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PREFACE
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This. researéh was done as a’ part of our study land- and. .

~wqtermanagément(cultuurtechgiek);attbeaﬁriculturaluniversitywaJ

in- Wageningen (The Netherlands). It is an 860 s.b.u. (study

‘hours) graduate subject (agro-)hydrology. -

Though we were already happy with our opportunity to go to the
raised bogs in Ireland, our 'experiences transcended all our
expectations. It was not only an.intéresting résearch, but there =~
were also the very very nice and hospitable people from Clara,
especially the ones visiting this. particular pub.. o

It was good to do the research :as.a part of a project. This way

we met a lot of nice.fellow-students with whom we enjoyed our .
stay’ very much (understatement). On the !other hand we learned - .
much by working in a project and it made the involvement in the
work very large. Together with being.abroad in Ireland these were-

the ideal circumstances to do a research... - = e S

-
:

We would like to thank the supervisors for théir information and?, -
cooperation in  the project. We. especially would like to thank .

Sake Van Der Schaaf for his- accompany and the supply of - - .

equipment. Also special thanks to Margaret Keéegan, who supported.
us both in working and relaxing. At last we'would like to thank.
Jim Moore for the interesting excursion to several raised bogs |

. in the area, and sociable drinking and sleeping!

. ™ -
< - Lo

D I e e e T
B P e B o 2




et o b ek s e g s s 2 - ElEaarran .

g .
\ .
A + M
. .
- B
. 1
- - v :
3 *, - .
. . . s L r - .
: - . H .
. R
. e
. + .
- . . .
. - L R PN . . gy -
PO A
. H .
. . D g
N CLs s
. -
5 . N - .
I. = . i
" L
u. . . - o.l - ay -
N o s -
L + ‘
- N T
. . p;
. Tt
. *a
- - - N -
. Pt .
B
L
-
' .
.
- Al -, -
T - T
* v
-t -
. - . i - . .
- b “
. N *
Toy !




TR T oA i A L L
. - CONTENTS :
o page” ;.
" PREFACE. SR B B
" ‘CONTENTS Coae VR
E SUMMARY . 5 oo v
R R B . : SR &
1 INTRODUCTION R .9
2 WATERBALANCE P | s 13 k
2.1 Introductlon . ?fEF ‘ IR |
2.2 Methods. and materlals Lo .13 :
3 EVAPOTRANSPIRATION B S
3.1 Introduction : -T: s 15
3.2 Methods and materlals , - 15
3.3 Results and conclu51ons : - 18
4 STORAGE COEFFICIENT . C | 21
4.1 Introduction - S E ' 21
4.2 Methods and materials - : 21
4. 3 Results and conclu51onsr . . , . 22 :
- 5 ACROTELM u e 24 e
N 5.1 Introduction ’i”? _ U 24
5.2 Methods and materials . . . 25 -
5.2.1 Transm1551v1ty/hydraullc conduct1v1ty test 26 0o L .
5.2.2 Acrotelnm mapping . 32 -
5.3 Results and conclu51ons e - 34
- 6> PIEZOMETER TEST P ' : 41,. L
6.1 Introduction : ‘ | . 41
6.2 Methods and materials ’ 42 )
6.3 Results and conclusions - - K 46 Lot
7 BOUNDARY SURVEY o 48
7.1  Introduction o w: 48
7.2 Methods and materials ' 48
7.3 Results and conclusions ) 49
LITERATURE : : ' " 50
APPENDICES | _ 52




e e m e . N R Tt e L s c M T ¥~ £ 8 G e arm Bt "5 s " m o ok A . e 5 WEVR "M o FR W oot j=s s o ogor

T R IS T G SRR T T gy T L T
'
. - @ X * v - -
> ~ . . o ¥
. . ; ) PR -
. B > N
e - R .
¢
«
&
v B M
T X - - . Lk
- - i - P
. - .
- . 2
. . . <
n . -t . o . = -
. . oy PR <
. 3
. . f
. -
2 : .
E « et
P . . 4 .
- i -
N Wt . . . i h
& -« .
[ P v 2o -
. - * * - N
L . - -7 - +
. 1
ks hE »"
. . -
. “ T LA
+ - N N ° - - - .
" - T b - Er . .
. . - . > ..
Tam " . ~
E B
al £ . -
5
B * h)
. . P
s - .
,
- 2 g - .
- . .. . - LT B
. v - . g LN
. .r *
v . B
- .
. . - e b .- e o - - [ L e -
. g ’ . -
N H -
B R B -
“ * . }
. - ‘ N B
-
) “+




ks 2

FRER e

. SUMMARY -

b

‘Malnly because of turf cuttlng, raised bogs have become rare in
‘the - north-western part of Europe. From an ecological p01nt of -

view they are important. Therefore the Irish government has

" acquired raised bogs as reserves. Sound hydrological management

:for them is needed because their systems are disturbed by

i dralnage and cutting at the edges An Irish-Dutch project is set
~up to find solutions concerning the hydrological management. The

project is a cooperation between the Irish Wildlife Service and
the Dutch National Forest Service (S.B.B.). The Agricultural
University of Wageningen is mainly involved in the hydrology of
Raheenmore bog, : . .

The main toplcs of this report are studies on factors of the
waterbalance, i.e. the evapotranspiration, storage coefficient
and the lateral flow in the acrotelm. Also an attempt is made to

make a calculation of the waterbalance. Further on a plezometer_;
" test and modifications on the boundary survey of the catchment ;

area have been carried out

It was the intension to make a calculation of the waterbalance R

in this research. Thanks to data that were not available at the
time the report was. written this .was not possible. Only-the
method is described in thls report. .

The evapotranspiration is measured with lysimeters., A 1y51meter'.f'

is a weighable container filled with a column of soil' and
vegetation. There are four types of vegetation studied, all with

both well and poor developed acrotelms. Every vegetatlon“and;
acrotelmtype is measured in duplicate so there are 16 lysimeters

in total. The actual evapotranspiration is being measured. As the

lysimeters are isolated from their surroundlngs water has to be-

added or subtracted. The evapotranspiration is calculated by the
difference in weight, the measured rainfall and the known
quantities of added or subtracted water. For -a good comparison

the IAI (Leaf Area Index) and SCI (Sphagnum Cover Index) of the-~

ly51meters are measured.

This research has only been running for 6 weeks yet. There are
too few measurements to draw good conclusions. The values that

.are measured will be compared with calculations with the Penman
-formula using meteorological data of the three weather stations

Mullingar, Birr and Derrygreenagh. The data were not available
at the time this report was written, so this will be done by
other students,

With the lysimeters aleo the storage coefficient of the upper '

layer is measured. It is calculated by the difference in volume
of water and the change of waterlevel in the lysimeter. The
storage coefficient is measured in two ways, with water adding
data and with weighing data. Because of the abrupt adding or
subtracting the storage coefficients calculated with adding data
are smaller than those calculated with weighing data, the

difference is approximately 0.1. The storage coefflclents of the

5
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shrlnkage and swelllngrof the bog.

-

Y- . . . . . e

dlfferent ly51meters vary between 0.2 ‘and 0.5. Mostly the,".
coefficients in lysimeters with poor developed acrotelms.- are .
smaller than those with well developed acrotelms In the Sphagnum B
_lysrmeters there is no difference. _All the conclusions.are
- ;condltlonal because they are based on'a. few measurements, ,1ater_
on other students w111 glVe more results. : L e

AT T

,The maln tOplC of this research is the study of the lateral flow; :
f,through the acrotelm. The acrotelm is -the top layer of a raised '

‘bog. with living Sphagna and their water supply. Its hydrologlcal e
characteristics are “its high- permeabllltles/ transm1551v1t1es,y :

fluctuatlng*groundwaterlevel and change 1n helght cagsed by

.t

The. acrotelm research has been spllt Ain® two parts. In the flrst" y
part . the transmlss1v1ty/conduct1vrty is measured along two .~ -
‘transects - and. in- the -second part a mapplng of colour and-
humification;of-the whole acrotelm on the bog-has been’ done. The
nhumlflcatlon isg correlated to the. transm1s51v1ty/ conduct1v1ty,ﬁ~ e
. in order to try to extrapolate the transm1551v1t1es on the whole{.ﬂf :

bog R

-{..L.

. T . - ‘s.,.;- ,ﬁ .
- £ - N* . . . . o

‘The’: transmlss1V1ty/conduct1v1ty is very complex because of theﬁsz
heterogeneous structure of the acrotelm,” the non’ statlonary flow: .
caused ‘by- a“ change in watertable during -the season and. the -’
downward decreasing permeability.- Durlng'the ‘season’ there is ‘also.. .
a change of conduct1v1ty because of swelling and shrlnkage of the
‘acrotelm. - The 7. mutual differences = between. the
transm1551V1t1es/conduct1v1t1es areqvery big.. Therefore .three..’
‘methods are*used ‘the ‘Augerhole; Pit Bailing and Gulnness method:.-
iThe latter oneris specially: developed.:for measuréements.of -high
_transm1551v1t1es in ‘the .acrotelm. A1l methods are. based-on the .
© same’ pr1nc1p1e. by’ measurlng ‘the- veloc1ty of .water flow 1nto a . .
borehole:. the> permeabll1ty/transm1ss1v1ty of the surroundlng;* 5
,medlum is derlved.m : LT e E . "

Because of' the hummock-hollow complex,_ the dlfferences ﬁ,'

~transm1551v1t1esfat short distance can be Very la¥ge. The hollows;
are. more permeable than the hummocks and form a network. As:these -
are’the parts that are most important for. the dlscharge, for the;
E measurements*the hollows are chosen EQ - D e ’

* 'L
i

. :It seems that there is @& correlatlon between the humlflcatlon

;“-..n.h

- degree: and:the'transmlss1v1ty/hydraullc conduct1v1ty' An.acrotelmf

with a -humification degree‘ between 2" .and "4 “has a “high

permeablllty {25  to 1000 ‘m/d), . while ‘an acrotelm. “with a
~-humification degree of 6 or 7 °can be con51dered to be. 1mpermeable e
(0.1 to 7 m/d). Yet, it is not clear in what way an acrotelm with = °

‘humification degree 5 should be 1nterpretated. For that- more ~

measurements have to be added

;—“‘,—..’ -
ST

The large 'varlatlon in the values of the 'transm1551v1t1es/

#

Hydraulic  conductivities’ can -be ‘associated with. the "large -
r heterogenelty of the ‘acrotelm structure at short dlstanceb
‘_dependlng_on the hummock and hollow‘complex. u_*““‘tﬁ;:'“‘%“““ﬁ.?

..‘\ .
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- mapping ‘is very heterogeneous.l To the edges the acrotelm-
thickness decreases and near the edges it is (almost) absent. In

R S e = ety AR, p R A d 6T RS I M s Rt e, T T AR A et T et AT AT TP STAR e RRDS
i 4 e el H

_ The decrea51ng permeability with depth has not suff1c1ently been

tested yet For that more measurements are required. - -

o P P % . "y

The pattern -of the acrotelm thlckness that is obtained from the

the hollow network on the central part of the bog, the acrotelm
is contlnuously'present At flat parts it is thick. On the slopes

the acrotelm is thin or absent. This is not only the case at. the- -

edges, but also in the central part of the bog. It seems ag if
the acrotelm is built up like a staircase. Sometimes the stalrs

-are separated by more humified parts. The stairs seem to form

ba51ns. With a low water level these basins are .isolated and the~
discharge decreases strongly._; :

. There is a second permeable 1ayer'between 0.5 and 1.0 meter below
“the surface with a humlflcatlon degree of 4 and 5.

In the project. ‘the piezometer method- has been used in dlfferent
ways for measuring permeabilities in the catotelm. the results
were being questioned. A piezometer .test has been set up to sort

"out this problem. It deals with 3 subjects:

-~ filter geometry,

- = sealing of the tube, and . T BTN -;

-~ 3 different methods; falllng-, rlslng- and constant head., 4
The test is carried out in dupllcate and has been done on 2
plots. : T
When equal piezometers and tests are mutually compared the‘values
differ a lot. They differ from 1 to 20 times. This means that the: .
test field is not homogeneous. The remaining results have to be ..~

blnterpretated carefully. Another test has to be done, if p0551b1e-i“-5'

in a homogeneous area. -
Wlth all methods, the values measured in plezometers w1th furrel
are much higher than those with cork. The furrel probably drives i
a hole around the piezometer, through which the water can flow"
away (or in) very fast. This means that the present piezometers
used. .in the project, all with furrels, are not suitable to
measure permeabilities.

With these tests no influences of fllter length and perforatlon
rate have been determlned. .

When the three methods are compared there is a big difference in .
magnitude in determined hydraulic conductivities. At the first--
plot the rising head tests give bigger values than the falling"
head tests. In the second plot the opposite happens. This
difference between test 1 and 2 can be caused by the difference
in time between pPlacing of the tubes and measuring. At the second
plot the hydraulic conductivities measured with the constant head
show no distinctive difference with the rising head method. The
hydraulic conductivities méasured with the falling head are much
higher. May be the high water pressure at the start of the
falling head test causes a hole around the piezometer, through
which the water flows away easily.-

. ;
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For the estlmatlon of the catchment area. the boundary survey‘has o
been modified. Drains are: taken 1nto account as-well, plezometers ;,_-;

are placed there. More p1ezometers and more- measurements haVe to P
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_CHAPTER - 1

INTRODUCTION

L

" Intact raised bogs in the north-western part of Europe are very
rare. In the past centuries serious damage has been done to the -

ecosystems by turf cutting and other anthropogenic influences.
The few survivors are important from an ecological point of view,
mainly because of their particular vegetatlon and their
remarkable nutrient supply : the ombrotrophy, i.e. the sole
manner of feeding by. precipitation (Streefkerk en Casparle,
1989). , ) ES

In the Midlands of Ireland raised bogs still occur. In the last

‘few years the Irish government acquired various bogs as reserves

and it hopes to purchase several more of such areas in the years

"to come. Sound hydrological management for them is needed because

their hydrological systems are easily disturbed by drainage and

-cutting on the edges.

" The raised bogs in the central part of Ireland can be compared.

with the original Dutch systems. Therefore the knowledge gathered

*in The Netherlands in the course of restoration and hydrological. =

management of remnants of raised bogs is relevant to the Irish

_ ones. On the other hand the knowledge and experience in Ireland
with regard to intact bogs is .of great importance to- the

restoration projects in The Netherlands.

General analysis of the problems

The hydrological problems in and around bogs can be divided 1n f

two categorles, namely:

a. drainage problems:™
- superficial drainage by ditches cut in the surface of the

" bog,

- drainage of marglnal zZones as a result of peat cuttlng,
- marginal drainage by deep ditches, and
- effects of arterial drainage.

b. conservation problems.
In the safequarding of bogs, problems arise in identifying
and analyzing the hydrologlcal conditions for conservation.
These problems are, for example, the lack of specific
hydrological knowledge regarding the bog system in general
and the lack of specific knowledge regarding the effects of
hydrological interventions.

Wageningen research

The research of the Wageningeﬁ students mainly takes place on

9
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Raheenmore Bog. The location of the bog in Ireland is shown in .-
figure 1.1.. It is situated in County Offaly near Tyrrellspass.

Raheenmore bog is a particular example of a raised bog. It rises
above the surrounding area and is positioned in a basin. On the \__
edges some! cuttlng has béen done and.on: the e€astern side an old.
dralnage system is present. This system has already been filled
up by Sphagnhum growth, but watertransport is still taklng place
there. - Around the bog a deep draln has been ‘dug.

By
-

reland )

1} Clara bog
. 2} Raheerimore bog

Flgure 1. 1 Locatlon of Clara and Raheenmore bog in Ireland
(from H.A. Lensen, 1991)

The second bog 1nvolved in the Wagenlngen research is Clara bogf

(for location see figure. 1. 1). It is nota representatlve example o

of a raised bog because it is not.situated in.a _typical basin andf" S

the "new road" runs through the bog This has a big influence ‘on - ;

the hydrology of the bog and makes. the hydrologlcal system of the

bog very. complex Therefore it 1s decided to work Raheenmore out
flrst.‘; -~ - .

3
. Loy

_Clara bog is very . spec1al It has soak systems and 1t iy thep'
largest raised bog remaining in Western-Europe Two third of the -
+ -bog 'is nature reserve. The other part 1s still private property
 _ where ‘turf cutting takes place. On the eastern half of the bog . '

a lot of drains were dug just before the bog became nature;
reserve. : - .

The three main tOplCS of the Wagenlngen hydrology ‘work in 1991
cn Raheenmore are: o o
-the-waterbalance, s ‘ R
~the influence of" cuttlng onabog edges on the hydrologlc
system of the bog, and - Y e .- — e
- -the modelllng of- the hydrologlcal system. . e

10
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‘This research

This research deals for a great deal with studies for the'
waterbalance. It was the, intention to make a calculation of the-

.waterbalance. However, thanks to the often promlsed but never

valised dellvery of the necessary discharge data by T. Joyce of
the 0.P.W. this is not poss1ble in this report. In chapter 2 only’
the methed is descrlbed. . .

Further on this research has dealt with three factors of the

waterbalance which are still unknown: the evapotranspiration, the
storage coefficient and the lateéral flow through the acrotelm.
This work will be continued by other students. In chapter 3 the
evapotranspiration will be discussed and in chapter 4 the storage
coefficient. In chapter 5 the main subject of this research, the
acrotelm, will be discussed.

In previous research work in this project different piezometer
methods and materials have been used to measure permeabilities
of the catotelm. The different results were being questioned. A
piezometertest, discussed in chapter 6, is set up to sort out
this problemn. '

The discharge of the drains on Raheenmore is continuously

measured by a recorder. This is done to calculate the surface!

runoff and lateral seepage loss of the waterbalance. To use the «
measured discharges in the waterbalance the catchment area has
got to be known. For the determination of this area a boundary
survey -has been carried out. The survey was not worklngc

sufficiently, the influerces of drains were not  taken into..

account. Some modifications are made. This subject is dlscussed
in chapter 7. . .

Some work has been done on density research. This research is set
up to study the influence of cutting on the edges and of the 'new
road' on the bog. The road and the cutting cause subsidence which
influences the hydrology of the bog. The development of density
with depth on a certain point of the bog is a parameter that
might give information about this. By taking a saturated sample
with a. certain volume the density of that sample can be
determined. It is determined by the quantity of water that the
sample contains. This subject will not be discussed in this
report. For that, too few measurements have been done. The next
Wageningen students, B. Sytsma and A. Veldhuizen, will continue
this research and will describe it entirely in‘ their report.

The monitoring and levelling work both on Clara and Raheenmore
bog has been continued. The monitoring consists of: "
—measurlng waterlevels in tubes on Clara and Raheenmore,
-measurlng waterlevels of open water and near recorders,
-measuring rainfall,

~checking of the ralnfall— and waterlevelrecorders and

changing the charts, and

~-processing measured data.

11
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This work took thirty percent.of time of the Wageningen students.
The monitoring of the hydraulic heads in tubes is carried out.
ones a fortnight. The checking of . the ~discharge and
groundwaterrecorders and the raingauges is weekly. Because of the
movement of the bog, the recorders and tubes have: to be levelled: .
" every 3 months. For the levelling Benchmarks have been: placed. -
They are levelled by the 0.P.W. All Yevels are regarded to BOD. .

The monitoring and levelling will not be  discussed in this
report. The measurements-add. no new information to this research
_at this moment. .They are already discussed in the previous
reports of Lensen (1991) and Huisman (1990). :

12
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CHAPTER 2

WATERBALANCE | g

" i . 3 d e

2.1  INTRODUCTION

{

The water-balance is the equation of amounts of water involved
in inflow, outflow, withdraw and change in storage over a certain
period in a certain area (C.H.0, 1986). With a waterbalance
knowledge 1is gathered of the pedolog1cal and hydrological

. characteristics of .an area. By calculating water-balances,.

different kinds of raised bogs can be compared, i. e. damaged boqs'

can be compared with living ones. N

The waterbalance of a raised bog over a certain perlod of tlmeff
can be written as follows (Streefkerk and Casparle, 1989):

Ex

P-E=-R-L-D= a§ (1)
P = prec1p1tatlon — . (mm)
E = evapotranspiration - : (mm)
R = surface runoff | (mm)
L = lateral seepage loss (mm)
D = downward vertical seepage (mm)
1§ = change in. storage | (mm)

Raised bogs lie hlgher than their surroundlngs, so there is no’

surface, lateral or upward inflow. The only source of inflow from-
water is prec1p1tat10n. - R

A few factors could be added to this equation (Ingram, 1983).
first, in a bog there.can also be pipeflow. This is flow in pipes
and fissures which are not directly open to .the atmosphere.
Secondly, open channel flow can be added in case drains have been
dug in the bog.

Calculations of the waterbalance have not been made. There were
no discharge data available yet and researches for other factors
are still running or being improved. In the next part only a
description of-the methods and materials is given.

2.2 METHODS AND MATERIALS

K

The waterbalance is made for a catchment area on Raheenmore. In

-the catchment area several measurements take place to estimate

the different factors of the waterbalance.

The surface runoff and the lateral flow are both intercepted by
drains. The whole drain system (see appendix 19) on Raheenmore

13




has two outlets. There is.one draln where leakage takes place,

it was supposed to be part of the catchment -area. The boundary-

in the drains, where the division between the two outlets is,

still has to be 1nvest1gated (see also chapter 7). The drains of.'d
the catchment area all go to one outlet where the discharge is--.

measured by a V-Notch and a waterlevel recorder. The drains are

all very old and fullgrown with Sphagnum. It.is very hard to_fié"

distinguish lateral flow and surface runoff from channel flow

‘because the first two go over in the latter. In spite of the-

blocks in' the drains there is a dlscharge of water from the bog
through the dralns. :

The prec1p1tatlon is measured by 3 ralngauges. Two_ handgauges of

5"=are read every week and.one 7" syphon is continually

registrating. The 5" raingauges are.taken as absolute. The syphon{i,
values are corrected by the average of the two handgauges. For

the: waterbalance the average value of the two 5" handgauges is
used.

S ’ 3 - . : i cLed

To measure the evaPOtranSplratlon and the storage coefficient =
(the latter.is needed to calculated the change of storage) a- .
research with lysimeters is set up (see chapters 3 and 4). The_f

measurements on the ly51meters have been going ‘since April. This

means that the period. is too short to draw conclusions for thei'.
evapotranspiration and storage coefficient. In a 1ater stage the

results w111 be used for the waterbalance.

The - evaPOtranSPlratlon can also be " calculated by the ‘Penman . *
formula with-meteo. data.. These data.are available of the weather
- stations of Mullingar and Birr . These'are the two nearest big

weather stations. for meteodata of the Penman formula. Near to

Raheenmore (about 10 km) there is a small weather station called .
Derrygreenagh. It'is owned by Bord-:Na Mona. The data of this

station can. -also be. used. .for- the -calculation. "of  the
evapotransplratlon. B.:-Sijtsma and A. Veldhuizen will involve

these data in their research. The results with the Penman formula - .
can be compared with the values of evapotransplratlon that are

measured w1th the 1ys1metersu

A mobile. weather statlon Wlll be placed on clara as well. When '
it is installed the data can be used and compared with the data

of the other stations and the results of the lysimeters.

_ The vertlcal seepage is estlmated It -1s highly dependent on the

unknown vertical resistance of the underlylng layer. This. layer .

exists of lagustrine clay . The vertical seepage is estlmated to
be 40 mm & year (oral communlcatlon J.-Streefkerk 1991)

The change in storage is derlved from the waterlevel and storage
coefficient measurements. They are measured with the monitoring

of respectively the tubes and the lysimeters (the :storage
coefficient w111 be dlscussed in chapter 4) IR

s
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_CHAPTER 3

EVAPOTRANSPIRATION

3.1 INTRODUCTION .

The (actual) evapotranspiration is the total evaporation flux of
an overgrown surface. It includes the evaporation of intercepted
water, the soil evaporation. and the transpiration. The

transpiration is the evaporation flux through leaf pores and the .
.cuticula of a dry leaf surface of the plants (C.H.0., 1986).

The evapotranspiratlon has to be taken into consideration, as it
is an 1mportant factor of the waterbalance. Data from studles of-
raised bogs -in Ireland show gvapotranspiration values with an.
order of magnitude of 450 to 550 mm per year (Burke, 1975)..

" The determination of the evapotranspiration is hormally done by
elimination of water supply and water discharge factors of the

waterbalance.or by formulas based on weather measurements. In

this study.a direct method is being used. The evapotranspiration .
is determined with weighable lysimeters. The results will be

compared - with the evapotranspiration calculated - with
meteorological data with the Penman formula. As said in chapter

"2-a mobile weather station will be installed. The data¥from the

weather statlons Mullingar, Birr and Derrygreenagh can also be
used. L o L et

3.2 MATERIALS AND METHODS - -

A lysimeter is a. weighable container with a column of soil with.

vegetation. The lysimeters used on Raheenmore are 0,50 meter*hlgh
and have a diameter of 0,40 meter. The bottom is completely

sealed. The baskets are placed in holes in the bog in whlch they'

fit exactly (figure 3.1).

e

e i

I

— —— — ® | = — waterlevel

S0 em
piezometer

——— 40 cm ——

figure 3.1 Formation of a lysimeter in the field.
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In this way a system is created where the 01rcumstances -are as
much as possible the same as in the surrounding environment. Only

the lateral and vertlcal flow of water through the soil 1s not
p0551b1e.

' Tha 1y51meters are welghed with the help of a tripod, a
pulleyblock with six sheaves, a weighscale and a three armed bars
with hooks, which can be put in the eyes of. the lysimeters. If,

for a certaln period, the difference in weight and the ralnfall
are measured the evapotransplratlon can be calculated.

Because the actual evapotransplratlon is belng determined, the

waterlevel has to change.equally with_that. of the_ 51tes_where_the
~“lysimeters are filled. As the 1y51meters are isolated from their
surroundings, - water has to be added or’ subtracted. This means
that next to the rainfall and difference 1n.we1ght also the added
weight or volume of water. has to be taken 1nto account to

calculate the evapotransplratlon L 'ﬁ:a.
1_ The evapotransplratlon over - one perlod is calculated w1th the ‘ }i_; -
follow1ng formu1a° o _ . s : o
E=D + (va"-, aW) /- A o " (2)
. E = evapotransplratlon R - {mﬁ);‘
P = precipitation .- ) . Ce {(mm) _
. V; = volume of added water - (1)
- A = surface area of lysimeter : (m?)
4} = volume change of stored water,

determlned by dlfference in welght‘(l)

PR -

‘The values:foerue period are'transmittad in_ average daily
values. With these values it is easier to make 'a mutual
comparlson 1n tlme. . - ~

Slxteen 1y51meters have been, filled w1th four dlfferent klnd of jf

vegetation, “so there are four. lysimeters -of each kind of
vegetation. These vegetatlon are the most domlnatlng types on the
bog. The vegetation are:

- Calluna vulgaris. (Heather) and some Erlca (also Heather)

. with Sphagnum  (Peat Moss), :

- Eriophorum vaginatum (Cotton Grass) w1th Sphagnum,

= Narthecium 0551fragum (Bog Asphodel) with:Sphagnum, and

- Sphagnum. B .

of each kind of vegetatlon there are two with poor and two with
well developed acrotelms (see chapter 5). A scheme of the
formation is given in figure 3.2. In the appendix 2 (fixed data
1y81meters) the p051tlon of the locations where the 1y51meters
have - been filled is 'given. The  location is expressed in
coordinates of ‘the grid system of Raheenmore bog. Oon the bog the

- grid is ‘marked - w1th-pegs. A map w1th the grid - is glven in

appendlx 1.
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‘The 1y51meters have been moved to one spot to facilitate the
monitoring. Their-location is K20 880 (see grid appendix 1). Here
new holes have been dug, in which the lysimeters fit as well as
possible. This is important because too blg'holes will give extra
heatlng of the sides of the lysimeters, which might result 1n an-- g
'1ncrease 1n evapotransplratlon. » ’

RS

vege-. Calluna - | Narthecium , Eriophorum Sphagnum
tation | vulgaris | ossifragum | vaginatum spec.
acro- -
telm
poor 1, 2 . 3,5 4, 6 7,8
well 15 , 16 13 , 14 11, 12 9 , 10

figure 3.2 Test scheme 1ysime£er research. -

Once per month the Leaf Area Indexes (L.A.I.) of Calluna :
vulgaris, Narthecium ossifragum, and Eriophorum valinatum are ' -

determined. The L.A.I. is the ratio of the leaf area and. the® .=
surface area. For E. vaginatum and N. ossifragum this is done as® + .+
follows: ¢ Voo
- dividing of the surface area into 4 parts, R
- countlng of the leaves.in 1 part, and A Tk .
- measurlng the surface area of several leaves. : . :

Then the total leaf area is: - ] Y

leaf area = 4 x.n x a o (3)

n
a

amount of leaves in 1 part
average surface area of one leaf

C. vulgaris has a huge number of small leaves which are hard to
measure. Therefore a constant leaf area of separate leaves in
time is considered and the amount of increase of leaves on-5
standard tops is counted. Further on, the amount of tops in a
quarter of the surface area are counted. Then the total leaf area
1s- .

leaf area = 4 x n, X n X a, (4)
number of tops in one quarter of the lysimeter

average number of leaves on a standard top .
constant surface area of a standard leaf '

noy

n,
n
a
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- For Sphagnum it is very hard to estlmate leaf areas.‘Therefore k

only an estimation. of the covering degree of: the living Sphagna
is made: the Sphagnum Cover Index (S.C.I.).

Further on,. also the L.A. I. of ‘the dead mater1a1 is estlmated
This is an important factor for the 1ntercept10n of the
prec1p1tatlcn. In the period this reséarch is done; Apr11 and -
May, the L.A.I. of dead material is considered to be constant
with time, so it is only measured once. The index is formed by
' the twigs or stems of the plants, the dead leaves and the dead
- material laying on the surface. The surface .areas of the twigs
or stems and leaves are derived in a similar way as dlscussed for
N.- 0551fragum and, E. _vaginatum. The LAI of. the- dead~mater1almon

~ the ground is derived by estlmatlng the cover degree, multiplied -
by 'a factéor. This factor is dependent " on the’ shape and
comp051tlon of-the material. The material forms flat slices and
is for the greater- part not laying on the surface. Therefore the_

‘factor 1s estlmated to be 2

' Wlth the help of mapplng of vegetatlon plots and aerlal

photographs the vegetation types and dlstrlbutlon of them on the

bog will be investigated. With this and the results of the

lysimeter research and the calculations with the Penman formula*
' the evapotranspiration of the catchment area of the whole bog can

'hopefully be determlned.-. . - L

”'The 1ys1meters are’ also belng used to determine the- storage

- coefficient and. the degree of swelling/shrinking of the upper .
-part- of the bog. The storage coefficient. will be: dealt with in -

chapter 4 of this report. The change in surface level of the

" lysimeters.will be analyzed by successive students. There was

only one measurement done yet so it 1s not poss1b1e to have any
tdlscus51on on thlS subject 5 :

PR

3.3 RESULTS AND CONCLUSIONS . . s

;The data used . for the. . calculatlons are in appendlx 2. The

evapotransplratlon results from 15 April to 23 May are glven in -
table 3.1. In table 3.2 thefL A. I. and S c.I. are glven._ ’

[

B

The results are: dlscussed briefly.: There are not  enough results -

yet to.make statistically correct ‘comparisons. Further on. there
‘were no weather reports of the months April and May available at

the time the analysis was made. Therefore the Penman values could .

not be. calculated and be compared with the lysimeter values. This
should be done by the new students. as soon as the weather reports
are avallable. :

all evapotransplratlon values are rather high. This is probably
caused by a combination of good weather and a high waterlevel
(around 5 cm below surface), which caused a hlghw-501l
~--evaporatlon. S - ‘

—3-
-
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':I'.n May the Sphagnum and Ca];lp.naiaf\r'uigéris lysimeters have the

highest evapotranspiration values.. As there is almost no ;rainfaI_Li
in May, the evaporation of ‘intercepted water and the soi
evaporation decrease and the transpiration relatively increases.

This means that Sphagnum and :Calluna vulgaris probably have the
"highest transpiration. : er T

e # 5

here i isti i i anee Betweo ‘ l transpiration
There is no distinctive dlffe‘_repc;%&b?gfj:yegn the evapotra :
values of the poor and well d'e’ve_lbped'?'a_‘clrotelms. This is pos.szr.lble
as the waterlevels in both kind‘of lysimeters have been high.

No correlations can be found between, the evapotranspiration

values and the L.A.I. and S.C.I. yet.-More measurements have to‘

be done. _ S
Table 3,1 Average evapetranspiration from lysimeters' (mm/day} . ’
Vegetation Calluna vulgaris :
Lysimeter 1 2 15 16
Acrotelm - - + . +
period EVA WL EVA WL EVA WL EVA WL !
15-Apr-91 7.9 5.7 3. . 6.2 &
19-Apr-91 2.3 11.1 2.7 7.9 2.3 4.6 3.5 -
26~Apr-91 2.4 3.8 2.1 4.5 1.8 -o0.2 2.0 4.3
03-Hay-91 2.5 3.2 1.5 4 2.5 1.7 2.5 4.5
10=~May-91 2.6 8.2 2.4 5.1 1.7 2.7 2.3 7.6
17-May=-91 3.6 12,3 2.2 7.8 1.7 5.2 2.2 9.3
23-may—91 3.3 13.2 2.6 9.3 1.7 7 5 2.5 B.9
Vegetation “ Narthecium ossifragum - w
. B
Lysimeter 3 5 13 14 . . B
AcTotelm - - + + ' 3
period EVA WL EVa WL EVA WL Eva WL %
15-Apr-91 7.1 4.8 4.6 5.2 i Yo
19-Apr-91° 2.7 10.5 3.3 9 2.3 6.7 3.1 7.9 SRR
26-Apr-91 1.8 3.3 1.9 1.5 1.6 2 2.0 3.9 T 5
03-May-91 2.2 5.8 2.7 5.7 2.4 3.6 3. 3.7
10-Hay-91 2.0 7 1.5 8.5 1.8 5.3 2.2 6.5 8
17-Hay-91 1.8 8.7 1.3 7.6 1.9 6.1 2.1 6.5 !
23~may-91 2,2 10 1.4 T.1 2.2 6.3 1.8 -] -
Vegetation Eriophorum augustifolium
Lysimeter 4 3 11 12
Acrotelm - - + +
period EVA WL  EVA WL EVA WL EVA WL
15-Apr-9i 4.9 5.7 8.1 7.5
19-Apr-93 2.7 9.3 2.3 B.8 3.1 11.3 3.9 10.4°
26~Apr-91 2.0 2.1 1.6 2.1 2.1 6.5 2.2 6.6
03-Hay-91 2.7 3.1 2.4 3.9 2.3 3.7 2.7 6.2
10-May-91 2.2 7.5 1.8 6.5 2.3 8.5 2.5 9.2
17-Hay-91 1.9 9.1 1.6 10,1 2.2 9.6 2.5 190.7
23—may—9; 2.1 10.7 1.8 -10.3 2.6 9.8 2.3 11.2
Vegetation Sphagnum spec.
Lysimeter 7 8 9 10
Acrotelm - - + +
period EVA WL EVa WL EVA WL EVA WL
15~Apr-91 5.7 9.1 6.6 ‘9
- 19-Apr-g9] 3.5 10.5 3.9 13.s 3.1 9.7 2.9 2
25'-Apr—91 2.1 5.6 2.6 9.7 1.8 3.5 2.0 6.3
03-}‘!&}?—91 . 2.4 4.7 2.8 4.8 4.1 5.9 2.8 4.7
10-May-9] 2.5 8 3.1 10 2.2 6.3 2.3 g.7
17-May-91 2.7 10.7 3.2 12 2.4 7.9 2.4 7.7
23~may-91 3.0 12 3.6 14.8 3.0 8.1 3.1 8.2

EVA is evapotransplration
WL i3 waterlevel measured to average surfacelevel i
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- Table -3.2° Leaf area and Spha’gnufn' cover ‘indexes (L.A.I and - , s ' T
. * . S8.C.I.) of vegetation in lysimeters, :
Vegetation date R Calluna vulgaris - P L =
A - Lysiméter L 1 2 <5 16 oo e
‘ Acrotelm Lo TR At - ’ e TR S . L H ,
~L.A.I. (dead) 16-4-91 2 oaue o372 0.33 0.52 M
L.A.I. (alive), 16-a-91 2.30 o 2.02 2:40 3.16 oA
- §.C.I., _ T 1674-91 -, 9.15 7 0.75 -0, 35 0.30 .
. STl Lo e e R B o s . N )
’ ,Veg{ét%i_:ion ; ! , Narthecium assifragum - . . Do : "
- . Lysimeters ‘ 3 5 13 14 ‘ :
’ .. Acrotelm:. o B P T + + S, ;
: -, L/ATI. (dead) -16-4-91 _1.50 1.50 1.50 1.80 I ot &
— LUAVIV (Elive) 16-4791 . -.0:05° 0.06 . 6.c0 7 0.00. -
05-5-91 “1.22 0 ,1.57" 0.76 1.02 7 D o
s.c.1. : "16~4-91- £.0.02 0.40 0.15 0.30. ..
, . . T 05-6-91 - 0.01 0.00 :0.01  0.25 :
i : P YT N L
= Vegetation Eriophorum” augustifolium - : a
5 . Lysimeter K .= . - 4 & 11 12
S : - Acrotelm oL - .- . + +
i L.A.I. (dead)' 16-4-91 1.05 1.07 . 2.B4 0.82.
- L.A.T.s {alive) 16-4-91- 0.24 0.24 01.13 0.26
1 _ 11-6-91 6.73 0.61 1.48 . :0.96. - &
- s.c.1. . 16-4=91 6.20 0.50 0.10 " 0.60
. : » . 11-6-9) 0.15° 0.50 025 - 0.80° 177 -
. . Véggt‘aiiof_ﬂ; - sphégqm spéc. - . i .
- . L. - _-M v ,- T . . “‘ . B .7- .
B JLysimeter - | T .8 . [ .10, PN .t o
N , Acrotélm - o e - T H +-- 2 # -
: - L.AVI. (dead) 16-4-91 0.10 0,05 0.05 ¢.05
5.c.I. ¥ .. 16-4-9] 0.95 1.00 1.00. 1.00 . ] .
. : . 4+ 11-6-91 0.99 1.00 1.0¢: 0.90 ©
i -’-e :*-..." g - N v 7', Lo PR . - - By ‘
: * ot a . - - - »'.: N r'_ -
v = * - T .
. : w H Tz B : - -
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CHAPTER 4

STORAGE COEFFICIENT T

v

4.1 INTRODUCTION

PR o - -

The storage coefficient is the ratio of change in specific
storage and the associated change-of,the hydraulic head or
phreatic level. The specific storage is -the storage above a
certain reference level. per unit of a horizontal surface. The
storage is the volume of water in a certaln part of the ground
(C.H.0., 1986) . .

The = storage coefficient is an important factor for the ‘
waterbalance. In combination with phreatic levels the change in -
storage of the bog in a certain period can be calculated. The

storage coefficient is also important for the calculation of the
transm1551V1ty (see chapter 5).

4.2 METHODS AND MATERIALS
The storage coefficient can be measured with the lysimeters. .-
There are two different ways. At first it can be calculated from -
changes in waterlevels with correspbndlng changes in weights.
Secondly it can be calculated when water is added or removed from ;
the lysimeters. This glves the following formulas. -

W= [(W-W) / A/ (B =) (5)
or = [(V-Vy) / A) / (b - hy) (6)
I = storage coefficient . ) (=)

W, H@ = volume of water determined by the
weight at time 1, time 2 (1)
V,, V, = volume at time 1, time 2 (1)
A = surface area lysimeter : (m?)
h,, h, = phreatic level at time 1, time 2 (mm}

Only data with a difference in phreatic level of at least 3.0 cm
are used. The amount of available and usable 'data is small, and
only includes (part of) the upper layer of 0 to 10 cm. So it is
. not possible yet to distinguish layers with different storage
coefficients and to include the deeper layers. However, the
calculations can-give a good first impression.

Like the evapotranspiration, the storage coefficient is also
inwestlgated for different klnds of vegetation with well or
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poorly developed acrotelms:. The set‘{1p has already been described-
in chapter 3. : - : : .

. '4.3 RESULTS AND CONCLUSIONS

_The‘_data used for the calculations are in appendix 2..' The
calculation spreadsheet of the weighing data’is 'in appendix 3,
the calculation spreadsheet of adding data 'in appendix 4. The

‘results of the calculations are given in table 4.1.

-

e

Table 4.1 - Storage coef_ficients :qf u'p{:erla.yers_ in lysim"e'te-rs )

.

Vegetation ? . Calluna vulgaris

: - - .

! Lysimeter 1 2 .15 - . 16
Acrotelm v - - o+ +, £
layer (cm -surface) 3-11 3-7 . 0-5 §-10 - o e
storage coef. (weight) 0.27 0.57- . 0.50 0.42 : S PR
storage coef. (adding) 0.20 0.50 0.41 0.30 -

.

: H’.‘r‘ Lo

Vegetation - Harthecium ossifragum ) .
" . Lysimeter ) . 3 R 13 14
Acrotelm - - ’ - ] T+ + o Co
layer (cm -surface 4-10 1-9 -7 5-10 . .
storage coef. (weight) Q.25 0.20 0,44 0.49 -
storage coef, (adding) 0.20 .16 0.38 0,32
Vegetation Eriophorum augustifolium
Lysimeter 4+ - S11 ] 1.2'1'; T Ly
Acrotelm - . . -} - 7 ) L+ .
layer (cm -surface) To3-12. 3-10 . 8-13 " B-13
storage coef. (weight) 0.24 g.31 0.42 0.46
. storage coef.’ (adding) 0.39 - 0.26 0.32 R - -
: S S
Vegetation ‘ Sphagnum spec. .. -
“* Lysimeter et 8 - 8 v 10-
Acrotelim . .- - i + +
layer (cm -surface) 5-11 B=-i5 "2-9 2-9
" storage coef. (weight) Q.41 0.42 Q.31 -
0.27..

' storage coef. {(adding) 0.31  0.25

difference in weight at every lysimeter is higher than. with
adding water. The explanation is-that if the water is added there
is an amount of air enclosed-in the small pores. Then there.is
a higher watertable measured as- it would  be in equilibrium

It is remarkable that the storage coefficient calculated by

situation. The enclosure is possible because of the abrupt
addition. When water is removed there is still an amount of water -

enclosed in the small pores. Then a lower watertable is measured
as in equilibrium-situation. o o B

This means that the*'stbrage éoefficien_ts calculated with weighifig‘

data are the most suitable in the waterbalance study. With the
transmissivity tests in the acrotelm research water is removed
abruptly from the acrotelm as well. Therefore the. coefficients

- calculated with the water adding-data-are: the most suitable for

the transmissivity research. - A
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‘The .storage coefficient used :for the calculation of the
transmissivity is assumed  to bé 0.5. This seems to be rather
high. An improvement has not béen made yet because the.results

- are based on only a few measurements and the influence on the ,
value of the transmissivity 4is not very big. T :

The values of Calluna vulgaris are very variable. In the.

lysimeters with Nartecium ossifragum and Eriophorum vaginatum

- there is a distinctive differencé between the values of well and

poor developed acrotelms. In thHe lysimeters with Sphagnum this

is not the case. This is probably because of the structure of the

Sphagnun-upper layer. They are the same, the storage coefficient

is only measured in this upper layer. .

-

et
CO -
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. CHAPTER 5
THE ACROTELM

5.1  INTRODUCTION

Description of the acrotelm

According to Ingram (1983), raised bogs function in two different
zones from a hydrological point of v1ew, i.e. the acrotelm and
the catotelm. It can be stated that in a living raised bog the
upper part of the peat deposit can be considered as a component
of the acrotelm. In. . a raised bog of thls kind. this will usually
consist of fresh to poorly humified peat for the greater part,

but this is not necessarily so (Streefkerk and Casparie, 198%)..

The acrotelm is defined as the 'system of 1living Sphagna,
including their water supply. This is in practice the top layer
of the living raised bog with a thickress of 0.10 to 0.30 m. The

hydrological characteristics of this layer are its relatively

high permeability -and = its periodically fluctuating
groundwaterlevel which is mainly regulated by the amount of
precipitation and evapotranspiration. Furthermore a change in

PR T

height of the bog 'surface occurs during the year, caused by the .-

capacity of the substratum to swell and shrink, depending on the
weather conditions (Streefkerk and Casparie, 1989). :

‘In the waterbalance and the modelling of the bogs the‘water
transport in the acrotelm is considered to be of great

importance. The transmissivity of the acrotelm can be very high:

because of horizontal water flow through big pores. This is in
contrast with the catotelm where the transmissivity is very low.

Because of three main properties the acrotelm is hydrologlcally
very complex: ' -

- the variability of the structure of the acrotelm,

- the non stationary flow caused by a changing watertable,

- the downward decreasing permeability.

The structure of the acrotelm changes a lot on short and long
distance. Because the acrotelm consists of hummocks and hollows
there is a big difference in transmissivity at short distance.
This is caused by different vegetation types. These have all
there own structure which causes a very heterogenic pattern in
the hydrological system.

At long distance the difference is also big, on the edge of the
bog there is .a poorly developed acrotelm with a 1low
transmissivity and in the middle there is a well developed
acrotelm with a high transmissivity. i-

The other aspect that makes the transmissivity very complex is

24




) the change of it durlng the year in relation to the watertable.

dtransm1551v1ty/ hydraullc conduct1v1ty tests- are discussed. The - - .

Besides this change the hydraulic conductivity (k) in the layer
is not homogeneous this makes the system even more complex. The
conductivity ‘in the layer changes also during the year because-
of shrlnklng or swelling of the aqulfer. o _ e

L}
-

'Obiectives of the'acrotelm'research .

It is considered that the outflow through the acrotelm can be-:
derived from the surface slope and transmissivity (v.d. Schaaf,
1990). In this research work has been done to obtain a better
1ns1ght in"the transmlssiv1ty of the acrotelm

As’ mentloned before the acrotehn has dlfferent hydrologlcal
characteristics. ‘In this research the acrotelm is defined as the
"surfacepart of the bog, hav1ng high permeabllltles and low
humification = degrees, - compared to - the ' catotelm. I For v
groundwatermodelllng this is a usable definition for the
determination of the transm1551v1ty of the acrotelm. The first
:purpose of- this résecarch is to tést if there is. an acrotelm in
this sense on Raheenmore. This will be tested by comparlng
hydraulic conduct1v1t1es of completely highly humificated 'surface --
aqulfers w1th those of low humlflcated surface aquifers. - ..

- -~ L

The second. purpose is to determlne dlfferent zones (w1th respect
-to humlflcatlon and permeablllty) W1th1n the acrotelm.

The thlrd purpose is the 1nvest1gatlon of the relatlon between

transm1551v1ty and waterlevel (or relatlve thickness of the -
aqulfer) :

‘The . fourth purpose is’ the investigation' of the :spatialfuf
‘variability of the thickness of the acrotelm on Raheenmore bog. -

5.2 _METHODS'AND MATERIALS- ' oL

The work is carried out in 2 parts:

- transmlss1v1ty/permeab111ty tests on certain
transects and with different waterlevels, and

-.mapping of the colour and thé humification degree of the
flrst meter below the surface of. the bog.

The plots where the transm1551v1ty/permeab111ty tests are doéne
are also. mapped. This combination will give .answers to the
questions concerning the relation between' acrotelm structure and
-transmissivity. With' the total mapplng these ‘results can be
extrapolated to the whole bog

paragraph 5.2.1 the methods and materials of “the
mapping research is described in-paragraph 5.2.2. The results N
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ﬁiil be discussed as a unit”in-ﬁefeafaph 5.3.

-

A

The transmissivity/hydraulic conductivity on Raheenmore bog is
measured along two transects. For-these transects the grid is
-used (appendix 1). This grid was placed by the 0.P.W. (Office of
Public Works). The grid has intervals of 100 m. On the bog it is
marked with pegs. The holes are s1tuated along the pegs of line
L and 600. This means there 1s a North-South and East-West
transect. . )

The holes are square.  The 'size of .a'hole is approx1metely 0.2 x
0.2 meter. They are dug with a spade. Plastic tubes are put in
to measure the watertables (flgure 5.1)

At every peg one hole is dug. One should be aware of the fact
that the variation in transm1551v1ty at small distances is very
large and not measured. Because of lack of time it was not
possible to measure this. The holes are all situated in the lower
parts of the bog (the hollows). That is the most important part
where flow takes place. ._ . : '

When water is flowing through the acrotelm.the transm1551v1ty can
be measured. When the thickness' of the acrotelm is known; the

permeability can be calculated. When the waterlevel is below the -

acrotelm, or when there is no acrotelm, there is only catotelm
flow or surface flow. In the catotelm the permeablllty is
measured. The surface flow is not measured

The differences in transmlss1v1t1es/permeabilities are,gsjbig
- that for measuring all-of them 3 methods were needed:
-Guinness method, for high acrotelm transmissivities/
permeabilities,

-Pit Bailing method, for lower acrotelm transmissivities/

permeabilities and for high catotelm permeabilities,
-Augerhole method, for low catotelm permeabilities.

These three methods are all based on Darcy's law. The principles
of all three methods are the same. By measuring the velocity of
water flow into a borehole with a certain: waterlevel the
permeability or transmissivity from the surrounding media is
derived. The methods differ in  marginal conditions and in
approach of the measurements. They are described in the following
part. . .

The Guinness method

For the measurements of high transmissivities in the acrotelm no

method was available. Therefore S. Van Der Schaaf developed a new
method. It is based on a radial flow towards a well. The well
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consists of an a
fully penetrates the acroteln.

recovers very quickly. The sizes
calculate the effective radius..

pproximately sqﬁare hole, dig with a spade;ffhét; o
The waterlevel in the hole
of the hole are measured to

" The effecti?e radius is caicuiated-with the formulafLVan Der L
Schaaf;‘lQQD): ' . D, T

fﬁr='ef§ a - o '~i“~3{ e B (7)

Tyr - =-effective radius_

——(m)~

By taking out a‘céﬁstant‘discharQéfand.measuriﬁg#the drawdown the .
transmissivity can be derived (figure 3.1). In the beginning -

water was taken out with a I pint beer glass (hence the name of LT

~this  method).- By --taking out “a cénstant volume' at’ constant, &%

intervals an approximately?constéht waterlevel was achieved. o

Later, a plungepuip was used. The. constant waterlevel installs . 7.
in a very shért time (1 to 2 minutes). . . . & .o L, o

~@ .~ ="length of a sidé_éf'ihé‘sdﬁafé =
_ borehole . '

13

S

- Y . . r- B ._
’ ’ ' ) . - - - .
. ‘ ‘-H . e . . ‘,—u 3 R . ;'-‘_-
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=~ . : ‘ .
wat.lev, 1 . . .

_-__-_‘..___._ & Y __',_‘_____

— drawdown | ] ;-

S Y S 2 o P

Figuré 5.1 ° The ‘set up“of the ac
e ;‘transmissivity/permeabilityﬂtestsa

crotelm holes for the :k,';“ , L

Two different discharges were used. This
different lengths and diameters of the"
water is pumped away. The discharges were tested and measured.

It is assumed that the discharge during the measurements are the _; e
same ‘as’ the corresponding tested.ones, - N AR

is achieved with
tubes through whiéh'the.‘_uH

RS - - ;

P
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The transmissivity can be calculated with the formula:

Q x In(n) / (21 x s,) . (8)

T =

+ T = transmissivity 5 : (m?/s)
Q = discharge ' ' ' (m’/s)
n = ratio between the radius of the well

; and the radius of the drawdowncone (=)

" s, = drawdown in well = (m)

The ratlo between the radius of the well and radius of the

drawdowncone can be calculated w1th the formula (Van Der Schaaf,
19%0): .

= {1+ {p[n?2 -2x1n(n) -1]} /2ln(n)} xnxr2 xs, /Q

time needed to reach equilibrium (s)
storagecoefficient _ (-)

t
B

The value ¢f n cannot be calculated dlrectly from the equatlon:

It can however be read from the table in appendix 5, In the table " -
the values of n are given for the term [n2 - 2ln{(n) - 11 / 1n- :

(n). This term is equal to(txQ/mxr2xs, ~1) x 2/p. A

high accuracy of n is not needed because the transm1551v1ty"

depends on the logarithm of n.

For this method the following conditions have to be satisfied:

. = the aquifer has to be penetrated totally,

- the extent of the acrotelm is much larger then the distance
to which the phreatic level is notlceably effected by the
-drawdown - in the well,

- the aquifer is homogeneous,

-~ the phreatic waterlevel is approximately horizontal before
the test,

- the discharge rate has to be constant,

- the flow is horizontal,

- the thickness of the acrotelm is constant, and

- the drawdown must not exceed over 10% (preferably 5%) of the
thickness of the acrotelm. It is therefore not allowed to be
more than 3 cm. ' :

Calibration of the Guinness method

-

The method has been calibrated. Therefore at some distance of the
big hole, a small hole was added (see fig 5.2). The calibration
has been done in two different ways. The first method was with

-plates (plate method). With the plates three sides of the big
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hole were blocked and the flow path from the small hole to the
big one was screened. With this, while pumping, a horizontal flow
was created. The hydraulic conductivity can simply be determined
. with'Darcy's law and the continuity equation. o

The second, method. is without plates. The only difference from the
ordinary test is that a small hole, made with a finger, is added
(finger method). For the calculation of the transmissivity
formula 8 is used, with the value of n . derived from the-
calibration e
distance of. the hole to the middle of the well). This method_ls

derived from a pump test.

-

(ratio between the radius of the. well and- the - . .

PGS

— = groundwaterievel” -

—— -
e e

= T
drawdown {1 “drawdown

TR

- » '
gcrotelm

.cafotalmf?‘ -
< o

o
P

. ’7- -
A

‘Figure 5.2 Calibration of the Guinness method . - - ..

The ‘Pit Bailing method - .

El

”In-éase'the,draﬁdownIéxdeedé.over‘z.s cm, the Guinness method is’

not' suitable anymore (drawdown ‘exceeds. 10% of the thickness of
the.acrotelm). Then, there is a switch to the Pit Bailing method.

This method was developed by Healy and Laak (1973} as a basis for

the design of drain fields for septic tanks. The method has been

-refined by Bouwer and Rice (1983). The article of ‘the latter two

has’ been used.

With this method the same hole as with the;Guinness methed is.
. used. When, after digging, the waterlevel in the hole has come
~to equilibrium, the waterlevel is lowered rapidly over a small

. ' . distance (about 3*cm),'The'subsequentvrateléff;isé'6f the water -

level -is measured for calculation of k..
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. The method of calculatlng the hydraullc conduct1V1ty depends on
. wether the waterlevel is in or below the acrotelm. -When it is in
the acrotelm the Thiem equation is used. When 1t is below the
acrotelm, the piezometer method equatlon is used.

~The Thlem equatlon describes hor1zonta1 steadyﬁstate flow to a
completely penetrating well.' Laak and;Healy assumed that the
radius of influence of the pit was.4 times its own radius. The
conduct1v1ty is calculated with the formula {see also figure 5.3,
with the dlfference that the hole penetrates the whole agquifer):

k =A x (dh/dt) x. (1 / [2.27 (H2 - h2)]} C (10)

k = hydraulic conductivity . (m/s) -

‘A = water surface area R - {m2) O

dh/dt = velocity water rise - (m/s) .

H = equilibrium height of watertable above the L
impermeable layer - (m)

h = height of rising water table above the R
impermeable layer . (m). .

The main requirement for this. equatlon is that the hole*--: .
penetrates the aquifer . completely. It is assumed that the. = = -
catotelm has a very 1OW'hydraullc conductivity in comparison with-« -~ "
the acrotelm, .the catotelm is considered to be impermeable. -In. .
paragraph 5.3 the correctness of the assumption will be. .
discussed. _ _ ; ' A

»

The transmiseivity is calculated by multiplying the thickness of . .
the acrotelm by the: calculated conductivity. The measured value :
is an average of the whole layer.r _ . e

When the waterlevel is below the bottom of the acrotelm, there
is only catotelm flow. Then, the Thiem equation cannot be used.
It does not account for the upward flow through the bottom of the .
~pit. In this case the piezometer method equation can be used

(Bouwer and Rice,.1983). It can be used because the geometry of
the flow system in the aquifer after the waterlevel in the-pit
has been lowered to measure its rate of rise is similar to that
of the piezometer method. The formula is (for explanation see
also figure 5.4):

={rxxr/ [{&/r) x t]} x In (¥/¥)) (11) .
k = hydraulic conductivity (m/s)
r = average radius of the hole ' {m)
Yo = distance y of the waterlevel below the

equilibrium level after the waterlevel is

lowered, at time 0 (m)
y, = distance y at time t ‘ (m)
t = time for the waterlevel to rise from y, to y, (s)
A, = geometry factor
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The geometry factor Aitxnmbe obtained from the graph in appendix
ol

7. Therefore the.-f
figure 5.3): ) ] . o
" =~ the equilibrium waterdepth in the pit Lc,
- the average radius r, and | ' . o
- = the’'depth D. of the impermeable layer below the bottom of "the
pit. L O . o : 2

owing factors need to be known (see also

-

Y

waTER
TABLE |4

- -7 H® . .
oL . ) ] R : h

. W///Afnlnnénﬁi ’%W : ' .

-Figﬁre 5.3 K’Gébmetgy and'symeIS'for the_?it=BailingAmethod

Y - PR . me T sy +
5 wa L. Vg - . .

i —_—

" The Auggrhélé~hethod o

 The augerhole. method: is ohly,uéed’oﬁ“the border from -the bdg.

Here the inflow of water was so low’ that the rate of rise with-.

the Pit Bailing method  could not be measured. There was no
acrotelm. or the waterlevel was below the acrotelm and did not -
take part in. 'the watersupply. This means that the conductivity -
from the catotelm is measured. s T e

“This’ method is very well described by-Van Beers (1976)° and in. ~

various other literature.. Therefore ' this.-method will 'not be . _
discussed.in much detail. R o

In a borehole:.‘t_he Qr_gi;ﬁ’d_wéterlevel is abruptly lowered to a. '

certain point. "By measuring the recovering velocity- of the

‘waterlevel. the:hydraulic conductivity of the.surrounding ground - . -

_-can be calculatéd. The following formula is used to calculate the:

~ hydraulic conductivity (for explanat
figure 5.4): - S :

k= -C'x ah/at S L (12)
k = hydraulic conductivity : (m/d)
C = geometry factor - =y
ah/at = water rise velocity ’ _ (cm/s)

The geometry factor. is.a function of:.: ...

-the average hydraulic head, : :

-depth and radius of the borehole, and - - o o
~the- distance.of the. bottom of the borehole to the sealing
-layer.,. - = ¢ : ~ " E o '
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. The value . of C is celculated with a nomogram (appendix 8).
The measuring of the rise of ‘the watertable must be done before
25% of the bailed water has returned.

4{—21'—1 acrotelm
. -——— - — - - F — - =" — -

—_— =X - 1T — — '— Sroundwaterlevel .

A
) P

depth

"catotelm

|

S CT ’
impermeable layer e '

figure 5.4 The augerhole method.

5.2.2 ACROTELM MAPPING - B

At first instance a drilling to a depth of 1 meter below éurface

is carried out, using a special peat-auger. With this instrument:

- ‘relatively undisturbed peat samples can be taken. The drill has

e R T

a sampling body consisting of half a cylinder with a length of .

50 cm and a -diameter of 4.5 cm. The drill turned out not to .be
suitable to sample poorly or unhumified peat near the surface of
the bog. The drill compresses this peat and the peat is too
. fibrous to stay in the sampling body. The method was modified by
using a spade for the upperpart

‘The samples are 1nvest1gated on humification degree .and colour.

The humification degree is determined with the' "Von Post and .
Granlund scale'" (appendix 11). The colours are determined with

."Munsell's standard soil colour charts“

The drllllngs and dlgglngs were carrled out near all the pegs ofd

the gridsystem (see appendix 1). This means that the plots have
intervals of 100 meter, At first instance near each peg a plot
was chosen randomly. With the results of these tests hardly any
pattern could be drawn. This will be described in paragraph 5.3.
The explanation was found in literature and by own experience.

- The surface of a raised bog is characterised by a hummock and

hollow complex. Hummocks and hollows respectively lie slightly
higher and lower than the average bog surface. Sphagna cccur more
often in the. hollows than on the hummocks. ({Streefkerk and
Casparie, 1989). -The hollows consist of unhumified to poorly
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humified " Sphagna,
hollows form a net-s
the acrotelm trans
illustrated.

haped discharge system. They are decisive for

the 'hummocks;lére higher _huhificated.:‘The'J*

missivity. In figures 5.5.and 5.6 this is

Figure 5.5 'Vegetéfibn"paiiern-Of thé central part of Carbury -

Bog, Ireland. White areas portray hummocks; black
areas .represent for the most hollows and also
. Some areas of open water (Schouten, 1984). . .

-—

Figure 5.6 - wWater discharée from hummoéks_and‘via!holldws_of“
: a;:aised bog (Streefkerk and Casparie, 1%89).

With- this new information a second. mapping was éone. It'is

assumed that this system also exists in . the central parts of -
photographs and vegetation mapping that -

Raheenmore bog. Aerial

will be done by Lara Kelly may give a definite. answer. Thé‘methodlv

~1s modified as follows: if a digging/drilling isn't done .in a
-Sphagnum vegetation, a digging at a plot with this vegetation in
a hollow is added. : ’ . o

. In order to correlate the mapping results with the transmissivity =

measurements the transmissivity holes are invéstigated. As it is’
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not-allowed to disturb the holes the drillings for the mapping
of the deeper layers are done near the holes (at a distance of
about 1 meter).

5.3 RESULTS AND CONCLUSIONS

The data of the first mapping are summarized in appendix 12. The
data of the supplementary mapping are in appendix 13.

-

Acrotelm variation on short distance

At first some results of the first mapping research, where plots
were randomly chosen, are compared to those where plots were
chosen in hollows with Sphagnum (table 5.1). :

Table 5.1 Differences in humification degree of corresponding
: layers of diggings near one peg, the mutual
distances are. approximately 1 meter.

S B
3 ;E [
coordi- layer vegetation humification humification - .
nate ; ' ' Sphagnum hollow . ="
(cnm) (Von Post) (Von Post)

J 300 0-10 Narthecium 5 3

K 000 0-10 Calluna 5 4

K 100 0-10 . Narthecium 5/6 3

K 200 5-25 Calluna 6 . 3

X 300 0-20 Narthecium 6 3/4

K 400 0-15 Calluna . 6 3

K 500 5-15 Sphagnun : 6 4

K 900 0-30 Sphagnum 5/6 3

L 400 0-20 Sphagnum 5/6 4

L 500 5-20 Sphagnum 7 4

Only the most extreme diggings are selected. The results show

that the humification of upperlayers can vary very much on a

small distance. The humification in hollows with Sphagnum can be

1 to 3 degrees lower than at other locations, even on locations

were Sphagnum grows as well. An explanation for this is the

existence of many different kinds of Sphagna, connected with
- their own particular environments.
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Relation between permeability and humification: determination of :
‘the acrotelm o '

: . . . ' B o . roe ST e
In table 5.2 the results of the mapping and transmissivity/ -.= %
- hydraulic - conductivity tests-: are fsummarlseq. _?he;,pydrgullc
conductivities are plotted against the humification in figure
5'7- N ! :
table 5.2 . Permeabilitiea transmissivities and humifications of
o - - the surface_lay_er(s)Von,the;tran‘aects—on—Raheenmore*hog -
date coordi- humifi- methed conduct.thickn. ‘transmis,
. ' nate cation X - perm.lay. .
? S : - {(Von Post) (m/day)  (m) (m2/day) £
16-4-91 | L-200 7 A 0.1 . = - Ce e T S
. « + -L-100 4 P 104 0.06 6.2 g - S
: L 000 5 P 52 0.07 3.6
L 100 4 P 80 0.07 4.2 ' - .
L 200 2 G 79 " 0.38 30 -
L 300 3 G 237 0.38 g0 - T
L 400 5 P 106 .13 14 - - B N
L 500 4 G 380 0.15 57" Ao
- - L 600 3 G 388 .0.15 58 N
L 700 3 P 123 0.03 6.2 _
.t L 800 3.5 G 204 -0.45 92 -
* S LT 900 3 "G~ . .2989 0.38 1187 3
L1000 4 G 383 0.12. 46 - - -
L1100 3. G 896 6.13 116- .
. L1200 '3 G 412 0.15 62 : . .
- - L1300 4 G 533 0.12 64 R
] - . " L1400 7 A ‘0:35 - - ‘ .
: . ; £ I 600 6.6 A .0.11 ~ - -
) . i J 600 4 P 115 .04 | 4.5
' X 600 4. G 329 0.08 26 L.
) M 600 3.9 G 785 0.12 102 . : v -
N 600 .3 G 222 0.15 33 -
. ° 0 600 4 G . 206 10,23 47
P 600 "3 G 101 - 0.32 32 ; -
. Q 600 .4 G 788 0.08 63 ‘ ) Tkl
27 R 800 " 6.8 A 0.32 .- - - ’ ! o
- - ‘ : - . T . -
05-6-91 L-100 - " & P 3.4 - -
: L ooo 7 P 1.2 - - L .. -
L 100 6. P - 4.8 - . - - - -
] L 200 | 2 P 24 0.28 6.8 i s
L 300 3 G 245 ‘0.31° 77
= L 400 6" ° A 1.2 = e - : -~
- L So0 4 P, 57 0.09 -
. - L 600 - 13 P 56 0.09 5.1 <
L 700 "~ 7 P, 1.4 - - -l
L BOO 4 P 27 0.25 6.9 .
' . . 'L’eco 3 P - 51 0.23 12 H
: L1100 5 P 48 < - - ‘
. X 600 7 P 7 - - -
T M 600 3 G 1108 0.04 49.9
N 600 3 - P 63 0.06 3.8 .
. 0 &00 4 6 280 0.12 34 .
P 600 3 G 199 ,0.20 40
* Q 600 & A 0.34 - - . o
o At 05-6-91 holes L-200, L1000, L1200, L1300, L1400, 1400 and J&00 ?
.-vere dry or too muddy to measure. : .
1.\ - ‘“‘
35 )




D T T E I N SR S SR S

HUMIEICATION — PERMEABILITY CORRELATION ACROTELM
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bumification (Von Post) ~
fig 5.7 Humification and permeability correlation graph . .. . =

With the calculations it was assumed that the catotelm, belng‘ .
highly humificated, was impermeable compared with the acrotelm., R
"The results show that this assumption was right. i N C e

The graph shows that there is a correlation between, the
humification degree and the hydraulic conductivity. There are two C
ranges of points, one from H2 to H4 and one of H6 and H7, having Bz
a'different order of magnitude in hydraulic ' conductivity.-From S
- this it can be derived that, compared to layers having . - - -
humification degrees from 2 to 4, layers with humification . E
degrees 6 and 7 can be considered 1mpermeable Secondly, the )
mutual differences in hydraullc conductivities in.the two groups
are small. Therefore it is allowed to take a mean humlflcatlon”
degree, when both layers are in the same group.

It is not clear in what way the layers with a humification degree
5 should be interpreted. At first only 3 measurements in these
layers have been done. Secondly these measurements were done with
high waterlevels (2 and 3 cm below surface). When there is a
decreasing hydraulic conductivity with depth, these tests will
overestimate the mean hydraulic conductivity of a surface layer
with humlflcatlon degree 5,

In total the results prove the existence of an.acrotelm and a
catoteln, with respect to hydraulic conductivity and
humification. The acrotelm is the unhumified to poorly humified
upperlayer (Hl1 to H4) with hydraulic conductivities from 25 to
over 1000 m/day. The upperpart of the catotelm is highly humified

{H6 and H7) with hydraulic conductivities varylng between 0.1 and
7 m/day. :
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The variation is rather large. The variation can be associated-

_w%th the large. variations of the acrotelm quality in short
distance, depending oh the hummock-hollow complex. For instance,
there are relatively low transmissivity values in a hole with a

well developed acrotelm in a small hollow.-Then, the flow to the“u;
hele is relatively small compared to a well developed_acrotelm.}

Checking of the permeability(transmissivity_tests-

The transmissivities measured with_the Guinness method..vary

between 25 and 115 m’/day. With the Pit Bailing method the values
with the Thiem equation are between 8 and 151ﬁ/day. Though there

is a gap between these intervals, there is no reason to assume
that the methods do not connect properly The connectlon can bex
investigated by calculatlng the borderllne cases w1th two

methods. B R . T

The conduct1v1t1es measured w1th the Augerhole method vary -
"between 0.1 and 1 m/day. The conductivities measured with the Pit.

Balllng method in the catotelm vary between 1 and 7 m/day. This
means that- there is a good connectlon between these methods. '

Calibration of the Guinness méthod |

The calculations and results are summarized. in appendix 6. The.

values derived with the Guinness method are given as well. The

.plate methodd -gives much higher transmissivity values as the .
;values calculated with the formula. A possible explanatlon for
+this is™ 1eakage between the plates. The finger method values are’

i mach more’ 1n agreement Two of the three values agree
suff1c1ently. : .

The ca11brat10n of the method .is based on too few measurements.‘,
More: measurements w1th the flnger method have to be: done by the

other students..

Decrea51ng permeablllty w1th depth

F

Further on there 1s the question of the non-linear relatlon of
transm1551v1ty with. the. change of waterlevel, because of
increasing hydraullc conductivity in the acrotelm w1th depth and
because of shrinkage. Therefore the transmissivities are plotted
against the relative thickness of the acrotelm saturated with
~water: D aquifer / D’ acrotelm (fig 5.8). The "used data
" (locationsy: dates waterlevels acrotelm thlckness) are given in
. table 5 3 ¢
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Table 5.2 Acroteln transmisétvity.in }élation to Waterleve} a;d

€oordi- humifi- thickn.
cation acrot.

nate

L-100
100
200
300

500
600
700
800
900
L1000
Liioo
L1200
L13co
500
600
600
600
600
600

[ R ol o BN S PN

VYO mx ™

Figure 5.

transmissivity (rq/&)

(v

140

120

‘100

8

thickness of the aquifer

16-4-199] 05-6-199]

Wat thickn. trans- wat. thickn,

R s, M B T T B e TR

trans-

lev. weiled miss. lev welleg miss.
) =surf layer -surf layer
Post) (em) (em)  (em) (msd)  (em) {em) " (msa)
4. 10 T4 &5 6.2 - - -
4 15 8 7 4.2 - - -
z 40 2 3 a0 12 z9 6.8~
3 40 2 38°.% 90 9 32 77
4 20 00 20" 57 11 9 s
3 .15 0" 15 ', sg 6 9 5.1 '
3 10 ki 317 6.2 - - -
/e 45 0 - 45 ... gp - 20 25 5.5
3 40 2 38 - 1187 18 22 12
4 15 3 12, 46 - - B
3 15 2 13 116 - - -
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It is very -hard-to distinguish a relation-in the graph.in fig g
5.8. Perhaps this will be possible when more ‘measurements in the- -
same holes with dlfferent waterlevels are done.

13
H

Y

Mapping of the whole bog o : -

The complete drillings are worked out in cross sections along the

grid lines. They are given in appendlx 14. As a result of the
preV1ous research on the transects it is known that the acrotelm

is formed by surface _layers._with_ almosteunhumlfledmto—poorly O
humified peat (H2-H4). The moderately humified surface’ layers ’

. (H5) are not taken into account, as it is not clear if they - -

belong to the acrotelm or the catotelm. The catotelm is below the
acrotelm and consists of highly humified peat (H6 and: H7), and

also a layer w1th moderately humlflcated peat.

< ' - . [

" e -

el

o The cross sectlons show that the acrotelm is well developed in

the central part. of the bog (in the hollow network) The pattern - :

. . is very heterogeneous. This can be caused by a large varlatlon T
oo in the depths of,the hollows. In the direction of the bog edge S .

the acrotelm quality decreases. Near the edges the acrotelm is. =° -~
(almost) absent. ' —— . ) . ' -

T -,
ST

Agaln, the acrotelm is contlnuously present in the hOIIOW'network

at the. central parts of the bog. At flat parts of: the bog the..
acrotelm is thick. On the slopes the acrotelm is thin or absent. T
This is not.only the case at the edges, but also in'the central
part of the bog. It seems as if the acrotelm is built up like a
staircase. Sométimes the stairs are separated by more humified
parts. The stairs seem to form basins. With a low water level
these basins - are. 1solated and. the dlscharge decreases strongly
At places where the acrotelm is th1n the abundance of the hollows
usually decreases. At some stage they will not form a network

. anymore. This can be the case on the edges of the basins. Then
the higher humified upperparts of the bog will be the decisive
medium for the waterflow. There will be.a high resistance for the
waterflow. The groudwaterflow will change here in overland flow
1n tlmes of blg dlscharge.

LIt is recommended to 1nvest1gate the ba51n worklng nearer, . by an
investigation of the absence or presence of the hollow network.
-on_the edges of’ the basins. This can-.be done by comparing the.
acrotelm mapping with = the vegetatlon ‘mapping and  with
supplementary fieldwork. If the network is absent supplementary
augerings have to be done at:plots where unt11 now only augerings
are carried out in Sphagnum.

The presence or absence of basins can also be derived in another
way. In future the transmissivities will be measured at: low
waterlevels. By compar:.ng the calculated discharge with ther
measured discharge in- the v-notch 1t can be derlved if. there 1s‘
‘a: basin work1ng.-~- ’

39




e

There is a second permeable layer between 0 5 and 1.0 meter below - .
" the' surface. -If° the layer is contlnuous--tlt might transmit, a
cons:.derable amount” of water. The hum1f:|.catlon degree is 4 and ,
‘5. The transm:.ssnuty cannot be ‘derived from- ‘the previous tests, .
as the layer is probably more ‘compdct than’a ‘acrotelm layer with - ’
.the’ same degree of humification..
measured with tests-in-deep- holes, at, places ‘Wwithout waterflow .

”Ethrough the acrotelm. This is’ poss:Lble on the edges of the:'bog .
gand/or durlng dry perlods when the watertable 1s low.
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CHAPTER 6

PIEZOMETERTEST

b

6.1 INTRCDUCTION -

In order to calculate the flow of water in the peat the hydraulic

‘¢onductivity must be known. The basic relationship describing

soil water flow is Darcy's law:

3

ve=-k. i | ()
v = flow velocity : , ~ (m/d) . ‘ —
'k = hydraulic conductivity - (m/d) : '
i-= dh/dx = hydraulic gradient (=)

In this project two methods have been used to measure the-
hydraulic conductivity:
- the rising head-piezometer method (Van Gerwen, 1990,
Huisman, 1991 and Flynn, 1990), and
- the constant head plezometer method (Flynn, 1990 and
Henderson, 1991).

The results of the previous rising head tests give lower values ..
as reported in literature (Van Der Schaaf, 1990). It is.not
unlikely that the tests give too low values. A piezometer test -
is set up to sort out this problem. ‘

. The test deals with the following subjects:
=~ filter geometry: perforation rate and filter length,

- sealing of the tube,-and
- falling, rising: and constant head method.

The piezometers used in the project are all made by hand. Because
of this there is no standard perforation rate and filter length,
every tube is slightly different. According to the descriptions
of the used methods the perforation has no influence on the
derived conduct1v1ty as long as the inflow of water is not
limited. -The filter length has influence on the -derived
conduct1v1ty as it is calculated in the geometry factor.

The influence of the shape of the sealing of the piezometers is
also tested. According to J. Mulqueen (Teagasc/UCG) the sealing
of the tubes as used .in the project has an influence on the
permeability measurements. All piezometers in.the project are
sealed with rubber furrels. They have a slightly larger diameter .
then the tubes. Therefore they make a bigger hole around the
piezometer (see fig 6.2). ﬁ

Besides rising head, falling and constant head methods are
examined. According to Flynn (1990) falling and rising head.
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methods are not suitable as the peat is dlsturbed excess1vely
The constant head test is an approximative method of acquiring . R
undisturbed hydraulic conductivities. '

6.2 METHst AND MATERIALS | L e S

The coordlnates of the locations of the tests are: K 900 for test -
1 and K 1250 for test 2. (See appendlx 1) . The testscheme Wlth
the numbers of the tubes is glven 1n flgure 6.1, .

. furrel o . | cork
length 10 - - 20 B length 10 ) 20 o
perfo- (cm) ° ‘ perfo- (cm) ‘ o o
ration - - . . ‘ratlon RS A R
¥ "o . E (%) = R ‘
0. t2,60 1,5 | 10 iﬁl .. 10,14  9,13"
200 0 | . .3,7 4,8 STz .- | 12,18 11,15 :

. figure 5.1"Scheme‘pieéometer test }‘

test 1: faillng, flSlnq and constant head with. furrel sealing

7 test 2: falling, rising and constant head w1th furrel and cork

seallng

The testAhas been carried out at” two dlfferent plots. . The“;
piezometers at the first plot were. placed by H.:.Lenses in.
December 1990, with a mutual distance of 0.5 meter. The total

‘length of the pleaometers is 3 meter, 35 cm of .that Stlcks above
‘surface” ‘level so the cavities are at .+ 2. 65 meter below

surfacelevel The dlameter of ‘the tubes 1s 2.5 cm. ;:“ ‘?:_

'The first plot ex1sted of - two plezometers of each- klnd of fllter.

. consists piezometers having filters with perforation percentages.

-y o

Besides™ plezometers sealed‘ with furgelgm'theré Wwere aISo

-plezometers were sealed with a furrel.

geometry. ‘Their. numbers are 1 to 8 (see fig 6.1). The test

of 10 and 20%,  and filter lengths of  10. and 20 cm. All

When the p1ezometers of the first test were taken out the
geotextile of all piezometers appeared to have the same length _
(25 cm). This might have had an 1nf1uence on the measurements -
concernlng the shapefactor. - - . LT S

i maar U Ch e e =
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piezometerssealed with .cork at the second plot. The cork fits
-completely in the tube (see figure 6.2). The geotextile had the
same length as the filter. This -test was -also carried out in
duplicate. This makes a total .of 16 piezometers. (see fig 6.1).

Their mutual distances were 1 meter. The measurements took place -

14 days after the piezometers‘were %nstal%ed.

L
&

W

} Filter: -

tube with cork tubs with furrel

figure 6.2 Tubes sealed_QiEh”a.furrel and with a cork.”

Risinq and falling head test. - - . ..

The rising head plezometer method was developed by Luthin. and *"

Kirkham (1949). It consists of measuring the rate of flow. into
a piezometer, after removing a certain amount of water from the
tube., In Van Gerwen (1990) a more comprehensive description is

given. R.M. Flynn used the approcach of Hvorslev (1951) for the"

rising head.

The formulas for the calculation of the conductivity of the
rising and falling head are the same. They are supposed to be
each others contrary. The principles of both of them are the
same. The only difference is that water is added with the falling
head .and that water is drawn out with the rising head. The
calculated conduct1v1ty of both methods in ohe tube should be the
same.. - ... - .

The formula used for calculations is developed by Luthin and

Kirkham. For explanation of the terms see also fig 6.3.

k =% x R x In(Yl/¥2) / ( A x (t2 - tl)) (14)
k = hydraulic conductivity . 7 (m/s)
tl, t2 = time at time 1, 2 ' (s)

Y1, ¥2 = hydraulic head at time 1, 2 ~ {(m)

R = radius of the tube- (m)

A = geometrical constant . T (m)
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The geometrlc constant is dependent on dimensions of the fllter
part. It can be obtalned from the graph in appendix 15.

|

NN st , ‘s ; L : RN
. ) wat. lev:. G+ - . .

: |
' "II' il - S
Yl_ "I_ T ""\.‘Vl‘

LA 4

-

. ¥ ____,L l

|\
\

plezometer ;_J

L=

fig 6.3 Symbols of rising and falling head piezometer test ‘[‘H -

N “

Constant headAtest

The constant’ head ‘method was developed by Rycroft (1973) It

. con51sts of measurlng the inflow of water:.in a piezometer by
using a small 1mposed constant’ head. A ‘more comprehensive

descrlptlon is glven by Flynn (1990) and ‘Henderson (1991).

The - constant head is achieved with a mariotte vessel (see fig

6:4), in which the outflow can be measured. The conductivity can
51mply be ‘derived with the formula: . ‘ a

=-Q infin /u(s x ¥0) L R e 1)
Q infin- "steady flow rate . . . . I'ﬁ"{ﬁé/s)‘ -k -
k = hydraulic conduct1v1tyj (m/s)
Y0 = constant imposed head : o= <(m)
S = shapefactor . S - 7(m)

The shapefactor is calculated w1th the next formula
(Flynn 1990) : .

3

s =2 X n XL/ ln{L /a+ [1+ (1 / d)2 112 ) (17) DR
L = length of the tube Wlth cav1t1es o (m)f% ) . o
d = diaméter - _ o (m) i -
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The imposed héad ca

n be calculated with the follo
(for explanation_of

wing formula . - }f
the symbols see also fig 6.4):

L

(15)

Y0 = (n, " a) - (1, + b)

Y0

= imposed head
hy =

equilibrium height of watertable
(below top of piezometer) )
a distance between top of piezometer and _ ) =
waterlevel instrument (m)
1., = length of tube in vessel (m)
b = distance between top of tube I

and waterlevel instrument (m)

(m) ' 'f*_?ﬁ'
(m)

in vessel

waterlevel instrument

y g

vessel

b

plezometer

o

fig<6.4 ‘Symbois of the constant head test

The rising and falling head tests at the first plot were carried
out slightly differéntffrom-the tests. at the second plot. With
the first rising and fallin

g head tests the waterlevel was
measured in one serie of about 2 hours.

The drawdown was 0.2 to
0.4 meter. The calculations have been d

one as described above.
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After a meetlng with §. van der Schaaf it was agreed that the
measurements.in one tube woéuld be repeated several times .after
each other. By repeating the tests several times the changes of’
the waterlevels become steady. Then the situation around the-
plezometer is stationary. Therefore the last measured veloc1t1es- -
are used for calculatlng the conduct1v1ty : L

With this method the water level should be measured in the part
‘where the imposed head was blgger than 0.20 meter (Klute, 1986).
Therefore the measurements in test 2 are done in a shorter time
and 'with bigger imposed head than in test 1. The calculatlons of

’ this plot have been done as descrlbed 1n appendix 18.

From the first plot the measurements of the steepest part of the .
graph were used. This was the part where the imposed head was
bigger than 20 em. In comparlson with the measurements of the
.second plot the veloc1ty that is measured is higher and therefore .
the conductivity is relatively higher as well. The measurements,A_,r
could not be repeated because the tubes were already moved.

6.3 ' RESULTS AND CVONCI',USI'ONS'

The calculatlons and the graphs of the measurements of the flrst
plot are in append1x 16, the calculations and 'graphs of the

second plot are in appendlx i7. The calculated conduct1v1t1es are
in table 6.1. . . - _ .

- When equal plezometers and tests ‘are mutually compared the values ‘
differ a lot. They differ from 1 to 20 times. Probably the test
field is not homogeneous. This means that the results must be. CT e
1nterpretated carefully. ‘Another test; if possible in a more - . - U~
homogeneous area, has to be added. : : :

The vValues of the dlfferent CODdUCthltles measured with the same
method are. not. dlstlnctlve. Considering the graphs in appendlx
16 and 17 there is a little. changing difference between the rise
or -fall of the waterlevel in the piezometers. The conductivity .
especially depends -on the transect that is chosen for
calculations and the geometry factor. Most graphs are about the
same. They only differ in starting height. At the first plot this
might be caused by the geotextile, but at the second plot the
same thing occurs with both falling and rising head. With the
constant head there are also a lot of piezometers with the 'same
rate of inflow. This means that with these tests no influence of
filter length and. perforatlon rite can be determlned yet.

When the three methods are compared there is a blg difference in
magnitude in determined hydraullc conductivities. At the first .
plot the rising head tests give bigger values than the falllng
head tests. In the second plot the opposite happens. This
dlfference between test 1 and 2 can. be:caused by the differénce
-in time -between ‘placing of the tubes and measuring. At the second”
plot the hydraulic conductivities measured with the constant head
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show no distinctive differencée with the rising head method. The-
hydraulic conductivities measured with the falling head are much
higher. May be the high water pressure at the start of the .-‘
falling head test causes a hole around, the piezometer, through :
which the water flows away easily. . .

Table 6.1 Hydraulic conductivities obtained fram piezometer tests. :
. test 1 _ Pt
tubsnr. perfo- lenght conductivity (msday)
ration cavity :
(%) (em) rising falling constant
2 10 10 D.23 0.09 0.16
6 10 10 0.56 0,39 =
1 10 20 .42 0.12 0.08
5 10 20 0.87 0.43 0.03
4 20 10 0.55 . 0.1 0.12-
8" . 20 10 0:5% 0.45 0.:20
3 20 20 0.35 0.15 0.07 .
7 20 20 0.63 0.35 . " 0.07
. L ) :
s
teat 2 -
tubenr. perfo- lenght conductivity (m/day)
. ration cavity
(%) (cm) rising falling constant
i 10 10 0.80 . x 10,13
[ 10 10 08B~ | ox 1.70 )
H 10 20 0.07 T X 0.13 .
5 10 20 0.39 x 0.58 g . '
4 20 10 0.44 x 1.59 A ¥
8 20 10 0.13 x 0.09 et i
3 20 20 Q.06 ‘x . 0.21 T
7 20 20 0.01 0.44 -
10 10 10 0.032 0.59 - R .
14 10 10 . 0.117 0.63 0.06 P "
9 10 20 0.024 0.61 c.18 R :
13 10 20 0.070 0.8t 0.01 EUP
12 20 10 0.130° 0.52 0.31 -
i6 20 10 0.140 0.53 0.18 b
11 20 20 0.055 0.55 0.03
15 20 20 0.231 ©.98 0.04

X = flow rate too high to be measured
= = po valus due to fallure vesse]

With all methods, the values measured in piezometers with furrel
are much higher than those with cork. The furrel probably drives
a hole around the piezometer, through which'the water can flow
away (or in) very fast. This means that the present piezometers
used in the project, all with furrels, are not suitable to
measure permeabilities.

The constant head is difficult because a lot of water is needed,
the equipment sometimes doesn't operate and failures in the
measurements are hard to see. The falling and rising tests are
simple and their.equipment is very limited. Because of the high
flow rate the falling head test was hard to execute. -
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CHAPTER 7 :

BOUNDARY SURVEY

7.1 INTRODUCTION

A catchment boundary is the border of a catchment area, an area
where all water discharge is:going through one watercourse. The
catchment boundary of groundwater is not _hecessary the same as

the boundary of the surfacewater.; _V;,

At Raheenmore the dlscharge that takes place in the drains is
supposed to be measured. Therefore:a spec1a1 draln ‘has been dug x
which conhects a lot of drains. The dlscharge is measured by a- -
V-notch and a waterlevel recorder. They are 1nsta11ed at the endg

of the draln., '

‘,‘ ) . . S - . -
4 LS - .

For catchment calculatlons 1t is necessary tc have an estlmatlon x|
of the size of the catchmentarea. For 'this purpose a boundary e
survey was -set” up. Four sets of 3 phreatlc tubes are placed on +
Raheenmore. .(locations: see appendlx 19) . This was based on the ~
topography of the bog. By measuring the waterlevel in the tubes :
every 2 weeks the catchment boundary was hoped to be estlmated.-,f

After a. f1e1d inspection cf the waterflow in the drains. 1t'
appeared that the catchment boundary is not properly assessed..

Two sets of piezometers have a .drain "in between them. The
waterlevels of those piezometers will be influenced by the
drains. Even though the drains are fullgrown with vegetatlon‘
there is still a flow in.the drains. This will have an influence.

on the waterlevel in the ground next to the drain and the water

in the drains was flowing to another side as the boundary ..
indicated. As a-result of the influence of the drains not the ' -
catchment boundary is measured, but the waterlevels of dlfferent
areas.

It also appeared that the main drain (drain nr 1 appendix 18) on

"the North-side in the area is not included in the catchment,

there is a lot of water flowing through that drain and it is not
exactly known where it flows to. Partly it will go- as
overlandflow into the drain that.leads to the V-notch but there

is also a part that runs off without being measured.The drain is
blocked and at the end water -is.visiblé leaking. The boundary
survey sets 3 and 4 are both outside this area and therefore
overestimate the catchmentarea. e

7.2 METHODS AND MATERIALS

The fleldlnSpectlon was done on 22 3-1991, after a period with
a lot of rainfall. Then it was decided to place a few extra-

48




“plezometers on. the crucial points. In total 9 phreatic:
plezometers were installed. They had 3.meter of tube under the o
filter, because of the instable place where they were 1nstalled.'
(old drain). o ,
The watérlevel in the piezometers "has been. measured twice- andy:r
‘thay are levelled on 25-4-1991. -

W

7.3 RESULTS

- P . -

- '.' .. rj-j . ‘- - ..:_%; .
The results of the measurements are 1n_tab1ee3 1 Theelocatlonsgeews>m@~
of the P plezometers are shown’ in appendlx 19 3 : o
The: measurements from the two data of the plezometers 1 2, 3,
5,6 and 7 are giving'different- flow 'directions. Conclu51ons
based on these two measurements concernlng the catchment boundary
“cannot be-‘drawn. It is .recommended.to measure these tubes- w1thf4h :_
the normal ‘monitoring and place another 3 or 4 tubes’'in addltlon." Lo

-The water that is” not . measurai in draln 1 should be 1ed 1n.'V
catchment. area ‘or a new boundary—llne has to be drawn. It is hard
to find out what is happening in this drain. A good block and a,'
_llttle draln to the recorder would,solve the - problem.ﬁn

i

ftablef7.1:IeQEIling}and monitqring datazeXtra'biezometers'

tube top tube waterleveif'w waterlevel

. level(m BOD) " 13-4-91. 3-5-1991 . . .- ¢ '
104.923- o .-...104.55 . . 104.52 s :
104.952 ° ° 104.56 = . 104.53 .

"104.919 104.56 - 104.53 ;
104.832 " .104.45 - 104.40 2
104.835 . . 104.40 . 104.33. . - - SV

*104.816 .104.33 . "104.29 . . T

7104.823 104031 104539 ... . o S,
103.697 - 103.28: . -103,27-.0 .- IR
'103.701- - 103.27 . .103.23 = - 4 RN .

WSO O e WM
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APPENDIX 2

FIXED DATA

NR INSTAL-

01
02
03
04
05
06
07
08
09
10
11
12
13
14
.15

16

LOCATIONS:

DATE .

12-2-91
12-2-91
12-2-91
12-2-91
12-2-91
12-2-91
12-2-91
12-2-91
19-2-91
19-2-91
19-2-91
19-2-91
19-2-91
19-2-91
19~-2-91
19-2-91

DATA LYSIMETERS RAHEENMORE

,‘
o,

VEGETATION

calluna vulgaris (+ EfiEé}
Calluna vulgaris (+Erica)

Narthecium ossifragum

Eriophorum augustifolium”

Narthecium ossifragum:

Eriophorum augustifolium”~

Sphagnum spec.

Sphagnum spec.

Sphagnum spec.

Sphagnum spec.
Eriophorum august1f011um
Eriophorum augustifolium -
Narthecium ossifragum*®
Narthecium ossifragum
Calluna vulgaris (+Erica)
Calluna vulgarls (+Er1ca)

lysimeters with bad aqfqtelh: K70 1160
lysimeters with good acrotelm: K20 880
all lysimeters are removed to K20 880

LYSIMETER HEIGHT: 50 cm
LYSIMETER DIAMETER: 40 cm

© VEG. (ENGLISH) - ACRO- TUBE-

TELM LENGHT.’
' (CM)
Heather bad '66 8
Heather . bad 88.0
Bog Asphodel - bad 67.7
Common Cotton-Grass bad 67.1° °
Bog Asphodel bad- 67.8 -
-Common Cotton-Grass bad  "68.7
-Peat Moss bad 67.4
Peat Moss " bad . 68.5
. Peat Moss. good 68.8 |
- Peat.Moss - good 69.4 -
~ 'Common Cotton-Grass good 68.6
Common Cotton-Grass good 69.2 "
Bog Asphodel good 67.8°
Bog Asphodel good 69.5 .
.Heather good 68.5 -
51

Heathgr good 70.
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' WEIGHING DATA ..

Wéight (kg >

W =
- : 3 .
DATE W1 T "W2 . W3 W4 W5 W6 .-
07~ Apr 91. - 65.5 | + 62.5 63.2, - 64,4 - -.66.9  64.0
15-Apr-91 65.4 . 63.0 63.1 64.2 . 87.0° 64.0
19-Apr-91  ° 64.3 61,7 61.8 62.9 [ 65.9 62.9
26-Apr-91 66.1 63.8 63.7 - 64.8 67.4 . 65.4
03-May-91 = 66.3 64.2 i63.5 64.6 - 66.7 .. 64.7-
10-May-91 7 64.9 - 63.0 62.7 63.1 . 65.8 63.5"
© 7 17~May-91 -62.9 61.2 62.4 . . 62.6 65.8 62.3
~——-23*may-91— 6275 6073 61.8 62.1 65.8- 62.0
N * i W8 W9 Wilo - W11 . Wiz ..
07-Apr-91 -~ .  64.4 = 64.4 65 1. *63.6 :©  63.3 63.9
15-Apr-91 " 65.0 63.8 65.0 - 63.0 62.9 - 64.7
19-Apr-91 63.3 61.9 63.5 61.6 -, 61.4 62.8
26-Apr-91 65.4 63.6 '65.9 63.8 ‘*53;5 64:.8 .
03-May-91. 66.1 64.2 . 65.1 .64.4 | 64.2. , 65.1
. 10-May-91 "64.3 2.9  -".64.6 i, 63.8 - 62.6 © 63.3 .
17-May-91 '63.1 "62.3 | 64,2  -63.9. “6l1.8 . 62.3.
23-may-91 .63.1  -62.2 . _.65.0, . .64.6 .,.61.9. . 63.1
. ~ W13 < W14 - W15 Wi . .
. 07-Apr-91 . '62.2° - 63.1  59.4 ' 63.3 .
15-Apr-91- 62.8 . - 63.4 61.9 65.0.
19-Apr—-91 "61.7 :61.9°  60.8 63.3 ’
26-Apr-91 64.2 64.1 . 63.2 65.5
03~-May-91 63.6.. . 64.1  -62.5 65.5
10-May-91 - - 62.4 . 62.6 61.4. ' 63.9
17-May-=91 . 61.9 62.4 - 60.1 63.1
23-may-91 - '62;6, 1631 59.9 - 62,8
:  'REMARKS v N
07-Apr-91 1y51meters overfloodlng'f‘l .
15-Apr-91 1y51meter 5> missed the bungs, water in/out flow.. |
. .
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WATERLEVEL DATA

WL

B, the first A,

W and Ehg

DATE
07-Apr-91
15-Apr-91
19-Apr-91
'19-Apr-91
26-Apr-91
03-May-91
10~May-91

15-May-91

+ 15-May-91
17-May-91
21-May-91
23-May-91
23-May-91

DATE
- 07-Apr-91
15-Apr-91
19-Apr-91
19-Apr—-91
26-Apr-g91
03-May-91
1i0-May-91
15-May-91
15-May-91
17-May-91
21-May-91
23-May-91
23-May-91

DATE
07-Apr-91
15-Apr-91
18-Apr-91
19-Apr-91
26-Apr-91
03-May-91
10-May-91
15-May-91
15~May-91
17-May-91
21-May-91
23-May-91
23-May-91

second

H

ORDER WL1 -

BW-NA -
BW~BA .
AW-AA -
BW-BA -
AW-AA
BW-NA
NW-BA
NW-AA
BW-BA
NW-BA
BW-BA
AW-AA

ORDER WL7’
BW-NA
BW-BA.-
AW-AA
BW-BA
AW-AA
EW-NA
NW-BA
NW-AA
BW-BA
NW-BA
BW-BA
AW-AA

ORDER WL13
BW~-NA
BW-BA
AW-AA
BW~BA
AW-AR
BW-NA -
NW-BA
NW-ARA
BW-BA
NW~BA
BW-BA
AW-AA

T 22.

23.

25.

29,
- 20.
21.

21.
26,
29.

.27,

304
31.
31.
31,

25,
24,
28.
23.
23.

25,
28.
26,
28.
30.
29,
27.

27.
26.
28.
24,
24.
25.
27.
29.
26,
28,
29.
28.

26.

LSOV WNODUINNO N

v

NNO(D(.D'-JNNIGNDH\O-J

B LUOEJbhWhOoWU0o0 -,

WL2 .

124,10 - 26.
24,7 - 27.
. 26.9 31.
. 23.7° 25.
~23.5 23,
123.0° . -"26.
24.1 27,
25.9 7 30,
. .26.1 7 26.
"26.8, 1 29.
29.2 32,
28.3 30.
28,3, 30.
WL8 .7 WL9
©726.0- . 25.
:26.6 - 26.
_31.0 . 29.
':25.8° . 23,
27.2. -7 23,
~26.3" 7 25,
$27.5 ... 26.
32,9, 30.
/26,27 25.
-29.5.7  27.
32.17- " 28.
32.3. 28,
-28.5 ° 25,
‘WL14 - WL15
'28.5 ... 29.
27.7 - 26.
.30.2, 28.
25.5 24.
264 23,
26.2 25,
29.0 26.
31.2 28.
27.4 28
29.0 28.
29.2 29.
.28.5 28.
2 28.

27.

Waterlevel in cm froﬁ'foﬁiof tube{' , : ;
dnd_N stand for resp. before, after and, no.
A stand ‘for resp. weighing and adding water.

©
¥

- WL3

- O VMUOHWOOMO-JO G

D ~NINORONWNFOWL

MUONARDUNODBROOD

WL4 .

WL10

23.
24,
- 29.
. 23%
22.
23.
27.
31.
26.
29.
34
30.
30.

27.

- 30.

. 23.
27,
27.
25.
27.
32.

28.
29.
29.
25.

NNORNOUHEIWON

HPNONOONITWNO O

WL5

’ 24,
23.
28.
21.
20.
24,
27.
29.
24.
26.
28.
26,
26.

WL11

WL1l6 - -

31.
27.
30.
25.
25.
26.
29.
31.

30.
31.
30.
30.

BB U OO OmN LI h

26.
27.
30.
26,
25,
24.
27.
29,
- 26,
28,
29.
28.
27.

RO OO O DN,

WL6

~.26.6

26.7
.729.8 .
;23,7

23.1

. 24.9

27.5
30.2° .
30.4 . -
311

- 73300 07
3.3

WL12

.

< 25.6

27.8 7
29.7

31.13

27.5 7
26.5

29.4 . ¢
25.3 7 7 7

25.2°

é‘za'z‘,fﬂ:_ﬁf

30.7. o]

31.3 =
30.2 o
27.7 '




' WATER. ADDING DATA

volume

vV = of added water (1)

DATE ADD  VI- V2. vy V4 V5 V6 W
13-Apr-91 - 1 =2.30 =3.23 -3.55 -3.04 .-88.88 -3.21 ™
19-Apr-93 aft :2.00 2.00 '1.50°  1.68 1.26 2.00
26-Apr-91 aft -0.70 ~0.44 0.00  -0.44 -0.96 -0.69
03-May-91 bef 0.00  ~0.94 ~1.32 ', .=0.46  -0.46 -1.00 . .-

- 08-May-91 -. 0.50. .  0.50. 0:50 °  0.00° 0.00 0.00"
.15-May-91 = °~ 1.00:. 0.00 - 1.07. '1.00 1.00 .° 0.00 - -

. 17-May-91 aft 1.00 0.00 0.00 0.00 0.00 ° 0.00
21-May-91 1.00 1.00 i.00 1.00 - 1.00 .. 1.00 - -

—23-May- 9I“bef' 0700 0.00 0.00" - 0.00 0.00 . -O. 00 .

DATE .- ADD V7 V8 ve . V10 V11 V12 -
13-Apr-91 - ~ 7 -2.27  -3.00 -1.30., -3.10 -3.44 ' .=3.14 ;
19~-Apr=91 aft ¢ 22,00 2.00 2.00°°  2.00 2.00 ' 200

 26-Apr-91 aft -0.26 0.00 -0.31 0.00  -0.38 —0.40_ .

' 03-May-91 bef 0.00°"  0.00 0.00 0.00 0.00 0.00 " =
08-May-91 - 0.00 1.00 1.00 "1.00 0.00 . 0.00.
15-May-91. - . 1.00 _2.00.  "1.50 02,000 . 1.00 - 1.00° -
17-May-91 aft 0.45 10.55 . 1 1.00 1.00 ~0.50 0.50*
21-May-91 .- . 1.00 | .1.00. ". ;1.00° .. 1.00 -;1.00  1.00 ‘..
23-May-91 bef - “0.70 1.007 - 1.00. 1.00 © 0.50 . 1.00

DATE ~ - ADD V13, = Vi4 vis: - V16 - :
:13-Apr-91 .= ..=1.75 - -2.61 -  -0:86 ° ~1:52 -
19-Apr-91 aft - 2.00 2.00 2,00 2,00
26-Apr-91 aft -0.79 . -0.37 -0+80." -0.47. -
03-May-91° bef -0.83 0.00 - ~-0.84 . =0.42 .

- 08-May-91.- ./0.00 0.00 .- 0.00 .- 0.00 L
15-May-91 - . '1.00 ~ 1.50 0.00 - 1.00 :
17-May-91 aft -0.50 . - 0.50 0:00 - 0.50..° .
21-May=91 -~ .1.00  "1.00 '1.00-  '1.00
23—Hay—91 bef 0.81 - 0.58 0.00 0.00 .

. ADD explalns 1f the water_is added to;th@’lysimetg} before or -

after weighing. - T - - ;Q‘ g ; .

RAINFALLL DATA " E -

DATE RAINFALL (Mu) ‘

‘12-Apr-91 66.1
19-Apr-91 0.3 , !
26-Apr-91- 15.5 :
03-May-91 24.7 .
10-May-91 3.3
17-May-91 1.3 ) ) o
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SURFACE LEVEL DATA

Levels meausered from wood. Héight wood above edge of

lysimeter = 24.3 cm. Measured at 17-May-91

Lysimeter lével (cm)

1 25.
2 26.
3 27.
4 26,
5 . 25.
6 2
7 24,
8 23,
9 26.
10 27.
11 22.
12 - 22.
13 27.
14 26.
15 29.

lé6 . 24,

VOO DWW -JW

"wood

T‘ T :2;]\. 3 cm

surface level J’"

R W R Sy
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APPENDIX 3

lysimeter

Surféce 1 (wood)

. ‘\
* 4 B

CALCULATIONS OF STORAGE COEFFICIENTS

DATA (1)

Surface 1(edge lys)

tube leng

layer

upper border

layer
under border

Storage
coefficient

26-4
03-4

. 26=4

03-5
26-14
03-5

17-5
23-5
23-5
17-5
19-4
19-4

26-4/1
03-4/2
26-4/2
03-5/1

26-4/1

03-5/1

average storage coef

Lol W L

25,3

16.

QO

= -

12.5

13.4 .

13.4
12.5

©11.3

11.3

'0.30

0.30
0.31
0.30
0.20

0.20

0.27

ma\a\--l-.lm"

[t T JCNRC RV I N

0.63
0.59

0.58°

0.63
0.4%
0.51

o mRmN

OO 0YLO®

=
b=

-

'.. - L]
HOHWVKHWY |

(=]
=
(Vo]

0,30

0.23
0.27

0.21

0.27

WA WM WN

-

VWOWHKFO:

L R
SRS HS PR ES RS E A

A ]

VYN WW

0.25

0.26
0.25
0.27

0.2
.0.22

0.31

0.34

0.33

0.31
0.30
0.29

*

WITH WEIGHING

7 Q“
24.6 23.6
0.3 -0.7.
17.4 18.57.
5.4. 9.4
4.5 '
5.4 .77 &
4.5 8.5
5.4 .9.4 .
4.5 .8.57
10.5 .11.7%
9.3 . .
9.3 .
10.5 11.7
10.3  13.2
10.3 -13.2
0.36 0.45
0.50 ’
0.47 +.
0.40 0.47
0.34  0.36
0.39 " 0. 39
V-i. .5 " .
0.41 0.42.
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APPENDIX 4 CALCULATIONS OF ° STORAGE COEFFICIENTS WITH WATER
: . ADDING DATA (1) T

-

L

date: 19-4-1991 EE R g
lysimeéer ff . 1. 2 C 3 4 5'2 o 67
Volume added. (1) 2.00 - 2.00 ,'1'50' 1.68 1.26  2.00.
‘Waterlevel . before {cm) ,29.1° . 26.9, 7°31.0 29.3 . 28.0 - 29.8 -
Haterlevel after (cm) 20,9 7 23,7 ,25 4 23.7 21.2 - 23.7
Surface level (wood)  25.3 .26.7 27.5 26.6  25.6  26.0 .
Surface lev. (edge 1y31) 1.0 - 2.4 3.2 2.3 1.3 1.7
tube, lenght - 16.8 8.0 . 17.7 17.1 17.8 " 18.7.
layer (under border) _ 11.3 ‘6.5 ° 10.1 9.9 8.9 9.4
layer (upper border) 3.1 3.3 4.5 4.3 2.1 . 3.3
Storage coefficient 0.20 0.50 0.21 0.24 0.15 0.26
' f N R : - 43 iy

lysimeter : 7 % Vs -9, 11 . 12 v A3, s
Volume added (1) 2,00  2.00 2.00 2.00  2.00  2.00
Waterlevel before (cm) 28.0 31.0 . 29.7 30.3 29.4 28.7.
Waterlevel after (cm) . 23.2 .. .25.8 ' 23.9 26.0 25.3 24.5"
Surface level (wodd) -  24.6 23.6° .26.3  22.9  22.6  27.9

. Surface lev. (edge 1y51) 0.3% . ,-0.7 .2.0 -1.4 -1.7 3.6

"~ tube lenght 17.4 18.5 18.8 18.6 19.2 17.8
layer ‘(under border) .10.3 13.2 8.9 13.1 11.9 7.3
layer (upper border) 5.5 - 8,0 <. 3.1 8.8 7.8 3.1
Storage coefficient .. 0.33 0.31 .'0.28 0.37 0.39 - 0.38
lysimeter | ‘ 14 15° 16

Volume added (1) 2.00 2.00  2.00 .

Waterlevel before ‘(cm) 30.2 . 28.1 30.5

Waterlevel after (cm) 25.5 77 24.2 ./25.2

Surface level (wood) 26.5 29.8 . 24.9

Surface lev. . (edge lysi) 2.2 5.5 0.6

tube lenght 19.5 18.5 20.5
layer (under border) 8.5 4.1 9.4
layer (upper border) 3.8 0.2 ' 4.1 .

" Storage coefficient 0.34 0.41 0.30




 DETERMINATION: OF: STORAGE COEFFICTENT

lysimeter

‘.date

-

S

..12 '.*.13

WITH WEIGHING DATA (2).

_-
!0\ s

. Surface 1l(wood) " - 26.3. 27.5 22.9 22.6 .27.9 26.5 -29.8 24.9°7
Surface l(edge lys) 2.0 3.2 =1.4 -1.7 3.6 2.2.°5.5 0.6 .
" tube leng. :  18.5 19.4 18.6 -19.2 .17.8  19.5 18.5 20.5 .
layer oo 26-4 % 3.0 8.3 8.1 2.6 47 0.7 a.d %
upper, border 03-4 : 7.5 7.7 4.2 4.5 1.2 4.9
. - 26-4 8.3, 8.1- 2.6 : 4.7 -0.7 4.7
—————03-5 775 0 7.7 4.2 4.5 1.27 4.9+
> 264 -~ 3.0 T o -0.7 4.7
,03=5 - E . T 1:2,.4.9.
layer T 1757 7.4, 11.4 12.2 6.7 7.3 4.7 9.7 .
~under- border; 23-5 - 11.4. 12.2° 6.7 7.3 4.5 9.3 .
Lt - 23-5 13,17 1.9 . 7.3 8.5 4.5 9.3
- ; ., 17-5 - , 13.1;¥1.9 7.3 8.5+ 4.7 .9.7. .
N . 19-4¢ 9.2 N - 4.1 9.4 -
’ 194 ' ‘ L a1 e.at LT
 Storage - ; T 26-4/F - $-0.44..0.49 0.45 '0.52 0.46 0.38 e
© coefficient .03-4/2 "' 0.49° 0.5Q ... - - ~.0.63 0.49 - T
B : T 26-4/2¢% © 7 0.35 0.42 0343 0.46 0.51 . 0.47- :
03-5/1 - 0.40 0.44 ° ¥ 0.55. 0.40.7 .
. 26-4/1 - ; . 0.40. 0.37 e
. - « - 03=5/1+ e . 0.47 0.39 -~ =
o : I A oo -0 R
average’.storage-coef =~ 0.31: 0.42 0?46 0.44 0.49 0.50 .0.42.
= EN 5




w P

CALCULATIONS STORAGE COEFFICIENTS ﬁITH WATER ADDING DATA (3)

15-5-91
_ Lysﬁmgterrf

Volume added (1)
Waterlevel before (cm)
,Waterlevel after (cm)

Surface level (cm)
Surface- level

~ tube lenght

layer (cm —surface)
layer :

Storage coeff1c1ent

Lysimeter_

Volume added (1) -

Waterlevel before (cm)"

Waterlevel after (cm)

~ Surface. level (crm)

- Surface level

tube lenght
layer (cm —surface)
layer .

Storage coefflclent

23‘5“91 o
Lysimeter

Volume, added (1)
Waterlevel before (cm)
Waterlevel after (cm)

Surface level (cm)
Surface level

tube lenght

layer (cm —surface)
layer

Storage coefflclent

Lysimeter
average storage coeff.

Lysimeter
average storage coeff.

Lysimeter
average storage coeff.

1.0
30.
26.

RN

o o
. (=]
e .
LOOo~dhO0

o
O

2.00

"1.00
© 32.3

28.5.

23.

—0.

14.

6
7
18.5 .
5
10.7
1

0.38

L)

1,00

31.8

" 26.2

1.00
28.1

25.0

0.33

1.00

=
o
Db wo

©30.7

27.8
22.6

7
19.2
13.2
10.3

8

0.41

10

.21

16

.30

11
0.32

12

0.33

L2
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APPENDIX §

first column:
second column:

0.203332
0.413319
0.629931
0.853133
1.082879
1.319123
1.561816
1.810906
2.066346
2.328085
2.596075

2.87027
3.150622
3.437087
3.729623
4.028185
4.332735
4.643231
4,959637
5.281914
5.610026

5.94394

H e

NN NNNDON
® # & & & » 9 = L .

6.629034
6.980151

7.699367

W)W WwWwwwww

8.441032
8.820213
9.204923

9.990827
10.39197
10.79854
11.21052
11.62788

12.0506

0 12.47866

12.91204

¢ = = @

U'I\DOJ*-.!O\U'Iohul\)H-P-\DOQ*JO\LHJ’-(»NHU\DO)\JO\U!#&UNHN\DOQ'-lﬂ\mohwtdl—‘

Lo S N N

6.28362,

7.336938

8.067408 -

9.595136

M g e e e Wk 4

i

7

METHOD FORMULA .

n

=

13.35071 -
13.79466 -
14.24386
14.6983
15.15796

¢

16.09285 -
16.56805 -
17,0484
17.53387
18.02446 -
18.52014
19.02089-

'19:52672
.20.03759
20.55349
21.07441
21.60033
'22.13124
22.66712
-23.20796 -
23.75376-
24.30448
24.86012
25.42067
25.98612
26.55645
27.13164 .
'27.7117
© 28.2966
29.48088

N RO N RS RURS R RS RE

LR RN * ‘w8 . e -

N NS . e

OOV O\ VOV O\ OV O\ O
HNOONOOMBWLWNHGOAOOIRUTS WK

SRS N BN E P N I (A
[ ] [ ] - - - - [ ] - . - L]

CRAENOVORABNTODINU & WN

31.90709
33.14884
34.40957
35.6892
36.98765
38.30484
+ 39,6407
40.99515

(oo QveRoe e
« + ¢

((02) = 21n(m) =) / Tn(m). -

15.62282 ©

30.68441 .

B
]

BTt e

- TABLE FOR THE DETERMINATION OF N IN ‘THE GUINNESS

AW e e e,
¢ ~
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APPEanx 6  DATA AND CALCULATIONS OF THE CALLIBRATION OF THE
GUINNESS METHOD' :

calllbratlon with plates

gat : . Cot 1
x-coord © | j95.
y—coord . .870
length (cm) o : 18 ..
width (cm) - . ' 16,
depth (cm) - 40
thickn acrotelm (cm)- 38
wat. level (cm) -2
tubes 1+1+12
Q (m3/s) 2E-05
HO (cm) . B67.2
drawd. big hole (cm) 63.4
drawd ‘small_hole(cm) 2.0
distance x (cm) 32
distance y (cm) 1.8
welled width w(w) 16
welled height h(w) 32.2
"gradient i (~) 0.056
well.surf. A(w) (m2) 0.0515
veloc1ty v (m/s)’ 0.0005

permeab111ty k (m/d) = 742
transm. T (m/d) 282

2

. J95
870"
17
17
40
T 40
. —2

1+1+12-

2E-05
.58.6

50.7¢

3.2

17
- 730.1
"0.142
0.0512.

0. 0005‘-

. 33"
4.7

calﬁﬁlation with formulr

1 2
x—-coord . jo9s jo5
y—-coord 870 B70
-length 18 17
width 16 17

-, depth 38 38

* r eff.(m) 0.10 0.10°
wat.level, = -2 -2
tubes 1+1+12 I+1+12
Q (m3/s) 2E-05 2E-05

0o 80.0 57.5
Drawdown 79.0 55.9
time (s) | 60 120

s(w)cdns. 0.010 0.016
"n{form.)  14.3 18.8

n - 5.3 6.3

T '(m/dag) 57.0 39.3

! 295 c

118

callibration with fingermethod ..

bergfact. 0.5
pie - 3.1416
gat - 2
X-coord - j95
y-coord’ 870
length (cm) ' 17
width (em)’ 17
_‘depth (cm). . 38
r eff.(m) 0.10
wat,level (cm) -2
tubes . : 1+1+12
Q (m3/s) 2E-05
-time (s) ' _ 120
HO (cm) - 57.5
- Drawd. big hole (cm) 55.9.
drawd small hole(cm) 1.1
distance x (cm) 25
dlstance Yy (cm) 0.5
n ) 3.3
T fxnger (m/dag) ) 82.4

calculation with formula

s(w)cons. " 0.016
n(form. ) 18.8
n : - 6.3

T formula (m/s) ©39.3

3

jos5 -’

870"
- 20
20
38
0.12
P2

£ -

Gy
2595

"~ 870

- 23 to-
23
. 38 .
0.14
: -2

1+1+12 1+1+12 -

2E-05

.60
'55.6
55.1 ..

0.2

30_.
0.3

3.3
137.3

0.005
22.4
6.9

--132.1

'2E-05

160 g
57.5 - .
55.9

0.016
12.6
4.9
34.0

R AR b P TR P e Y
i d

T e

54;.
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APPEN‘DIX"{? ’ GRAPH FOR THE DETERHINATION oF THE GEOMETRY . " A *‘;f
L - «. . FACTOR Ap IN THE PIT BAILING METHOD ’ o T
) ) - T .t
“ - . Fig. 4—Curves of A,/r vs. D/r for different values of L /v (on the )
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~ APPEND IX 8 NOMOGRAM FOR THE DETERMINATION OF THE GEOMETRY R
: ; - FACTOR.C IN THE. -AUGERHOLE'METOD FORMULA - ' ,
he = 4;:1)‘ F;r‘.'. o a R .o
400 100 73 e - &
nof sl [ < W, 2 ’ i
b e} B N 0 s
pop . mp g Bz»l- TN " :
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APPENDIX 9

PERMEABILITY TESTS AT 16-4-1991

GUINNESS METHOD

'bergfact ' 0.5
x-poord. 1
y—-coord . 200

vegetation . moss
length "(em) - 19

“width (cm) 15
depth (cm) 38
r eff.(m) . 0.10
wat.lev(cm) -2
hsur-htub 0
tubes 1+1+12
Q (1/s) - 0.025
HO (cm)..  47.7
He (cm) 46.1
time (s) ~ 70°
s{w)} (m). 0.016
n (formula) 9.3
n_ 4.1
T (m/day) 30
X-coord 1
y—coord 1200

vegetation moss

. length (cm) 16

width (cm) 16
depth (cm) 30
r eff.(m) ~ 0.10
- wat.lev(cm) -2
hsur-htub ' 3
tubes. o1+41+12
Q (1/s) 0.025
HO (cm) 55.5
He (cm) 54 .4
time (s) 20

s(w) (m) 0.011
n (formula) 24.1
n 7.3

T (m/day) © 62

1,

300

MOSS'

‘20

18°

40
0.11
-2

0
1+1+12
0.025

49.3 :

48.7
- % 40
0.006
12.2
4.9

90

-1
moss

17
16

34

0.10
-2

1
1+1+12
0.025
51.8
'50.8
75
0.01
20.2
6.5

64

1300

1

500
moss
17
16

31
0.10
-2

-2

1+1+12

0.025
57
56.2
30
0.008
8.1

3.8

. 57

q
600

20

17

30
0.11
-2

0
1+1+12
0.025
36.5
35.5
90
0.01
19.1
6.3

63

1
600

18

16

31
0.10
-2

-2
1+1+12
0.025
54.6
53.4
120
0.012
26.4
7.7

58

1%
. 600

moss
20
19
40

0.12

-2

B |
1+1+12
0.025
32.3
31

60
0.013
6.7
3.4

32

1+1+12
0.025
55.1
54.5
- 35

0.006

12.8
5.0

92

0
600
moss
19

18
32
0.11

~2

"0
141412
0.025
38

37

'50
0.01
8.9
4.0

47

i
900

1+1+412
0.025
50.1
48.6
90
0.015
9.9
4.3

33

1
1000

17. .

l4
- 30

1+1+12

0.025.
56

54.8
55
0.012
12.8
5.0

46

m
600
moss

22

20
39
0.13
=2

1+1+12
0.025
52.5
51.9
65
0.006
17.6
6.0

102

~i

| DATA AND 'CALCULATIONS OF THE ACROTELM TRANSMISSIVITY/

1

1100
moss
17

17,

33

0.10
_2 -
0.
1+1+12
0.025 "=~

70.3

¥

69.7 -
60 . ..'

0.006 .

26.4

7.7

0.11

1+1+12
0.025
49

47 .2

80
0.018
8.8
4.0

26

4 4
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PIT BAILING HETHOD THIEM EQUATION -
x-coord 1 1 I.
y-coord 0 -100 100
vegetat . B/M M M- 3
length (cm) “17 T 16 20 "
width (cm) = ‘16 15 . 18- s
depth (cm) , 39 41 . 37 o
hsur-htub 1 2 "6 PR -
wat.lev(cm) -2~ -2 =2 . L
D perm.(cm). 10 10 15 ’
HO (cm) © 67.8 56 -39.7 _ X
Drawdown(cm)64 8 ' : 53.2 36.9 . < ‘ A E
: time level X (m/d) tlme level K (m/d)_time_level K (m/d)_ﬂ e
"0 64.8 0 53.2 0 36.9 T e
16 65 41.3 11 53.8 231.1 13 37.1 7001 s
25 65.2  77.6.° 18 54 - 130.5 27 37.4 109.1;- .=
32 65.4 . 106.2° 25 54.2 142.2 |, 43°37.6. 68.5 7 Y]
37 65.5 * 76.9 32 54.4- 156.8 52 37.8°  132.4.
46.65.7 . 92.1+ 43 5476 . 111.9- 60 37.9 78.0
. 60 65.9. -64.,3 . 55 54.8. 117.5 70 38" 65.5"
* 67 .66 67.3" 67 54.9 63.5 . 80 38.1° 69.1."
75 66.1 61.9 75 55 103.8 93738.2° 56.2 -
: 85 66.2 52.2-. 90 55.1 '61.0 106 38,3 . 59.8°
S -95 66.3 .55.27 112 55.2 46.3 130 38.4°  34.6, ‘
. 107 66.4 . 48.9.. _ - l* B I -
"117 66.5. 62.7 T T
. 130:66.6 - 51.8 - ' A .o
+ 165 66.8° - 45,5 ‘ - IR . i
L © 185 66.9. f43.9 - - R ST
k (m/d) £=75-185 ./ 51.5 t=11-112 103.7 £=52-130 °~ ~ 60.5 A
x-coord | [ e j SRt
" y-coord - - 400 St 700 Y 600 T
“vegetat . : B/M ~ M- o
. length' (cm) 17 . - 16 19 L
"width- (cm) 16 . s ~16%, 16 -
' depth (cm) 32 35. 31 _
- hsur—htub - o : 5 -1, T
- wat.lev(cm) -2 .. -2 . =2 L
. D perm. (cm) * 15 . . 12 -’10 . R
© HO" (cm)” 53 L 48.5 _ . -'48. =T
- . Drawdown(cm)49.9 T 46 . 45.4 - T
time level K (m/d) time level X (m/d) time level X (m/d)
ST . 0 49.9 0 45.9. ' .. 70.45.4>);
P Y 550.3 131.7 .. 6 46.1 - 178.1 .5 45.3: —se,ou
9 505 -88.1 * 11 46.3 227.1 11 45.7 . 21376
13 50.8 = 148.3 . 15 46.5 = -304.5 16 45.9 _ 138.6
18 .51 . "86.3 .22 46.7 188.6.. 20 46 90. 4
22 51.2  118.8 29 46.9 . 207.1 28.46.2-  99.2
25 51.4 = 176.8 35 ‘47 127.4 35 46.4 1260
©29.51.5 70.4 41 47.1 134.9 . 42 46.6 142.3
o 36 51.7 . 92.1 ' 48 47.2- 123.1 52 46.8 ~  114,8 o
™) .~ 42 51.9 - 126.0 54 47.3 153.8 62 47 * 136.%1
' .50 52.1 | 114.6 61 47.4 142.2 71 47.1°  83.5 ,
- 61 5203 .-106.3° 68 47.5° 1547 78 47.2 ~ 12071. _ . )
: s 67-5274 . -113.2 80 47.6 99,1 . 85 47.3 136.5 iR
: 75 52.5° 101.5 92 47.7 110.3 97 47.4 9274
L ‘ ' . 112 47.5 88.2
k (m/d) £=13-75 - 106.0 t=41-92 123.0 t=11- 112 114.0 .
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AUGERHO_LE METHOD

x—-coord 1 _ " p ‘ i R
y-coord - -200 | : © 600 s " 600
length 16 —_— 17 - B 19
width 16 RN 16 e 18
watdepth = 19 - * .25 I 24
wat.level -2: o -2 . o, -2
hsur-htub 6 - ; . .
W 31.8 - T 29.2 o ' 2
Drawdown  46.2 T .. " 4B.8 o ©15.8 | .
" C (graf) 160 C o 160 L 00 T 160 L
time level k (m/d) - time level k (m/d) time level k (m/d)
0 46.2 .. 0 48.8- : -0 15.8 ‘
2,5 45 '1.28 © 2.5 48 0.85 2.5 15.7 0.11
5 45.5--0.53 . " 5 476 0.43 5 15.6 - 0.11
7.5, 45.3 0.21 "°7.5 47.3 0.32_ 7.5 15.5 0.11 -
+ 10 45.2 0.11 " 10 47 0.32 10 15.4 0.11-
12.5 45 - 0.21 12.5 .46.7- - 0.32 12.5 15.3 0.11
15 44.9 0.11 15 46.4 0.32 15 15.2  0.11-
k (m/d) t=5-15 . 0.16 t=5-15 . 0.32 t=0-15 0.11
x-coord 1 - .
y~-coord ‘1400 - ' T o~
length" 18 e . g
width 17 R
watdepth . 23 B I S L
wat.level -2 T o N .
hsur-htub '
W' 2
‘Drawdown 18.9 ‘
C (graf)’ 160 o ; X
A time level k (m/d)-
0 18.9
2.5 18 0.96 - ~
.5 17.5 . 0.53 T gl N e
7.5 17.2 0.32 o R S
10 16.8 0.43 . »
12.5 16.5 0.32 :
15 16.2 0.32 y
-k (m/d) t=5-15 0.35

49-
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APPENDIX 10.°  DATA AND CALCULATIONS OF THE ACROTELM | IRE
’ - TRANSMISSIVITY/PERMEABILITY TESTS AT 5-6-1991 ) '

GUINNESS METHOD -
'bergfacé.f‘?é' 0.5 "
xfCOOfd'f 1 p T é;_;ﬂ’ o ?; S
Y-coord . - - 300 600 16007 . .600 - S '
vegetation . moss moss moss " ° moss ’ A

length (cm) 20 20 19 Tl 22 .. . : ©
width (cm) - 8 - 19 18 -~ 20 S
depth (cm) . 40 - = 40 32 39
r eff.(m) - 0.11 0.12 ' 0.11 - -0.13
wat.lev(em) * =9 -14 -13 .o-11 : S
hsur-htub - 0 . 1 R I 0 , e
tubes 141412 . 1+1+412  1+1+12% 7-1+1+412 - :
Q (1l/s) 0.025-'. 0.025  0.025 *0.025 =
HO (cm) 57.0 . ., 49.5 78.0 - 87.0

Hc (cm) 56.1- . 47.7 | 75.95 , 85.5 ° o T
time (s8) = 112 255 ] 278 285 : s - S
s(w) (m) ~ 0.009 0.018 ~ 0.021 0.015 ‘ :
n{form.) 26.3 28.8 30.0° . 33.9
n ' 7.7 ¢ 8.1 8.3,. 8.9

8 1
. ) B L ) ;
T (m/day) 77 40 ¢ 347 . 50
LT ’ N .'! ‘ -
& )
.
F .
2 .'\-_ . “::_.
Bl
L ); . -
k! A ] ~ 4
. NG .

B .

0.



‘PIT BAILING METOD WITH THE THIEM EQUATION

_x~coord 1 1 1 : ’
y-coord 900 800" 600 e
vegetat. moss moss - mOss
length (cm) 16 18 o118 :
width (cm). 16 - 17 16 -
-depth (cm) 28 37 .31
hsur-htub o - -2 -2
wat.lev(cm) -17.5 .. .. : -22.4 -8.3 -
D perm.(cm) - 40 - 45 .20 R . -
.. HO (cm) - 12007 e 33.3 . 51.5 BRI o
'-'Drawdown(cm) 18.4 - 29 - 46.8 _ e .
tlme level X (m/d tlme level K'(m/d time level X (m/d 3
- 3.5 -18.4 - 329 = 04678
10.5 19 113.5 8 29.3 38.7 6 = 47 35.5
- 16 19.3 "87.1 9 29.5 135.0 11 47.2 44.1:
771815 .19.5 148.3 15 . 30 64.1 14 47.5.117.1 ¥
. 30 19.8 64.0. .21 30.2 27.2 18 47.7 Bl.L .. .
L. 370 19.9% 39.4° .26 30.4" 34.7 . 21..47.9 B85. 3. oo
40" .20:104.7 .30 30.6 46.4  26. 48 26.2:7 . e
.51 20.1- 33.3 '-35 30.7 19.2 29 '48.2 9179- ". .
. 847 .20.2 13.3 38 30.8 33.3 34 48.4 58.2. - 5
o .40 _30.9 51.8 38 48.6 77.1. . FL
- 47 . 31 " 15.4 ~ .47 48.8 36.5- . = = -
; § . 55 31.1 14.1_ 515 49 78.3... . 0
’ Toev .., [ TT57-31.2 58.9.° 0 57 "49.2.°69.0 . T 0 % e
. At . 64 :31.3°-17.6 .64 49.4 L5809 7 o T
i 70, 31.4° '21.6 -68 49.5 353.9: S
78 . 31.5 17.1° 78 49.7 47.6
A . B8 31.6 14.4 82 49.8 62.7 -
‘ 103 - 31.7  10.2. 91 49.9 29.5
K gem (m/d) t=18. 5t= 84 50.9 t=15-103" " 27.3-t=29-91 56.3 :
- - . K o -
xecoord YL 1. B A TR T .m - N
< y-coord 500 - 1200 600 i
-vegetat . moss moss. moss .
length (cm) 17 19 20 :
width (cm) 16 . 15 - 19 -
. depth (cm) 31 38 . . 40 ;
hsur-htub .~ -2 R : 0 - ) .o=2 N )
wat,lev(em) '~ -13.0 .. .. -11 5 o~ = =11,2 ) X
- D perm.(cm) - 20~ 7 -w L. 400 - .15 -
.HO" (em) 32.4 ° 53 5o '89.5 ”
_ Drawdown{cm) 28.6 : 49.5 7 - 85.4°
' time level K (m/d time level K (m/d time level X -(m/d. .
- 0 '28.6 - .1 -.49.5 - 1 85.4 -7 :
| .9 28.8 . 47.2 7 49.8.°29.5 7 9 85.7 123.3 “
15 29.73.9 . :11" 50 31.1 .12 85.8 111.1. g
20 29.2° 92:9 ° 15.50.2° 32.)9° 20 86 8579 - T
26 '29.4: 81.5 19-"50.4 34.9 30 86.3 108.7 " i
'34. 29.6 64.6 23 50.6 37.1. 40 86.5- 75.5 o
41 29.8 '78.5 - 27 50.8 39.7 58 86.8 67.6
49 - 30 73.4 347 51 24.4 .- 170 87 71.4
62 30.2 48.7 43 51.2 20.6 . 87 87.2 53.6 N
77 .30.4 45.8 50 .51.4,;29.2 102 87.4 65.1 Foy
i - ‘88 30.5. 32.7¢ .59.-51.6 24.7 . .122 - 87.6:,.52.9 .
- -'95 30.6 53,9 69 51.8 24.8 142 87.8 57.9
. o wT B3 ~ 52 20.0 " 165. 88 55.9
" K gem (m/d) t=26-95 56.8 t=27-83 - 23.9 £=30-165 62.5
Ea




- x-coord
JY—coord -
. vegetat -

- hsur- htub
HO (cm) -
Drawdown
Lec/r

Ap/r‘

K (m/d)

f lengthn(cm)
-Pwidth_(cm)
. depth (cm)

‘wat’ lev(cm) -18 _°
D perm {(cm)

> time
' "0 34.8

1100 -

moss
17

33

0 , :_{ FRRCI
15 L
38.0 7.

4.6
r eff (em) 10.2 ~

1.5
I4.5,-i
148 -

37 .
49 -
67
81
101
116
132
147
171
186
202

t=0-202_

17 v

.@xpsggkﬁ¢hm;¢éﬂoA00\

E

S G ST T R R T |

700
moss
16
16
35

-14

39.1
34.9

16.0
154 .

K time level
. 0 34,
"34 35,
62 35.
85 35.
110 35,
146 35,
181 '35,

UL DB GO ®

4.5 t=0-181 .

q.huaw+4c>m

_'3";;';?—115
10 v

-

o~

_HofFAFhHIAu

moss

e 17

© 16,

32

R R T T 40:._ -
15
" 57.3°”
‘ff 51.0

T 9.9

—.2.1“
. 153
K tlme level
0-51.0
- 11 51.2
+ 26 51.3
-~ 32 51.4
- 37 51.5.
;;51 51.6
L 64 51.7 ¢

»3hgn¢-u:w'w

79 51.8

95 51.9
104 52.0

1.4 t=11-104

3 Lo w
- B e
g Ty
.t
s
L
S
=
;
e
. &
.
~ B
.. P
-
A
1

NRWWWW W Wy

v

OO b&EOowRE

58.0 7
. 54,5 %

2.5
16.0
-182

K- time 1eve1;3”k§n

4 54,550
15 54 7*
24 54.8 .
34 54.9 -
42 55,
49 55,
60 55.
68 55.

-+ 87 55.
128 55.
151 55.
1684 55,
187 55.
206 55,
$232 56.

lOJQtD-JUbMphthJPFO
'y P ) :;{?T‘, . not

_2‘t=128—i32; 4.8 %

11.4: ek

ST
b ot




T e e P e

PIT BAILING METHOD WITH PIEZOMETER METHOD EQUATION (2)
PRI R 2 e .~-“':,<‘¢;:'
L. “5 3 "o o :".'.:. r: . i ‘:, ) B .l . . . .

x—coord:‘
) y-coord -t
'. vegetat
length (cm)
W1dth (cm)
depth (cm)
_hsur- htub
Jwat Yev(em) =12+
D. perm (cm)”mlo Coml
"HO(cm):. . 38, 2—' LE 37 5“'

| S |

0#*1 ‘.‘"“ ~,' .
b asp/moss

5‘“ £ ’,..‘ 16"

. fj J‘.. ‘15.

» o 4l
72

e

10°

v . . " *
S T

800
mos_s};:,.‘ g

390.0’

"k

20
15 ) .;;5.:.

o
—_9, b B “
07

‘AADrawdown‘f 33.7%; ;‘}E T 0"
ST 3 5
IS 1720 ¢
: . 158
K tlme level
97 32 0
B 24*32 4°*
3 34> 32 5
5 .41 32 6::
2% 51 32 7
2
1
1

1,
1
T 104”34 1_”1
i ““: 160 -34:2 "1,
o g?zﬁ 204 34:3° 1,
S 1725134 s
. ' m;-: 288 34 5 1.

4 o
PR ~ i Eet T

$59:32, a»
72 37.9%
807330
91-33.1 .
ol 101,38.2
ST TT4733, 37
“~7?Yn 127..33,4"
«138 33.5
149733 6%
164:33.7.- "
i1181 33.9 -
;o208 34000
R . 212734:1°.3

T 232834, 21}'"

K tlme level

86.2% .
.10.5

'16 0

’">37 86 7

'“568-87{1;’71f_3'
--.80.87. z“*_

-wy98 87.4° f

At

2.8
168 -

2 86 2
17 86 5.
29, 86. 6

42 86 8"

Y

"91.:87.3"

6.
108287.5° 6
117 87.6. 7.
126 87.7 .7.
1134.87.8 ' 7
~1457.87-. 9-'7
156 aa o 7




e ot A e o R ey _.,.,-.m‘,-mwa,‘. P e O S T b s H

AUGERHOLE METHOD
x~coord 1 LA R L q
y-coord - 400 . T 600 600 o
length 17. N AT 20 : -
width Co 16 : I V- A 17 -
depth . 32 s B SR 28 .
wat.level -11 - w26 26 )
hsur*htub 0 29 2 o , 0 Y
W - S U i
HO 57.3 - 1ei2 30.8 -
. drawdown . . 51 9.8 < . 19 -
C (graf) 160 160 ‘ : 160
: - time level k(m/d) tlme level ' k(m/d) time level k(m/d)
0 51 “6° 9.8 : 0" 19 -
11 51.2 2.91 3 2.0 10 0.17 1.2 19.3° 0.67
26 51.3 '1.07 713 ©10:1 0.07 2.3 19.5 0.48
32 51.4 2.67 11.4 -10.2 ©0.07 4.7 19.8 0.33
37 51.5 3.20 - ... 5.8 20 0.48
51 51.6 1.14 .. ° 7.1 20.2 0:.41.
64. 51.7 1.23° -1 - 8.3 20.3 0.22°
79 5i.8 1.07 9.2 20.4 0.30.
95 51,9 1.00 10.8 20.5 0.17 .
104 52 1.78, . ,
k (m/d)- £=37-104 1.24 t=0-11. 4 0.10 t=1-11 0.34 N
t,
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APPENDIX

H 7

H 8

H9

 H10

. almost clear.

" between the fingers by squeezing.

. Almost completely humified plant remalns

Totally humified plant remains;

e G T Bt

ST o N Ty

ok

: Lo R W L

THE VON POST AUD_GRHHLUND HUMIFICATION SCALE I

Completely unhumifjed plant remalnsanrom whlch by hand only almost i
colourless water c¢an be squeezed o )

Almost unhumified plant remaxns the squeeze water -is 11ght brown and ;,

-Very poorly humified plant remalns

Poorly humified plant remains: peaty substance does not escape from -

Moderately humified plant remains; ‘the structure is however still clearly
visible; the squeeze water is dark ‘brown and very cloudy, while some peat
escapes between the fingers. ,an e * L
Fairly hlghly humified plant remalns “the structure (texture) is unclear ’
About a third part of the peat escapes. through the fingers, “-'

e

The part remaining in the hand’ has a more clear plant structure than the ﬁ,';

part that was squeezed out. _
Highly humified plant remains; about half of the materlal escapes when

e

squeezed. The water which may escape 1is dark brown in colour. ST

[

Very -highly humified plant remains;

etc, .

almost all the peat escapes:
Structure is almost absent
amorphous peat:
w1thout any water belng squeezed out.

through the fingers.

fingers

z«"r:

“the squeeze water'ls éloudy and brown.;

two-thirths escapes through the =" "y %
. flngers The remainder conSLSts maxnly of resistant bits of roots Vwood %\f

all the peat escapes«the:A:h'

A “. -.

Yo
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APPENDIX 12
: %

COORD V. LAYL

H1000 ¥ 10-30
H1100 B 5-30_
H1200 M 5-20
H1300 M .10-30
H1400 M. 0-5
-10000 H ‘0-15
10100

."1 i

DATA OF THE ?IRST ACROTELH MAPPING

PR T

'

-

.

ol

T

=.‘,

LAY3 H

I02c0

0-10
20-50

10300 M '5-35
10400. X 5-50
10500 ¥.0-10

" 10600,C, 0-30.

10700.

‘0-50

10800 H 0-25
I0900° no dri
11000 ¥ 5-30
11100 M 10-30
11200 M 5-15
11300 M 5-25.
JO000 B.0-20
J0100 B:5-25"
J0200 M 0-10
Jo3oo v '0-10.
J0400 B 10-30
., JO500 B 0-10
© JO600 M 10-20
JOT00 M 0-10
JOBOO M 15-20
JO%00 M 0-15
J1000 B 5-15
J1100 M 10-20
J1200 C 0-10
J1300 H,5-10.
- K0000 H- 0-10
K0100 B 5-25
K0200 H-5-25

LAY4 . H COL4

1

70-1005 545]6“%u
50-1005 5-3/4'

50- 1004 .57 3/6-"

30-50° 6 5=3/2.-
50-1004 2.5-3/3.
"30~55 6 2 5-2/4

75-1005 5 3/4ﬁ**
80~1004 5-5/8°
50~80.5.5-3/3
65-1004 7.57 5/8

70- 1005 5 8/6

95—1005 5—4/5

-'K0300

0-20

X0400 H 0~30
KOS00 M 0~5
XO600 B 10-20
K0700 B 5-35"
'K0BOO M 0-10 .
K0900 M 15-25
X1000 € 5-15
X1100 B 10-20
K1200 H 15-40
K1300 M 5-20
K1400 M 0-10
L-100 M 0-10
1-200 M 5-30
L0000 M 0-10
LG100 M 0-15
L0200 M 0-20 -
L0O300. M 0-15
L0400 M 0-15
L0O500 M 20-30
LO6GO M 0-15
L0700 B 0-10
LOBOC M 0-20
LG900 M 0-40

L1000 0-15
L1100 0~-15
L1300 0-15
L1400 20-35
- L1200 20--35

H c0L1 gLAYZ H COL2 COLS_

77. 5 2/3 ‘30t so 5 752 4/5 50— 70 6:5-27/4"

6 5~ 2/4, 30-40 5%5-4/8 -40-50 4. 7,5-2/3

6 5-2/2° -.20-30 5:7:5:3/4 30-50 4 7.5-4/6

6 5-2/3°. 30-50'5 7.525/8 50-1004

3 7.5+ 5/8 5-20.°7 5-3/2 . 20-30.6 7.5-5/8

6 5-373° 15240 7 2.5% 2/2“40 50 .5 5-2/3

7 5-2/4_+10-20°7°10-3y3 20-30 4 2.5-374"

5 5-372 5027074 .5-4/8. .70-1003 7.5-5/8

6 5-2/2  35-50 4 5-4/8-°-50-75-4 5-4/8

6 5-3/3 50-55.3 7. 5-5/3 55-80 5 5-3/3

4 10~-6/6 '10~40 5 7.5-6/8 40- -50 5 5-3/2

6 5-2/2  30-50-4 7.5- 4/6 50265 5 7.5-5/6

675-2/4° 5090 6 5- -2/2 .. 9071005 5-3/3

6 5-2/4 25750 4 5 3/3* 50-70 5 5-4/8
a‘,“ ' _;"* )

6 2.5-2/4 30= 1005 5—3/3 o - :

7 5~274  30- 55 6 5- 4/6  55-85:5 5-2/3

6 5-3/3 152256 235-2/3 25-1004 5- 3/4.

6 5-2/3- " 25- ?5‘4;5—4/6 75-85 5 5-4/6

6 5~2/2 - 20-35 5 5-4/6 “;35-50 4 7.5- 5/6-

6 2.5-3/2 25-50.5 5—3/4-- 50-1005- 5-3/4

3 10-6/6 10-65°5 5-3/6 .65-85 4 5-4/8

5 5-4/6  10-50"6 5-3/4. 50-1005 5-4/8

6 5-3/3 © 30-70° 7 7:5-4/6 70-1007 5-3/6

3 10-6/4 1o-4o'ers—2/3 40-50 4 5-5/8°

6 5-3/2  20-40.575-3/3%.: 40-55 4 5-3/6

‘4-7.5-4/4 10-20 6-5-3/3 20-50 5 5-4/6

6 5-2/4 20=40.6 5- 3/4 40-50 5 5-3/3

3 10-6/6-..15-30.5,.7,574/6 30-50 5 7.5-3/4

6 5-2/3 ‘15-1005 5-3/4 -

€ 2.5:52/4,20-80°5 5-3/6 80-1006 2.5-3/4

5 2.5-2/3 10-75'-6 2.5- 2/3 75-1006 2.5-2/4

6 5-2/2 - 10-40 5 5-374 " 40-75 4 5-3/6

5 2.5-2/2710-4076:5-2/4  40-1005 5~-3/3

6 5-2/3 25945 5 2.5-2/4 45-60 5 5-3/6

'6:2.572/4 25-40:5 5~3/4 40-60 5.5-2/4

6?5-2/4 7 20-4573:2.5-3/3 45-55 6 5-4/6"

6 2.553/3 50-1005..2.5~3/3 ) et .

3 10-6/6"" 5-15..6 2.5-2/4 15-25 4 5-3/6

7 5-3/4  20-40 6 5-2/4 40-50 5,5-3/6

6 5-2/3 35-80 5 5-3/6" B0-1005-5-2/4 Y

2 10-6/8 10-20 6 5-3/3" 20-40 4 '5-4/8

6 5-2/4  25-45 5 5-2/4  45-1005 5-3/4

6 5-2/3 ' 15-1005 5-2/4 .. o

6.5-177/1 20-40 6 5-2/3  40-55 5 5-3/3,

6 5-2/3  40%1005 2.5-3/4 el

6 5-2/2 20-30 5 5-2/3 30-1005 2.5-2/4

5 10-5/6 10-30 6 7.5-2/3 30-1005 :

4 7.5~4/6 30-B0 5 5-3/6  B0-1006 5-376

7 7.5-2/2 30-90-5 5-3/4 90-1006 5-3/4

5 10-2/3 10-25 6 5-3/3 25-35 6 5-3/4

4 10-4/6 15-50 6 7.5-4/3 50-75 5 5-3/5

4 10-4/6 20-40 4 10-4/6 40-50 6 2.5-2/3

3 10-5/8 15-40 3 10-5/8 40-45 7 7.5-3/4

5 7.5~4/6 15-50 6 5-3/6  50-1005 2.5-2/4 .

6 7.5-3/4 30-50 6 5-3/3 50-80 5 2.5-3/6

3 10-5/6 15-30 6 2.5-3/3 30-45.5 2.5-2/4

3 10-4/8 10-30 6 2.5-3/3 30-45 6 2.5-2/4

3 10-5/6 20-45 4710-4/4 45-1005 5-3/6

3 10-4/6 40-50 6 5-2/3 50-90 5 5-2/3"

4 7.5-4/3 15-30 6 2.5-2/4 30-50 6 5-3/6 .

3 10-5/6° 15-35 6 5-3/4 35-60 5 5-6/8

4 2.5-2/2 15-30 6 2.5-3/4 30-1005 .-

6 5-3/3  35-80 5 5-3/6 80-1006 5-2/4

6 5-3/3  35-8B0 5 5-3/6 0-1006 2.5-3/4

85-1004 2.5-3/4
50~75 4 5-3/6

'85-1005 5-3/3

.

50~75
55-80
50-75

6 2.5-3/4
5 5-3/6

'50-1006 5-2/4 °

50-1005 5-3/6"..

' 55-80

75-85 5 5—3/6

60-1006 5- 3/6

-60~1005 5=2/4°
"55<70 6 2.5- 2/4 .

"“25-40 6 5%2/4 . .0
50-1005'2.5-2/4.. ¢ <1 ..

6 5-2/3 : .

35-50
75-90
50-80
45-80

80-1006-2.5-3/3
45-55 6 '2.5-3/4
45-50 4 5-3/6.
90-1004 5-4/67 .
50-60 5,7:5-5/6

' 60~75 5 2. 5-2/4

[y

4 2.5-3/3.. 01

" 40-50 5 5-3/47%% i

S




R

8 H14oo'f 50-1004%5 4/6 R
oz 10000, . e
» E, 10100 . 55780 4.7*5 6/8 80~ 1003 5- 4/3

- 10200 . R B S LA

10400(

i - % §0-i005 z 5 3/4«
- o ' 5-3/4 PR S
ey - 62.5-2/4 . . o i
: 2.5-3/4 o T R :
; 5 L5 Rl “J T . R E . E -
ri S 25— 2/4 75-90 6 7.5- 4/6 90-1006 . z 5~ 2/4 i -
Lo L

2.5-3/4 60-70 5. 2.5% 3/4 70-80 4 2.5- 3/4 80- 1007 2. 5- 3/4 T

L £ B N
LIOOU . 60-75.-5" 2 S 3/4 75 85 4 2.5:3/6 85 1006 2.5- 3/3

- L1100° -75-80- 6 2:5- 2/4 80— as»s 2% 5 2/4 85-100672: 5= 2/4*"'
- .L1300. ¥ "4 e Fa : _

v b . ¥ - - . o
. L1400 * - S i A S ’
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i . Lizoe, . o ED o
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Hio00
H11l00
H1200
H1300
Hi400
10000
16100
10200
10200
10400

10500’

10600
I0700

- 10800

10900

‘11000

I1100

“ 11200

I1300
JOOOD
JO100
JO200
J0O300
J0400

i Jos00
J0600

JO700

JOB0O

JOg00
J1000
J1100
Ji200
J1300
K0000
K0100
X0200
K0300
K0400
K0500
K0600

KO0700 -

Ko800
Xosg00
K1000
X1100
K1200
K1300
Ki400
L-100
L-200

L0000

L0100
L0200
L0300
L0400
L0500
LO&00
LO700
LO8OO

Lox

LOSGO -

L1000
L110G0

© L1300

L1400
L1200

LAY9 ' H 'COL9

k.

LAY10 H COL1O

LAY X

0-10
0-5
0-5
0-10

3 7.5-5/6 5-15

15 COL_X1

.5 .
4 10-4/4
3 10-6/6
5 5-2/3

7 5-3/2 .
4 10-6/4
3 5-4/6

4 10-3/8

4 10-6/4 5-10

0-5 .

'3 10-5/4
5 7.5-3/3
55-2/2°

5 5-273

"3 10-4/6
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of tﬁé'grid system of Raheenmore

centimeters, the.beginnin

the bog, .the thickness is given in
) g end the end of the -
layer (vertical) is given ‘

-humification degree according to Von Pest . =

H

the colour of the first layer according to Munsell
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" APPENDIX 16  DATA, CALCULATIONS AND GRAPHS OF PIEZOMETER TEST 1
date~”" N . a 17 4~ 1991 (numbers 1 to 4)w s e
. T ‘ 19 4= 1991 (numbers 3. and S*to 8) .

_'locatlon K1250 (near groundwaterrecorder)

?tubenumher' Q'-f“f k.'v'L} 1 AQ“'-L‘ZQQV 3(1) -3(2) 4

‘filterlenght (m) ~° . =, fo z'jl.‘ 0.1 . ' 0. 2. 0.2 0.1w.:
-perforation percentage _ 10-. 1o 20 ¢ 20 20 4
imposed head yQ (m): . - 0 20° - 1 0,19° o0 187 . 0.21 | 0.22. %
" internal dlameter (m) 0.021 f, 0.021 "0.021° - 0.021 0.021
shape factor L ~~5*O 31+ “ﬁngIs f. 0. 31ﬁ. 0.31 0.16 , ™ -

'watervolume vessel‘ﬁl.fij'm:.gg P f“; ‘9.4

{ 3
. . 9u5 . 7.7 T 9.1y
" watervolume vessel t2'- (1) _"9 0. ‘90 'fjaﬂg. ‘
1
0

5 .
.2 7.1 ~ 8.7
116~ 180 116
3

time difference (min) - 1167 fﬁf 116 7 .
0 .057- " °°0.057 * 0
- ':& . ;';'-

Q 1nf1n (1x10E—3(1/s))

+ R

¢ 0.056  0.050%

hydr. ‘conducw k. (m/day) 0 08 . ;;bfiﬁ Lo

e e, .',; s '_’;**: el e s T Al ]

.-

'tubenumber ',a“ f;“f3 . f 5e}7.*ﬁfé" n(j 8

f11ter1enght (m) e %VO 20 . 70L1 - 0.2 0.1
perforation percentage Coee .10 .,10T¢-j 20 20
imposed -head y0O (m) - - ] - -0.20 'j~ 0519 TET Q. 19 0.156 S
internal diameter (m) 0'021 T, 0.021 "7 0.0217  0.021 S
shape factor s*'~"‘& -'1=“- 0.31- o 16 . 0.31. ...0.16 I T

',watervolume vessel-t1l (1) 7 3 . B.S;s . B.B, 7.8
watervolume vessel 2 (1) ‘7.1 8.3 8.1 7.2 o R
time difference (min) ~~ ~~---7180 - ! 1B0.- .180. . 180 T
“Q infin (1x10E—3(1/s)) 01019_;ﬁ,oloopb« 507 046 - 0.056 ; T

'

hydr conduc. K- (m/dayl‘ -~ 0:03 'zofoo'“-' o.o7~rn - 0.20

3
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RISING HEAD METHOD

DATA

FSy

tube J‘: 1

';wat lev
tlme(s) y
oo 0%
10“

20

78.1

-

109.3
~106.6
103 6

'“730

- 4507

. 80
ST 700

e 30
9@*’
100°
110,
;120
140 W
2160
180
210
240
300 }
450.. % B87.6
" 600 i
900° .
12005;
15001:1_
‘2100 - -
2700 -
3600 .. BL.
. 5400 80,
- 1720000 | 80.
9000 ',;ap.
10800 79
12600 . .~

.. 100.6°
99 ;13.,
97 5
96 8
9671,
95., 4.

- 94. 7_

SEOLA

.- 8B :
. . .14580:": “79. .
,?§ ﬁ; E ﬁf

CALCULATIONS l‘

‘tube % . v 1
perfordt

1.25
20

CE(em)
-Leawv Lcm
VA ) -"—""u){

(cm) Y’

‘101:9_".107.

OO0 R O@ N0 @.O

c1x20 ©

49

e !

- 110.2
108.5
107.

S106.4
.i05.
105,
105,
104
104.

10431

. 103.
1037
102‘5

101 5
101

;100 67

99.8

97 8

1%10°

1.25%
10
3 1 ]

In(y)/t o ‘0048 0.00165

‘“k (m/d) O 41546”

&’V’/t‘

o

Lk
i
el
- -Q’»V'{
b T
- Pd

date 1

87‘
5
1
7
4
1
7

.

a»u |
.z___104 5

4‘«..

. ;-?‘a, .

_ "2 o5
132 8 ff

110
107 5t
105 7

s

w

(cm) Yw (cm) Yy

- :!!‘," t .j .

3= 3 91

5 B2.4

. 104.9
104

(cm)
109 .
106.4

[T S

L,",TA_L'.

.,

. 94.4

s 93,2 .

-;tcm)'yﬁyfcmy
- 98
- 9671,

. 99.2

-97.8 ¥

96.8
95..6_-

101.

97,

= e = ey YT T, TN
- s, .
- e
[y
- * b e o
ik [ 5 L AN
» ) o .
- . ar, e i,
g T ek
- - 4
-'»7 *

75 7
(cm) Y’
99,

95..

N VRN
‘8 _'“ ,
2 o

103 8

103
102 (4
101 9

101 4.

‘iod

. . H99,
L 102.47

3
o,

.95,
93,

101

.,h

100..
99

.98

<
Vs I

; UJEQIQIhQF@Jb:Jwtpﬁfmtp?ymlh

97.
96 .

R .,29{2

1,25

20 .
497

0 004

3.

10321

©102.5
10119 .

101.
. 100.
100.
100.
.99,
'£99;
. 98
'98.

i
D . . L
e HARG N T R

-‘*.‘i =

W0
N, =3+
w

O Y
b OO
O o

'90.6
8916
87 .9
. 87.4

R

FEE e

:‘..,‘ - .: 4

. .
- T
£

0.

_1.25
10

"70.004

‘22574 0 34622 0 54725

—y -

. .94.3
. .93.1°
©91.2

T 86,

86.5 '
.85.5 .
94.9. .
.84.6 .
- 84.5 -

. 4
2x10

‘31

192;:2"

g9i.6.

90 .1
89,87
.89.3
89

. 87.
. -87.
87
86.

85,
B4.
‘83 ..
" 82.
<81,
81.
80
BO.

i, 66.
80
80

s GO e PR L :
COONN GO NINOUTO N W o WD

~J
WO

D
ow

5

1x20 ° .

:ﬁaqiz

Srit’
“90.5

Ly

b4

- 1.25,

. 200 -
- 49

7834

"Q;77‘

H !’:‘,j_’;- 60;;.
8.

95”
94.4
93.4 "

-'92.8.

f*92 4
19178

‘91.3%
90.8

.. 90:4 | €
...89.75 8

89..2
88.1

-86.7-
85.5

Lo
L

kg

C 82.1

T.80.6

79.7
C 79

82

77
77.

s
©Req .

- B
lxlo

1. 25
10
31

3.
2

RURNN. WK N

94,

© 87.4 85.

ST
2x29

+1.25

20

49

90&7??;tﬁi*

?ziiﬂa .

1 25
)
31

07501 0.00412 0.00723.0: 00404

'0.86554" 0756366°0.62579%07 5§27§’,

)

o]
e
et
&
3

71 »
(cm)
10174
99 7 -
‘ 98
s 96 2 o ','
*@ 95.1 ¢ fi 0
R 94.; .
931
92:4
. 914 .. :




L wam b ; o
FALLING HEAD. METHOD G
_. DATA - - " (date  14-3-91) C L
tube - S 2 .7 3 . 4 ‘5 - 7 . .8
" perforat = 1x20 1x10  2x20 2x10 1x20  1x10 2X20 |, 2x10
wat lev 79.1 B83.8: 83.9  83.1 79.1  76.2 75.8 *1 71 z
time(s) y' (em) y' (cm) y' (em) y' (cm) y' (ém) y' (cm) y' (cm). y (cm)
0 38.2° 31 42.5 . 45 47.5 .39.6 ° 41 33
1o 43 33.2  46.8 47.3 51.3 41.5 43.7 - 34.7 .
20 46.5 35.1 . 49 49 53.5 43.3 46.5 36.9 -
30  49.1 37 . 51.2. | 50.2 55 45.1- 48.5 38.9
=40 50.5 38.4 52.3 ° 51.3 56.3 46.3 50.1 40.7
50 ©  51.6 39.7 © 53.5 52.9 57.5, 47.9 51.6 42.3 ¢
"60 - 53.1 40.1 54.6 53.4 58.6 “49 52.7 43.6
70, 54.4 42- 55.5. 54,1 / 59.3* - 50.1 53.6 44,7 -
80 56.4 43.1  56.5°  55.1 60.1 50.9 54.5 45.7
90+ 56.8 .- 44.1 ~ 57.4° ' 55.6 60.8.. 51.6 55.3 4677 .
- 100 57.2 ' 44.8 58.1 56.2 61.4 52.4 56 47.7 -
: 110 57.5 45.3 58.6  56.6 61.8 53.2 56.7 48.6
120 57.5 46.1 .59 '57.1 62.2 53.9 57.2 = 49.4
140  57.7 '47.3 - 60 58.1 62.8 55 58 °50.4
160~ 58.2 48.3 61 59.1 63.4 56.2 59° -51.3+
180 59 49.6 . 62 . 59.8 64 57.3 - 59.8.  52.4"
210 60 51 62.9  60.6 65 58.1 . 60.2" ¥53.5
17240 T, 60.5  52.4 63.9-. 61.4 '65.5  59.5 61.3 ' 54.6°
. 300 61.9 54.9 65.6 62.7 66.3 -, 60.3 ~ 62.8° 57
. .. 450%  64.1 59.3 67.6 65.5 68.1 = 63.5 64.7 - 58.6
* 600 65.3 61.7 70.3 -  67.2 69.4 65.3 66.2 ‘61.5
- 900 - 67.3 .65.3 72.5 69.5* «"70:4  .67.6 68.1 '62.5-
.. 1200,  69.2 68.1 . 74 71.3 - <72 69.1 69.4 < 63.5
1500, - 70.1 70 75.5 72.3 72.7  69.8 70.2 64.47%
2100 71 72.6 77.5 74.2" 74 71 71.6 65.5.
2700 - 72.5 74.3 78.1 75.4 74.3 64.5 72.2 66.1"
3600 73.6 76.5 79.2 76.7 74.8 67.9 73 66.9 '
5400 74.7 79 80.2 78.4 75.6 69.9 : ;
7200 76 © 80 80.7 79.1 : ' -
9000  76.5 80.8 81.3 . v o .
10800 76.6 “ S
CALCULATIONS
tube o 1 2 -3 4 5 6 7 8"
perforat ", 1x20 - 1x10 2x20 © 2x10 1x20 1x10 2x20 . 2xX10
r (cm) 1.25 . 1.25 1.25 . 1.25 1.25 1.25 1.25  1.25
Leav (em - 20 . 10 20 . 10 20 - 10 20 - .10
shapef. 49 31 49 31 49 31 49 31

In(y)/t 0.00143 0.00065 0.00175 0.00115 0.00497 0.00287 0.004 A 0.0033
-k (m/d) Q.12377 0.08893 0. 15147 0.15733 0.43017 0.39265 0. 34622 0. 45148
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i ulh

. date i

. location K-900

T

' CONSTANT HEAD

L

" APPPENDIX 17  DATA, CALCULATIONS AND GRAPHS OF PIEZOMETER TEST 2

.. o - 03-05-91 (plezometers 2-9 to 2-12)

07-05-91 (piezometers 2-3 to 2-8) -

number 2-1
filterlienght (m) 0.2
perforation percentage . 10
‘imposed head y0 (m) . 0.03
internal diameter (m) 0.021
:shape factor S 0.31

watefieﬁei vesgsel t1 (cm) 17.4

waterlevel vessel €2 (cm) 16.9

time—differqnce (min) 158
Q infin (1x10E-3/s) 0.018
hydr. cond. k {m/day). 0.18
number : : . '2-8
~f11ter1enght {m) 0.1
perforation percentage 20
imposed head y0 (m). .0.11
internal diameter :(m) 0.021
shape factor S ‘ 0.16

waterlevel vessel t1 (cm) 21.9

. waterlevel vessel t2 {cm) 15.1

time difference (min) . 1089
Q 1nf1n (1x10E—3/s) 0.036
hydr: cond.. k (m/day) :A“‘O}la
number . 2-15°
filterlenght (m). 0.2
perforation percentage 20
imposed head.y0 (m) .0.14
internal diameter (m) - 0.021
shape factor S ’ . ,0.31

waterlevel vessel t1 (cm) 22.4
waterlevel vessel t2 (cm) ‘22.6
time difference (min) 156
Q infin (1x10E-3/3) ~ 0.000

hydr. cond. k (m/day) .  0.00

10 20
0.09. 0.16
0.021 0.021
0.16. 0.31
i.0.18.8
*.'15.3
: 1088
17 0.019
< 0.03
2-9 .2-10
0.2 ., 0.1
- 10
0.12.  _0.16
0.021 0.021
0.31 0.16
17:1 10
15.1 -7 4.8
209, .. 10
0.056° 3,033
0.13 10.13
2-16.
0.1
20
0.13
0.021
0.16
19.4
18.8
157
0.022
0.09

io-

08-05-91: (piezometers 2-1,

O b

20

0.05:

0.021
0.16

©'16.8

11.3
1080

0.029

0.31

2-11

0.2

0.021
0.31

12.2
.1
209

0.087

0.21

2-12
0.1
20
0.05

0.021

0.16

18

16 -

65
0.179

20"
0.11-

b n

1o

0.13
0.021
0.31

. .19
18.2
1090
0.004

2-12.

. 0.1

‘20
0.10
0.021
0.16

13:2
7.4
~ 170
0.199

2-13 -

0.2
- 10
0.15
0.021
0.31

'15.8

0.308

12
72

2-2 and 2- 13 to v~-""

0.021

-0.16

21.2

19.2

1089
0.011

2-13
0.2
i0
0.09
0.021
0.31

1é.21

16.5
158
0.063

2-14

0.1
710
0.13

0.021

0.16

13

72
0.405
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RISING-HEAD?METHOD (1). - % ..

A blj 20 ~cm fllter AR 'QA]%7;

A' blj 10 cm flltfr ;qﬁg;' '
271
36.4° Jh. start. lev

Jlevel AR, ‘time-

plezomete
start lev T
@ thlme.

X

..)‘:3._‘-167 ’- i 106 5 _:,-",-_'
"'4055“‘_' A 101 5

88 -
" piezomete
=0 111.5, } f‘”f,tﬂﬁa._0 *

' 127;
.-330

2/4
40.9 . .

Llevel |
S99l .

81

"
» :
2 .
LF =
SAli
¥ %4
A R
iy *
s - i i
- : L
. g -
. - ™
- ) ¥
N g
RO - §
" ‘“‘-‘-‘ B L2 W ml
Sy . e

plezomete
start lev

L3N 0
"283
446

7307

R r S
ISBBQ“ g&
k(o 1533)
. _k_ .

.;87;g ;
5 015'~"‘ k=
$0.024 - BT :

plezomete plezomete
’ start 1ev

s time -

;* 0‘:
_‘-,.;ng“
‘.0 520,
aozf' o
1036 ¢ PRI 1209&
1680 5. - ;k(o -533).
k(O 1680)':;‘_“'ﬂ;"; <

p.

Y. A
AL JVR_
" P
- ;

.i%ﬁéplezomete
start: lev

L 310

i k(ol1613)
gﬁ i dy/dt~
T k="

C.2224 . 7204 Y
k(0-513) - ;ﬂ-- N

- B
s = . '0 055 :
N R .
. ) . . .
N S
4t e :
S N i
x,
. a3
: -
! N s
¥ ' 2 3
e = T
- e hma N e gt T fabien e e St e © = e = e
< e - : PR
3. B
- e R
., T
’ . Ao T
. T et
- - - 4
- Y .
: - log,
. g
- S S
. oy Se 7
N = £
5 )
- L '
.

456;,
E-1-T K
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' APPENDIX 18 . STANDARD PAPER FOR THE RISING HEAD
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.+ ° APPENDIX 19 HAP'OF DRAINS AND ADDITIONAL PiEZOMETERS ON RAHEENNORE - -

‘ = oo, . -
4,

. _ . . - . . v Fa
A - : : L I . -
e 2 + AN [ IS .

S o e M
B 1

;:'T W:?' .

: I 1 S PIEZOMETER 1

-I-IS' 00 ~ GRID COORDINATE

" —— ' DRAIN - '_

| " For orientation of the drain see the grid of Raheenmore in APPEN]_ZSIX 1
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