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PREFACE

This report has been based on a thesis concerning the agrohydro]ogy of two Irish raised bogs. The work
for this thesis was performed during five month in the graduate stage of my study at the Department of
Hydrology, Soil physics and Hydraulics of the Agricultural University Wageningen.

The work would have been impossible without the help of many individuals. However, I am particularly
grateful for-the support of Sake van der Schaaf, Roel Dijksma and Kees De Vries for discussing the
different subjects concerning this thesis; Lara Kelly, Mary Smith, Richard Henderson, Desirec Huisman,
Kenneth Rijsdijk and Hans ten Kate for their hospitality and fnendsh:p, and; last but not least Mr and
Mrs. Dolan, Tom, Mary, Bill and Eileen for thc teachmg me how to cnjoy Ireland.

Wageningen, July 1991
Henk Lensen
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’ : SUMMARY

For the development of progranis concerning the conservation and management of two Irish raised bogs,
being Clara and Raheenmore bogs (Fig.1), specific hydrologic knowledge is required which was assumed
insufficient.

Therefore four hydrologic aspects were dealt with in the study for this thesis, being:

I)  Catchment definition based on contour maps

Two techniques, being Kriging interpolation and Delaunay triangulation, were used for the computation
of surface contour maps. The acquired contour maps could be used for the assessment of the catchment
boundaries of both Clara (west) and Raheenmore bogs, assuming that the catchment boundaries for the
ground water arc the same as for the surface water, and the water flow is on average perpendicular to
the surface contours. Conscquently the sizes of the catchment areas of Clara (west) and Raheenmore
bogs could be estimated; 100 ha and 33 ha, respectively. However no verification was realised which is
certainly necessary. :

'

2) Acrotelm survey

The earthning wire method which was based on the presénce of sulphide showed less applicability in the
mapping of the acrotelm of Raheenmore bog in winter. However using the conventional foot/spade
method the area with no acrotelm could be asscssed to the first 100-200 m of the periphery, This area
equals 50 % of Raheenmore bog.

4) Determination of the surface subsidence

In order to determine the influence of (former) peat extraction and marginal drainage on the surface
elevation of Raheenmore bog, elevation data of three years were compared:

1) The impact of the former peat extraction and drainage at the margins showed a gencral subsidence of
Raheenmore bog over last 36-42 years varying between 0-1 ecm/year. This was below average as
mentioned by Ivanov (1981). The southern part of Raheenmore bog the rate of subsidence was higher
than at the northern part.

2) The improvement of the marginal drainage system showcd an increasing rate of peripheral subsidence
during the last 6 years. The rate of subsidence was at the periphery (first 100-200 m from the marginal
drain) 5 cm/year. No significant changes in subsidence rate of the rest of the bog could be noted. .-

4) Quality check of ground water data

Part of the hydrological field work consists of a two-weekly acquisition of ground water levels. These
levels (phrcatlc and piezometric heads) are stored in a computer data base. Errors can occur during the
acquisition and storage of these data.

A standard statistical method based on time series analysis was used to check the quality of the ground
water data of Raheenmore bog (1990).

The detected errors present in the ground water data base could be divided into two types: 1)
Acquisition errors (mcludmg decimeter, wrmng and shifting errors); 2) Storage errors (including typing
EIrors)

Of all detected errors 30% was a result of a typing error!,
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1 INTRODUCTION .

In September 1989 .an Irish-Dutch research pro_;cct was initiated for an initial period of 3 years. ()nc of
the aims of this project is to develop appropriate programs concerning the conservation and managcmcnt
of two Irish raised bogs, being the bogs of Clara and Raheenmore (Fxg.l)

Clara Bog w1th an arca of 665 ha is one of the largcst R &
remaining midland raised bogs. It is the only relatively intact ; | Ir eland ,
raised bog with a well- -developed soak system. However,’ .
Raheenmore Bog with an area of 213 ha is one of the best
examples of a raised bog in a basin situation. There are no
pools, but as on Clara Bog, there are well-developed
hummocks and hollows.- The depth of the peat is estimated
being over 15 m in places.

For the development of programs concerning the conservation
and management of raised bogs, spccnﬁc knowledge - is*
required. Especially knowledge of hydrology i is. indispensable,
for a raised bog which mainly consists of water. ; 1) Clara bog

This hydrologic knowledge is assimed to be insufficient. .| .- ‘ 2) Raheenimore bog . .

On thf: one hand to improve this knowle_dgc a water balance Figure 1  Location of Clara and
study is being ca.mcd out. A model of [h15 water balance can  poyo o bogs

be used to simulate different options. for the water -

conservation and management of (thc two) raised bogs. In this

way the sensitivity of the different options can be determined. ° :

On the other hand mechanisms and parameters that control the hydrology of the two raised bogs are
being examined. .

The acquired knowledge can help in choosmg the best optlon for the conservation and management of
(the two) raised bogs. Moreover, this knowledge presumably can be implemented in the regeneration

programs of the Dutch raised bogs.

Within this framework four (hydrologic) aspects were dealt with in the study for this thesis. The first two

aspects discussed in this report were related to the water balance study; the third was related to the -

mechanisms and parameters that control the hydrology of the two bogs, and last but not least; the fourth
aspect was of general importance for the total study.

Aspects related to the water balance study:

Generally, a prerequisite to a water balance study is the definition of the research area. In this thesis this
area refers to the catchment area.

At first two interpolation techniques were compared for the computation of surface contour maps. The
acquired contour maps were used for the definition of the catchment boundaries of both Clara bog
(west) and Rahecenmore bog. This is allowed when the catchment boundary for the ground water is the
same as for the surface water, and the water flow is on average perpendicular 10 the surface contours.

Besides definition of the catchment boundary-(2D), also definition of (at least) two boundaries in depth
(3D) were assumed important for the water balance study.

The first boundary in depth was the boundary between acrotelm o, layer of peat formation, and catotelm
or layer of peat deposit. The sccond boundary was the boundary between catotelm and underlying
assumed impermeable layer of lacustrine clay (Fig.2). -

o




In this study only the first boundary was. dealt with. A simple method was tested for the mapping of the
" acrotelm of Raheenmore bog. '

An aspect related to the mechanisms and parameters that control the hydrology of the two raised bogs:

In order to determine the influence of (former) peat extraction and marginal drainage on the surface
elevation of Raheenmore bog, elevation data of three years were compared. The used data were acquired
in 1948 (Bord na Moéna), 1984 and 1990 (Office of Public Works). These data restricted this study to only
two transects.

Aspect of general imponance for the total hydrologic study:

Part of the hydrological field work consists of a two-wcekly acquisition of ground water levels. These
levels (phreatic and piczometric heads) are stored in a computer data base. Errors can occur during the |
acquisition and storage of these data. It is apparent that before using a set of ground water data first -
these data should be checked for possible errors (quality check).

In this report a standard statistical method is described which was used to check the quality of the
ground water data of Raheenmore bog (1990). This method was based on the time series analysis.

At first the water balance is briefly discussed in chapter 2, this before the catchment definition of both
bogs is dealt with. Next, in chapter 3 the mapping method of the acrotelm is discussed. The influence of
peat extraction and marginal drainage on the surface elevation of the bog is considered in chapter 4.
Further, in chapter 5 the quality check of the ground water data is reviewed. Finally some conclusions
are drawn in chapter 6.

";fl,' .
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R 2 WATER BALANCE AND CATCHMENT DEFINITION R

R 2.1 Iiitroduction

A water balance study can be ‘uscful when describing certain hydrological phenomena (soak at Clara
bog), or when assessing the impact of different water conservation and management options. It is
.. - apparent that for the regeneration and conservation of raised bogs (which mainly consist of water) such

5 -

L2 studies are of great importance. - .
AN - .
_ A water balance is always defined for a certain area (and time period). In this thesis this arca refers to .~ »
v catchment arca. Obviously the first step in a water balance study should be the definition of the = | i

catchment area. It is therefore that part of this (preliminary) research had been focused on the definition
of the catchment areas of the two areas of interest, being Clara and Rahecenmore bogs. In the following,
text "Clara bog" refers to only it’s western part.

Beforc discussing these catchment definitions (§ 2.3) the hydrologlc cycle and water balance of a ralsed S
.bog are discussed bricfly (§ 2. 2) TRy

22 The hydrologic cycle and water balance of a raised bog.

A raised bog can be seen as a hydrologic system consisting of two layers, being the acrotelm and the .
catotelm (Fig.2).

The acrotelm is the upper layer which is relatively thin with a relatively loose structure. It regulates and -
4" contains the ground water table. Moreover, in this layer the peat formation occurs. Altogether it is
? assumed to be the most important layer. The underlying and perennially water-logged catotelm is more
compact than the acrotelm. Consequently the permeability of this layer is much lower (See Chapter 3 for .
more details), e

2.2.1 The hydrologic cycle

The system of acrotelm and catotelm is bounded above by the bog surface, where exchange with the
atmosphere takes place. At this level, on the one hand the direct precipitation comes into the system as s
(probably) the only input. On the other hand there is a continuous return of the water out of system into S
* the atmosphere by means of evapotranspiration. In Clara and Raheenmore bogs the lower boundary is a '
layer of lacustrine clay which is assumed to be impermeable {no seepage), but at the moment this not
certain. The drain is the last boundary, where the rain water also leaves the system (Fig.2). ' l

. = Part of the precipitation is intercepted by the vegetation. It evaporates directly or it flows along the stem

to the bog surface. Two things can happen with the rain water on the surface. Most likely the rain water

infiltrates and recharges the soil water in the unsaturated zone (acrotelm). A part of this infiltrated water
- evaporates from the pores, while another part is taken up and transpirated by the vegetation. When the

amount of water in the unsaturated zone exceeds the maximum amount of water which can be held in
the "pores” against gravity (field capacity), it percolates down to the ground water table and replenishes
the amount of ground water. Hence, the ground water table rises and the amount of ground water flow
to the open drainage system (drain) increases. At locations where the acrotelm is missing (periphery) or
at lower parts of the area, it is possible that ground water seeps out and runs off via the surface. In drier
periods when the pressure head in the unsaturated zone is below Bqlllllbl’lllm water can rise from the
ground water {capillary rise).

n e e S g - s
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-When, on the other hand, the rainfall
" intensity exceeds the infiltration capacity
(c.g. at the periphery), the water surplus
will first replenish the small . terrain*
-depressions (hollows etc.). Water in ‘such °

HYDROLOGIC CYCLE

PRECIPITATION
(350} . EVAPOTRANSPIRATION

BOG sunmcs P
depressions can infiltrate or evaporate after \ SURFACE RUNOTP
rainfall has stoppcd After replenishment of AGROTELM { (270)
the depressions rain water will flow over \
the surface to the open water system. Not CROUNDFATER FLO®
all this water-will be discharged in this way. | CATOTEDI (40} —=
A part will still infiltrate when locations are _—

SEEPACE
-met with a higher infiltration capacity. L
LACUSTRINE :
CLAY 2 ()

(850) = 850 mm

. s
2.2.2 The water balance of a raised bog 7" - - o
Figure 2 The hydrologic cycle of a raised bog
The water balance of a hydrologic system = ae Ble &
as described above, is given by:

U =0 (1)

P - E -0 - 0

with: i

P = Precipitation . - H_, RS o (mm)'
U = Seepage - L - (mm)
E = Evapotranspiration =~ - ' * (mm)
Q, Surface runoff (mm)
Q, = Ground water flow (acrotehn + catotelm) (mm)
Sy = Storage increase : + (mm)
c = A measure of the' accuracy of thc mcasuremcnls (mm)

{The change in storage over a long pcnod is assumed :to be zero. For this reason the storage (in
acrotelm) is left out in Fig2)) i .

& .

As soon as one of the terms in the cquatlon is unknown o-is set zero. Then, the unknown term can be
computed from the other measured terms, but no information is gamed about the accuracy of the
measurements. - .

At the moment the water balance study has been focused on Raheenmore bog. Knowledge gained at this
site can be useful for a future water balance study of Clara bog (e. g around the soak), which is assumed
more complex, B

In order to get sufficient insight in the different components of lhe water balance field measurements are
being carried out at both bogs: B L

-

1) The precipitation is recorded continuously u;;in'g-‘- a syphon .(Raheenmore bog) and a tipping
bucket rain gauge (Clara bog). Both are chccked weekly u'sing,1_25 v::gﬁ2 hand gauges;

2) The total discharge is also recorded conlmuously At Rahcenmore bog a Rossum weir is used to
determine the discharge, and both a Rossum and’a Thomson weir are used at Clara bog.

3) Evapotranspiration is measured” using 16 lysimctcrs with four different (representative)
vegetation units, Moreover, the change in storage can be monitored. The lysimelers are weighed every

week (Raheenmore bog).




4)  The hydraulic heads (phreatic and piezometric) arc monitored every fortnight. Together with
hydraulic conductivity measurements the ground water flow through the catotelm can be computed.
. (Rahcenmorc bog, Clara bog). .

5) - The ground water flow can be computed as soon as a relation is found between acrotelm
transmissivity (T, kD), thickness and type, and the ground water level. Field measurements are carried out
in order to find such a relation. A prerequisite to the computation of the acrotelm’s ground water flow is

the extrapolation of the ficld measurements over the total catchment area. This includes knowledge of -
the spatial distribution of acrotelm (thickness and type) and ground water levels. :

6) At the periphery of the bog, where the acrotelm is absent (chapter 3) the main part of the
ground water flow (acrotelmic) runs off via the surface. Therefore this surface runoff is basically
determined from the total dlschargc

) As aIi'eady mentioned, thc seepage through the lacustrine clay layer is unknown. In order to get
some estimate of this flow, it is suggested to measure temperature profiles from the lacustrine into the
peat layer at different locations. Potcntlal gradients in temperature could provide some estimates of the
seepage.

A water balance is always defined for a certain area, in our case; catchment arca. The definition of this-
catchment area includes both the determination of its size and shape. These are a prerequisite for finding -
appropriate locations for weirs and observation wells, and moreover, for the determination of the

dimensions of the weirs.

In the next section a method is discussed which used surface contour maps for the definition of }hé
catchment boundaries of both Clara and Raheenmore bogs.

"23 Catchment definition using surface contour maps. o s
2.3.1 Introduction

A surface contour map can be used for the determination of the catchment boundaries, assuming that:
1) the ‘catchment boundary for the ground water is the same as for the surface water;
2) the water flow is on average perpendicular to the surface contour lines.

For a raised bog with high water tables (0 - 30 cm below the surface) assumptions 1) and 2) seem’quite
reasonable {certainly in the winter and early spring, when water tables are at highest).

Different techniques are available for the computation of surface contour maps.

The Delaunay triangulation is a deterministic technique which uses the original elevation data directly for
the positioning of the contours. Only the adjacent observations (clevation data) are used for the
determination of the elevation of non-observed points. This technique therefore provides contour maps
- which resemble the manual mapping technique. The obtained maps using this technique were assumed to
be sufficiently accurate for the definition of the catchment boundaries.

However, poor graphical possibilities of the available program forced us to search for another mapping
program which produced more presentable maps. Within this other program (part of SURFER, 1990) a
" few interpolation techniques were available, among others the Kriging interpolation technique. This

stochastic technique positions the contours using the original elevation data indirectly; all observation
- data are used for the determination of the elevation of non-observed points.




For the surface contour mapping of both Clara and Rahecnmorc'bogc, d.l(')O*lUO m grid of elevation
data was available. Locally data at a finer grid (30*30 m) were added The lcvellmg was carried out by
levellers of the Irish Office of Public Works (OPW). -

In lhls part of the: rescarch first the contour maps were compared produccd by applying the Kriging
interpolation and the Delaunay triangulation. Next the contour maps wWere: “used for the determination of -
the: catchment areas of the two bogs. If the contour maps produced by using Kriging resembled the maps
using Delaunay then presentable maps could be produced. - . .

2.3 2 Delaunay triangglanon and Kngmg intcrgo]ation

. When in a two-dimensional space’ different observation pomts are situated, values of other none-
-observation points are often needed. For example, when two neighbouring observation points (x,,y,) and
(xz,yg contain information about the respective surface clevations z; and z,, and the surface elevation z,
is wanted of a non-observed point (x;,y4) between those two points., This is “usually the case when surface
contour maps have to be compulcd from a set of observations, bcmg elevalxon data.

For the computation of such contour maps different lochmqucs are available. One tcchmque is the” . -

Delaunay triangulation, which is a deterministic interpolation procedure. Neighbouring observations are

connected by means of lines, yielding an interpolation surface composed. of triangles. Every non-observed ™ " -,

location is assigned the value defined by the trlangle pertammg to that locatlon (Stein, 1991).

LS

Another technique of contour mappmg uses lhe Kriging mtcrpolatlon which is a stochastic techmquc
This technique as applied in the program package SURFER (1990} is divided into two stages: 1) a

primary interpolation from the (ir)regular orlgma.l observations to 'a square or rectangular grid of

interpolated values, and 2) a secondary linear mtcrpolanon from the interpolated grid of values to thc
posmomng of the contour lines.

The primary interpolation according to Kriging, gives weights to the original observation points which -

depend on the distance to the predicting (non-observed) point. When the weights are multiplied with a .
factor to make the sum of the weights equal to one, the sum of the products between weights and
according values gives an unbiased prediction. The Kriging method uses the covariance structure of the
original observation points (x, y;) for calculating the. weights (Staritsky, 1989).

24 Results and discussion,

241 Results

Raheenmore bog with its convex shape was sclected for the preliminary study on contour mapping,

The first method used was the Delaunay tnangulallon This method used dlrectly the ongmal levellmg
data for the computation of the contours positions (Fig.3).

After using the Delaunay technique, Kriging (within SURFER) was used to produce another contour-
map. The settings within the program were constantly changed until a map was obtained which
resembled the one produced using Delaunay. This included a transformation of the original input data
into a regular 25 * 25 m grid. The finer grid automatically produced a map with the contour lines more
smooth (Fig.4),

From Fig3 and 4 it can be scen that there are only slight differences between the positions of the -
contour lines which are inherent to the used interpolation methods. At the pcnphery the differences are
at largest.

Using Kriging and the same settings (Appendix 1) also the contour map of Clara bog could be produced,
including a detailed map of the arca around the soak These three maps are shown in appendices 2, 3 -
and 4.
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The catchment areas of Clara and Rahecnmore bogs were determined using these surface contour maps.
At Raheenmore bog the catchment boundary ¢ould be found by drawing 2 line from the outlet (= weir)
to the ends of a collector drain in the north and in the south (Appendix 5, A-A’). From these ends two

lines were drawn pcrpendtcularly to the surfacc contour lmcs till they meet each other on top of thc_
dome (Fig.5). - . : :

The same method was used for Clara bog (an 6) Morcover a detailed contour map of the area around |
the soak and the two weirs could be vsed (Appendix 4). The triangular shape below on the map are the-

collector drains of Clara bog. The cucular r shape in the middle is. the soak (pond).

The results of the contour mappmg and dctermmatlon of the catchment area are summarized in Table 1.
Table 1 Summary of the contpur mappmgvgpd catchment
determination of Clara (west) and Raheenmore bogs.

.

FEATURE CLARA-WEST- - RAHEENMORE
Total Surface area (ha) 251 137
Catchment area ( ha ) - 100 ' 33
Minimum Altitude (m O.D) : 52.6 985
Maximum Altitude (m O.D) =~ * 62 107.2
Position ( Nlatitude ) ~ o 53° 200 53° 20
Position ( W.longitude ) . 73w 717

From Table I it can be read that the sizes of Clara bog (west) and Raheenmore were respectively 251 ha
and 137 ha. Both values refer to the bog areas excluding lagzones and cutaway bog. The sizes of the
catchment areas were for Clara bog 100 ha (40 %), and for Raheenmore bog 33 ha (24 %).

Note the difference between the size of Raheenmore bog with and without lagzones and cutaway area,
respectively 213 and 137 ha. The mentioned size of Clara bog only refers to the western part of the bog.

The differences between minimum and maximum altitude were for both bogs 9-10 m. Moreover, the
difference in clevation between Clara and Raheenmore bog was approximately 45 m.

2.4.2 Discussion

The Kriging interpolation assumes no trend in the input elevation data. Nevertheless, there certainly were
trends present in the elevation data of both bogs. These trends were at largest at the periphery.
Consequently, the position of the contour lines at the periphery was presumably less accurate. However,
for the determination of the catchment boundaries, which were located more to the centre of the bog
these inaccuracies were assumed irrelevant. (Fig.5 and 6).(Unfortunately SURFER provides no measures
of accuracy for the positioning of the contours.)
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Figure 5 Catchment area Raheenmore bog (1990)

The contour interval for the maps was set to 10, 20 and 50 cm for respectively the maps of Fig. 3 and 4,
Appendices 2, 3, 4, and Fig. 5 and 6. This as a result of the different purposes and clarity of the maps. A
map with contours every 10 cm would imply that every detail on the area up to 5 cm (up or down) was
known. For the two raised bogs with their hummocks and hollows this was certainly not true. An average
height of the hummocks of say 25 cm would already imply a contour map with intervals at least every 50- -
cm.

However, for the catchment definition an interval of every 10 or 20 cm) was necessary. For this the
surface trend was assumed to be more important than the surface details as hummocks and hollows.

At Raheenmore bog there was besides the mentioned collector drains also a network of old transversal
drains (Appendix 5). Tough most of these drains had completely been overgrown and consequently lost
their function, in some of them there was still some flow that bypassed the weir (at high discharges).
During the assessment of the catchment boundaries this leakage was impossible to accounted for.
However, by measuring the hydraulic gradient in those drains the location can be determined where this
gradient equals zero ie. the catchment boundary.

The assessment of the catchment boundary is relatively subjective. The drawing of so many people
resulted in so many catchment areas. Therefore care should be taken when using the mentioned values.
Better is first to verify the size of the catchment areas with cumulative rainfall and discharge.

When comparing two equally wet periods then the cumulative rainfall (input) equals the cumulative
evapotranspiration and discharge (taking an estimate for the seepage and the change in storage zero ).
With an estimate for the evapotranspiration the catchment areas can be verified. Also acrial photographs
can possibly provide extra information (wet and dry areas etc.) which help with this verification.
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Figure 6 Catchment area Clara bog west (1990) -

25 Conclasions

The Kriging interpolation method (within SURFER) produced surface contour maps of botin bogs which

looked like the ones produced by using the Delaunay triangulation. This was true for the central part of
the bog, i.e. the weakly convex part..At the periphery (strongly convex) some differences in location of
the contour lines could be noted. (Partly this was mherent to Kriging itself, which assumes no trend in
the input data.)

However, these contour maps could .be used for the assessment of the catchment boundarics.
Consequently the sizes of the catchment areas of Clara (west) and Raheenmore hogs could be estimated,
100 ha and 33 ha, respectively. However no verification was realised which is certainly necessary.
Especially for Raheenmore bog where a little shift of the catchment boundaries can result in significant
changes of area, due to the "boot- shape of this area.
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3 THE DIPLOTELMIC BOG . .

3.1  Introduction . ST S .

In'a raised bog two layers can be distinguished (Fig 2):

1) °  the acrotelm, being the uppermost laycr where peat is
. - formed, and; I
. S2) the catotelm where peat is deposnted v

The hydrological characteristics of both layers differ in nature or extérit. ‘Obviously for a water balance
- study knowledge of nature and extent of these charactcnsuc.s is mdjspensablc

&

The research of this thesis has been focused on one of. these charactenstlcs bemg the thickness of thc v

acrolelm. A simple method is discussed, which could be used for the dctcrmmatzon of the acrotelm’
thickness. This method was based on the presencc of sulphide. ' '
Implcmcnlmg this method at a 50 * 50 m gnd at Rahcenmore bog and usmg thc Kriging mterpolation
technique, a map of the depth of the sulphide zone could be obtained. Undcr certain conditions a map of
the sulphide zone equals the map of the acrotelm’s thickness. ’

hl . -

Such a map can help with the allocé.tio;ll of appropriatc sites fbr the ficld measurements of the .-~ -

transmissivity of the acrotelm. Moreover, such .a mapping is md:spensable for the translation of the field
measurements to model parameters, . ° -

. : At first the characteristics of both acrotelm and catotelm are reviewed. Using these characteristics the

importance of the acrotelm could be cxamined (§ 3.2). After this examination the method for the

determination of the acrotelm’s thickness was dealt with ] 3.3) Finally the results (§ 34) and b

T conclusions (§ 3.5) were discussed.

32 The importance of the acrotelr}n .

In a raised bog two layers can be distinguishcd (Ingram and Bragg, 1984):

1) the acrotelm, being the uppermost layer whcrc peat is
formed, and;
2) the catotelm where peat is deposited.

A bog with both acrotelm and catotelm is said to be diplotelmic (Fig 2).

"Various processes differ in nature .or extent * between these two layers. Their characteristics are
summarised by Ivanov (1981):

The acrotelm.

. (1) An intensive exchange of moisture with 'thé:almosphere and the surrounding area.

(2) Frequent fluctuations in the level of the water table and a changing content of moisture.

(3) High hydraulic conductmly and water yield and a rapld dcclmc of these with depth.

{4) Periodic access of air to its pores.

{5) A large quantity of acrobic bacteria and mlcro—orgamsms_ facilitating the rapid
decomposition and transformation into peat of each years dying vegetation.

{6) The presence of living plant cover, which constitutes the top layer of the acrotelm.

11




The cgto!elrn.

LI

A constant or little changing water content. S
LT (2) A very slow exchange of water with the sub]acent mmeral stratd. and the area surroundmg it.
C o . (3) ~ Very low hydraulic conductivity in compansou wrth the acrotelm (a dlfference of 3-5 orders of
o .- magnitude). g B
(4)° * No access of atmospheric oxygen to the pores of the sod .
{5) No aerobic micro-organisms and a reduced quantlty of other kmds in comparison w1th the
v : acrotelm. ,

_ The most important physical characteristic of the acrotelm i§ the presence of the water table within it

. ’ Since the acrotelm is a thin layer, seldom more than a few tens of centimetres thick, this means that the "
water table is also perennially shallow. Soils of this, kind are described as being waterlogged.” Soil
"waterlogging causes anaerobic conditions to ‘prevail in'the, catotclm and.lower acrotelm. Under thesé

conditions an inefficient decomposition takes, place. which allow a.mixture ‘of fibrous and colloidal organic

maiter to persist long past the time when all such-material would have ‘decayed in an aerobic medium

(Ingram, 1987). It is apparent that the presence of the-water. table wmthm the acrotelm is mdlspensable '

for the formation and persistence of . peat deposits: 4. “,;' :

* The acrotelm is therefore seen to possess the essent:al characterlstlcs of a layer which retains. the ‘walter: -

‘table close to the surface, neither descending to-the’ ca[otelm nor rising beyond the surface.’ For, a
prolonged water table draw-down below the acrotelm wou]d cause death of the Sphagnum carpet by
desrccatlon and therefore cessation of peat-formmg T -

..‘-. ‘

Moreover the catotelm could undergo 1rreversrble de watermg ThJS wouId initiate a complex sequence of -

< shrinkage and slumping, accompanied by catastrophlc alteratron of’ the acrotelm and hence basm
ecologlcai change in the system as a whole S CT . A o
. R _"- '..' . Lo N
- A On the other hand proIonged raising of the water table: would lead to a prolonged reductton or cessanon

of aeration of the acrotelm. This would produce a decrease in the growth of plants and a decrease in the ' |

annual increment of the mass of vegetable matter, asa rsult -of which the plant cover would begin to..
decay and peat accumulation would cease. Moreover, nsmg of the water table beyond the surface could -

cause sheet (surface) flow. The erosive force of this sheet ﬂow could stnp away the Splzagnum cover .

‘;J--. o

(Ivanov, 1981; Ingram and Bragg, 1984; Ingram, 1987)

A third aspect which can be mentloned with respect to the loss of acrotelm is the burning of parts of the
bog for agncultural purposes. Probably a botanical study can glve some msrght in this aspect.

#F

The presence of the water table in the acrotelm is caused by its: composition, that is, the range of its

hydraulic conductivities. The carpet of Sphagmum undergoes humlﬁcatlon and compaction as it passes
downwards through the acrotelm. Therefore, the conductmty of the ‘acrotelm is much more hlgh at the
surface than below (Ingram, 1987). _‘“
Bragg (1982, in: Ingram and Bragg, 1984) computed the hydrauhc conductmty of two parts of the
acrotelm at different depth by varying the height of the water table (Fig. 7).

‘The upper curves (LIII) relate to a part of acrotelm dominated by Sphagnum magellamcum the lower to
a part dominated by S. capillifolium. It is apparent firstly that the coarser species is at least half an order
of magnitude more conductive than the finer; secondly that the: hydrauhc conductivity of both specres is
greater by some three orders of magnitude towards the’ top of the acrotelm than near its base.

The above mentioned considerations serves to emphasise the importance of studying“the hydraulics of the

acrotclm by all possible means, including the lysimeter techniques. These will provide insight in among
others changes in storage in relation (o the ﬂuctuatmg water tablc R

I3
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Figure 7 Variation with depth z of the mean estimate of hydraulic conductivity k in the acrotelm of the
mirc expanse at Dun Moss (Scotland). Laboratory filtration flume tests on monoliths LIII (with a cover
of Sphagnum capillifolium) and LIV (with a cover of S. magellanicum). (a) with linear scale and (b) with -
logarithmic scale of k. From Bragg (1982, in: Ingram and Bragg, 1984). '

Until the results of such work become available, it will be difficult to model the water balance and,
therefore, to forecast the effects of different water management option upon bog systems.

The mapping of the acrotelm’s thickness was the first step in the project rescarch on acrotelm hydraulics.
In the next section a method is discussed for the determination of the thickness of the acroteim.

33 Testing a method for mapping the acrotelm

The method discussed in this section was based on a difference in characteristics between acrotelm and
catotelm, Where as the acrotelm is characterised by the presence of a fluctuating water table, the
catotelm is perennial water-logged. The periodic access of oxygen in the pores of the acrotelm cause
" periodic aerobic conditions. For, in the water-logged catotelm anaerobic conditions prevail.

A direct method for mapping the acrotelm would imply the monitoring of phreatic heads of total
Raheenmore bog during summer as Ivanov (1981) suggest with his definition of acrotelm:

"The thickness of the acrotelm is equal to the distance from the surface of the mire to the average minimum
level of the water table in the warm season.’

Though, this was not applicable. Therefore, another method was chosen. The method was less laborions
and yet, seemed to provide uscful data in a relative small amount of time (2 weeks).

The method was based on the presence of sulphide in the catotelm. In raised bogs sulphide are formed

‘under anaerobic conditions. They are derived from the sulphate reduction by the bacteria Desulvibrio.
desulfuricans (van der Molen, 1986).
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‘A “characteristic of sulphlde is that it blackens silver or copper Instead of usmg (expensive) sxlver or - ]

copper, Wiegers (in: van der Molen, 1986) suggest the use:of earlhmng wire with a yellow/green plastlc g

.mantle. The plastic mantle turns brown undér the influence of (hydrogen) sulphlde The method has a . :

-number of advantages (after: van der Molen, 1986):

- ;".I

#1)..  Itis cheap and the material: (wnre) is nearly everywhere readlly avaﬂable
T 2)° ‘It can provide accurate mformanon in a relatively small amouiit of time. L
3) . The browning of the wire is (to a certain extent) probably related (o the amount of sulphide
- present. A small amount of sulphlde causcs htt]e browmng, whlle the wire turns completely
_ . brown in the real anaerobic zone.- ;- - Lx
4y The browning of the wire is: nreversxble, Wthh means. tbat the observatlons can later be checked.
5) The destructxon of the vegetatlon 15 mmu.nal especnally if mserted with a bamboo stick.

JERAN

In the experiment a yellow/gTeen earthmng wire (qS 0.002 m) was used Tt was pushed down 0.5 m into

the bog using a small bamboo stick leavmg 0.1m above the surface Red insolation was used for the -
indication of the wires posmon - : ;

The wires were inserted in a regular (50*50 m) grid at the end of Jamlary and left for one month. No
wires were inserted where the acrotelm was absent (periphery of the. bog).

After one month the wires were collected and the length to the real browned part measured. In tlns
manner the depth of the sulphide zone:was detected, which was an mdlcatlon of anaerobic conditions:.

These anaercbic conditions were assumed to*gwe some idea of the’ depth of the top of the catotelm and,
therefore the thickness of the acrotelm e R - ‘

34 Results and discussion

4.1 Resnlts

The results of the sulphlde zone mappmg are presented in Fig. 8.

L

REDUCTION ZONE RAHEENMORE BOG (FEBRUARI 1990)
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Figure 8 Depth of the sulphide zone at Raheenmore bog (February 1991)
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This figure was acquired by using the Kriging interpolation_ technique. The underlying data are shown in
Appendix 1a, (Both contour lines and field data are in centimetres bencalh surface level). e N
The resulis of Fig. 8 are summarized in Table 2 i
Table II Depth classes sulphide zone Raheenmorc bog (February 1991) o

Depth Class (em)-  Arca (ha) Percentagc
0-10 . 6 .05 .
0-2 741 - - _40.30‘

20 - 30 25 - 018
30 - 40 3 oo
40 - 50 0 © - 000

t

From this table it can be seen that the acrotelm was absent at half of Raheenmore bog (sulphide ibnc
class 0 - 10 cm). Note at this part of the bog (periphery) ne wircs were inserted. The absence of the
acrotelm could be noted just by walking over the bog surface, now and then checking with a spade. - - '

4 : N E
3.4.2 Discussion

In the experiment the earthning wires were left in the peaf for one month. Due to the relatively cold
period of the year (February) the browning of the wire took more time than the initially planned 1-2.
weeks.

Rainfall during the experiment presumably caused fluctuations of the ground water table. A higher
ground water table with its sulphide zone beneath it (in: van der Molen, 1986) might have caused
(irreversible) browning of the wire, which remained in position when the water table drops. _
Morcover, the ground water tables in February are presumably higher than in the driest period of the
vear (i.c. end of summer).

Boih suggests that the used measuring method can vield -different results for the same location, due to
diffcrences in water table depth. Therefore, the depth of.the sulphide zone (Fig.8) rcprcseuted the
minimum thickness of the acrotelm rather than the thickness.

Prcsumably the used method is only applicable in the summer. Besides the slower chemical proccsscs
which colour the wire, also the biological activity of the bacteria Desulvibrio desulfuricans will presumably
slow down by lower temperatures

s Conclusions and recommendations

At 50 % of Raheenmore bog no acrotelm was present. This was equal to approximately the first 100-200
m of the periphery.(This value was obtained by using the conventional foot/spade method.)

The non-destructive wire method provided information on the depth of the sulphide zone in February.
These depths probably were an underestimation of the acrotelm’s thickness, and therefore could be seen
as minimum depths. Probably also the spatial variability of the acrotelm was somewhat exaggerated.

The wire method should be repeated at the end of the summer (September) when the ground water
table is at its lowest and the temperatures higher. Another method is suggested which uses an auger.
This method can be applied at any time of the year. However, it is a destructive method. -

Besides the determination of the thickness of the acrotelm and the measurement of if’s transmissivity
also it’s composition, i.c. type of Sphagnum, should be mapped. Probably aerial photographs can be uscd
for this purpose. ‘




4 IMPACT OF INTENSIVE DRAINAGE ON THE SURFACE ELEVATION OF
RAHEENMORE BOG

4.1 Introduction

In 1987 the Irish Wildlife service bought Rahcenmore bog as a nature reserve. Until then, turf had been
extracted at the periphery. Further, a peripheral drainage system had been taken care of the dlscha:ge of .
the water surplus from the (cut-away) bog and the surrounding farmlands.

In 1984 this peripheral drainage system was changed in order to improve the surrounding farmlands. Thls _
included (Wildlife Service, Mullingar): . .
1) the connection of the peripheral drains resulting in one surrounding drain, further referred to as

the marginal drain;
2) the deepening of (parts of) this margmal drain.

Currently this drain is approximately 1;1.5 m wide, and 2-4 m deep. These dimensions were assumed to
be similar to the ones of 1984, after the "amelioration” works.

At the beginning of the projccf no information was available about the impact of the former marginal
peat- extraction and drainage on Raheenmore bog. Moreover the effect of the amelioration works on the 3
bog was unknown. Therefore, the study of this section had been focused on this item.

Generally drainage of peatlands causes subsidence of the surface and underlying layers. This subsidence
is partly caused by compaction and partly by loss of organic matter (Schothorst, 1979).

In order 1o investigate the effect of the former peat extraction and drainage on the surface elevation of
Raheenmore, elevation data of three years (1948, 1984, 1990) were compared. Moreover, in this way the
effect of the amelioration works could be 6valuatcd

The clevation data used for this study were acquired by Bord na Ména (1948), and the Irish Office of
Public Works (1984 and 1990). Due to the limited overlap of the elevation data the study was restricted
to two transects: the one heading south-north; the other west-east (respectively, S-N and W-E, see
Appendix 5). .

The results of this study could provide insight in the former and current subsidence rate of the surface
of Raheenmore bog due to marginal drainage and peat extraction.

The acquired knowledge could help balancing the different options for the conservation and management
of the (two) Irish raised bogs. On the one hand these options would be provided by the model of the
waler balance. However, on the other hand options could be formulated using the newly gained insight in
the (other) mechanisms and parameters which also influence the hydrology of the bogs.

In this prospect the inquiry into the impact of the marginal drainage on the bog’s elevation must be seen.

At first the theory of intensive drainage on peatlands is discussed (§ 4.2). Next the method of using the
different elevation plots is dealt with in § 4.3. Before drawing some conclusions in (§ 4.5) the results are
presented in § 4.4,

4.2 Theory
Intensive (deep) drainage of peatlands generally causes subsidence of the surface and underlying peat

layers. This subsidence is a result of different (paedogenetic) processes which gradually change the peat
into a peat soil,
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These processes mcludc subsidence due to (Schothorst, 1979):

1) lowering of the piezometric head;

2) shrinkage;
~3) oxidation, and; R
4 humification,

Ad 1) Subsidence due to lowering of the pwzometnc head.

This 1s a soil mechamcal process of compacnon of the peat body: The, pressurc of the peat’s own weight
(which, after the lowering of the water table, is no longer suspended in water) and capillary tension, also
resulting from the lowering of the water table, leads to shrinkage of the whole peat deposit. A
characteristic of -this process is that because of the lrrever51ble loss of water the volume change is
permancnt (Ivanov, 1981)

Ad 2)  Subsidence due to shrinkage. .
This is a physical process of comp:action as a result of watcnz loss by the ‘vegetalion (transpiration), The
roots of the vegetation absorb moisture from® the soil cqual to wultmg pomt (pF = 4.2) or even higher,
while from deep drainage the

water pressure drops down to field capacity, ie. pF 20-22 (Schothorst 1979)

Ad 3) Subsidence due to oxidation. B
This is a bio-chemical process. Deep drainage increases aeration and temperature of the peat and
conscquently the bio-chemical processes which lead to the oxidation of organic material are activated.
The original red/brownish colours disappear and the peat turns black. Usually in this stage of the
decomposition only organisms as fungi and bacteria are capable of decomposing the peat substance.
Organic matter disappears and consequently the surface drops (van Heuveln, 1976).

-~

Ad 4)  Subsidence due to humification.

While the organic structure stays visible during the oxidation, during the humification these structures are
decomposed by macro organisms. Centipedes and carthworms, for example, use the peat as food and

change it into excrements. This process can be repeated, while in the excrements bacteria and fungi the
organic matter further disintegrate. Gradually the organic structure disappears and becomes a kind of
humus depending on the environment. In very dry conditions peat becomes turf (Jongmans et al., 1983).
During this humification organic matter disappears and hence the surface fails.

It is apparent that due to the intensive drainage the Sphagnum carpet is the first layer that will disappear,
and consequently peat formation will stop. Moreover, before the acrotelm disappears totally, its hydraulic
features will change as a result of compaction and (accelerated) humification. Hence the acrotelm will
lose its regulating function, so that during wet periods overland flow is stimulated, while during drier
periods the desiccated peat ‘is subjected to wind erosion. Both also accelerate the destruction and
disappearance of the bog.

According to the observations in different countries and climates, the average rate of collapse of a peat
deposit after drying over a period of 40-50 years varies widely from 1-2 to 8 cm/year. In some cases,
ratcs of 20-40 cm/year have been recorded in the first years after draining, when the water iable was not
lowered significantly (by not more than 80 c¢m).

Rescarch shows that if the average water table in a peat is stabilized at some new depth after draining,
then the speed of subsidence, which is at its greatest in the first years after lowering, gradually slows
down, and the thickness of the peat deposit tends towards some new limit {Ivanov, 1981). :
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43 Methods and materials

Surface elevations of Rahecenmore.bog were compared in order to investigate the impact of former turf
extraction and drainage. Moreover, the effcct of the amelioration works, carried out in 1984, could be
estimated.

The surface elevation data used for this study were acquired by Bord na Ména (1948), and the Irish
Office of Public Works (1984 and 1990). Due to the limited overlap of these data the study was restricted
to (wo transects: the one heading south-north; the other west-east (respectively, S-N and W-E, sec
Appendix 3)

When comparing the surface elevations of the different years, the surface trends should be compared

rather than the individual elevation data. There are a few aspects which support this statement:

1 The used surface elevations were determined at a priori chosen locations. For 1948 and 1984
these locations were the same, However, for 1990 different locations were chosen. The elevation
data of each location represent the local elevation rather than their respective area averages.
Moreover, the surface elevation can vary by 25 cm within a horizontal distance of a few metres
due to the roughness of the surface (hummock and hollow complexes).

2) No information on the moisture condition {water storage) of the three years was available.
Differences in moisture conditions can cause swell and shrinkage of the bog (acrotelm). As a
result different surface elevations can be measured within a year. The amplitude of these surface
oscillation can vary up to 0.10 - 0.15 m (Ivanov, 1981).

When comparing surface elevations of different years, differences in moisture condition can be
expected which exaggerate or understate the differences in the respective surface clevations.

For the South-north transect, the changes in surface elevation could be estimated according the -

mentioned method (i.e. estimating the changes in surface elevation by comparing the trends in the
clevation data).

However, for the West-east transect a slightly different approach was used, which appeared more
“applicable. o
For this approach the elevation data of the different years were delineated in a single plot. The changcs .
in elevation between the years werc measured from this plot, and used in another plot which then
showed the temporal changes in clevation (subsidence). By dividing these temporal changes by their
respective time period, the plot of the subsidence rates was obtained. This was done for the different -
time periods.

The results of this exercise were acquired by taking average values from the respective plots. These are
discussed in the next section.

44 Results and discussion

In Fig.9 the surface elevations are depicted along the South-north transect. For this transect only the
clevation data of 1948 and 1990 were available.

In these 42 years the surface has subsided 20-30 cm in the south (0.5-0.7 cm/year). This value gradually -
declined to ¢ cm when heading north. '

The surface clevations along the West-cast transect are depicted in Appendix 6. Besides elevation data of
1948 and 1990, also data of 1984 were available.

A plot was produced showing the changes in surface elevation, in order to make the changes (as shown
in Appendix 6) more apparent (Appendix 7). A plot of the relative changes could be derived from the
former by dividing its values by the respective time periods (Fig.10).
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Figare 10 shows on average a surface subsidence of 10-30 cm over the last 42 years (0.2-0.7 cm/year). .
During the last 6 years the central part of the bog has risen oo average 10 cm, but at the periphery it has  * .- .o
fallen 10-30 cm (1.7-5.0 cm/year). : o ‘ - : et

Note t : ' . : o
The rise of the bog surface has occurred at’ that part of the bog whcrc the acrotclm was present ie the .
part where "Mooratmung" or bog surface oscillation took place (Bader et al., 1964). The subsidence has .
happened at the bogs periphery (approxunately the first 200 m from the margmal dram) At this area the ’
acrotelm was absent.

3

The plot of the elevations along the South-north transect, suggests a rise of 10-15 ¢m in 42 years. )
However, when drawing a smooth line through the elevation data of the two years, 0o rise can be seen. o
Also a surface rise would be strange at an area where the acrotelm is absent, for it is the acrotelm where . "¢ ':..
both the peat production and surface oscillation take place. Probably the suggested rise was causcd by - '
local vanablhty of the surface elevatlou (consxdcratmn 1, § 43)

On the other hand presence of acrotelm €an causc tcmporary rise of the surface. Due to these surface" S
oscillations the elevation in the summer is probably somewhat lower than in autumn (wetter) of the same T
year. A difference of say 10 ¢cm, would let the difference in elevation between 1984 and 1990 disappear. .
Moreover, then the long-term subsidence (1948-1990) would also be 10 cm higher (30-40 cm). However, .
the subsidence rate would still be small; below 1 cm/year. At the periphery where the acrotelm was - R _
absent, this effect could be neglected, so that these values were rather representative for the subsidence. S

Assuming that the elevation data were acquired by means of appropriate levelling (which' can cause ) e
problems at the part of the bog with a well dcvelopcd acrotclm) the following general conclusions might
be drawn (§ 4.5). ‘ :

3o

,'.r‘

45 Conclusions and recommendations -:

4.5.1 Conclusions

1) The impact of the former peat éxtraction and drainage at the margins showed a general ' T
subsidence of Raheenmore bog over last 36-42 years varying between 0-1 cm/year. This was -,

below average as mentioned by Ivanov (1981). The southera part of Raheenmore bog the rate of

subsidence was higher than at the northern part. N

2) The improvement of the marginal drainage system showed an increasing rate of peripheral
subsidence during the last 6 years. The rate of subsidence was at the periphery (first 100-200 m
from the marginal drain) 5 cm/years. No significant changes in subsidence rate of the rest of the |
bog could be noted. ‘According the theory the rate at the periphery will gradually slow down S 1
(when the same water level is maintained in the marginal drain). " -

4.5.2 Recommendations

1) In order to monitor potential changes in subsidence rates the surface levelling
‘ should be repeated, say over a period of 5 years. Then also the values of rates
at the periphery due to the amelioration works can be verified. By leaving the

current pegs in position the exact locations for the levelling can be taken,

2) Installation of fixed equipment'where the subsidence of the surface can be monitored accurately.
3)  Repetition of the acrotelm mapping in order to monitor the changes along the periphery

(including monitoring of potential changes in vegetation). Again current and future aerial
photographs are needed with this kind of work,
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. levels (phreatic and plezometnc heads) are stored-i in a'computér data base In thrs way the field data can’

| Durmg the acquisition and storage of the ground water data crrors can: OCCUr. Obvrously before using lhe_c_.
ground water data in'a.model of the water balance these data should be checked for possible errors (=

{5

5.1_ lntroductlon e

- -1

PO

Pa:t of the hydrologlcal ﬁe]d Work consrsts of‘a two—weekly acqulsltron of ground water levels. These

easily be accessed e.g. by a computer, model of the water. bilaice. ,_-'_ Ll

quality check). - B o , . RN

S - '.' -

discussed. H R \lm«

"These data were acqurred from two transects of observatlon wells by varrous " people. Together these :

transects contain slightly more than (he” 148 observatron wells used for this research. Most of the
observation wells have a diameter of .0.025.m;, the remamrng part 0.05 m. All are made of p.v.c, except ‘
the wooden stlcks in the drams The measurements were donic by means of an acoustrc dipper.

- A',"» *l_-.'; '..,a . ,'," 1-3.‘,“
A set of grouud water data can be seen as’ a hydrologrc time scries w]:uch consists of deterministic and
stochastic components. The . mentioned quahty ‘check implied-: the - ‘temoval of the deterministic

components and application. of standard statistical techniques on the:remaining stochastic components.

Using these techniques (auto- and cross correlation) estimates could be -made of the original ground
" water data. The dlfferenoes between the newly acquired estlmates and the original data were a measure - -+

- for the quality of the set ;_ RS D CA -

+

.‘{ “ B . Lo -

The quahty check apphed in thls mqmry was deveIoped and dlscussed by van der Schaaf (1986) SRR
Consequently part of .the theory was adopted from this report This-quality check was based on the.
: standard statistical theory on time: seriés. A.part of this theory was adopted from Yevjevich (1972).

J\,-w “

At first in § 5.2 the statrstlcal background of (hydrologlc) time serres is revrewed In § 5.3 the auto- and
cross correlation are’ described. Further in-§ 5.4.is dealt with the procedure of the used quality check.

-'9_’.'-‘ AR

In this part of the thesrs the qualrty check of the ground water data of Raheenmore bog (1990) is

Next the results of this quality check are discussed. Because nothmg specral can be scen from a reliable

data set, these results arg morg focused on the kmd of occurrmg errors’ m the original data set (§ 5. 4)
Fmal]y conclusions are drawn in§s55: :

52 . Hydrologlc Trme Series ~ . '. : A

A time series is 2 sequence of a variable whlch is: observed or recorded in time, such as the ground water

‘levels at Raheenmore bog. It will generally consist of stochastic components superimposed on

deterministic components (Haan, 1982).:Figure 11 shows the’ sunphfied time series as assumed by van:

der Schaaf (1986) for the "Gelderse Vallei”. and applied in this research

52,1 Deterministic components - o e

Transient series:

These types of scries are only casual components of hydrologic series, superposed on other components -
usually on periodic and stochastic components. These transient. components are best described by a
deterministic time-varying function and can be of any shape. However, two simple types of transient
components are , most commonly detected in “hydrology - linear, or nonhnear trends of power functions
type, and jump (YCVjCVlCh 1972)

2
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| TIME SERIES |

o COMPONENTS i COMPONENTS

TRANSIENT PERIODIC !

y JUMPS‘ SEASONAL-
LINEAR TRENDS HARMONICS ’

Figure 11 Simplified composition of a hydrologic time series

Trends in a hydrologic time series can result from gradual patural or man-induced changes in the
hydrologic environment producing the time series. For example, a gradual change in the. watershed -
characteristics of the time series with the time. For a relatively short series (few years), an apparent
trend can also be caused by for example a sequence of wet or dry years (van der Schaaf, 1986).

Another transient component is the jump. It occurs in the mean of a stochastic time series, though, it

may be present in any other parameter of a hydrologic time series. Jumps are created by sudden changes
that are either man-made or they occur by various kinds of changes in nature (Yevjevich, 1972).

In § 5.3 the double-mass technique is dlSCUSSGd which sometimes is applied in the hydrology to check the
data set’s consistency, e.g. for possible jumps.

Periodic series:

Astronomic cycles are generally responsible for periodici[ies in natural hydrologic time series. Normally

the most important is the seasonal component, i.e. a period of one year. This is the only period
considered in the data set.

5.2.2 Stochastic components

Generally a time series consists of stochastic and deterministic components. After identification of these
deterministic components, estimation of their paramcters, and removal of these components from the
serics, the stochastic components will remain. Most of these components may be considered
approximately stationary once the known deterministic components have been removed.

The considered time series are referred to as stationary time series, and are important in hydrology
mainly for the reason that the mathematical techniques for the analysis of this series are well developed
(Yevjevich, 1972},

Two of these techniques for the analysis of the remaining stochastic components of the series are the

auto- and cross-correlation. Both techniques can be used to estimate values respectively within and
between time series. These are discussed in the next section.
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L 5,
53  Auto-correlation and Cross-correlation * " ST
5.3.1 Estimation using data from the same tirrie' scries o .

o § ;‘-L. :

The investigation of the sequcntral propertrcs of a séries: by autocorrelatlou analysm is already a classmal -
statistical lcchmquc It is used to determme the lincar - dcpendence among the successive valucs ofa . -

series that are a given lag apart. TR

o

P T G e

‘In the case of two series, the lag cross. correlanon with the posrtrvc or negatrve lag, gives the lmear :

dependence of the successive values of the two series that are a given lag apart. According to Ye\qevrch
(1972) there is sufficient support for lhe use m hydrology of linear autocorrelation and linear lag cross
correlation. . RN . fo

el Tl C ]
For discrete time series used in this study, the populatlon autocorrelatmu coefﬁcrent i for lag k is
defined by: .

s

ooV (X,, X))+
Pr = . t ..t:k. (2)
jvartx,) var{X, )

in which x, and x,,, are observations at tnnc t and t+k respectively, cov (X, X, ) is the autocovanance
function, and var (x,) and var (x,,,) are vanances at lag O and lag k, respectively.

For the open time serics, py, is estimated by thc samplc corrclatmn coefficients ry, as follows (Bullard et -

o, 1976): .:“ | C o
. k; t:xt+k (n k)ch; t;xtfk
* 1 n-k 1 otk
JHE"W(E J Tl e kg (e
'-t:(_3)

._;'5.—‘

with n = the total number of sample obéér\{ariénr._' and {n-k} = the number of pairs (X X410

The values of p, and ry are 1, because these are related to two identical series. The p, of the two-
weekly ground water observations at the Irish raiseéd bogs, shall quickly approach 0 when k increases.
This because of the quickly reacting ground water levels, The previous levels (k=-1) contain relatively
less information on the considered levels, i.é. relatively low correlated. This indicates that for the ground.
water levels of such time series almost always states:

12 Iy, k> 1 4 (4)
Hence, for a value of x, in the series can be expected that it resembles the most the directly preccdmg X,
1 (or thc next value x, , ;).

For the considered observation network it is assumed that for series p, is much smaller than p,. In such

a situation it is of less value to use values in the Lestimations else then the directly preceding, respectively,
next value. e
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This results in the usc of a simple estimation model:

R, = Xt'_l .- o RS
and ‘. |

Ry = -Xt+I1 ) (6)
A combination of (5) and .(6)‘ yjelds: : - L

This is a linear interpolation between the two neighbour values of x,.

Estimation methods (5) and (6).are only as good as (7), whcﬁ for all x, the information in X,.; the same
is as in x,, ,, vice verse; with the assumption of stationarity in the expcctat:on E(x), and p, < 1 (van der
Schaaf 1986).

Using (7) requires a value directly preceding and a value directly following the value to be estimated.
Application of (5) or (6) require only the directly preceding, respectively, next value. More than two
missing observation in sequence can not be estimated with models (5), (6) or (7). Then another

tcchmquc must be used as discussed next. . ’

53.2 Estimation with help of the hest resembling series

The technique used is linear regression. Fof estimation of value x, in a series i on observation time t, we

must have access to another synchronic series j, in which on time t an observation is available. The two

scries i and j need to be correlated as good as possible. This in order to get an estimation as good as

possible. The best with i correlated series j can be found by means of a correlation structure of m-series

X This can be visualized by an assembly of correlation matrices (Salas et al, 1980 § 2.5; in: van der
Schaaf, 1986):

’ N
T,k Tz, 6+ Timk

Ioy,k To2,6 + - .
= 8
Mk " . a2 . - ( )

mm, k




where . . N . R
ri'ji( is the estimated.correlation coefficient of the series which consists of respectively the first n-k values,
from series'i and the last n-k value from series j. : : '

=

M; is-diagonally symmetric: Tk = Tix My contains the estimated correlation coefficients of “all pairs
from serics which compared to each other are not shifted in time. The diagonal r;; shows the estimated
-~ autocorrelation coefficients r, of the series x ,. o

The element from the assembly

Tise € M A i#7 A o<ismAo<is<nm (9)

T

with the highest absolute value, provides the most suitable series j for estimating the value on the t-th
position in series i, when the series j contains an observation on position t+k . When this is not the case; -
then the second largest value Irij,kl is chosen, ctc. In practice most of the time it is enough to find the
highest r;;y, because high negative correlations between ground water series very seldom occur (van der -,
Schaaf, 186), , :
Presumable the lfij,ol have a higher value than the corresponding |rij,k|, k>0. The in-time-shifted
ground water series look less similar than the not-in-time-shifted series (k=0), certainly in the Irish
raised bogs where the ground water table oscillates rapidly. -

That is why it is reasonable to use only 1310 to evade loads of computation with low efficiency. Therefore, .~
in the ensuing text ground water series are used without considering a time lag,

The estimation method used is the least squares method which estimates parameters a and b of the

~ model:

X, = a * bx;, (10) - i

&

and next the estimated model was used to estimate the value X -

54 Quality check

54.1 Introduction

Ground water levels at Raheenmore bog are recorded every two weeks. These levels (phreatic and
piezometric heads) are stored in a computer data base. In this way the field data can easily be accessed
by e.g. a computer model of the water balance.

During the acquisition and storage of the ground water data errors can occur. Obvicusly before using the
ground water data in a model of the water balance these data should be checked for possible errors. This
is further referred to as quality check.

This quality check can be divided into:

1) identification of the deterministic components, estimation of their parameters, and removal of
these components from the series;

2) after removal of the deterministic components, identification of the remaining stochastic
components.
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Auto- and cross correlation are standard statistical techniques which can be used for the examination of
the remaining stochastic components. Using these techniques estimates can be made of the original
ground water data. Differences between these ongmal data and the acquired estimates are a measure for
lhc quality of the original data set.

In the next sub-section the in this inquiry used quahty check is discussed step by step.

542 Proccdﬁre

One of the aims of this part of the inquiry was to obtain a reliable ground water data set for
Raheenmore bog. Such a set is indispensable for proper research on the hydrology c.q. water balance:

A reliable data set could be obtained by implemcnfétion of a quality check on the original ground watér
data. The flow chart of the used procedure is depicted in Fig.12. In the ensuing text the separate
elements of this chart are discussed (The underlying time series theory was dealt with in the previous
section).

Identification and removal of jumps
Double-mass curves:

The observation wells on Raheenmore were levelled a few times in the last years (North-south (Wildlife)
transect: 1987, 1990 and 1991; East-west (Dutch) transect: 1989, 1990 and 1991). Differences in the
acquired elevations suggestcd inconsistency of the wells, and therefore also of the ground water data. In
order to get some insight in this assumed inconsistency the double-mass curves technique was applied
upon the ground water data.

The double-mass curve is a simple method to check the consistency of many kinds of hydrologic data by
comparing these data for'a single station with that of a pattern composed of data from several other-
stations in the area. Amongst others, it can be used to adjust inconststent precipitation data,

The graph of the cumulative data of one variable versus the cumulative data of a related variable is. a
straight line so long as the relation between the variables is a fixed ratio. Changes in this ratio causes
breaks in the double-mass curve. These changes may be due to changes in method of data collection or
to physical changes that affect the relation (Searcy et al.,, 1963).

The observation wells within the East-west transect were selected for the consistency check. Water depth
of three deep piezometers (206D,210D and 212D, all = 5m deep) were taken as pattern. The average
value of this pattern (which was assumed consistent in time) per time-step (observation date) was
accumulated and compared with the cumulative values of other observation wells. Appendix 8 shows an
example of the double-mass curve of the accumulated waterdepth of observation well 204D (= 4.5m
deep) and the pattern.

Consistency would imply one straight line so long as the relation between the variables is a fixed ratio.
Hence, deviations from one straight line (e.g. a bench or curve) would indicate inconsistency.

In order to magnify the deviations of the double-mass curve in Appendix 8, residual values were
computed.

A straight line was fitted through the double-mass curve wsing lincar regression. The residual values were
obtained by subtracting the regression line from the double-mass curve. The residuals together with their
accumulated values were plotted against time. These accumulated residuals are an amplification of the
residuals (See Appendix 9).
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(The residual curve is a sine with period oue year and a few superimposed harmonics. When mtcgratmgl; -
- this sine {= accumulated residuals curve) thé harmonics will attenuate: Integral { sm(x) +sin (%) } =
cos (X) + 0.5 sin (2x) + c. This is why the -curve of the accumulated residuals is a "nicer" sine.)

Appcndlx 9 shows a certain seasonal effect in the ground water data of well 204D compared thh the -

average data of the pattern. Other tested observation wells showed a same kind of effect. . F s
There were a few possible explanations for this éffect: ) o
a) | the ratio between the accumulated water depth of the observed well and pattern was not ﬁxed
but penodleal '
- b) the observed well fluctuated (between 0-15 cm which could be caused by "surface oscxllatlon )
) and therefore not consistent, including it’s ground water data; K
¢) . a)andb).

Hence, the double-mass technique appeared not to be a proper tool for the consistency check of the_"
observation well data, Consequently, with regard to these curves, no further conclusions were drawn i Le. ’
modifications of the original data set.

Correction of data using historical information: - S

The observation wells most of the time are clustered in a set of 4 to 6 {phreatic and piezometer) wells.
Although installed at the same elevation, the wells' had moved relative to each other in time. This
movement was assumed to be stopped by connecting the wells with timber. After this the wells were
“topped”, i.e. cut at the same level. This was done at the end of 1990. ’

Consequently: 1) the levelling of such a set could be done by only one reading; 2) the observations of a
such a set could already be compared in the field, and therefore reduces the change on "misreading”; 3)
the deep piezometers which were assumed to be consistent could hold the shallower ones at the same .
level.

However, the topping of observation wells caused Jumps in the ground water data set. In order to
compare ground water data before and after the topping, they should be corrccted for present jumps.
Then besides comparison of ground water data within a series (autocorrelation) they also can be
compared with another series (cross correlation). Hence, for further analysis of the ground water data '
first the jumps had to be identified and removed.

Identification and removal of linear trend ' ‘ "
Trends in the ground water data can result from gradual natural or man-induced changes in the

hydrologic environment. Although many types of trends are possible in this inquiry only a possible linear *
trend was assumed. This trend could be estimated according;

(11)

with a the shift and b the coefficient of the trend. The constants a and b could be estimated using linear
regression (van der Schaaf, 1986).

Identification and removal of periadicities
Astronomic cycles are generally responsible for periodicities in natural hydrologic time series. Such.

periodicities can be estimated by a Fourier series, ‘which is represented by a fundamental penod w and
some or all of its subharmonics.
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Each periodic hydrologic parameter is modeled as a sum of several independent sine and cosme
functions. - S !

Thus, if v, is the value of any per:odlc parametcr (such as the mean ground water level) at time’ t w1th1u . :
a fundamental period w of a glvcn hydrologxc serles, then (Bullard et al, 1976) " L

o Bal og- =

—_ 12 -
v.=Vv+Y [a C‘OS( Z“Jt) + BjSIN(ﬁ(sz—t) ],
j=1 : “

where
v = iE v, | @3 o

the mean of the v, series, with v, the paramcter values. along the period tw, and 1 = number of
significant harmonics. .

The Fourier cocfficients A and B. of significant harmonics, are obtained from estimates V, of ut by
using the least squares estimation method (Bullard et al., 1976): R e

® . ' -
4; = = ;Vt cos (= ==). (14« .
and ’
. o - , . ‘ LR vy
B, = 2 ¥ v, sin (27Tt (15)
® = © -

Normally the most important is the seasonal componc’nt, ie. a period of one year. Accordingly, this
period was the only period considered in the ground water data set. o

Applying (12) can be disputable in certain circumstances, depending on the relation of standard
deviation and expectation of x(t). (Yevjevich, 1972; Bullard et al., 1976). In the ensuing research (12) was
used without applying these considerations,

Computation autocorrelation and cross correlation

After identification and removal of the deterministic components only the stochastic components of the
time series were assumed to remain,

Using these (stationary) stochastic components first the auto- and cross correlation were estimated. Next
the estimated autocorrelation (r,, lag 1) was compared with the estimated cross correlations (r., lag 0) of
the well of interest.



On the one hand when the aulocorrelatlon cocfﬁc:ent was Iargcr than thc cross correlation, a sunplo
lingar interpolation was used to .estimate the residual of. the well of - mterest This was done using -
adjacent obscrvations. Though on‘the other hand when the cross- correlatlon “coefficient was equal or
larger than the autocorrelation coefﬁc1ent tho desxred resrdual was estxmated usmg lmear regressmn
(Fig.12). : ) Sl T .

Further, the to the newly vauu'ed ‘stochastic set of resrdua}s the earher removed deterministic

components were added again, In this way a set of estmatcd ground water levels was obtained for '

(possibly) each observatlon well and date. - ... 3

Comparison observed and esttmared ground water Ievels -, T

%

The obtained set of estimated ground watef data was compared wuh the orlgmal set of field data. When
the difference between the orrgmal and esnmated data was_mor¢*than twice the value of the standard
deviation of the original seriés, outpit was produced. In this ‘way doubtful data could be examined moré
carefully. Data were changed, or_removed from the ongmal set only when sufficient reason was
available. In other cases no action was undcrtaken. JRrA

€ R

A rchable ground water data set was assumed to be acqmrcd after repetmon (3 times) of the above -

v T

mentioned procedure. . v St s T

Nota bene, . :

the major part of the procedurc was automated cxccpt for: a) the 1dcnt1ﬁcatxon and removal of possible
jumps in the original ground water data,set; b) the check for possible errors in the set after the
comparison with the estimated data set, and; c) the' possible changcs and/or removals of original ground -
waler data :

5.4.3 Influence of missing data

The parameters of the two estimation ‘models had to be determined with a series including missing'\" '

ground water data. During the estimation®using the data of amother serics (rcgression), no special cT

difficultics are countered, as long as a reasonable amount of data i is avallablo This is also the case when
trend and annuval cycle are to be dctermmcd LI i Y

In the described research a two-weekly measured observation sct from January 1990 until January 1991 .

was used. Only an estimation was made with 50% or more data available. Otherwise no estimation was |

done.

The limitation during the estimation of data using data of the same series (linear interpolation) are
already mentioned in § 5.3.1. During estimation using linear regression the availability of data for the
considered date in other series than the considered are necessary. When in the data base all the data
from one observation day were missing, again no estimation was performed.

5.5 Results, conclusions and recommendations

For 1990 a reliable ground water data set of Raheenmore bog was acquired after execution of the quality
check. Besides a reliable data set, also the detected errors in the original set are important for further
research, -
Analyzing these data errors can reduce them during further acquisition and storage. Therefore the errors
detected during this quality check are listed next:

3
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Acquisition_errors

1) decimeter error, i.c. reading the centimetres at the ruler (dipper) and adding wrong decimeters
"~ (36 <---> 26); .

2) wriling error, i.c. writing the reading wrongly (64 <---> 46);

3) shifting error, i.c. shifting the readings within an observation nest (in sequence: A, E, C, D with

readings of respectively A,C,D,E);

Storage errors

1) typing crrof, i.c. typing another data than shown on the field register.

Of all detected errors 30% was a result of a typing error! Therefore, another storage method is
suggested which implies double input of ficld data into the computer data base. At the end of the first
scssion, the total input procedure must be repeated. Consequently, the second data input can be
‘compared automatically (computer program!) with the first one, and in this way reduces significantly the
cITofrs category.

Also another storage method is suggested for the fixed observation well data such as among others
position and altitude of the well. The new method should allow a computer program direct access to the
fixed data in order to combine them with the ground water field data. In this way this field data (with
reference level top observation well) can automatically be transformed to ground water levels (with
reference level e.g. Ordnance Datum).
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. 6  CONCLUSIONS AND:RECOMMENDATIONS . B
S gt o |
For the development of programs’ conccrmng conscrvatton and*management of two Irish raised bogs -
(Clara and Raheenmore bogs), specific knowledgeis rcqunrcd among others hydrologic knowledge. This
.hydrologic knowledge was assumed insufficient. Theréfore, in the study of this thesis four aspects were

examined which were assumcd to nmprovc thts hydrologlc knowlcdge T e

1) The determmat:on of the catchments of both Clara and Rahccnmorc bogs using surface contour
maps. fo, Ly,

2) The application of a method for thc acrotclm mapping of Rahesnmore bog.

3) The determination of the impact.of formcr—peat extractlon and marg;mal drainage on the surface

clevation of Raheenmore bog.
4) The quality check of the ground water data of Raheenmorc bog.

Ad 1) Catchment determination BT
Conclusions .

The contour maps computed according the Kriging interpolation (within SURFER) could be used for the
assessment of the catchment boundaries. Consequently the sizes of the catchment areas of Clara (west)
and Raheenmore bogs could be estimated; 100 ha and 33 ha, respectively. However no verification was
realised which is certainly necessary. Especially for Raheenmore bog where a little shift of the catchment. ..
boundaries can result in significant changes of area, due to the "boot-shape” of this area.

Recommendations T _ _ Cen L

The dimensions of the catchment areas should-be verified using cumulative values of rainfall, discharge -
and estimated evapotranspiration for a period. between to equally wet field conditions. Moreover,
presumably aerial photographs can prowdc extra mformatlon about the catchments’ dimensions.

Ad 2) Acrotelm mapping -
Conclusions

At 50 % of Rahcenmore bog no acrotelm was prcscnt This was equal to approximately the first 100-200
m of the periphery,
(This value was obtained by using the conventional foot/spade method.)

The non-destructive wire method provided information on the depth of the sulphide zone in February.
These depths probably were an underestimation of the acrotelm’s thickness, and therefore could be seen
as minimum depths. Probably also the spatial variability of the acrotelm is somewhat exaggerated.

Recommendations

The wire method should be repeated at the end of the summer (September) when the ground water
table is at its lowest and the temperatures higher.

Another method is suggested which uses an auger. This method can be applied at any time of the year.

However, it is a destructive method.

Besides the determination of the thickness of the acrotelm and the measurement of it’s transmissivity
also it’s composition, i.e. typc of Sphagnum, should be mapped. Probably aerial photographs can be used
for this purpose. '

W



Ae
EL

Ad 3) ‘Surl'ace syhsidenre

Conclusions -

15' The unpact of -the former peat extraction and drainage at the margins showed a general
subsidence of Raheenmore ‘bog over last 36-42 years varying between (-1 cm/year. This was
below average as mentioned by Ivanov (1981). The southern part of Rahecnmore bog the rate of
sub51dence was- higher than at the northern part

e - .

2) The lmprovement of the’ margmal dramage system showed an increasing rate of peripheral
subsidence’ during the last 6 years..The rate of- subsidence was at the periphery (first 100-200 m
from the marginal drain) 5 cm/year No 51gmf' cant changes in- subsuiencc rate of the rest of the

bogcouldbenoted : S SRR LR
Rccommendauons i . ' ' i L. il -
1) In order lo momtor potenuai changes in sub51dence rates. the surface levelling should be

repeated, say over. a period of 5 years. Then also the valies -of rates at the periphery due to the
amelioration works can be verified. By leavmg the current pegs in position the exact locations for
lhe levellmg can be taken. . Do

2) Installation of fixed equipment where the sqbsidence of theVSurface can be monitored accurately.

3) Repetition of the acrotelm mapping in order to momtor lhc changes along the periphery
(including monitoring of potential changes in vegetatron) Again current and future acrial
photographs are needed with th1s kmd of work S -”*

Ad 4) Quality check . - ST el A

Conclusions ‘

The errors present in the ground water dala base used for the quahty check could be divided into two
lypes L .

5

Acquisition errors . -

1) decimeter error, 1.e. reading the centimetres at the ruler (dzpper) and adding wrong decimeters
(36 <---> 26);

2) writing error, ie. writing the reading wrongly (64 46), ‘

3) shifting error, i.c. shilting the readings within an observatmn nest (in sequence: A, E, C, D with

readings of respectively A,C,D,E);

Storage crrors

1) typing error, ie. typing another data than shown on the ﬁeld reglstcr (Of all detected errors 30%

was a result of a typing error!). .

L
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Recommendations ‘ CE

Therefore, another storage method is suggested'which implies double input of field data into the.
computer data base. At the end of the first- scssion, the total input procedure must be repeated. .
Consequently, the second data input can be comparcd automatically (computer program!) with the ﬁrs[
one, and in this way reduces sngmﬁcantly ‘the: errors category..

Also another storage method is suggestedx for: the fixed observation well data such-as among others
position and aliitude of the well. The rew method should allow a computer program direct access to the °
fixed data in order to combine them with.the’ ground water ficld data. In this way this ficld data (mth

reference level top observation well) can automatlcally be transformed to ground water levels. (mth
- reference level e.g. Ordnance Datum). o

e
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[Random] Input Output Duplicate GridSize Method Search Limits Columns Begin

Begin creating a grid with the current

settings

COLUMN DATA MINIMUM DATA MAXIMUM

g X 2 —-237 1500
b 4 3 -527 591
7 4 98.5 - 107.17
W No. of columns: 4

No. data points: 206
Discard data: Yes
buplicate points: Delete

Grid Method: Kriging

Jnput file: RAHEEN.DAT
Output file: C:\SURFER\RAHEEN\RHKRGS.

“ Gridding row 43 of 49

GRID MINIMUM GRID

=300
-600

Search Method:

Search Radius:

Nearest Points:
X Grid size:

Y Grid Size:

GRD

MAXIMUM
1600
600

Octant
300

8

77 (25)
49 (25)
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REDUCTION ZONE RAHEENMORE BOG (FEBRUARI 1990)
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SURFACE CONTOURS RAHEENMORE BOG (1990)
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APPENDIX 4 SURFACE CONTOUR MAP SOAK CLARA BOG

SURFACE CONTOURS CLARA-WEST DETAILED (1990)
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APPENDIX 5
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TRANSECTS -~

A-A’ : Collector drains
SN South-north levelling transect
W-E West-east levelling transect
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SURFACE CONTOURS RAHEENMORE BOG (1990)
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APPENDIX 7 RELATIVE DIFFERENCES SURFACE ELEVATION ALONG
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Accumulated waterdepths well 204D (cm.)
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‘ MASS CUHVE RAHEENMORE

(Perlod Dec 1989 - Jan’ 1991)

Time steps |
g = _1516
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* Pattern = gverage of wells (208D, 210dand 212D) . ... .
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Accumulated waterdepths pattern (cm.)
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