0'.001632-' 0.12 .
0.8 . 0.'209, 0 .00·t70S' 0.12
0.8 - �0�.�2�1�~�O�~�0�0�1�7�?�9�· 0.12
3.2 '-, -0 ..�2�0�0�·�0�.�0�0�~�1�6�3�2 .' 0.12

" .' �.�~ �.�:�:�~�~ '; -.: ""..,

�:�"�-�~ "', ;;

.....;.. ,
.... • - "'" ' ••. !

. .;- �~ - - .', �~

"k'.'1 of •

0.354
0.354
0.354
0.354
0.354
0.354
0.354
0.354
0.354

K
(m/day)

0.063966
0.039763
0.046102
0.041876
0.050712
�0�~�0�3�8�4�1�8

0.040147
0.041876.
0.038;418

,.,
,

;)0


.-.

,
�,�~

-t ,-r •

METHOD:CONSTANT HEAD PERMEABILITY TESTS". "..
CLARA, PIEZOMETER NW5C ..' �~ :'" "

. 1991/7/16'." -' .. . '.

�,�~�' "; «, ,

DROP RATE ,- ),>,'0 >. IMPOSED SHAPE
. (cm)., Cern/h) ·... ··(iI(3/d,ay) HEAD (m) FACTOR

TIME
(HRS)

0.00
0.55
1.45
�4�~�1�0

7.05
23.35
27.45
47.47
51.37

, 55.17
71.15
76.00
95.5.5

VESSEL
LEVEL(cm)

19.0
18.9
18.8
18.5
18.3
18.0
17.8
17.4
17.1
17.0
16.6
16.2
16.0

J .

0.1'
0.1
0.3
0.2
0.3
0.2
0.4
0.3
0.1
0.4
0.4
0.2

0: �I�b�9�"�0�·�~�· 600889
O. 120 �:�6�~�_�0�0�0�9�7�9 .

. '0'..12'4'0;'001012
O. 06.9···9�~�,�0�0�0�5�6�3
0.018 0.000147
0.048'-9:000392
'0.020 0'.000163
0.078.0.000636
0.021'0'.000220
0.025 0.000204.
0.084.0.000685
O. �0�1�0�~�·�O�. 060082

. . �~ �~ �~

0.045
, 0.045

0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045

K . 
(in/day)'

0.354 0.055834'.
0.354 0.061469
0.354 0;063518
0.354 0.035345
0.354' 0.00922:'.
0.354 0..024588
0.354 0.010245
0.354 0.039955.
0.354 0.013831
0.354 0.012806
0.354 0.043028
0.354 0.005122

METHOD:CONSTANT HEAD PERMEABILITY. TESTS
PLACE': CLARA, PIEZOMETER NW5D
�D�A�~�E�: 1991/7/16

TIME VESSEL DROP RATE ' " .: 0 IMPOSED SHAPE K
(HRS.) LEVEL(cm) (em) (em/h) (m3/d,ay) HEAD (m) FACTOR (m/day)

0.00 21.2
0.55 20.4 0.8 0'.873 0.007124 0.035 0.354 0.574954
1.45 19.4. 1.0 1.'200 ,0.009792 0.035 0.354 0.790315
,4.10 11.8 7.6 3.'145'0.025663 0.035 0.354 2.071283
7.05 5.5 6.3. 2.160 �0�.�0�1�7�~�2�6 0.035 0.354 1.422567

1b4'..
�~�-�-�-



'., ..,

105

-, .-----, .

K
(riljday)

K
(mjday)

0.354 0.055881
0.354 0.084171
0.354 '0.044588
0.354 0.029920

0.354 0.300134
0.354 0.138305

...-,
.'" ,/0'"...r . .

."�~ :

�~ .' '.

, ..

, . �.�~�~�: ',>-.

'. �~ I .•�~ .. �~�. :., •

. ' �~

�~

.' �~ .' - �_�.�'�~�' �~ I ... ,

-,,-, ... ", -;,. ,,",. :....!i." •.•• ",-r" ....

• �~�. " t •

, , .

. 4.440 .0. 03623'h":0.'341
2.046.0.016695 " . 0.34't

.... .•. ....�~ ;. ' ..' . �-�~�l�' ., -L'

3.7
13.3

. '

DROP RATE , . Q .t. 'IMPOSED SHAPE
(em) (em/h') .:(m3/day) HEAD"(m) FACTOR

�~�, �~

, .' _ " -..�~�. ,....., �~�c�"�: ."

DROP RATE" '. Q.' 'IMPOSED SHAPE
e (em) (em/h) . �·�(�m�3�I�d�a�y�)�,�H�E�1�~�]�)�'�,�{�m�) FACTOR

" .

... �'�~�.

,'. + ",

.�~ .,.,-"

VESSEL DROP' RATE ',: ::.' Q . IMPOSED' ".·.:SHAPE K
LEVEL(c_inf . .ifcm} (em/h),'.: (m3/day) HEAD (mY: FACTOR (mjday)

21 �~ 5 ...�.�.�-�~ .....).," .(1: • , ' ".;:.' �.�~�"�'�. ' : , (0· • ',. �~ :">v. .' �~ - -'

16':"9' �'�~�'�. 4.6:, ,: �5�·�.�5�:�i�,�0�~�·�0�4�5�0�4�3�,�· :., '"0.38',: 0.354 0.334844
. �~�. �,�~ .

VESSEL ,
LEVEL (em)" .

21.2 "
20.8 . ," 0'.4<. - 0.:48,0, O. �0�0�3�~�f�1�7�, .. 0;::198
16 ..1.. , 4.7 '> 0.743,0,:005900., �·�-�.�0�~�1�9�8
9.1':."" 7.0 �.�_�~ �;�:�0�~�'�3�8�3�' 0';003125. ';"0.198
7.·5 >.. 1.6 . ,;. 0.257 '0'.002097·' 0'.198

L �,�'�~ �~ • _ :'. -1 �~�.

1991/8/1

VESSEL·
LEVEL (.em)

18:0
14.3
1.0

TIME'
(HRS)

'. 0.00
'0.50

TIME
(HRS)

0.00
0.50
7.20

25.37
31.50

TIME'
(HRS) .' .

0.00
0.50
7.20

�P�L�A�~�~�T�H�O�D�~�£�~�~�~�A�t�f�I�E�~�5�A�~�T�~�~�~�~�t�~�~�L�I�T�Y�, �~�E�S�T�S -'- �:�:�~ : ,::'
DATE: . ·1991/8/1'-" �-�'�.�~�:�" .' .':- "' <>: "

j. r • U �'�~ ... • •• �~

; �~ ""

DATE:

C:·..",,:",,_l ........ , .
.. ' ""; ':. ":. �~�, -.

. METHOD: CONSTANT HEAD' PERMEABILITY' TESTS- -. ". . "
PLACE:- CLARA, PIEZOMETER -SE1D· .,. - J' • -.' - , -

_. .."
�.�~ t ;Jo �~ -... �'�f�-�~

'1;:' -. - 'p1ETHOD: CONSTANT HEAD.", . �P�E�R�M�E�~�.�l�L�I�T�. Y �,�~�E�S�T�S .
! . PLACE: CLARA, PIEZOMETER SElB . '_ . .

_ DATE:' 1991/8/1,,- . . . . . ,

I
I·
I-
I
I
I
I
I
I
I
I

·1
I
I
I
I·
I
I

II,'



�,�~

�~ �~ �~ -, I· .

I
ii ., �M�~�T�H�O�D�:�C�O�N�S�T�A�N�T HEAD PERMEABILITY TESTS

,PLAC,E: CLARA, PIEZOMETER SE2a
;" DATE: 1991/7/29

--'.--- �.�_�~ �'�,�.�.�,�"�"�~ ... �~�- .. �,�-�-�.�c�.�-�.�,�,�·�,�,�~�~ -ew-"o""' _ .... �~�_�"�~�,�'�_�'�!�~�.�-�'�r V"""""">d",;

,I �~

I'"
I

" '_.

I

TIME' VESSEL DROP RATE Q ' IMPOSED ' SHAPE K
(HRS) LEVEL{em) (em) (em/h) (m3/day) HEAD (m) FACTOR em/day) .

,0.00 15.9
-,

,- "

4.10 4.7 11.2 2.688 0.021934 0.224 0.354 0.276610
,
�.�~

;--

�P�L�A�~�~�T�H�O�D�C�£�R�~�;�A�N�~�I�H�~�~�~�E�t�~�~�~�~�C�L�I�T�Y TESTS
DATE: ' 1991/7/29 "

VESSEL DROP RATE Q IMPOSED SHAPE K
LEVEL(em) (em) , (em/h) (m3/day) HEAD, (m) FACTOR (m/day)

23.0
22.3 0.7 0.168 0.001371 0.331 0.354 0.011700
19.8 2.5 0.138 0.001126 0.331 0.354 0.009610
19.0 0.8 0.118 0.000963 0.331 0.3540.008218'
17.5 1.5 0.089 0.000726 0.331 0.3540;006198
16.9 0.6 0.091 0.000743 0.331 0.3540.006337
15.8 1.1 0.064 0.000522 0.331 0.354 0.'004457

METHOD:CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER'SE2D
DATE: 1991/7/30

TIME VESSEL DROP RATE Q IMPOSED SHAPE K
. (HRS) LEVEL{em) (em) (em/h) (m3/day) HEAD (m) FACTOR (m/day)

0.00 19.8
6.50 . 16.0 3.8 0.556 0.004537 0.322 0.354 0.039802

23.42 12.4 3.6 0.213 0.001738 0.322 0.354 0.015248
30.19 11.4 1.0 0.151 0.001232 0.322 0.354 0.010810
47.38 9.2 2.2 0.127 0.001036 0.322 0.354 0.009091

I
, TIME

. (HRS)
0.00
4.10

22.20
�2�9�~�0�6

45.58
52.35
69.52

I,

I
",

I
I'
I
I
I
I'
I
I
I
I
I
I



" .
. ,'DROP':RATE ' Q .IMPOSED:: SHAPE K

. CC?m�~�,�> (em;11): �~ em3!day) 'HEAD (m)' fACTOR' (mjday)

�~ .'.f

DROP RATE' �-�~�:�.�:�' ."Q, �~�-�i�M�P�O�S�E�D SHAPE
(em)'( c'm/hy �~ "(rri3/day). �:�H�E�:�A�r�r�~�(�m�) FACTOR

�~�,�. .c �~ �~ • • • �~ • _ _.:;: �~ '" �~ •.- -. -: �.�,�.�~�.�~ <. �~ .

Q IMPOSED SHAPE
(m3/day) HEAD (m) FACTOR

0.0'31839
0.018319
0.015007
0.014466'
0.012168
0.012573

K
(mjday)

K
(m/day)

0.005418
0.003811.
0.0033'98
0.002985.
0.001378
0.001607,
0.0013.78
0.002617
0.002250

0.354
0.354
0.354
0.354
0.354
0.354

0.354 0.192547

0.354
0.354
0.354
0.354
0.354
0.354
0.354
0.354
0.354

i, ' . .'r:.
!'::' :, .

. -.' , .........

�~ 'j- .. - �;�~�.

• �~�1

. 0.538

.... ,"j. ' •
-;

. ' -�~

. �~ .

"

.:-..,- ..

-,
.' �_�.�~�.

. 4.494.9.036671-

0.5 . �~ . 0.118:0.C)'60963_' :.' b. 502
. 1.5:- 0..,083'0.000677'" 0.502
0.5<' 0.074 '0.000604.·.·: 0.502
1.'1 '0. �0�6�5�,�0�~ 000530:> 0..502
0.2 ';0 0.030'0;'000245,:�'�·�·�~�·�0�.�5�0�2
0.6-,"' 0.035·'0 '.000286 -'. ,:0.502
0.1' . O. '030·0'.000245'." o, 502
1.1; �0�.�~�0�5�7�{�O�o�'�6�0�0�4�6�5�'�-�:�'�. 0.502
0.3 :0.049"0..000400" 0'.502

�~�. 7 ,01

�~ �,�~�~ .. .

DROP RATE
(em) (em/h)

19.1

•. I �.�~�. ". ...

. ··2'.0, ,'0. 471';0�~ 0038'43'..' -9..)41,;
',>'4.9'" 0.271�.�0�~�·�o�0�2�2�i�i - ':0.34H

.< '.. i ,5 /"', o.222<0�~ 001812-'" '·.0.341
.3.6' 0.214.-'0.001746,:'.... 0.341

1':2" 0.i80 0.-001469-.··.0;341'
--3.2;" 0 .1860-.�O�b�I�5�1�8�·�~�;�.�7�,�;�~�-�6�. 341-

.., �~�'�/ . -. ' . , '.
�~ ••L �~�, �~.-. �~

VESSEL
LEVEL(cm)

21.0
19.0
14.1
12.6
9.0
7.8
4.6

VESSEL
LEVEL(em)

19.0
18.5
17.0
16.5
15.4
15.2
14.6
14.4
13.3
13.0

VESSEL
LEVEL(em)

22.4
3.3

TIME
(HRS)

�O�~�O�O
4.15 "

22.20 .
29.05
45.56
52.35
69.50

'. �·�~�M�E�T�H�O�D�·�;�C�O�N�S�T�A�N�T�: HEAD PERMEABILITY 'TESTS
PLACE: CLARA, PIEZOMETER':-;SE3B' <.»

DATE: 1991/7/29/'" �'�J�,�~�"�"

TIME
(HRS)

0.00
4.15

22.20
29.05
45.56
52.35
69.50
76.35
95.54

102.05

METHOD:CONSTANT HEAD �P�E�R�M�E�A�B�I�L�I�T�Y�~�T�E�S�T�S
PLACE: CLARA, PIEZOMETER SE3D ".' ,
DATE: 1991/7/29

TIME
(HRS)

0.00
4.15

, .

METHOD:CONSTANT HEAD PERMEABILITy'TESTS
.PLACE: CLARA, PIEZOMETER'SE3C .
DATE: 1991/7/29 ' c �.�~�. _," ,

• ,T'.

�·�1�7�'�F�~�"�:�.�,�'�-�'
�~�.

'. �~

I',
":'

I:
'I,
I,

I
'I'
I
I'
I·
I
I
I
I,

I
I
I.···
I
I
I
I



�;�,�.�~ METHOD: CONSTANT' HEAD PERMEABILITY TESTS'I" PLA;CE:: CLARA, �P�I�E�Z�O�M�E�T�~�R�' �S�~�4�B
. DATE: 1991/7/28 " .. �~ . - .

VESSEL DROP RATE Q IMPOSED SHAPE .' K
LEVEL{em) (em) (em/h) (m3/day) HEAD (m) FACTOR em/day)

,
.r-

22.5'
17.4 5:1 .1.249 �0�~�0�1�0�1�9�2 0.535 0.354 0.053814
3.0 14.4 0.768 0.006267 0.535 0.354' �0�~�0�3�3�0�9�0

''I.e-

1o

K
(m/day)

0.354 0.1814740.4480.02878

Q IMPOSED SHAPE
. (m3/day) HEAD (m) FACTOR

3.527

0.136
'0.156
0.118
0.113
0.115
0.077
0.073
0.088
0.082

0.6
2.8
0.8
1.9
0.8
1.3
0.5
1.7
0.5

14.4

DROP 'RATE
(em) (em/h)

.DROP RATE
( em) (em/h)

VESSEL
LEVEL(em)

19.0
4.6'

METHOD:CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER SE4C
DATE: 1991/7/28

TIME
(HRS)

0.00
4.05

METHOD:CONSTANT HEAD PERMEABILITY
PLACE: CLARA, PIEZOMETER SE4DI' ,DATE:, 1991/7/29

TIME VESSEL
(HRS) LEVEL(em)

0.00 21.9
�4�~�2�5 21.3

22.25 18.5 .
29.12 17.7
46.05 15.8
53.02 15.0
69.56 13.7
76.45 13.2
96.02 11.5

102.10 11.0

I
I
I
I
I
I
I
I·'
I.
I

1<',TIME
:' (HRS)

0;00
4.05

.22.50··1·:

I,

I
I
I
I'
I



. .•' ".,_... '''r �'�-�"�"�~ .'I �:�:�,�,�~�:�,�.�"�"�>�n�.

• �~�;�.�. < • 0'.> __/" • �,�o�'�l�,�~�' •

, '. METHOD: CONSTANT HEAD PERMEABILITY TESTS

I".. PLACE:' CLARA;" P"IEZOMETER SW3B'
DATE:' 1991/7/28,'" ..

',",•

l', ,
�,�~

K
(m/day)

0.'44424.

K
(m/day)

K .
(m/day)

�~ .

0.354

0.354 0.204568
0.354 0.152249

SHAPE
FACTOR

- .., �~�~ -". .
�~�+ " •• , •

. - '. \. '

.--0 . ... ; �~

• �~ T • ,

"R.•(" »: n

• <-" .,

5.314 �O�'�;�b�~�3�3 ¬�)�2�.�: , �0�.�1�~�6�"�~ 0.354 0.900678
3,.:9670. �0�3�2�3�7�1�,�"�~ ... .0 �.�l�3�6�,�~ .'. 0.354 0.672373

�~ ..

• �~ L -,

�~ . ,. .' �~�"�- �~

1.9 _ �~�~�2�5�~�O�.�0�2�6�5�7�7 0.367
9.9 .' ,2.424 0 •.019780 '-' ,0.367

DROP'RATE ..Q �~�M�P�O�S�E�D SHAPE
(em) (em/h) "(m3/day )HE!ill (m) FACTOR

�'�>�3�~�1

16:2

. ' -v :J."', �.�~ ".",,' • . • �~�~�.�'

: :,DROP RATE'" '.: . Q IMPOSED' ,,' SHAPE
.tcm) (cmi'hl"':,(m3/day) )IEAD (m),:FACTOR

. .'... t �~ '"'4" . . • �'�;�~ .

c , :-

VESSEL·
�L�E�V�~�L�(�c�m�)

, 2L5
'18.4

2. i:','

-: • , I ! �~ .' ,_

VESSEL . DROP 'RATE 0 <' • �~�'�,�. Q.:':'.IMPOSED
LEVEL(cm) -", .Icm) '(em/h) .: (m3/day)-'HEAo '(m)

�~�~�: �~ '. �,�:�~�.�:�"�'�;�"�. 8" , �'�:�6�~ �5�~�4�:�~ .'0:?3154'.�-�'�,�.�:�~ .:�~�' �~ 338

TIME
(HRS)

0.00
0.35

TIME VESSEL
(HRS) LEVEL(cm)

0.00 22.9
0.35 21.0
4.40 11.1

. . . .. �~ �~

M'ETHOD;,CONSTANT HEAD P'ERMEABILITY' �.�T�~�S�T�~ �'�-�~�'�, .'
PLACE: LLARA, PIEZOMETER SW3C " ".'." ,
DATE: 1991/7/28' , , ,- ..: .. 0>'"

METHOD:CONSTANT HEAD PERMEAB·ILITY:.: �T�E�S�T�~�f :", . "
PLACE: CLARA, PIEZOMETER SW3D ." < > :-'
DATE: 1991/7/28· f ' ,,:'

.- . '"..

I TIME"
.. (HRS')

-, , , . 0.00

0.35
4.40I

"I.·'
"-;--:

I
I
"I.
I
I'
I
I
I
I
I
I'
I
I
I
I
I



TIME VESSEL DROP, RATE, Q"'.: >,.IMPOSED SHAPE K ",
(HRS) LEVEL(em) (em) (em/h) ('m3/day,)' HEAD. (m) FACTOR (mjday)

0.00 17.9 , .. �~

"

5.40 17.2 0.7 0.124 0.001012 0.553 0.3.54 0.005169
24.15 16:0 1.2 0.065 0:000530· 0.553 0.354 0.002709
48.45 14.6 1.4 0:057 0:000465 0.553 0.354 0.002376

119.45 11.9 2.7 0.038 0".00031:0 ' 0.553 0.354 0.001584..

"

116

K .:
(m/day)

0.009807 '.
0.006824
0.007229
0.006268

K ,
(m/day)'

0.354 0.042849
0.354 0.039988

"

o '"'I •• ,F

�:�~ ," • "0' _

. �~�"�"�~ .... �~ �'�-�~�"�.�~
..'; F

. �.�~�-�_ ...
• + -. �~

• • �~ < �.�.�:�~�,

" ,,

• T' <' �~�.

.' ' �~

.
rs>: �~�.�,�. �'�:�!�~�.�,�-�.�~ ---._.:.- �.�~ j - ....... 't-f.

'"
VESSEL DROP,RATE. ,Q:'; IMPOSED SHAPE
LEVEL ( cm).' . , (em)' (em/ti),,' �(�m�·�3�/�d�.�~�Y�)�· HEAD (m ) FACTOR

�·�2�2�.�4�"�~�'�,�' .' '.
18'.9 ' 3.-5,; ..'.0. 764 �o�'�.�o�o�6�i�'�3�~�'�.�, 0.411
. �5�~�3�' .···'··13'-.:6' ",0.713 �0�~�0�0�5�8�1�8�' 0.411

METHOD:CONSTANT HEAD �P�E�R�M�E�A�B�I�L�I�T�~�'�T�E�S�T�S
PLACE: CLARA, PIEZOMETER SW4C '.' . '':
DATE: 1991/7/28' "

TIME
(HRS)

, 0.00
4.35

23.40

METHOD: CONSTANT" 'HEAD PERMEABI LI TYTESTS.'..
PLACE: CLARA PIEZOMETER SW4D .{ ."'.
DATE:' 1991///23.',' .' ' ..' ..- -

�i�'�O�~�:�:�:�-�'�~�:�-�~�- . �~�~ C' �~�'�: �,�:�~�'�,�:�"�"�' ",'/ �'�~�.�"�"�'�_
, METHOD:CONSTANT HEAD PERMEABILITY TESTS'1' �P�~�A�t�E�: CLARA, �P�I�E�i�6�M�E�;�T�E�~�' S\4l4B-' '

.. �~�. DATE:- 1991/7/23-"""" "

I···.", T('HIMRES)' �V�E�s�'�~�k�i�; ' ..: �"�:�~�'�: �"�<�'�·�'�~�'�·�'�·�~�'�~�~�~�>�R�A�~�E�·�' ',::'. '. ,'Q ' IMPOSED " SHAPE
�L�E�V�E�L�(�~�i�n�Y�. �:�,�~�.�:�, ',' �b�:�m�r�'�·�{�C�~�/�h�)�'�·�'�. :.(m3jday) HEAD:. (mY 'FACTOR·

.. .. 0.00 . \ �·�2�2�·�~�0�·�.�·�, :,' .... , ':', " " �~�'�" .' .,'

I
,5.40 " "20 �~ 9,' : �.�,�~�.�:�" \.1""0. i.94:,0.00iS8) , " 0 �~�'�4�5�6�'�: 0.354

:" •.,', ,24:15 .' :18.4''':'".:,'2;5", 0.135'0';001102""" 0.45.6 0.354
. �~�. �:�:�.�,�4�8�.�4�5�~�·�1�4�~�:�9 <, . ]:.5: OA430.001167:'" 0.456' ,0.354

119!45 ,f. 6':1 .ai. 8 :" '0'-124 0.°91012. 0.456 . 0.354

I,
�~�R�~ •

I
y.

I
�~�" ..

I,

·1
I
I
I
I
I
I
I
I
I
'I'
I
I



·<,;t '.1o

• " > METHOD:CONSTANT HEAD PERMEABILITY TESTS.1; PLACE: ' CLARA, PIEZOMETER SW5B
. DATE: 1991/7/22 ' .

III

VESSEL ·DROP RATE Q IMPOSED SHAPE K,
LEVEL(cm) :.(cm) (em/h) (m3/day) HEAD (m) FACTOR (m/day)

22.8
22.4 0.4 0.163 0.001330 0.34 0.354 0.·011051 1,1-
22.0 0.,4 0.101 0.000824 0.34 0.354 0.006847, .
20.1 0.9 0.049 0.000400 0.34 0.354 0.003322,-
19.6 0.5 0.077 0.000628 0.34 0.354 0.005220
18.5 1.1 0.060 0.000490 0.34 0.354 0.004068
17.2 '1.3 : -0�~ 053 0.000432 0.34' 0.354 0.003593

METHOD:CONSTANT HEAD ?ERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER SW5C
DATE: 1991/7/22

TIME VESSEL DROP RATE Q IMPOSED SHAPE K'
(HRS) LEVEL(em) (em) (em/h) (m3/day) HEAD (m) FACTOR (ni/d'ay)

0.00 20.6
2.27 10.9. 9.7 3.959 0.032305 0.479 0.3540.190518

TIME VESSEL DROP RATE Q IMPOSED SHAPE K
(HRS) LEVEL(em) (em) (em/h) (m3/day) HEAD (m) FACTOR (m/day)

0.00 22.5
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 6.5 2.1 0.323 0.002636 0.276 0.354 0.026976

METHOD:CONSTANT HEAD PERMEABILITY TESTS
PLACE: CLARA, PIEZOMETER SW5D
DATE: '1991/7/22

-,

'I" �~�~�~�~�r�'
> ' • '- ,'0.00

2.27
'6.25

24.40
31.10
49.30
73.57

I
�,�,�~ ,

I,

I
I
I'
I
I,

I
I
I
I
I'
I,
I
I,
I
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metres

.. .. ..
�~�-�'�. • l : - .. ._- ..

\; ••.: - r �-�~ •

9..

KEV:
... -_ .... - Waler table

200 100 100 300 tOO

...

. �.�~�~�:�.

' ... �~�;�l

'., I -'/ •

•. ;"'"i c

,,;

'-

�"�,�,�"�-�-�-�~�-�-�-�- Peal-day boundary

, ,

EQUIPOTEHTlAl CONTOURS THROUGH THE PEAr
NORTHERN TRANSECTS Dalf 2& 16/91
Conloul intervcl D.5m



-

SUUIli WEST 50U

-

�~�o�o

-

JOO

..

200

.. ..

lOU

. '.: .}.: ;..'
�~ ..�~�~�'

metres
o lOU

.....

200 JQO

_.'....-

WO

..

500

"'- q._............, ..
> �,�~

(liD WUTH �E�A�~�r

GO

'9

�5�~

57

ru above5G
IHel

55

�5�~

5)

52

51

50

�~�g

�~�6

..,
KEY

-_ - ---. ¥laler lable
;::�~ "-"""-::' �P�~�o�l�- clOI boundary

L"

.1 1-.

EOUIPOTEtHlAL CGH10URS THROUGH THE PfAT
SOUlIl[RN TRAH5ECT5. �O�u�t�~ 2G1G19l
tcnteur interval O.5m·

l' '
I

,_ f

, .

r , �,�~

. '.

'''J: t;

, '

"

" . I', }I



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

" I
t to

• "\1-..... -.."
'. ,

, �~ -, .

. .

.�~�'�: ..' ,.'... �-�~ .
c- ". .: :500..

�I�~�,�. .J
�"�-�~ ;; , �~ ......

108"
',.'

.
�;�:�'�~�O�O

I
I' �~�.

·,,1
I ..

59.5.:
�~

300·

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

I
, f

100
• 1.... ·�~ .

". �~�.�~ '" • ,ot

ioo
metres

o

" .'
�~ ... I

, ,-

100
I.

100]00

HW2
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TOP TUBE BOT .. TUBE, WATER
M.O.D· M.O.D:-' LEVEL(m)
60 �~ 160 59.:655",: 0.568
60.160 ' �5�9�'�~ 650: 0.596
60.155 �5�9�.�6�~�6�~�· 0.59j
60.145 59.700 0.781
60.150 59.675 0.981
59.670 59.280'; 0.481
59.665 �5�~�.�2�5�5 0.540
59.675 59'.26,0 0.602
59.660 59.240 0.835
58.575 �5�8�.�1�6�~�' 0.501
58.570 5'8.160' 0.566
58.580 �5�8�\�~�.�t�6�5�· 0.495'
58.575 �5�8�i�1�j�~�~ 0.950
57.565 5j.155 0.713
�5�7�~�5�5�0 �5�7�~�l�j�o 0.768
57.565 57.145 0.801
57.543 57.140. 0;834
55.750 55.340- 0.382
55.775 55;J,60·' 0.459
55.770 55.370 0.537
55.765 55:375 0.558
60.480 �6�0�.�0�6�5�~ 0.455
60.495 60.670; 0.511
60.505 60.070 0.667
60.490 60.010 0.564
59.715 59:310 0.419
59.725 59.310' 0.458
59.730 59. �3�1�~�r�· 0.645
59.750 59. �3�0�~ " O. 708
58.853 58.435 0.520
58.840 58.427 0.574
58.830 58.430 0.798
58.815 58.400 0.824
58.125 57.710" 0.588
58.115 �5�j�.�7�0�~�· 0.651
58.129 57.720 0.733
58.130 �5�7�~�7�2�0�· 0.771
56.220 55.795 0.531
56.215 . 55.790 0.462
56.205 55.790 G.423
56.200 55.795 0.344
60.233 59.763 0.474
60.213 59.743 0.519
60.23359.741. 0.542
60.183 59.743 0.565
60:.243 59.758 0.610
60.183 59.738 0.644
'59.038 58.633' 0.575
59.053 �5�8�.�6�~�8 0.679
59.053 58.633 0.700

�J�:�?�:�~�'�~�'�~�:�,�~�"�,�:�"

I.·······.. ' -
; , ' �~

·I.:'.·... �·�;�~�E�A�J�)�·�· D.ATA
CLARA.,' .' -'

, 'DATE: 1991/6/19

I -PIEZO DEPTH"
.',:':,:." (m)

108A phreatic

I : 108B. 2
. ;. '108e 3

�~�"�Y�O�B�D 5

1< lOBE 7
NE1A phreatic
NE1B 2

I' �:�~�~�g�" �~
NE2A phreatic
NE2S 2I' NE2C 4
NE2D 6.5
NE3A �p�h�r�e�a�t�i�~

I· NE3B2
NE3C 3
NE3D 5

I
NE4A phreatic

. NE4B 2
NE4C 3
NE4D 4.25

I ,NW1A phreatic
NW1B 2
NW1C 5

I...· NW1D 8
NW2A phreatic
NW2B' 2
NW2C 5

I ., NW2D 8.
NW3A pnreatfc

'NW3B 2

I NW3C 5
NW3D 8
NW4A phreatic'
NW'4B 2

I · NW4C 5
. NW4D 7
NW5Aphreatic

I NW5B 2
,. NW5C . 3

NW5D 3;97

I ', 113A phreatic
113B 2
113C 3
113D 5

I 113E 7
113F 9.
SE1A phreatic

I · SE1B ' 2
. SE1e 5

I·'
I

�~ l':'-_ :... •••

:"-" "

" HEAD
(m):

59.592
59.564'
59.558'
59.364
�5�9�.�1�6�9�·�~

59.189 159.125
59.073 .
58.825�~
58.074 1
58.004 1"
58.085 (I

57 . 625 �-�-�-�:�.�~�-�,�-�-�~

56.852 l
56.782
56.764
56.709 �~�155.368
55.316
55.233
55.207_
60.025 1
59.984
59.838 r
59.926 _
59.296�~�1
59.267
59.085
59.042_
58.3331
58.266
58.032
57.991_

57.
537 157.464

57.'387

57.359.--.- f55.689
55.753
55.782 .
55.856[J
59.759
59.694
5.9.691. -r
59.618 �~
59.633 I'"
59.5391-.--
58.463 158.374 .
58.353

"-"

.,
. �~



SElD
SE2A
SE2S
SE2C
SE2D
SE3A
SE3B
SE3C
SE30'
SE4A
SE4B
SE4c
SE4D.
SWIA
SW1B
SW1C
SW1D
SW2A
SW2B
SW2C
SW2D
SW3A
SW3B
SW3C
SW3D
SW4A
SW4B

·SW4C
SW4D
SWSA
SWSB

'SWSC
SWSD

or ,"'-'....

t
l'
T

..

. �~�"

-'

.'"

. .
." �;�~ ,p....

8' . 59".078' 58.'618',·0.84'8�:�,�~�. ,:'Sl{"23b J
phreafl,C,'-56.428, 56.028 '. 0.715'··.. 55,.713.

" ,2; ..,56·..�4�i�~�: 56.008',' �O�.�7�6�.�0�'�,�.�~�,�5�5�.�:�?�~�8 J.
5.",.. ,,56.413, 55.998 ,,0·.877, 55.536,'

'j- ·S6.438 ,55'.998,'. 0 . .121 . �5�5�:�.�7�~�7 �~ _
�p�h�r�e�~�t�i�c , .54:963 : 54,:,553. .0.818. .54. �~�4�5 I

2 54.'958 54.553 0'.933:54.:025 .
' , 3' '54',.973 54.:;$58: 0.996 �'�~�5�3�.�9�7�7 �~

5 .,' �5�4�~ 99'2-54.573' 1. 070· 53'; �~�2�2 __-_
phreatic 53:438 53 .Q13.' O.976 �5�2�:�4�~�2�' 1

2 ,53.443. �'�5�3�~�0�3�3 1'.019 52.424
3 ,53;'463. 53.-633 1.083 52 �~�3�8�0�.�· t
4' ':;'53.468 �5�3�~�.�0�3�8�, 0.892,' .;52 ..5?6rr.phreatic 59 ..405· 58.94S. 0.503· 58,. �9�0�~ , .
2 �5�9�,�.�4�~�0�· �5�8�~�9�.�9�.�0�;�;�,�: 0.580 ,58.860'
5 �5�9�.�,�~�5�5 �5�9�.�0�2�Q�~�: 0.794' �.�~�8�.�6�6�1 .
8 59.470 59 .025 1.015 58..45�5�~�'�V�.�.�,�.�.�-�-�-�-�-�:�,

phreatic 59.13,S',.-58. .71iJ", c' 0.501 �"�5�8�~�6�3�4�' t
2 59.155.58.725.;. 0.513 58.642 l
5 59 ..165. 58.720;--, 0.538' '58.627
8 '5if.150 58.720' �~ ,0.583' 58:567 �~

phreatic 57.200 56.790'0.58i 56.6 19i
2 57.190:' S6.,785. 0.664. 56.526
5 57.210 56.795::,:0.918 56.. 292
7 57.'215," 56.805 0.958 56.�2�5�7�~�_

phreatic 55.765 '> 55.360.. ': . 0.764 55 �~�.�0�0�1 f
2 55.770 �5�5�~�3�6�5�" 0.958 54.812 �~
4 55.:780'" 55.>350'· 0.945 54.835
6 55.780;' �5�5�~�3�3�0�'�, �0�~�9�3�0�' 54.850

phreatic 54.09053.'615' 1.020 53.070 0;:

2 54.100' 53.675'" 0.959 53.141
3 '54.100'" 53,.685 0.974 53.126 J
4 54.120.53.705.'0.928 .53.192

�'�-�-�c�=�-�~ .. "..,.,...,..-"..:--:::.,,.....---;;c.. .. ... ,. " ' ..,.

..

�'�I�~�·�"�:�'�;�"�'�·�;�'�,�·�·
. . -:,," ""- �.�~�. "... - "':

I "'·' ."'= �~�.�" .
." ...

I
I
I
I·
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



�"�_�'�,�;�"�,�:�.�:�"�:�,�"�C�-�~�'�"
:" r •.t···· ... '' ... "

�I�'�~, ; ,," '" �~ .
. '} �~

I:"" 'HEAr> �D�~�~�A
..

r �~CLARA

I. ' DATE: 1991/6/26 �.�,�~

�"�~

PIEZO DEPTH TOP TUBE BOT .. TUBE WATER HEAD

I·,'
(m) M.O.D M.O.D. LEVEL(m) (m)

10BA- phreatic' 60.160 59.655 0.543 59.61'7T
108B 2 60.160 59.650 0.594 59.566/

t <- -.
·1 •

108e 3 60.155 59.660 0.587 59.568I

I 108D 5 60.145 59.700 0.772 59.373 /1
,l08E 7 60.150 59.675 0.968 59.182:.-
'NEIA phreatic �~�9�.�6�7�0 59.280 0.446 59.224f

I
NEIB ·2 59.665 59.255 0.526 59.1391

NEIC 5 59.675 59.260 0.595 59.080'f
NE1D 8 59.660 59.240 0.805 58.855
NE2A phreatic 58.575 58.165 0.463 58.112/

I .. NE2S .. 2 58.570 58.160 0.553 58.017'
NE2C 4 58.580 58.165 0.457 58.'123.1 1 .::<--
NE2D 6.5 58;575 58.175 0.927 57.648 I..J.-

I
NE3A phreatic 57.565 57.155 0.680 560885/j

'NE3S --2 57.550 57.130 0.753 56.797'/
NE3C 3 57.565 57.145 0.802 56.763/

I
NE3D 5 57.543 57.140 0.840 56. �7�0�3�~
NE4A phreatic 55.750 55.340 0.379 55.371,
NE4B 2 55.775 55.360 �0�~�4�4�7 55.328
NE4C 3 55.770 55.370 0.531 55.239/

I NE4D 4.25 55.765 55.375 0.556 �5�5�.�2�0�9�~
NW1A phreatic 60.480 60.065 0.450 60003°1NW1B 2 60.495' 60.070 0.497 59.998

I
NW1C 5 60.505 60.070 0.660 59.845 t
NW1D 8 60.490 60.070 0.557 59.933 C-

o NW2A phreatic 59.�7�~�5 59.310 0.404 5903UTNW2B 2 59.725 59.310 0.445 59.280

I NW2C 5 59.730 59.315 0.635 59.095
NW2D 8' �5�9�~�7�5�0 59.305 0.701 59.049_
NW3A phreatic 58.853 58.435 0.488 5803651

I, NW3B 2' ·58·e40 58.427 0.560 58.280
NW3C 5 58.830 58.430 0.789 58.041
NW3D 8 58.815 58.400 0.819 57.996_
NW4A phreatic 58.125 57.710 0.548 57.577

I NW4B' 2 58.'115 57.705 0.636 57.479
NW4C 5 58.120 57.720 0.724 57.396
NW4D 7 58.130 57.720 0.755 57.375 '\l'

I NW5A phreatic �5�6�~�2�2�0 55.795 0.535 �5�5�0�6�8�5�~NW5B 2 56.215 55.790 0.451 55.764 .
NW5C 3 56.205 55.790 0.415 55.790 J
NW5D 3.97 56.200 55.795 0.333 55.867,J t!=-

I 113A phreatic 60.233 59.763 0.475 590758T113B 2 60.213 59.743 0.517 59.696
113C , 3 60.233' 59.743 0.544 59.689

I 113D 5 60.183 .59.743 0.566 59.617
113E 7 60.i43 59.758 0.607 59.636' t «-
113F 9 �'�6�0�~�1�8�3 59.738 0.645 59.5381-

I' SE1A. phreatic 59.038 58.633 0.528 5805101
SE1B 2 59.053 58.628 0.671 58.382
SE1C 5 59.053 58.633 '0.699 58.354

I
I 12-�"�l�-�~, .; ..
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59 :078>58.618. 0.851 " 58 �~�'�2�2�7�~
56.428;' �5�6�~�0�2�8 ,0.7'18 �"�5�5�;�~�'�i�l�0�'�:�1�"
�5�6�~�4�1�8 56.008'-' �,�0�~�'�!�5�9�8 ""c5S.,7iQ.."/fl,
56:':413.' 55.99,8".. , ,0.�8�8�1�5�S�~ �5�3�2�,�~ t
�5�6�~�4�3�a�.�·�·�' 55.99,8." �9�.�7�5�6�~�,�.�5�5 •. �6�8�2�~
�5�4�.�~�6�3�' 54.553 ·,0.760 �~ ,5402031"
54:'.9'58. �5�4�~�5�5�3 0.911' "54-,;047>"
�5�4�~�'�9�?�3 �5�·�4�i�~�5�5�8�.�" '0.999�.�-�:�~�5�3�~�9�7�4�:�.�·�'�.
54.992 '54.573 L074 ....53.918-

�~�t�:�I�~�' '.' �~�~�:�,�,�~�~�.�~ �·�"�'�·�·�~�:�,�~�~�j�:�·�'�:�·�.�-�~�'�t�:�:�: 1.
53.463' 5} .. 033,' L061 , 52:402 -, r
53.468, �5�3�~ 038 . . 0.875 52.593--
59.405' �'�~�8�.�9�4�5 . �0�.�4�9�1�5�8�~�9�1�4 '1'
59·:440" 58.990'>. 0.'565'.'58,.875
59 �~ 4'55. ' 59'.020' . d'. i 84 '.' 58 .'671
59.470, 59..�~�0�2�5�~�,�.�- "1.:01F·.."58·:'::459_
59:135 . ss.zro : .; 0:491: -·.5EL644 .
59.155 ','58.'725�"�\�.�~�. 0 .sro. �'�:�'�5�8�~�-�-�6�4�5
59.165 58 '-720 ,. :'. .o, 545.58.620 I .." , ". . . v
59.150 58.720' ·0-.584.58.566�~
57.200 �5�6�,�~ 790. ':', ':0 �:�~�6�.�1�,�" �5�~ ..699.1
57 •t 9a 56 .785" ,. o.655 . 56.535
57;210 �.�S�6�:�~�.�7�~�5�'�·�:�~ 0.910 �"�.�5�6�~�3�0�0
57.215 56.805' 0.95.0'.: ,56.265_
55.765 55.'360"', 0.701' 55.064 I
55.r70·55.36.'5'::',':',,0.�9�,�6�4�'�,�c�~ �·�·�5�4�.�,�.�~ 806 IJ.
55.780' 55.350 '0.940,"54·.840 '
55.780' 55.330:'' 0.929 . �·�:�5�4�·�~�·�8�5�1
54.090 . 53.675.. : ·..·..0:99,1,:.·53.·.099,r
54.100 .53.675, . 0.951. ,:53.149I.
54.100 53.685 �.�0�.�9�6�5�·�,�,�'�5�3�.�1�3�5�~�-�1
54.12053�~�'�7�0�5�.�, ,0 �~ 917":-' "53.203

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

SE1D
SE2A

I' .�~�~�~�~
�~ ·.'SE2D
. SE3A

I" �~�~�:�~�~
SE3D

I·· �~�~�:�~
SE4C

I
SE4D
SW1A
SW1B
SW1C

I,.'SW1D
C" SW2A

"SW2B

I
, SW2C

- SW2D'
'SW3A

I
SW3B
SW3C
SW3D
SW4A

I .SW4B
SW4C
SW4D

I
SW5A
SW5B
SW5C
SW5D

I
I
I
I
I,"
I
I
I
I
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,:,..'

�.�-�~�'�: '" ".
199.1/.7/10 ... .. �'�~�.�" ',.r

f. ': ';i"-:'; �:�;�.�~�_�. �~ .... �+�.�~�.�, �~ " 1 .: ,. OJ �.�~�. "

DEPTH :TOP' iTUBE, BOT �~�'�. TUBE' , WATER 'HEAD'
Oem): �'�M�;�:�b�.�~�D�~�·�·�M •.�O�~�,�O�· •. LEVEL(m) "(Ill), ,

phreatic . 60.160> 59.655 '0.619 59;'541 \
·,:2....60e;·160..:,· ';59':650' �0�:�.�6�3�7�'�~�~�5�5�9�9�·�.�5�5�2�1�' 3

1' 3" 60'.155, _ �:�~�9�.�6�6�0�· ·0.644
5" 60.145 �5�9�~�7�0�0 0.825. 59.320
7: 60""150, S9.,6·75'" 1.037 59.113 V"

�p�h�i�e�a�t�i�c�5�9�~ 670 59 �.�2�8�-�0�'�,�,�~ 0.5'25 59.1451
" . , 2 '.,,5'9.�6�6�5�·�~�'�.�:�:�"�5�9�. 255",: ' 0.577 " 59.088
, . "5 '59.6'75 59.260' 0'.6'56 59.019

'8. 59:,660 :59.240 6'.865, 58.795 'oY

phreatic 'S8:57,5 58 �~�-�i�6�5 . " 0 :569 58 .. 006 T
2· ',58,.570, �,�"�5�8�.�1�6�0�,�O�~�·�6�0�1 57.969 t
4,:',58.580' "58.165 "0:567 58.013 J..'

"'- ,6".5 ,- �;�5�,�8�~�~�5�Z�5�.�;�. �'�~�f�:�l�.�1�7�5 0,. �9�~�O�' 55
67

••
7
579

3
5 'ft

phreatic.;'57>565 57-.155 ,0.792
. 2 57.550 57.130 . 0.700 56.8501
3 . 57.565 57 �~ 145 " o.soo 56.765

�.�'�,�,�~�5�·�5�7�.�5�4�.�3 57..140 0.842 56.701
phreatic �~ 55'.750" 55,.340. - 0.458 55.292 r

2· 5,5.:775 55.360' �0�~�;�4�~�4 55.311 1
3 "55<770 55.370 ' 0.546 55.224

4.,25 " �5�5�~�7�6�5�5�5 •.-375', " ..: 0.561 55.204__.__
phreatic "60.480 60,-065'" :0.520 59.960'}

, 2 60.4"95' 60.'070' 0.550 59.945
5 60:'505 . 60.070 '0.'71959.786\!- t
8 60.490 60.070 ('0,.-619 59.871_

phreatic' 5c:L715 59.310 . " 0.:451 59.2641
2 59'.725 59.310, -: 0.499 59.226
5 59.730 59.315' 0'.694 59.036
8 59.75059�~ 305 �"�o�'�~�7�8�4 58.966 �~

, phreatic 58.853 �S�8�~ 435: . ,--- 0}589 58.2641
2 58.840 58.427 :0.615 58.225
5 58.830·58.430...0.838" 57.992
8 58.815 580400 0.878 57.937___

phreatic 58.125 57.710 0.662 57.,4631
2 �5�~�.�1�1�5 57.705 . 0.691 57.424

, 5 58.120 57.720 0 �~ 771 57.349
7 58.130 57.720 �0�.�7�~�0 57.350

phreatic 56.220 55.795 0.6'16 55.604 �-�'�~�-�r
2 56.215 55.790 0.512 55.703 \
3 56.205 .55.790 0.476 55.729

3.97 56.200 55.795 0.390 55.810_
phreatic· 60.233 59.763 ,0.5,36 "59.697 J

2 60.213 59.743,�0�~�5�6�8 59.645
3 60.233 59.743" 0.600 59.633
5 60.18359.743 0.628 59.555 . t
7 60.243 59.7580.669 59.574!
9 60.183 59.738',0.706 59.477T

phreatic 59.038 58.633 . �0�~�6�1�1 58.427
2 59.053 58.628 0.721 58.332
5 59.053 58.633 0.752 58.301

"-1 �~�·�·�'�~�_�«�:�7�·�"�'�-�·�·�·

".-''.

I .:
I.'i, HEAD DATA <:<

'CLARA

I
: "DATE:

�~�'�\ �P�I�~�Z�O

I .',', 108A.
108B
108C

I 1080
. 108E

NE1A
NE1BI. NE1C
NE1D
NE2A

I NE2B
, NE2C

NE2D

I NE3A
NE3B
NE3C
NE3D'1 NE4A
NE4B
NE4C

I ·' NE4D
NW1A
NW1B

, , NW1C1-' NW10
NW2A,

. NW2B

I NW2C
NW2D
NW3A

I NW3B
NW3C
NW30

I
NW4A
NW4B
NW4C
NW4D

I NW5A
'NW5B
NW5C
NW50

�I�~ 113A
113B
113C

I, 1130
113E

. 113F'I' SE1ASE1B
SEIC

'I
I



�<�1�>�·�r�T�~�'�:�"�'�:�'�~

I,;

:;--:-... �~�~�_�,�i�"�"�'�·�_�.�:�'�'�O�-�-�·�T�'�-�"�'�'�'�' <-''''''--- �·�_�'�.�~�.�:�-�,�~�-�.�-�~�o�- �.�~�.�T�i�-�~�'�-�"�.�O�_�"�'�-�.�~�"�"�:�~�'�-�-�_�~�'�"

�~ �~ r.., .. �.�~�'�, -.
:.' �'�,�~�~�, ... -. �{�~�-�~

�'�~ <" " -,...... �~ .
-i· , .. J

:. �~�.�; �~ ", : .

�~ �8�·�~�·�.�:�·�5�9�. �0�7�~�?�~�" 58·.'618' '. 0�~ 904 �<�5�~�·�.�·�i�:�7�~ ",,;';.1, ,
phreatic"56.�4�2�·�8�"�'�;�·�"�;�.�~�· 56.'028 "0.772 �5�5�'�.�6�5�6�.�·�~�'

2· �~ 56.(pl··l.56·.008.. · 0.760, . )5.,658'( ..
5 "-' �~�5�6�A�1�3�·�·�.�: -'"'55:998',�.�0�~�~�1�5�. �·�.�'�.�~�5�A�~�8 �.�~�~ �~ t
7 �~�-�:�'�5�6�.�4�3�8�·�; 55".998", �.�O�,�.�_�,�7�7�~�~ ..55.66;i �~

phreatic '.' �,�5�4�~�9�6�3�'�, �~ 54:553 ,', '0,.892"'·'" 54.07L I
2' �5�4�'�~�'�9�5�8 '. �'�5�4�·�.�5�5�3�~�'�"�"�0�~�·�9�6�9 ' 53:9'89'

�~�~�'�,�,�~�~�·�:�:�;�~�r�f�.�-�'�~�:�J�~�~�7�'�~�, �:�,�:�r�~�i�r �'�;�I�:�~�~�~�T�< -,'
Phreati,c

2
55.33....443483' �5�3�~�O�~�3�~�\�, ...:J, .. �:�O�~�3 5,i.375"·

53.. 03,3,,'J '" -1, "07,5 " 52.3.68 t
3 53;463 '53.033.: '1-.114 52.349 .
4: . �5�3�~�~�4�'�6�8�, 53".03'8·'.'.' ',0'.935 : 52 �~�5�3�3 f'

phreatic 59'.405' �5�8�.�-�9�4�5�'�~�·�·�, ',0:535 58.870
. 2 59 .440 " 58'.996 " '. O. 6i 8 ' 58.822

5 59.455", �5�9�~�0�2�0�/�:�-�, 0'.839 58.616
8 '59.470.: �5�9�~�:�0�2�5�,�,�'�" 'L063, 58.407\Y

phreatic "59 :,135'·r'-: 58'.7io �-�;�~ "0 ;543 58.592'-1
2 59'.155, 58.725: �·�~�O�.�5�6�3�- ' 58.592
5 59:,165: �,�~�'�5�8 �~ 72(Y.:-,'o.597' 58.56'8 '
8 59'.150 58.720" 0 .626 58.524 __

phreatic, 57.200' :56,..790, ";',0.591 -56.609 1
2 57.190 56.-785·0.686 56.504
5 57:2'16 '56:795 "0.935, 56.275
7 �5�7�~�2�1�5 56::805 -;.0'.997 56.218

phreatic 55..165 55.360',',0.824 54.941T
2 55.770 55.365" .. 1.004 54.766 J
�~ ,�;�~�:�'�~�:�g �"�~�~�'�:�:�~�~�g�:�"�g�'�J�~�'�~ �~�:�:�:�~�~ ,

phreatic 54.090 ,53.675,:'L069 53.021 Jr--
2 54.100 '- �'�5�3�~�6�7�5�-�'�~ ,'0.999 53.101 J' ]
3 54.100 53.685'- 1,.021 53.079 If'
4 54.12053�.�7�0�5�-�~�~�:�'�;�O�.�9�6�9 53 .151- �~�_�.�.�.�-�I

<.-

c-

c- "

;.

125





I
.... �-�.�~�<�, ...-

.. , -I;

. ". -

I
T."· :

..
---

,

8": 59.0.18 58.618 0.857 58.221 J.
phreatic 56.428 56.028 0.722 55.706 T2 56 -.41,8 56.008 0.719 55.699

5 56.413 55.998 0.908 55.505 t7' �5�6�~�4�3�8 55.998 0.759 55.679
phreatic 54.963 54.553 0.781 54.182 T2 54.958 54.553 0.942 54.01'6

3 54.973 54.558 1.011 53.962
5 54.992 54.573 1.086 53.906

.phreatic �5�3�.�4�~�8 53.013 1.022 52.416Tj
2 53.443 53.033 1.033 52.410
3 5.3.463 53.033 1.092 52.371
4 53.468 53.038 0.900 . 52.568

phreatic 59.405 58.945' 0.480 58.925 r2 59.440 58.990 0.569 58.871
5 59.455 59.020 0.787 58.668
8 59.470. 59.025 1.021 58.449 V' .

phreatic 59.135 58.710 0.471 58.664 T2 59'.155 58.725 0.511 58.644
5 59.165 58.720 0.550 58.615
8 59.150 58.720 0.593 58.557

phreatic 57.200 56.790 0.511 56.689 T2 57.190 56.785 0.643 56.547
5 57.210 56.795 0.922 56.288-' .
7 57.215 56.805 0.984 56.231 _ �~

phreatic 55.765 55.360 0.757 55.008 I
2 55.770 55.365 55.770 1
4 55.780 55.350 0.960 54.820 -.:J
6 55.786 55.330 55.780

phreatic 54.090 53.675 1.032 53.058 {f 12 54.100 53.675 54.100
3 54.100 53.685 0.963 53.137 If4 54.120 53.705 54.120

<--

..



DEPTH'" �~ TOP TUBE BOT �~ TUl3E":, WATER•..... HEAD, ..
(m) ..M.O.D M'.O'-D. �'�~�'�L�E�V�E�L�(�m�f�-�~�"�'�:�" (m),

phreatic ':'60.'160 .59'.655' . ,.' �0�~�,�5�.�4�6 ,.. 59.614 l'
'2 ."60':'160' . 59:650'.. 0.577'.. :59.583

3 '. 60':155' 59.•660 0: 578, 59.577
5 :60.145 �5�9�~�'�7�0�0 '; 0.77'2.': �5�9�'�~�3�7�3
7 '60 �~ 150: 59.675"" 0.'965 59 �~�'�1�8�5

phreatic ','59.670 59 �~ 280 .,·0 �~ 432' 59 .. 238 T
2' �5�9�:�~�6�6�5 59.'255' . ()'.51'9 >' 59.146 ' .

. 5 '.59.675'" �5�9�.�~ 260 ,: , p�.�5�Q�O�~�i�·�:�;�9 .•085
8.59.660 59.240.,'"0.826:',' 58.834 T

phreatic 58 ..575, 58 �~ 165' 0 A49 ' 58..126
2 .. 58.570' '., 58'.160 0.556 ',58.014, .t.
4 . 58·.S.8Q, .58··.·165· .0',434;,<'58.'146 t.

6.5 , �5�8�~�'�5�?�5�" ,58.175 �,�/�~�"�O�.�Q�?�l �.�~ 57,.644 -" -«

�P�h�r�e�a�t�i�~ �~�~�: �~�~�g�' ,.'.': �~�~�·�~�·�t�5�~ .: ..g�:�~�~�~�. �~�,�'�~�t�~�~�~ 1
357.565 57.145. 0.822-.56.743
5 57.·54{. ,57;140 .: d. 877 .56 �~ 666

phreatic 55 ..750,', . �5�5�~�3�4�0 . 0 �"�3�6�~�.�:�:�, ,:!?5'.385 T
2 55·..775 '.55.360 0.,441 - 55.334
3 55:770' 55.370 0.526' 55:244'

4.25 55.'765'. �·�.�;�5�5�,�~ )'75 ..,0-: 54'5 '. : 55.220 .::::::-
phraa'ti c '60'.480;;',>' 60 �~ �0�6�5�~ .. 0.•.. �~�4�.�3�3�.�, .. ' .;60:..047 {

2 60.495" 60 ;070 0:.'482 ., 60.013
5 6CL 505' 60 �~ 070 �~�. OJ�6�5�3�~ 59:852· '''V'l
8 60.490 60.070'....0.563 59.927 __

phreat f c 59.715 .59 •.]10 .. 0...�.�-�]�7�8�.�,�.�·�,�~ . �5�:�9�'�~ 337 1-
2· 59.725· 59.'310' '0';428 59 �~�2�9�7
5 59.730 �5�9�·�~�:�h�5 .: 0.627, 59.103
8 59.'750' '.'59.305';: .. 0.•761, '58;:989

phreatiC, 58.853, 58.'43?; 0" ... '479> ',,58.374T
2 58.840" 58.427, 0.555 58.285
5 58.830 ' 58.430 '0.•.797" 58.033
8' 58.815 '58;4000:.825 57,".990

phreatic 58.125.. 57.710 0 �~�5�6�6 57.559 �T�~
2 58.115 57.705 0.650 �5�7�~�4�6�5

5' 58.120" .57.720 0.724 57.396 1':'1'

,7 58.130:57.720 0.657 57.473 ____
phreatic 56.220 55.795 '0.526 55 .. 694-1' 1

2 56.215 55.7900.440 55.775'"
3 56.20555.790' ,0.396 55.809 .

3.97 56.200 55. i95' 0.309 55'.891 f'
phreatic 60.233 59.763 0.466 ..59.767

2 '60.213 59.743' 0.514 '59·.699
3 60.233 59.743' 0.544 59.689
5 60.183 59.743 �0�~�.�5�6�3 59.620 .�~ If'
7 60.243 59.758 �0�~�6�1�5 59.628 I
9 60.183 59.738· 0.652' .59.531 "'-- --.

phreatic- 59.038 58..•633 �0�~�4�8�6 �~�~�~�~�5�2 1
2 59.053 58.628 0.666 58.387
5 59.05358.633 0.697'.5"8 .356

'108A
108B'
108C'
1080
108E'
NEIA
NEIB
NElC
NEID
NE2A
NE2B
NE2C
NE20'
NE3A
NE3B
NE3C
NE30
NE4A
NE4B

. NE4C'
NE40
NWIA
NWIB
NWIC
NWI0
NW2A
NW2B
NW2C
NW20
NW3A
NW3B
NW3C
NW3D
NW4A
NW4B·
NW4C
NW40
NW5A
NW5B

.NW5C
NW5D
113A
113B
113C
113D
113E
113F
SEIA'

. SEIB
SE1C

'1 �,�.�~�~�:�:�:�~�.�:�.�t�-�7
" ,
i • ,I:' �:�.�:�~�"�. ::;'
I ,-. HEAD DATA

CLARAI' DATE:

PIEZO

I:

I
I
I'
'I
I'
I
I
I
I
I,

I
I
I
I
I,

I

1991/8/7' .

.- �.�_�,�~ I .

.,'

"'<""-',J.' •

M" •.: •

�~�: , .

.'

12$



"1- .. ..... =- �~�-.... �~�-.. - ..

1- "
�~�~

I SEtD 8 59.078 .58.618 0.836
58.

242tSE2A phreatic 56.428 56.028 0.707 -55.721

I SE2B 2 - 56.418 56.008 0.708 55.710 _
SE2C 5 56.413 55.998 0.926 ,55.487 'f �~

SE2D 7 56.438 55.998 0.766 55.672 .. ,

I SE3A phreatic 54.963 54.553 _0.715 54.248T
-SE3B 2 54.958 54.553 0.926 54.032
SE3C 3 54.973 54.558 -. 1.000 53.973

I
SE3D 5 54.992 54.573 1.098 53.894 - -
SE4A phreatic 53.438 -53.013 0.942 52.496T
SE4B 2 53.443 53.033 1.015 52.428
SE4C 3 53.463 53.033 1.069 52.394 i �~�.

I SE4D 4 53.468 53':038 0.888 52.580
SW1A phreatic 59.405 58.945 0.465 58.940 TSW1B 2 59.440 58.990 0.556 58.884

1- SWIC 5 59.455 59.020 0.772 58.683
SW1D 8 59.470 59.025 1.017 58.453
SW2A phreatic 59.135 58.710 0.468 58.667

JSW2B 2 59.155 58.725 0.511 58.644

I SW2C 5 59.165 58.720 0.557 58.608
SW2D 8 59.150 58.720 0.586 58.564
SW3A phreatic 57.200 56.790 0.478 56.722

11- SW3B 2 57.190 56.785 0.637 56.553
SW3C 5 57.210 56.795 0.933 56.277
SW3D 7 57.215 56.805 0.982 56.233
SW4A phreatic 55.765 55.360 stolen! 55.765 I rI SW4B' 2 55.770 55.365 �0�~�9�8�1 54.789 �-�~�'

SW4C 4 55.780, 55.350 0.952 54.828 I

SW4D 6 55.780 55.330 0.952 54.828 1-
1- SW5A phreatic 54.090 53.675 0.851 53.239 JSW5B 2 54.100 53.675 0.945 53.155

SW5C 3 54.100 53.685 0.967 53.133 "I "'-

I
SW5D 4 -54.120 53.705 0.916 53.204 -
NW5B 2 55.936 55.533 0.764 55.172 .<\ �~

NW5C 3 55.928 55.532 0.696 55.232

I
I
I.
I
:1

I
I
I \2..-9."



'_.- - - - - _.- - - - - - '_.'- -'.- _.- -
I,
I
, .

",..,

\'

.. ' .
, .

I • �~�'

,

�l�~

.. '. .. >
I'd
I'd
t1j

=,.•. 0
H
X

>
0)

Ii .....· �~�,�. ...... • •• : ••

. :
. '

.1,





.. -.,.-. ,
';-./ • ':J

, "
"

�~�.�.�. , '

.'

..".+" �~�.�;�.�~

- ' REED, �~�~�.�D�G�E , ALDER,

'j �~ : ',SEpGE" �R�i�~�D

�,�A�L�D�~�~�:�,�:�"�R�E�E�D , SEDGES,

" HEATHER",
.,t.}. �~�... ,

REED�~ t , SEDGE
. �~ '. : . �~�.

> •.t

, -:"REED', )m·DGE, ALDER

'CLAY

,-- _..�~..

. -

• > •••

", �~ -, .:

..
. �"�~ . �-�~ �~ ..

.........
"

.J, :.,- ••- ...

.,. ..,

H6'

H7 "

H6' -

�~�i .'

,'-,
�~�- .., . '

,. �~�/

,-'" '. -, L

C �~�~�. 10. '••••

..' .. ,.

�~ ; �~�i�. �'�.�~

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

, .

',-
7.00-7.50

6.50-6.70

6.20-6.50

7.50-9.50

9.50

'6. �7�0�-�7�~�b�o '

I",
,I
I
,I'

I
I
I
I'
I
I
I
I
I
J

I
I
I

---I

I
I
I
I





ALDER,

COTTON

REED,

REED,

BIRCH

CLAY

ALDER, REED, SEDGE

SEDGES, HEATHER

COTTON GRASS, REED

MOSS,C.GRASS,HEATHER

SEDGE,

MOSS

MOSS, COTTON GRASS

MOSS, HEATHER

REED, SEDGE

VEGETATION TYPE

MOSS, ·C.GRASS, REED

MOSS, ,REED

MOSS, COTTON GRASS ..

MOSS

MOSS, HEATHER, REED,

MOSS, HEATHER, REED,

MOSS, HEATHER, REED,

GRASS, HEATHER

MOSS, HEATHER,C.GRASS

SEDGE, HEATHER, MOSS

SEDGE,

SEDGE

SEDGE, REED

SEDGE

SEDGE

SEDGE, REED, MOSS

., .
�~ .. :

.. �~ ...

H5

H3

H5

H3

H3

. H2 ..

. H5

. "

�~�I�F�I�C�A�T�I�O�N

DEGREE·

3.00-3.70 H4

3.70:'-3.80 H3

3.80-4.05 H5

4.05-4.10 ·'H3 '

4.10-4.20 H5

4.20-4.40 H3

4.40-4.50 H6

4.50-5.20 H5

5.20-5.60 H7

5.60-7.00 H5

7.00-8.00 H5

DRILLING AT PIEZO .NE1t) _.

1.30-2.55

8.00

1.20-1.30

0.35-0.80

0.00-0.35 ..

0.80-1.20

2.89-3.00

2.65-2.69

2.69-2.79

2.79-2.89

DEPTH,.
. �(�M�E�T�R�E�S�~�,�' .

,'._.

,2.55-2.65

.�~�1�·�'�~�'�·�;�:�:�~�· �~�>�~�"�"�>�~�" •.

I '·,...' "
,. T""

�I�~�' ,
I'"
I,

I
I
I
I
I·
I
I
I
,I
I
I'·
1--
I
I
I
I



MOSS,

. .
'" .

COTTON ,,'GRASS,

MOSS. �.�,�.�~ . u.

SEDGE,

CO'l'TON', �G�~�S�S�, MOSS .

'REED, SEDGE .

�~�E�D�, SEDGE

�~�.

" . . ;

SEDGES,

MOSS, HEATHER, REED,

" �~�>

-
.MOSS, - HEATHER, REED,

.• <' >.

�S�E�D�G�~�, �R�E�~�D�, HEATHER

COTTON GRASS

SEDGE

MOSS, HEATHER

SEDGE

,., ,
MOSS

'SEDGE.

. ,

HEATHER, 'SEDGE, COTTON

GRASS

MOSS, HEATHER

. MOSS; HEATHER

< ";'.',

MOSS', HEATHER

.
. �M�O�~�S�, HEATHER

: ..MOSS, ·HEATHER , REED,

-, ..
." �,�.�-�~�.

" "MpSS

�~ . �:�~�'�:

. _MOSS, HEATHER

" �~�:�M�O�S�S�'

.MOSS, HEATHER
v ': ': .." . �~ �~ '.

H6

H6.

H3

H4 '

H3

H4

H6' '

H8

HS

H5-

, .
H4·

H2

H3 -

H5 '

H3

. H3

" H6

.' ' .' r t- _.....�~ .
,H6. '0.,

, . H7

3.90-4.00

. .. .... �~

DRILLING AT PiEZO NE2 '

DEPTH "". ., -. ,j .;:"iroM:i:FICATION ,"
(METRES)._ �~�.�'�:�'�;�.�:�j _. . DEGREE.-,. '

' .."

. !" 1

4.00-4.05

"
, 'H5

3.80-3.90

3.65-3•.80

3.13-3.50

3.50-3.65'

2.90-3.13

�2�~�5�S�-�2�.�7�0

2.41-2.55

1.50-1.58

2.35-2.37

2.20-2.35

2.37-2.41

1.20-:-1.30

1.30-1.50'

1.58-1.64

1.64-2.20

. ,2.70-2.90

�v�~�· �.�;�~�,�;�~�.�,�.�~�"�P�"�"

£ . �~ 11

'I'":'-
�~ -....

, "I'''',,·
1:-
I:
I"
I'
II

I
I-
I"
I
I
-I
I
'I
I"
I
I
I\
\

I
\ .



REED,

SEDGE,GR.?'-SS,

.REED, .,SEDGE, HEATHER
.: �.�.�;�,�'�~

corrt9N GRASS ,"HEATHER

ALDER; HEATHER,

,COTTON GRASS

�'�-�~�"�c�o�'�T�T�b�N
," ,"f

.,7 .

,-fo" , -s-.

( �-�~ �~�- �~�'�:

....., :..-,

, H7 �.�~�"�,

4. OS'-,4.�~�,�O�'�;�,�~�;�'�- �~�: .
....... .., 1

50 •• ' L

• �-�~ -i-

.'. ...
�.�~�' 2

4 .90"':S':'0'0'.

"

'"4.20-4<is, -;"" ->:'- : HS'"
L �'�{�'�~�'�-�:�,�.�"�"�~�'�;�~�~ _• ..,.. ."._. , ...�;�,�.�_�~�' ..'_I{ _ �~�-�.�:�" �~�' " �~�.�'�.�. �~�j�' ••"

�'�4�~�2�5�:�:�:�4�-�.�9�0�:�:�)�:�>�, H6,
;i. L '. n _ 1'.";- 1. .". �~ • :'

.J-,;;." " ...�:�.�.�~�,�; ---

<>
"t .... '_I.:I"

, . 'HEATHER

I
.�~

S.00-S.20
, r

S.20"'7.S0

7.50'

HS

HS
�~�- .

.�~�.

.' .
�~�E�D�'�~�" SEDGE, HEATHER

ALDER, REED, SEDGE

..CLAY'
,',

.·r-

I
. �~�-�~�.

...
,_ ..,""1

I' ,I;

"

......

�.�.�~ ,.

�I�~

I
1"

.'

..
"

. r.' �~ ",
�~ �~�-

�~•. I.. .. �~

" .
. ·><-.:"f<

110' ••. ,

+ �~

1-
,. :..

I
I
I
I
'-""

I
I

.!i,



.. ' .... �~

�~ .:



' ... or"

DRILLING.AT PIEZO NE4'

�~�<�.�:�"�~�~�.�:�~�~�, ... ,'<'

:t:, _'"" :

�I�~

I· '., "
I'
I '··"';'•.-i<- �~

''''"

I"
I-
I
I-
I
-I
1-·'

,-I
I
I
I
I
I
I
I
I

DEPTH l

.(METRES).

0.00-0.35

0.35-0.50

0.50-0.90

0.90-1.20

1.20-1.65.

1.65-2.35

2.35-2.90

2.90-4.75

4.75

i HUMIFlCATION
DEGREE····�~ �~ . '.' : . -. �~�.

�H�§�:�~�·�·�'�·�~
• > ".'

, "

�H�4�'�:�'�~�, '
'"l ,. . - �~

- .
H4:' �.�'�~�"

H6
..... '",,":

H7

H6·
.....

HG,;,"" .. .:
";.. i

, .' �1�'�~

.-:.... ,'.' '.
'" -"'':'

�~ �~�'�I�.�,

VEGETATION, TYPE

• �L�"�.�i�'�-�~ -:}... • ".. �~�. �~

�~�'�M�O�S�S \.' ;..,

�t�:�t�0�S�~�> �,�:�~�b�r�i�O�N GRASS
,"

MOSS, HEATHER

HEATHER, MOSS, COTTON
�~ '< ..�~ ","

,GRASS': '\.'

,ALDER, : REED

..�S�E�D�G�~�, �~�E�D

. ", -kEE"fi, . 'SEDGE, ALDER

'CLAY'

�~ .•





DRILLING AT PIEZO NW5

DEPTH. HUM:IFICATION
_ (METRES)' DEGREE

0.00-0.30 HS

0.30-0.50' . H7

0.50-0.70 HS,'
. ,'::'.

0.70-0.85 H7' .

0.85-1.30 H5

1.30-1.50 H6 "

1.50-2.25 H6

/;1 -,',/
�~�j .- '

..

I-
I',:

I"
I.
I

'1
I.
I
I
,I
I
I
I
I
I
I·
I
I
I
I

2.25-2.85

2.85-3.45

3.45-3.75

3.75

,

H7

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

VERY WET, AMORPHOUS J!JU'

CLAY

(<!,-o·



14{

�~ ....... " ..

.' . \..' . ,. ,. _. _'. . __�~�·�'�.�"�C

r'!, �~�~�.

. .....

MC)SS,C.GRASS, REED,

MO&S'
: �~�. �~ �~ �~�. < T

''';''MOSS, COTTON GRASS,

' ............ '.

",,'

ALDER

H3, ' ' ! .. MOSS
..

:- - .". ;

�'�~�O�S�S�,- '. H3 s REED, HEATHER

., . H6 , �~�"�, .' ': :'-,MOS.S, SEDGE, HEATHER- ,
'H3 " HEATHER.., �.�~�.

MOSS,

H5 MOSS; COTTON GRASS,
. ., HEATHER, REED

'-.' .' 'r
.

•.�-�~�> -.
"

H3 :MOSS, SEDGES
"

... , .'
H3 �~

"
.:

�:�M�O�S�S�~ COTTON GRASS.... �~

. , , ,

H6 .: REED,. SEDGE, �M�O�~�S�, ..
" '

< • r .

HEATHER
�~�. 1

'.
! •

H4 MOSS, SEDGE, HEATHER,
",; ..

-, REED.
H3 " MOSS, HEATHER

." -.' .
"

H7 "SEDGE, REED, �M�O�S�S�~
',.'.

...
. HEATHER

H3 MOSS, HEATHER

H6 �M�O�S�S�,�C�.�G�~�S�S�, HEATHER

H5 MOSS, HEATHER

H7 MOSS, HEATHER,C.GRASS
"

• o!

H5 MOSS, HEATHER

H6 . , MOSS, HEATHER, REED

H6 .. REED, SEDGE, MOSS

r ........

H3 "
-«.

•• ' i

-,. �'�~

H5 ,.
. o. " , .- .

, • re·.... •·

x :

, • '0(' •

:' �_�:�l�~�;�'�_ "'.:..

+ -•• �~�.�. ."" • •

", ....' HUMIFlCATION ...
,. DEGREE",

�,�,�~�:�~�. .' .,". .,'.

DEPTH
(METRES)

�~�' • ..i

.'

L30-1.40

0.00-0.20.

0.20-0.40

0.40-0.60

�3�.�7�0�~�4�.�2�2

2.08-2.18

1.25-1.30

0.80-1.00

1.00-1.10

1.10-1.25

3.35-3.70

2.55-:-2.95

�4�~�2�2�-�4�.�3�2

2.03-2.08

3.30-3.35

3.25-3.30

2.18-2.55

3.00-3.25

2.95-3.00

1.50-2.03

1.40-1.50

.0.60-0.80

:

�;�I�·�:�~�:�.�'�.�~�·�·
�~�o�\�' .

I '·":"..
, -. �'�,�~�:�: .

"':' �~ ....

I v", " •
s,

�~�. -.,; . "

,I·,", }'.

�~ �,�~ t

�I�"�,�~�: , "

", .......

I
I"
�I�~�·�<�·

I
I
I'
�I�~

I
I.'
I
I
I
I
I'
I

"I



I ' .
. �~�. �:�'�:�-�-�~. "

>0 �~ • �~ •

I .�~ ,..

I·

1:-.
.., '"',

I.:
'1
I·:.··.

I
I
I
I
I
I
I
I-
.1

I
I
I
I

..
4032:"'40'60

�4�0�6�0�~�S�.�0�0�'
-..,_. ,

5.o0":'7'::S0

7 5·0····;"··.··. ".' ,

�"�.�~�~�-�-�-�- �.�~�,�,�~

'f- ,

. "'".. {

H7.

H6";..'"

HS'

""r "_

,
", ,"

..' '1
�'�~�7 ,

'. ,

. �.�~

�~�R�E�E�D�, SEDGE, MOSS

. .' ALDER, SEDGE, REED.

.. REED, SEDGE, ALDER'

, CLAY'



"
:<...- ".

• i �.�~�.

DRILLING AT PIEZO SWS

146

GRASS,

r:.

,SEDGE, REED

LAYERS �~�D SHELLS

SEDGE, REED WITH SILTY

CLAY

• �'�~�1�, ;.
•••. -!

.'. ""-..:,

'"REEp, ,
�~ < -. �~ •

','

o' •

,HEATHER,: CREED
\ .;: '.

'REEQ, SEDGE; ALDER

REED, ',SEDGE', ALDER

, �V�E�G�E�T�A�T�I�O�~�' TYPE

: �>�M�O�~�S�: �'�~�H�E�k�T�H�E�R

�R�E�~�D �~ ', COTTON

HEATHER 0

. �~�. i �-�;�.�~�.�: .. �-�~�"�f -.' .-

�'�·�.�C�O�T�T�O�N�~�:�'�G�R�A�s�S�, HEATHER,

'I r •

�"�~�. �~ �~ .
, ....:; ':. ..:

" ,

.- "-.'..

c : .•

'. 0

. .

�,�~�' ., �~�"

' .••.. �,�~ I

H4

H6. �,�~ ..

H3:", c

f... �.�.�.�~�~�" �~�, �,�:�~�~�,�_�.
H5 "".;' '''. '

H4 ..: ,.':C-',

. " ,
H3, �~

" .

H5,

",
o,,.-,! -(.

�~ �~ • oJ.-

--_:"";:-'

:" d

',: HuMIFICATION
""DEGREE",

.' on' , ..... �~�.

, ,'r!J. .' �,�~

. �~�"�'�. '
�~�;�.�. ' -. ". ""

:,"

DEPTH ':""
(METRES)

0.85-1.00'

3.80-4.25

1.00-1.35

1.50-3.50

0.55-0.85'

4.25

0.00':;0.55

3.50-3.80

I
I·
I,;
I:
I'
I
I
I
I
1,' ." 0

o ,

I·
I
I,

I'"
I
I
I'
I
I
I
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-
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-
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••

. <

-

" .'.. �~

. ,J'

"

-
,.

- - - ..' - - - - - .- - - - -•



�;�'�;�:�~�'�~�;�;�I�:�;�~�~ __�~�~�'�;�. _' .. -eli Cf"-'-"." •• �~�~�,�

-. :; .;

�~�'�'�'�'�-�'�,�'�'�' . �·�'�·�-�~�~�'�~�f�-�-�"�'�-�' �~ �"�"�~�-�-�'�-�'�.�"�J�'�i�'�~�. ";o'p,,,,' �"�"�~�,

,'J ,',

WET· WT,: DRY :Wrr:,' . BOX .. WT.I)RY,: ',", �~�A�T�E�R
. ':(g')'" . (g) ' .. �M�A�T�'�J�;�'�E�~�,�; .c g)
70.34·.: 31.82 ::'28.82'· �3�~�0�0 38.52

_ ,:I,'.

�~ �.�?�~ .9§,..s-, • 30 . 94 .�~ 28.7 3 "- 2 •21 35 . 02
_ 61-.77." 30 �j�)�~�-�.�"�. 28. �4�5�'�-�"�'�,�~�'�,�-�'�:�t�~�'�6�0�'�,�" .. 3'1.72

71.65. 31.28" 28.28':3.00, 40.37
70.81'.':' 30.5.4";... 28.32.",.'.'2.22' 40.27
71.10:. 29.75 .27.12·, �2�·�~�·�6�3�'�·�·�· 41.35
66.8,2 30."6'8 '28.49'" '2.'19 36'.14
�7�0�~�'�3�1�' 29.,95. -. 28.08'" . '1.87 40.36
68: 93 . ·30.05 ,>' 27.9'8 :,,;; �,�·�2�.�-�0�7�~�' 38.88
�7�1�'�~�'�4�2 . ,,29.57 .';.27.79: '.' L 78·'.' 41.85
�7�3�~�5�6 31.28 " 28.70.' 2.58 42.28
69.87". 30.52''-:is.43·'·'·.2:09 ' 39.'35
72 .'.73; 30.93 �~�'�~ ".28:81· .'-: "2.12 41.80
�6�8�·�~�0�8�.�;�·�·�· 30.44.'· ·2S.53·.:.'.1.'91 37.64
71.31", 30.5'9 ... :28.·08····, '>2;.51 40.78
,76.1r.· 3'2.'89 3'0,>21'" 2: '68 43.22
71.06', 3L68 ... �,�2�8�~�6�2 3.06 39.38
71.82'" 30.56··"27.53':,,-3.03 41.26
70.83' 30', 71 �~�~�,�' .. 28., •.·.58:· <: " �2�~�' 13 '40.12

, �J�'�.�:�~ :, �~ .

.. �~�:�' �.�~�~�; ..

" 't" .0'. �~

"

WATER
% WT

92.775
94.064
95.198

'93.083
94.775
94.020
94.286

'·95.572
94.945
95.920
94.249

.94.957
95.173
95.171
94.202
94.161
92.790

.93.159
, 94.959 .'

DENSITY
(g/cm3)

0.070
0.051 .'
0.037
o�~�.�0�7�0
0.052
0.06'1

·0.051.
0.043
0.048
0.041
0.060
0.049
0.049
0.044
0.058'
0.062
0.071
0.070
0.050

WATER
% VOL

89.581
81.442
73.767
93.884
93.651
96.163
84.047
93.860
90.419
97.326
98.326
91.512
97.209
87.535
94.837

100.512
91.581
95.953
93.302

�.�'�~�' • '" '", �~�.�, l'

". ", �~�.�,�' '; - '

-; �~

'.,. ...�~�'�. ..

" �~�'�"�. ." + �~�~ ,

, • �~ :,,;�~�+�" ..

, '

. - .
�~�. ., ..

. ,
... " 'ff �~ "r"" �~�'�, •

, . �~ �"�~ �~ , .
•• �~�,�~ > �~�,�- '."': -'

: ,
"- �~ -

. ,
.: �~ .;'

" '!

. ,
..-1 ...,

VOLUME
(em3)

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

·1····.·, ..". �~ . �,�'�,�~ '. .. .
, .'

I ,>'METHOD: DRILLING WI,TH' l\ ...P'EAT A.UGER;, :;. ,
, .PLACE: CLARA EAST,.' PEG.5E" . .

DATE:" 1991/8/15 �-�'�,�,�"�~ ...
? c �~

I .DEPTH·'.(M)

I '.. �0�.�2�5�~�O�.�3�0
0.80-0.85

.. 1.25-1.30
1.80-1.85

I 2.30-2.35
2.80-2.85
�3�.�3�0�-�3�~�3�5'1 '3.75-3.80
�~�.�3�0�-�4�.�3�5

4.70-4.75
. . 5.20-.5.25
�I�'�~�' 5.75-5.80

6.20-6.25
�6�~�7�5�-�6�.�8�0

I ,". 7 .20-7.25
. 7.70-7.75

8.40-8.45.1' 8.70-8.75
r 9.20-9.25

I
I
I
I'
I
I
I
I
I
I
I



-, -:l-

• ': �~�'�.�<

.. '""

�~�'�_ .•J" ..., �~

',' A

, ', , .
... p "," �.�~�"�! '-

, �~ ..

-,

WATER WATER
(g) % WT

40.37 94.146
38.17 94.738
36.27 96.130'
39.57 95.974
36.53 �9�5�~�1�5�5

37.23" 95.511
, 36.33 95.130
38.83 94.111
37.53 95.157
36.62 95.340
37.58 .94.755
38.71 92.497
40.74 9i.465
43.30 92.245
37.36 92.042

WATER DENSITY
% VOL (gj'cm3)

93.884 0.058
88.767 . �0�~�0�4�9
84.349 ' a'.034
92.023 ',0.039
'84.953 0.043
86.581 , 0.041
84.488 ; 0.043
90.302 0.057
87.279. ,'0.044
85.163 0.042
87.395 0.048
90.023 0.073
94.74.4 0.077

100.69"8 0.085
86.884 0.075

"

., ", ."

" - ,\

,":. .. ",

." I.',".

; - �~ '.- ,.

�~�, �~�~ ••• �~�"�" �~�e, .

..- .... �~

• c',' <' �.�~�;�.�'

.,' - �~

'r i �~

: . '.' ".,.

.: ',.\ ."', '
.;c' �~

�~ �~�,�~

" .
• �,�.�:�'�~�: " •• > " .... - • _. ,' •• -: •

..-

1.--:METHOD: �D�R�'�'�t�~�L�I�~�G�'�~�i�~�i�i�~ A' �'�~�~�i�" �A�~�G�E�R�; -.
. 'PL.ACE.: tURK' WEST' 'PEG':so'··· �"�,�'�:�"�<�~

, _, _ ' �~�. _ �~ 10 �~ .. • -

DATE:, �1�9�9�1�/�8�/�1�S�.�~ ...•. : ,," " '" '. ' .'

I' ',DEPTH (M) . �'�~�~�~�u�M�E�.�:�>�'�:�~�~�T�'�,�~�T�~�< �r�i�~�~�'�\�J�~ . �'�B�d�~�: wt' �D�R�'�;�~�"�'�,�,�~�- '
. Ccm3f·: "(g) i,.,·:'(g) '. 'MATTER'"

I·-, .0 �.�3�0�~�0 .3S 43',' . 71.s33, 30\96 :' .�2�8�~�·�4�S�:�·�·�, �·�·�2�'�~�S�l°
1
, ·.?2S0=Pl·.8

20S"
'43 .: -, �,�6�~�:�.�9�·�9�:�> �2�~�,�.�8�2�; �~ ,.,.27.tc; :;,,2';,12
43 ··66."S6·· ···30.,29·28.83·.. · 1.46

1.8S-1.90 .:' 43 '68.84 '29.27,', 2i-.6f.. "1.66
2.10-2.1S .. " -, ,43 . , 66.48 ' ·29.9S.... ',,28.09" '1.'86
2.7S-2.80 ,,43 . 67.03· 29.80;':; 28 ..0S.' ',1.·7S
�3�.�2�0�~�3�.�2�S .,:. �'�4�'�~�,�,�'�.�'�<�~�;�7�.�:�S�3 �,�·�.�·�3�1�~�2�0�. ·;"29'.34' .-" �~ �,�1�~�'�8�6
3.70-3.75 ' �4�3�'�:�"�"�6�8�~�S�9 29.76, 27.33' 2.43
4. 2S-4030 43· ,68.27 ··36.74 ; ,.' 28 �~ �8�3�~ ,,' L �~�n
4.7S-4.80 43· 66.66 �'�:�~ 30.04 :'·'-28.25' . �~ �'�l�"�~�7�9
5.20-5.25 43 '·68.63 : "]1'-.,05 " , 28.97" . '. "2.08
�5�.�6�S�~�'�5�. 70 43,. :·,,'71'.06-3'2.35'·,:.',29.-2'1:,,··· ..·:3.14
6.25-6.30 ,43." 72.58 .: 31.84 ,28.:52 ,,':<3'.32
6.,75-6.80 43 -, ' ··76:46- �~.. 33.16 ,':'29.52"<" �;�:�~�3�.�6�4
7 . 2S-7 . 3a 4:3 . '. 68.- 55 -31.19 . \ '_: 27;.96: .: ; 3 .23

·1"
I'
I
·

"

I:'
I
I
I
I
I
I
1:-

I
I
I
I
I



WATER
% WT

93.133
94.307
94.152
92.915
93.963
94.013
94.025
94.730
94.440
96.419
94.276
94.518
94.139
93.215

;93.085
92.340

DENSITY
(g/cm3)

,', 0.062
0.,053,
,9.056
0.069
0.056
'0 �~ 062
0.-063
0.049
,0".053'
0.036
0.058
0.055
0.059
0.069
0.071
0.081

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

",

, '.

", �~�:�: < .'

• �_�~�.�k�~

�"�c�O�-�~ .,

. '

....0••

., '.',

'; �"�.�~ I •

". >,'

BOX WT ·DRY : . . WATER
MATTER ,'(g)

�2�8�~�.�7�0�, '2 �~ 68 , 36.35
28.31 .: �"�c�,�~�2�.�3�0 ,_ 38.10
�2�8�~�0�3 ,12.42 38.96
28.44 �"�'�~�.�2�.�9�5 38.69
28 . II J: 2. 41 37 . 51
27.33',' "', 2.65 '41.61
25.57 '·2.70 4:2.49
28.47 ·2.10 37.75
27.692.29 38.90
29.35 �~�·�i�.�5�5 41.74
29:22 ,2;49 41.01
27'.98 ':2.35 40.52
�2�8�.�3�5�·�i�~�5�3 40.64
28.'09,,' �~�'�" :2.'.98 40.94

'28.84 " '3.0,6 41.19
29 .83'',3. 47 41.83

0-,

.. - �~�.�'

, . �~�" .' ..

.: ,"

J .. 1

WET 'WT " "DRY WT
(g) �~ .. \ :.::' ,(si

67.73 .:31'.38
68.)1 . �~�'�,�3�0�.�6�1
69.41',:30.45,'
70.08 ' 31.39
68.03' so.sz
71.59, "29 �~�9 8 .
70.76 �~�" 28.27'

'68.32 30.57'
68.88 29.98
72.04 30.90
72.72 ,31.71
70.85' �'�~�:�. '30.33 '
71.52 30,.,88
72.01 31':07
73.09 31.90
75.13 33.30

0.25-0.30
.0.85-0'.90
1.40...1'.45
1.70-1.75
2.20-2.25
2.75-2.80
3.20-3.25
3.85-3.90
4.35-4.40
4.75-4.80
5.25-5.30
5.75-5.80
6.25-6'.30,
6.70-6.75
7.20-7.25
7.75-7.80

I
, ',;',. '

I �"�-�'�.�"�'�~ • -.- <

METHOD: DRILLING'WITH A PEAT;2AUGER
PLACE: CLARA, �P�I�E�Z�O�M�E�T�~�R �N�i�h�'�:�,�~�.�. ;'
DATE:' 1991/7/17'

'_;' �D�~�'�P�T�H (M) VOLUME ",

(em3)
43
43
43,
43
43
43
43
43
43
43
43
43
43
43
43
43

I.,
I
I
,I
I,

I
I
I
I'
I"
I
I
I
I
I
I

:1
�I�"�~ .



DENSITY
(g/cm3)

0,.061
. 0.049
,0.,044,
'0..043
0.054
0.048

·<,0.053
0.053

"'0.070
0.072

'0.082
0.067
0.087
0.103

WATER
% VOL

9B.163
85.B37
85.233
87.860,
83.419
96.465

102.605
96.070
96.907

103.419
95.419
95.070

103.535
101.837

WATER WATER
(g) % WT

�4�2�~�2�1 94.156
36.91 94.593
36.65 95.096
37.78 95.332
35.87 93.950
41.48 95.225
44.12 95.066
41.31 94.726
41.67 93.221
44.47 . 93.483
41.03 92.057
40.88 93.461
44.52 92.269
43.79 -90.813

WT DRY
MATTER

2.62
2.11
1.89
1.85
2.31
2.08
2.29
2.30
3.03
3.10
3.54
2.86
.3.73
4.43

, ;

, ,

."-".

.... �~�,�,�: �~ .....

DRY. w.r: �.�'�~�' BOX
.-Cg} '"C;_

30:.,72': " , 28.10
31..16;.;.: 29.05
29'.69:' -: 27.80
�2�9�~�B�4 '27,.99
31.03 �·�~�·�2�8�. 72
30.4L '·28.33
�3�0�~�7�9 '28.50
31 �~�·�8�3�'�·�. ,-.. ' '29.53
31.54' 28.51
31.73 ' 28.63
31.80' 28.26
30.72 27.86
32.58 28.85
32 .oa- 27.60

WET WT
(g)

72.93
68.07
66.34
67.62
66.90
71.89
74.91
73.14
73.21
76.20
72.83
71.60
77.10
75.82

0.35-0.40
0.60-0.65
1.-30-1.35

, 1.65-1.70
2.45-2.50
2.65-2.70
3.07-3.12
3. �7�0�·�~�3�. 75
4.10-4.15
4.70-4.75
5.15-5.20
'5.72-5.77

,6.25-'6.30
6.70-6.75

METHOD: DRILLING WITH A PEAT AUGER' �"�,�~�.
PLACE: CLARA,. PIEZOMETER NE2 0

DATE: 1991/7/16

I.··. �~�~�~�T�'�H (M) VOLUME
(em3)

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

I
I
I
I
I
'I
I
I
I
I
I
I
I
I
I
I
I

�~�I�_�~�'�,�~�.�_�~�"�~�' < " ," �'�~�'�< �"�u�,�~�,�.�·

I ·,".�~ .. -,

I:·,'



METHOD:
PLACE:
DATE:

VOLUME
(em3)

43
43
43
43
43
43
43
43

-", ....

WET.WT
. Cg),
68.87

.,]3• 8)'"
79.'31·
74.0'7,
68.'58 '
72.81'
�7�4�~ 28'
77.60,.

,
. ,

�;�-�~�~�: �~ �~ �~
"". "\

;'.' ,"

. �~ �~ . •:f, �~�.�:�"�'�;�. �~ �~�"�.
.. �,�~�~ �~�-

.. ; ."

DRY WT BOX WT, DRY',·, 'WATER
. ,:(gf ' ,. ,MATTER:"· :(g)

30.56 �2�7�~�1�6 ,:3.40,·' 38.31
,30.86, ,.' 28,.08: .. .z, 78 .. 42.97

�3�3�.�6�3�~�"�. 30.22... " �3�~�4�1 45.68
32.03 28.77 '-'·3'.26 '42.04
31.34 �2�8�~�8�4 '2.$6 37.24
�3�2�~�j�l �:�2�8�.�8�~ 3.47 40.50
�3�l�~�7�3 '''21L60 3'.13 42.55

. ,33,.,07' ;28.63 4.44" ",' 44.53

<

·· ... WATER
'% VOL

8,9.093
99.930

106.233
97.767
86.605
94.186
98.953

103.558
;"0'

io- • ,.

�.�.�.�:�.�~
• • �'�'�'�~�:�'�, >

�.�~ .

WATER .
% WT

91.848
93.923
93.054
92.804
93.709

. 92.108
,9,3.148 .
90.933

DENSITY
(gjem3)

0.079
.0.065

'< 0.079
0.076
0.058

, 0.081
0.073
0.103'

/49



VOLUME WET WT , DRY WT BOX WT DRY WATER WATER
(emJ).. ."'-( g) ," . (g) (g) MATTER ( g) % WT

43: . �6�'�0�~ 46 31.85 , 28.57 ' . 3.28 ' ,28.61 89.715
43 62.16 30.24 .- 27.87' . 2.37 31.92 93.088
43 64.70 30.94' 28.63 ", 2.31 33.76 93.596
43 76.67 .' ,4.37 44.32 91.02532.35 ' 27.98
43 72.70 �~�3�2�. 02 "'28.76" �3�'�~ 26 40.68 92.581
43 . 71.14 32.84 29.81 3.03 38.30 92.669
43 75.10 31.94 . 28.47 -3.47 43.16 92.558
43 75.02 . 32.59 28.50-, 4.09 42.43 91.208
43 78.23 33.,33 -29..02' ,4.31 44.90 91.242

�~�-�-�-�,�-�-�- , ...•. "'"' ... �~ ......._" .. �,�~�. +.,

DENSITY
(g/cm3)

0.076
0.055
0.054
0.102
0.076
0.070
0.081
0.095
0..100

,I

I
I
I
I
I
I
I
I
I'
I
I
I
I
I
I'
I
I
I
I
I

','

METHOD: DRILLING WITH ,A PEAT AUGER'
, �P�L�A�C�E�~ �C�L�A�R�A�~�:�:�P�I�E�Z�O�M�E�T�E�R NE4'" -

DATE: 1991/6/24' ,
.''.

DEPTH (M)

0.10-0.15
0.40-0.45
0.65-0.70
1.35-1.40
1.95-2.00
2.40-2.45
2.80-2.85
3.30-3.35
3.70-3.75

WATER
% VOL

66.535
74.233'
78.512

103.070
94.605
89.070

100.372
98.674

104.419

. ,



, '

DRILLING WITH A PEAT AUGER',
CLARA; PIEZOMETER NW4
1991/7/8 ' "

.
VOLUME WET WT DRY WT BOX WT DRY WATER WATER

(em3) ,( g) (g) MATTER '( g) % WT
86 138.38 62 �~ 14 . ' 56.66' ,5.48 76.24 93.294
86 130.73 62.45 57.88: 4'.57 68.28 93.727
86 134.71 61.9'9 57,.04 '4.95 72.72 93.627
86 142.39 �6�1�.�9�~ 56.61 5.38 - 80.40 93.728
86 149.57 62.67 56.20 6.47 86.90 93.071
86 1·53.27 64.9i 58.21 6.70 88.36 92.952
86 150.45' 63.2'6 57.17 6.09 87.19 93.471
86 152.25 ',65.66 58.47 7.19 86.59 92.333
86 141"..74 .- 63.00 �5�7�~�0�3 5.97 78.74 92.952
86 147.90 63.79 57.06 6.64 84.20 92.690
86 ·147.24 . 63.40' 56.62, 6.78 83.84 92.518. . �~�.�~ .

, .

METHOD:
PLACE:
DATE:

•
I,
I
,1'-

DEPTH (M)

I , 0.35-0.45
, ' 0.70-0.80

1. 20-1.30

I.' 1. 70-1.80
2.70-2.80
3.20-3.30

I
3.70-3.80

,4
4.200-4.30.7 -4.80
5.20":5.30I' 5.70-5.80

I
I
I
I,

I
I
I
I-
I
I
I
I
I

• J

-, ,

-,

, .

WATER
% VOL

88.651
79.395
84.558
93.488

101.047
102.744
101.384
100.686

91. 558
97.907

, 97.488

DENSITY
(g/em3)

0.064
0.053

, 0.058
'0.063
'0:075

�'�~�O�. 078
0.071
0,.084
0.069
0.077
0.079

IS-"



152-·

DENSITY
(g/cm3) ,

0.067
0.'076
0.059
0.051
0.073
0.078
0.093

• �J�~

WATER
% VOL

81.907
93.837
92.930
98.698
88.186
91.442

100.279

,. -n.-. - --(

VOLUME WET WT DRY WT BOX WT DRY WATER' . WATER
(em3) (g) (g) (g) MATTER (g) % WT

43 66.87 31.65· 28.78 2.87 �3�5�~�2�2 92.465
43 72.44 32.09' 28.81 3.28 40.35 92.482
43 72.70 32.74 30.20 2.54 39.96 94.024
43 72.94 30.50 28.29 2.21 42.44 95.050
43 68.83 30.91 27.77 3.14 37.92 92.353
43 70.95 . 31.63 28.26 3.37 39.32 92.106
43 75.20 32.08 28.06 4.02 43.12 91.472

,.'

I.'
I
I
I
I'
I
I
I
I: ,

I
I
I
I
I
I.'
I

�;�~�I�"�:�'�-�:�~�~�'�; "7'

•••• • �c�~ .'

I':··...·.

I METHOD: DRILLING WITH A PEAT AUGER
PLACE:, CLARA, PIEZOMETER NW5 .I DATE: 1991/6/24

�,�~ "'.DEPTH· (M)

I , 0.15-0.20
. - . �0�.�4�0�-�0�~�4�5

0.60-0.65
�1�~�0�5�-�1�.�1�0
1.93-1.98'
2.35-2.40
2.70-2.75



" .. ,"

. -, !

.' ,

WATER
% WT ,

93.225
93.250
93.998
94.728
93.620
91.825

, 92.604
91.642
91.926
93'.276
92.941
92.049
92.132

METHOD:
PLACE:

,DATE:
, ', ,

�0�~�3�0�-�0�.�3�5
0.70-0.75
1.15-1.20
1.75-L 80
2.25-2.30'
2.75';'2.80
3.20-3.25
3.85':'3.90
4.35-4.40
4.75-4.80
5.22-5.27
5.90-5.95

'6.25-6.30

.'"'' .f- '

VOLUME .. WET')oJT" �~�R�i ,;WT .', BOX, �W�T�,�D�~�Y�,�'�, ' ,
(em3) {g r " , ; {g ),,' ". , �"�M�J�\�~�,�T�~�~�,

, 43, 71.27 ",31.'23' 28.32 ,'c ' 2.91
43 . c-70A4 ' 31':;'62{-28�~ If1'-,---'2.81
43 �,�~�:�~�'�7�6�.�,�3�'�3 31.,38' "28..5i,_, �,�2�~�'�8�7
�:�~ �,�-�:�7�1�~�6�3 31.74', 29.52",2,.22

?0:35 �3�1�.�6�~�' , '28.97:, ,'2.64
43 �.�7�{�.�~�6 32.50' �2�8�.�8�Q�~�- �3�~�7�0
43' 76.84, ,31.89, ·28.30 3.59

'43 >71.'74,' 30.84' '27.11,' ': �3�~�7�3
43 71.08, 3L'46,'; '27.98 ,':, ,3A8
43 �<�7�0�~�5�3 3i.55,' 28 ..14" ." �2�~�8�1
43 69,.72 11:;01 .: 28.07,. ,2.94
43 �,�6�T�~�7�3�' ,3J.61,;,' 28.49 ',' 3:12
43 'C7 �2�~ 91 3L 34'· 27 . 79 ' 3; 55

"""Co. • _ r"_ �~ �~�.�"�.�.�. .."" •

. "; -.--, �~�" ,'" �:�,�.�"�"�~ .

WATER
(g)

40.04
38.82
44.95
39.89
38.74
41.56
44.95
40.90
39.62
38.98
38.71
36.12
41.57 '

"

.i �~�,

DENSITY
(g/cm3)

0.068
0:065
0.067
0;052
0.061
0.086
0.083
0.087
0,.,081

,0.065
�0�~�0�6�8

0.073
0.083

�~�. �~ "'" .. . . :
�~ �~ �.�~ .. �~

�~�. ; ..."

.' ...:

�.�~ .'.

WATER
% VOL

93.116
90.279

104.535
92.767
90.093
96.651

104.535
95.116
92.140
90.651
90.023
84.000
96.674



57.20
57.11
54.12
56.76
57.49
57.37
57.53

•
I·
I',
'I
I ..
I
I
I
,

"

I
I
I,

I
I
I
I
I
I
I
I
I
I

-,

METHOD: DRILLING WITH A PEAT AUGER
PLACE: CLARA, PIEZOMETER SW5
DATE: 1991/7/9
-
DEPTH ( M) VOLUME, WET. WT - - DRY WT

(em3) - (g) ( 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 14t".65 64.48
3.85-3.95 . 86 144.68 64.26

BOX WT DRY
MATTER

8.21
6.45
8.58
7.23
5.95
7.11
6.73

WATER
(g)

78.13
61.71
85.89
83.87
81.26
77.17.
80.42

WATER'
% VOL

90.849
89.435
99.872
97.523
94 ..488
89.733
93.512

WATER
% WT

90.491
90.537
90.918
92.064
93.177
.91. 564
92.278

DENSITY
(go/em3)

0.095
0.093
0.100
0.084
0.069
0.083
0.078
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P: '
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r _ �_�~ . �~

P', �~�. • -'

'1',+

.. �~�.

0',.-,

... "'- .. " ". '

• >to �,�~�'

�-�~ .'

"... " ..�~�. ,': �.�;�:�~
• ,i4 , f',

..... ".'

,.
> .

�~ ; ::;, -"';. <,\. ""

c' • t �~�~ �"�!�i�~�'
�"�'�-�'�~�l�' • -t".,

�,�~�, �~ �~ -. .. ", '

• c • .;, "_" �.�~�. ..." •• -l '.,,:,,".J'
./'"t • �~ io;'\ •

': r" �~�'�.�~�~�' .
00.,,", • t

.... . ;', �~
�~�.�"�'�- c •. " ; •• ....

.' DENSITY. WITH DEPTH
:: '•. '0',' ," ,CLARA'EAST PEG 5E',' .•' ....,:,: .

�~ -0. .' �~ �~ I , ", i; s" �~�.�, ,... ' .• or ' " - �~ ",••"-<;. • •. ;,. ," ''-'. , -. ' �~ .

21
, ·0 L--_.....L...__�.�L�.�.�.�.�-�_�-�-�J�.�;�.�.�.�_�-�-�-�J�.�~�;�.�;�:�.�.�.�.�.�"�.�.�.�.�L�.�.�.�.�.�.�-�-�-�-�J�-�-�-�'�-�-�.�.�.�.�L�.�.�.�-�-�-�-�.�L�.�.�.�-�-�.�J�.�.�.�-�.�,�-�-�-�l .. ,.

o
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r�,�:�:�~�; �'�~�:�(�~�:�~�C�C�" ..

I'
:- ..-

> •• �-�~

�~�< -";'

I"":·." ,'.

I,.·.,.... · 0.12 �.�~�-�-�-�-�~�~�~�~�-�-�-�-�,�.�.�.�~�~�~�-�-�-�-�-�,

. .
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0.1
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, .. C O· 08
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v \·:1· .' ... �~ 0,06
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ZI �~ 0.04

Q

I'· ;.' 0,02
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