3.5 Pea blanket bogs

Hydrology d blanket bogs

Pea may be deposited in various geographicd situations. Blanket bogs typicaly
occur on level or gently sloping hill lope faces with impeded drainage. Water enters
the bog areaby downdope discharge, and excesswater may exit to provide
downslope recharge (Mitsch and Gossglink, 2000).

Figure 3.184 Hilldope water flowswithin a blanket bog, after Mitsch and
Gosglink (2000

Pea deposits may be dassfied as acrotelm which is poorly decomposed plant
material, and catotelm which is highly decomposed humified pea. Typicdly, alayer
of younger aaotelm will overlie older caotelm.

Therelative extents of vertica and horizontal water movement within a blanket bog
depend largely on bedrock permeaility. Reeve, Siegel and Glaser (2000 identify
two contrasting flow models:
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Figure 3.185 Modelsfor water flow within a blanket bog, after Reeve,
Siegel and Glaser (2000
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In the deg flow model, the blanket bog is developed on a substrate with a

higher hydraulic conductivity than the pea, for example (peri)gladal sands.

Groundwater circulation cdls penetrate into the underlying deposits.
For the shallow flow model, the blanket bog is developed on a bedrock with
low hydraulic conductivity. Typicdly the cdotelm layer becomes sturated

with almost immobile water, and significant lateral flow is restricted to the

surface acotelm layer.

In modelling experiments, Reeve, Siegel and Glaser have demonstrated that

irregularities on the peda surface ca producelocd areas of water resurgence. This

type of spring or segpage is commonly observed within large aeas of blanket bog:
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Figure 3.186. Model showing water flow pathways around a spring segpage area
associated with a localised peat dome, after Reeve, Siegel and Glaser (2000).

Holden and Burt, (2003) made astudy of three ped blanket bogs in the Northern
Pennines, occupying areas between 0.5km? and 11kr?. All had similar flash flood

charaderistics, producing storm discharge pe&ks between 2 and 3 hours after arainfall

maximum. Experiments were caried out to determine the relative importance of

surfacerunoff and deep flows within the pea. It was found that approximately 80%

of storm outflow occurs through a saturation excessoverland flow mechanism. An

additional 18% of storm flow occurs within the top 5cm layer of the ped, irrespedive

of the total thicknessof the underlying peda. These results are mnsistent with the

shallow flow model of Reeve, Siegel and Glaser.
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During dry periods, the water level within a blanket bog would be expeded to fal asa
result of strean drainage. The pattern of the recesson hydrograph will depend on the
depth of penetration of the outlet streans into the normally saturated caotelm layers
of the pea (Todd, 1980:

Unconfined isotropic aquifer
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Figure 3.187: Modelsfor stream penetration depth and outflow hydrograph patterns.

Where streans are deeply incised into the cdotelm pea (fig.3.187a), outlet
stream flow can remain dmost constant during long periods without rainfall.
The limiting fador for stream flow is the low hydraulic conductivity of the
humified ped.

Where streamsincision is salow (fig.3.187), outlet strean flow dedines
exponentialy after rainfall. The limiting fador for strean flow is the volume

of temporary water storage within the unhumified aaotelm ped.
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Physicd downcutting of streams may not be necessary for the degy penetration model
to apply. Langhoff, Rasmussen and Christensen (2006 have made astudy of stream
flowsin ped fenlands in north Denmark, where water flow can remain amost
constant for long periods after rainfall. Experiments $ow that 50% of water entering
the drains is moving upwvards into the streambed from deeoer ped layers. Inthis
locaion unhumified aaotelm pea extends to considerable depth, and is underlain by

gladal sands which can encourage deg groundwater circulation patterns.

On the surfaceof a blanket bog, evapotranspiration may cause significant water loss
particularly during dry summer months. The extent of thislossmay be estimated by
analysis of diurnal water table fluctuations, asin fig.3.188
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Figure 3.188

Features of a water table
24h graph used in the
estimation of
evapotranspiration rate,
after Todd (1980.

Elevation
——

Slope h

Evapotranspiration rate ET is estimated from:

ET = Sy(24nh + s)

where:
S spedfic yield of the aguifer, which is approximately 1.0
for saturated ped.
h hourly rise in water level from midnight to 4am, when
evapotranspiration is assumed to be zeo.
S net change in water table level over the 1 day period .
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Water level displacement [cm}

Care nedls to be taken when applying standard groundwater models to pea blanket
bogs. According to Darcy's law, a mnstant hydraulic conductivity value can be
assgned to porous geologicd materials sich as sandstone. However, Ingram,
Rycroft and Willi ams (1974 have shown that the hydraulic conductivity of a
humified pea deposit may be variable. Experiments were caried out in which open
tubes were inserted into catotelm ped, and an initial water level difference aeded
between the tube and the surrounding pea. Testswere caried out with both an
elevated water level in the tube (depletion experiment) or with a depressed water level
in the tube (redharge experiment). Variants of the experiments either allowed the
water levelsin the peda and tube to equili brate naturally, or maintained the initial head
difference by adding or removing tube water. Results are presented in fig.3.189:
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Figure3.189 Peat hydraulic conductivity experiments by Ingram et al. (1974.
Left: water levels allowed to equilibrate.
Right: initial water level differencemaintained.

It was found that in both sets of experiments that conductivities are initially high, but
dedine over a period of time to alimiting low value. The pradicd effeds of this
observation are that humified peaswill saturate more rapidly than expeded at the
start of arainfall event, but subsequently exhibit low permeabili ty which can be
corredly modelled by Darcy's equation.
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Holden and Burt (20033) have measured hydraulic conductivities in upland blanket
peda from experimenta sitesin the Pennines. They have found that ped isamuch
more variable material than mineral soils, and large and unexpeded lateral and
verticd variations in hydraulic conductivity can occur over short distances. The
general expedation that conductivity will deaease with depth is not born out by field

evidence
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Blanket peat in the Mawddach catchment

Ped blanket bogs occur in a number of areas of the Mawddad catchment. Thick
organic soil horizons are developed, which are saturated for alarge proportion of the

yea. Acid anagobic conditions prevent breskdown of plant materials.

Ince (1983 uses evidence from the pollen profiles of lake sediments in Snowdonia to
outline the sequence of vegetation changes sncethe last iceretrea 10 000yeas
before the present. Initial grasdand communities gave way to Juniper and Beed
woodlands, and then to Birch, Oak, Elm and Alder woodlands in the uplands of North
Wales. At the same time, increased predpitation led to soil leading and

aadificaion. Blanket bogs were &le to develop where conditions of high water
inflow combined with gentle slopes and impeded drainage on an impermeéble
substrate.

The most favourable sites for blanket bogs in the Mawddadh caichment are the broad
flat floors of gladal basins, where day till im pedes percolation to bedrock and
waterflows are concentrated by convergent hill lopes.

Blanket bog development occurs:
inthe eat-fadng gadal basins below the Rhinog mountain range,
on theflat floor of the Trawsfynydd dateau, in the aeaof dispersed drainage
to the south of Trawsfynydd reservoir,
on the north-faang sopes of the Aran mountains above the Wnion valley,
on gently sloping mountain slopes and gadal basins to the south of the

Arennig mountains.

Wetland habitats appea to be particularly sensitive to climate dange. Bellamy (1986
documents a sequence of changes affeding the Irish boglands. Modification of the
natural vegetation zones of blanket bogs may in turn lead to a dhange in hydrologicd
charaderistics, affeding flood generation downstream. Blanket bogs may
consequently play an important role in flood management for the Afon Mawddadh.
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Two example aeas of ped blanket bog have been investigated as part of the
Mawddad study:
Waen y Griafolen, in the source aea of the Afon Mawddad, covering a
plateau basin of approximately 6 km? in the Arennig mountains. This ste has
been designated a Spedal Areaof Conservation due to the variety of wetland
plants and fauna supporting Hen Harriers at the highest predator level.
Field work was carried out at Waen y Griafolen in conjunction with the MSc
Water Resources projed of Feysal Awissa, Bangor University (Awissa, 2003,
and has been followed upby computer modelling. Results are discussd later
in this chapter.
Cefn Clawdd, to the eat of Moel Y sgyfarnagod in the Rhinog mountain range
where extensive blanket ped is developed on a gently loping gadal clay
substrate in a broad open valley. Field work was carried out to measure water
levelsin the ped during 2003 @ing a borehole water depth recorder and data

logger.

Figure 3.190 Valley of Cefn Clawdd, with the Rhinog escarpment
in the badkground.
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Cefn Clawdd peda blanket bog

Cefn Clawdd is typicd of a series of eastwards-fadng gadal basins developed in the
Rhinog escarpment between Trawsfynydd and Ganllwyd. Cefn Clawdd isfloored by
a dean cream clay with the dharaderistics of alake floor deposit. It is possble that
this material was deposited in alateral lake & atime that the Trawsfynydd dateau
was occupied by slowly moving shed ice The low permeability of the day,
combined with a gently valley dope, has led to the development of a number of areas
of deg blanket ped, with thinner pea soil s covering much of the remainder of the
basin.

Figure 3.191 Humified pea (1.4m) overlying cream clay with water-rounded
pebbles, Cefn Clawdd.

A water depth recorder was operated in a borehole & Waen Fad for a period of three
months during 2003 A sedion of the record isgivenin fig.3.192 This dows:
Diurnal water table oscill ations of approximately 10cm in response to
evapotranspiration and redharge,
Rapid water table rise by 60cm in a3 hour period following rainfall of 24mm
on 1 April 2003
Slow dedine of the water table by 40cm in the subsequent 5 dry days.
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Cefn Clawdd borehole
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Figure 3.192 Example bore holerecrd for Cefn Clawdd, 27 March — 6 April 2003
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Waen y Griafolen case study

Stratigraphy

Prior to undertaking hydrologicd modelling, surveys were caried out to determine
the stratigraphy of the Waen y Griafolen banket bog. It was found that a cmplex
sequence of deposits are present, refleding a number of stages of development from
ealy post-gladal times up to the present day. A stratigraphic interpretation is
presented in fig.3.195 based on evidence discussed in the paragraphs below:

Underlying bedrock

The plateau basin of Waen y Griafolen is largely underlain by Upper Ordovician
mudstones of the Nant Hir formation, with older Ordovician ignimbrites of the Aran
Fawddwy formation forming the mountain ridges which border the basin to the west
and east. Nant Hir mudstone is exposed at only one locaion within the blanket bog,
in the bed of an incised river channel (fig.3.193) where it is overlain by glaaal till.

glacial till

.n
.
[ 3d *

Nant Hir
mudstone

Figure3.193 Ordovician mudstone bedrock exposed beneath glacial till,
Waen y Griafolen



/' Cerrig
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Figure 3.194 Waen y Griafolen, showing the extent of blanket peat.
Red linesindicate the positions of the aoss ®dionsin fig.3.195
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Figure 3.195 Summeary of stratigraphic data olleded from field surveys,

Waen y Griafolen. Positions of sedion linesare marked on fig. 3.194.
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Geophysicd survey

Bedrock and gadal deposits underlying Waen y Griafolen are generally hidden
beneah thick ped, so geophysicd investigations were caried out to provide evidence
of the stratigraphic sequence. A combination of Eledromagnetic and Verticd
Eledricd Sounding techniques were gplied at eight sites aaossthe bog, with data
analysis carried out by DC RES| software. Example verticd sedion interpretations

aregiven in fig.3.196.

For al sites, threedistinct layers were deteded above the Ordovician mudstone, and
have been identified as: ped, sandy boulder clay drift, and alower layer of high clay
content - either alake day or older gladal drift (Table 3.7).

L ayer Averageresistivity (YP  Averagethickness(m)
Peda 204.88 2.3

Sandy boulder clay 366.25 2.0

Clay 2076 3.2
Mudstone 18800

Table 3.7. Summary of geophysical observationsat Waen y Griafolen

Older pea deposits

Erosion at the western edge of the Waen y Griafolen basin has exposed the base of old
humified pea (fig.3.197). At this horizon, a palaeosoil occurs with treerootsin
growth position. A wood sample has been dated by Oxford University Radiocarbon
Accderator Unit as 8905z 45 yeas before the referenceyea AD 195Q This date
represents the ealiest return of forests to the uplands of western Britain following
degladgation (Bellamy, 1986. Theroots are likely to be dder (Alnus) which is known
to have been present in Ardudwy to the west of the Rhinog mountains at a time of
870.p. (Chambers and Price, 1985. At adlightly higher horizon within the pea are
found samples of water-transported birch branches. It is conjedured that the Waeny
Griafolen danket bog developed on the site of an extensive shallow lake overgrown
by wet woodland. Ped acamulation appeasto have mntinued with little
interruption for the past 9000yeas, with mosses, heahers and other dwarf shrubs as

the principle vegetation.
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Figure 3.196. Geophysicd survey and interpretation of sedions
482



48174

‘PO aseq Wealss Ul Jeje
0135uU00dsa. ul 1o BulAIp Jo 1NsaJ e Se ‘wes s 1B|1No useq neale|d ayl reau uoso B bunusiedxe read paljiwny BP0 26T S a4nbi4




Surfacelayers of the ped bog

Preliminary inspedion of Waen y Griafolen suggested that a cmplex sequence of
superficial deposits may be present. An auger survey was caried out at 30 locaions
distributed aaossthe bog to identify and determine the distribution of shallower
deposits. Samples were obtained to a depth of 1.6m, with the recording of grain size

mineral and plant content of the layers extraded.

Vegetation quadrat surveys were caried out at eight sites representative of different
plant communities acossWaen y Griafolen. A 1m quadrat frame was placed
randomly, and plants within the sample aeawere identified and percentage cover
estimated.

Field surveys were followed upby analysis of colour air photographs, to provide
further information about the distribution of vegetation zones, superficial deposits and

the pattern of surfacedrainage.

Channel system and younger peds

Pea with adive vegetation growth covers the bog, but horizons of river gravel and
lake day were found beneah ped in some locaions, indicaive of an ealier and more
extensive surfacedrainage system eroded into the bog surface The period of erosion
represented by the buried river channels and lake bed might be linked to a period of
increased rainfall identified acossEurope @ around 2800yeas before the present
(Bellamy, 1986. Edwards and Whittington (2001) have identified an increased
sediment deposition rate in lakes in Britain and Ireland between 2980and 2810B.P.

which is consistent with this high rainfall period.

The former river channel system is represented at the present day by meandering
valley-like depressons within the surfaceof the blanket bog (fig.3.198), which
increase in width towards the basin outlet. A small misfit stream is often present
within the valley depresson. Topographic sedions were surveyed aaossthree
representative dhannels (fig.3.199).
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Figure 3.198
Relict drainage dhannels, Waen y Griafolen:

(top) Juncus community infilli ng aformer river
channel, incised into dder pea covered by Erica

community.

(middle) Areaof pea hag erosion which is now

adively regenerating .
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Four vegetation communities are prominent within the blanket bog (Table 3.8). The
Erica community occupies the cantral areaof the blanket bog above older ped, whilst
the Trichophaum community occurs towards the margins of the older ped area
Juncus and Sphagnm communities infill former river channels and are sites of

development of younger ped.

Community Dominant speaes Subsidiary spedes

Juncus channel Juncus effusus, Polytrichum  Rhytidiadelphus loreus,
commune, Eriophorum Sphagnum subnitens, Nardus
vaginatum stricta

Sphagnm chanrel Sphagnum auriculatum, Juncus effusus,
Carex nigra, Eriophorum Vacanium oxycoccus
vaginatum

Erica moor Ericatetralix, Cladonia Vacanium myrtili s,

portentosa, Trichophorum Sphagnum capilli folium,

cespitosum Empetrum nigrum
Trichophoummoor  Trichophorum cespitosum, Eriophorum vaginatum,
Juncus effusus Nardus gricta

Table 3.8. Vegetation communitieswithin Waen y Griafolen

The surfacedrainage system of Waen y Griafolen begins as hagnum pools within
the relict channels. Flowing streans develop, and are often incised through the
younger ped to the level of the older buried river channels (fig.3.200).

Towards the basin outlet, streams converge to produce larger gravel-bed channels.
The present day drainage system largely conforms to the relict channel pattern. Nea
the basin outlet, athick deposit of lake day in excessof 6m thicknesswas identified
by auger and geophysicd surveys. This may mark the site of alarge lake into which
the relict channel system drained, with the small lake of Llyn Crych y Waen now
representing a small remnant.
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Figure 3.200. Surfacedrainage within Waen y Griafolen:
(top left) Sphagnm mosspool within arelict drainage dannel,

(top right) Small misfit stream in a broad rélict channel with Juncusand
younger peat infill,
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(bottom) Gravel stream nea the basin outlet.

Some modification of drainage pattern on the Erica moor areas of the bog occurs as a
result of a series of ploughed dtches approximately 0.5m wide and 1m in depth
(fig.3.201). These were ait around the midde of the 20" century in an attempt to
improve the pasture for shegp. Much of the drainage network is now overgrown, and
there is no visible dfed of modifying the natural vegetation in comparison to similar
unploughed areas of the bog. The drains are generally dry, and probably only cary
water at the pe& of storms.

1 km

Llyn Crychy
Waen

Figure3.201 Vertical air photograph of the central area of Waen y Griafolen,
showing the pattern of ploughed drainage ditches cutting acrossErica moor on
older peat.
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A possble sequence of development of the Waen y Griafolen danket bog can be

deduced from field evidence and correlation with events elsewhere in western Britain:

The Arennig mountains were extensively gladated during the main Devensian
advance, with southwards-moving ice scouring a plateau basin in soft
mudstone to form the site of Waen y Griafolen. Glaaal till blanketed the
basin.

During the final interglaaal period, alake may first have gopeaed within the
basin. Clay would be caried in from the surrounding slopes to acaimulate on
the lake bed. Further gladal till was deposited duing the late Devensian
valley readvance

Forest and moorland vegetation returned to upland Wales around 9 000yeas
B.P. At Waeny Griafolen, the glaaal lake gave way to wet woodland
dominated by alder and birch.

Perhaps as a response to colder and wetter conditions, the woodland
deteriorated and becane afocus for blanket bog development. Accumulation
continued slowly over the following 5 000yeas, with lower ped layers
beaoming increasingly compressed and humified.

At around 2 800yeas b.p., a dhange to a significantly wetter climate caised
ped hag erosion and the growth of a dendritic drainage system. Large braided
gravel channelswere ait into the ped surface draining into a substantial lake
nea the basin outlet.

Reversion to ealier climate cnditions caused a reduction in water flows
within the dhannel system and allowed pea growth to resume. Heahers
dominated on the drier surfaceof the old pea. The wetter valleys were
colonised by mosses, rushes and sedges, with gravel channels progressvely
buried by younger pea. Thisped is continuing to acawmulate & the present
day, appeaing as a poorly decomposed massof plant material with a more
open texture than the older humified ped.
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Hydrology

At the beginning of the hydrologicd study, it was assumed that the wide expanse of
dee pea at Waen y Griafolen would have an important function in water interception
and storage during storm events. It seamed reasonable that most, if not all, rainfall
could be asorbed within the pea and would be sowly released over a period of days
or even weeks. In order to test this hypothesis, a borehole with water depth recorder

and an array of dip wells were eanplaced in the blanket ped.

A borehole site was chosen at alocaion rea the ceitre of Waen y Griafolen, on the
low plateau surfacebetween relict drainage dhannels. The site lies within an areaof
Erica moorland vegetation (fig.3.203) and is underlain by older pea. A perforated
plastic pipe was 2unk to a depth of 2.5m within the pea without reating daaal
deposits or bedrock. A barometric water depth recorder in the pipe operated
continuously from May to September 2003 A raingauge was installed alongside the
borehole. Rainfall and water table data ae displayed in fig.3.204

Figure 3.203 Waen y Griafolen borehole with water depth recorder
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Examination of the borehole watertable data provides the surprising result that the
storage cgadty of the older pea is very limited. During athunderstorm over Waeny
Griafolen on 17 July 2003the watertable rose by 12cm within a period of 3 hours,
reading within 2cm of the ground surface It islikely that surfacerunoff was
occurring from substantial areas of the older peda during this gorm.

In atypicd rainfall period, water level within the older ped rises by 8cm per day. In
dry periodsthe fal in water level is at afairly constant dower rate of 8cm per week.
Thus the older blanket ped islikely to be dose to saturation during the wetter winter
months, and the recovered storage cgadty in the summer can be rapidly expended by
afew days of wet wedaher.

To obtain amore detailed picture of water movements within the ped, 6 dip well
tubes were eamplacel in aring of approximately 500m radius around the borehole

in areas of deegp older ped. The aray coverage was subsequently increased to 8 tubes
(figures 3.205and 3.206).

Results of manual readings of water depths in the dip-well tubes are given in
Table 3.9:

Thefirst set of measurements were taken on 29 July 2003 duing a period of
heavy rainfall. All tubes $row water levels close to the ground surface This
is consistent with the borehole data, and indicates widespread saturation of the
ped.

The sets of measurementstaken on 5, 13 and 27 August indicate aprogressve
fall in groundwater level at al sites by between 10cm and 50cm. During the
same period the borehole water level appeaed to dedine by 60cm, but it
should be noted that these figures conced a number of short term fluctuations
in the water table which are gparent on the borehole graph. It islikely that
similar but proportional fluctuations had occurred at al the dip well sites
between readings.
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Figure3.205 Emplacing adip well tubein older peat at site 7, Waen y Griafolen

dip 7
Po @ dip 8
dip3@
dip2 @
dip4 @
dipl1 @

’:‘ borehole

dip5 @

hydrograph \

@ dip 6

Figure 3.206. Locations of dip wells, borehole water depth recorder and hydrograph site,
Waen y Griafolen

49¢



€00z "ssimy Bije)s|pm dip 8yl Jo dol Wo ) pa.Inseswl sl IS B YIP Te pAS| BIe/\ 6°Ed|de L

/0 120 JTO 920 Ze0 110 €20 020 ss0 | = w_www £002/80/L2
90 - - 520 620 0T'0 220 020 4 S .o%%mﬁ €002BOET
0 : : JTO 020 900 810 110 szo | 2| 920 | coozmons
® | -0TET
T0 . . 100 90°0 100 500 Y00 900 |3 |ow%NHH £002/10/62
awi | areq
87,05 | ST90E G588 €0S6Z | £500S | OTCOE | €ITOS | 85962 HS
6/V18 | 6ITI8 £8Z18 Or8I8 | 96818 | 00ST8 | 90ZT8 | €9TI8 aoue R de
slotp.oq 8 / 9 S b e 4 I

uoireubsep [pm diq




Outflow from the Waen y Griafolen banket bog

The outlet stream from Waen y Griafolen forms the headwater read of the Afon
Mawddad. A hydrograph recorder was operated on the outlet strean over the period
July to September 2003(fig.3.207).

Figure 3.207: Outlet stream hydrograph site, Waen y Griafolen. A barometric
depth recorder is stuated in the pod upstream of the V-notch weir.

Awissa (2003 produced a cdibration curve for river dischage ayainst river stage by
measuring water velocity within the V-notch at low flow, and aditionally over the flat
weir at high flow.

A reaord obtained for the sequence of rainfall events between 5 and 12 September is
displayed in fig.3.208 Comparison with the rainfall and borehole watertable data
(fig.3.204) indicaes that the pedk river flow during the period corresponds with the
surfacesaturation of the pea on 11 September.

Water table depths and river hydrograph data @lleded duing the 2003 period of field
observations will be used in the cdibration of a MODFLOW groundwater model in
the sedion which follows.
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Waen y Griafolen groundwater model

The Waeny Griafolen MODFLOW model will first be used to smulate the sequence
of ped saturation and runoff during the storms of September 8-13, 2003 River flow
and borehole water level data were recorded duing this period and will provide a
basis for cdibrating the model. The dfeds of the ploughed surfacedrainsin
increasing surfacerunoff from the older blanket pea can be examined.

The model will then be used to investigate the posshle mnsequences of
environmental change on river outflow from the blanket bog:

A magjority of climate dhange models for western Britain predict an increase in winter
rainfall coupled with drier and hotter summers, with a higher rainfal intensity for
individual storm events (Arnell, 2002 Skaugen et al., 2003 Jones et a. 2005. The
temperature and rainfall conditions responsible for pea growth or erosion appea to
be very finely balanced. Minor climate cdhanges may cause lossof vegetation from
the relict drainage dhannels and reversion to gravel floodplain conditions over
substantial areas of the aurrent blanket bog.

The modéel will be run for the extreme storm event of 3 July 2001, with outflow
determined for the aurrent pattern of vegetation. Hydrologicd parameters will then be
adjusted to smulate the lossof younger ped infill from the drainage channels. A re-
run of the model will then provide an estimate of storm runoff under the modified
surface onditions which may affed the blanket bog in future decales.

A geologicd map is used as a badground image in setting upthe MODFLOW model.
An outer boundary for the model is taken as bedrock outcrop along the foot of the
mountain escarpment bounding the basin to the west, and the upper extent of the pea
and clay deposits around the eatern margins of the basin.
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Geophysicd data @lleded in conjunction with F. Awissafor eight sites are given in
Table 3.10. For ead ste, threesediment layers have been identified above the
mudstone bedrock: a deep layer of fine day, overlain by clay with a higher sand
content, and then the surfacelayer of blanket pea. These layerswill be mnfigured to
produce the MODFLOW model.

SITE
0 1 2 A B C D E
o 81195| 81278 81308| 81444| 81370| 81292| 81808 81490
29773| 29238| 29342/ 29465| 29831/ 28858| 29666| 30839
Ped 03 |12 |35 |332 |19 |18 |33 |31
L ayer gznydy 35 |25 |08 |13 |3 22 |13 |14
Thickness -~ 1 11 |13 |34 103 |26 |32 |3
Mudstone | - - - - - - - -

Table 3.10: Layer thicknessat each site when curvesfrom EM and VES are wmbined

Positions of geophysicd measurement sites are located on the base map, and
thicknesses of sediment horizons entered to produce aset of stratigraphic columns
(fig.3.209.

Figure3.209 Stratigraphic sequences plotted on the MODFL OW model
from geophysical data
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Sediment boundaries are interpolated between measurement sites to generate asolid
model (fig.3.210). Increased thicknessof clay isvisible in the aeaof the basin outlet
where remnants of aglaaal lake were identified. Thickening of clay is also evident in

the aeaof moraine deposition in the north of the basin.
The final stage in setting upthe MODFLOW model is to interpolate the layers onto

the MODFLOW three-dimensional grid, offsetting layer elevations acwrding to the
ground surfaceheights derived from the Ordnance Survey 50m grid.

Figure3.210 Waen y Griafolen MODFLOW threedimensional grid, showing
example South-North and West-East cross £dions.
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Configuring hydrologicd parameters

The patterns of river channels and ploughed drainage ditches (fig.3.211) were tracel
into the MODFLOW model using an air photograph overlay. Only those drainage
ditches appeaing as continuous lines of distinct colour on the high resolution air
photographs were included. Additional relict ditches, now discontinuous and
overgrown by heaher, were considered to have negligible dfeds on the regional
drainage and could be incorporated into a bulk hydraulic conductivity value for the

older pea deposits.

Figure3.211

Pattern of river channels
and ploughed drainage
ditchesincorporated into
the Waen y Griafolen
MODFLOW mode

Both rivers and drainage ditches were modelled using the drain padkage in
MODFLOW. Thisoperatesin asimilar way to the river padkage, but ignores water
lossthrough the dhannel bed during periods of low water table. From field
observations, thisis an accetable smplification. The river channels are deeply

50¢



incised into the blanket bog and flow even during dry periods. The ploughed drains,
by contrast, crossthe surfaceof the raised pea and are completely dry except for
short periods of storm conditions. The river channels were given hydraulic
connedivity to both the pea layer and the underlying sandy clay layer of the
stratigraphic sequence. The ploughed drains were dlowed a hydraulic connedivity

only to the surfaceped layer.

Areas of younger ped were differentiated from older pea within the upper
stratigraphic layer, so that different hydraulic parameters could be assgned to the
contrasting materials.

The model was run for cdibration using the 8-13 September 2003rainfall sequence
Initial hydraulic conductivity and channel conductivity values were dhosen, then an
automated procedure within the Groundwater Modelling System systematicdly
adjusted these values for ead stratigraphic layer, riversand dtchs, to dbtain a best fit
with the measured outlet stream discharge (fig.3.208) and borehole water level
(fig.3.204). Chedks were made for the dip well sites, to ensure that water depths were
consistent with the known patterns of water table movement in comparison to the
central borehole.

Calibration values obtained for the model are givenin Table 3.11:

Horizontal conductivity Vertical conductivity

K (m/h) K (m/h)
layer 1a old pea 0.1 0.01
layer 1b young ped 50.0 20.0
layer 2 sandy clay 0.005 0.01
layer 3 clay 0.0005 0.001
layer 4 mudstone 0.00001 0.00001
Hydraulic connedivity Bed conductivity
(m?h)/m
rivers layer 1to 2 20
ploughed drains layer 1 20

Table3.11: Calibrated hydrological parametersfor the Waen y Griafolen
MODFLOW mode
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The older pea clealy has alow hydraulic conductivity to maintain the water table &
the observed level close to the ground surface By contrast, moderately high
conductivity values must be dlocated to the younger pea channels with their
sphagnum and rush/reed bed infill, in order to provide the necessary timing delays for
flood hydrograph pedks on the outflow stream. Hydraulic conductivities are low for
the sandy clay layer, with the underlying clay and mudstone layers effedively
impermeable.

The extent of surfacesaturation at times during the 8-13 September 2003rainfall
sequence ae shownin fig.3.212 with north-south cross gdions through the model
givenin fig.3.213for 12:00h, 12 September. Zones of surfacesaturation are seen to
develop in threeprincipal situations:
on gentle dopes within the pea which have alarge upslope @ntributing areg
on flatter areas of the raised bog where lateral outflow is low,
on the slopes surrounding the bog where bedrock outcrops, or where day
gladal deposits form the surfacelayer.
The incised river channels infill ed by younger pea have alocdised effed in lowering
the water table in the aljacent older ped.

The ploughed drainage dhannels are found to be inadive except during periods of
surfacesaturation of the surrounding older peda. Even at times of saturation, the
drains carry atotal flow of lessthan 1% of the flow in the overal river system. This
appeasto be aresult of the low horizontal hydraulic conductivity of the old blanket
ped, restricting groundwater flow into the drains.
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Figure3.212

M ODFLOW modd for the rainfall
sequence of 8-13 September 2003
Zones are surfacesaturation are
marked by blue triangles.
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Figure 3.213 North-south cross ®dionsthrough the Waen y Griafolen model for
12:00h, 12 September 2003 Areas of surfacesaturation marked by blue bars.
River and drain locationsare marked in green. Vertical exaggeration: 8.
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In the next phase of modelling, a smulation of the 3 July 2001 storm event was
caried out, assuming current hydrologicd charaderistics for the older blanket pea
and the younger pea filled channels.

A second model assumes removal of vegetation over the full width of Sphagnm and
Juncus channels, and smulates waterflows in open river courses above agravel bed

The stream system of Waen y Griafolen was divided into a series of reades
(fig.3.214). The volume of water entering eat reat from the surrounding peé
during the second hour of the storm event was estimated for the two MODFLOW
models. Results are givenin Table 3.12,

Figure3.214

Key to numbered river
reacheslisted in
Table3.12

Modelling predicts that removal of younger ped in Juncus and Sphagnm zones
would lea to an increase in the severity of flash flood responses due to the lossof
temporary water interception cgpadty. In an extreme cae of complete removal of
younger ped from channels, pe& discharge from the basin could be dmost doubled.

The model suggests that lossof Juncus/ Sphagnm pea would lead to areduction in
agial extent of surfacesaturation within older pea during storm events. This could
result in the drying out of Erica communities and the onset of pea hag erosion. Drier
grasdand and Trichophaum communities may then invade the Erica moorland.
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Reat Sphagnm /Juncus infill ed Open gravel bed chanrels

chanrels
1 13 207 33 197
2 1237 9 585
3 5 356 5 368
4 2519 3 565
5 3744 4 864
6 4633 5 062
7 1979 1724
8 2 851 4 753
9 3088 1 396
Tota flow 38 614 69 514

Table3.12 Modelled water flows (m®) entering surface streams from peat
during hour 2 o the 3 July 2001storm event. Numbering o river r eaches
isgiven in Figure 3.214.

The Juncus/ Sphagnm communities are seen as fragile. Management options to
proted channel vegetation are recommended, which could include the blocking of
surfacestreams to encourage adistributed water flow and maintain saturated ground
conditions. A favourable aeafor Sphagnm bog regeneration would be @ove the
low permeability lake day deposits nea the basin outlet.

Consideration should be given to stabilising the river course as it leaves the blanket
bog through a boulder channel over gladal moraine. Increased fluvial erosion at this
point would lower base levels and reducethe aeaof saturation suitable for Sphagnm

eqsystems.
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Summary

Pea blanket bogs are developed in a number of areas of the Mawddach
cachment, particularly within glagal basins floored by clay or impermeéble
bedrock.

Groundwater levels have been monitored in danket bogs at Cefn Clawdd and
Wae y Griafolen. Both sites $row similar hydrologicd responses. The water
table in the ped rises rapidly during a storm event, followed by a very sow
linea fall over the subsequent dry period.

Small diurnal fluctuations in water level were observed at both sites, and are
ascribed to evapotranspiration.

Outflow from Waen y Griafolen remains aimost constant for long periods
between rainfall events, and may be atributed to deep penetration of streans
into caotelm ped.

Two contrasting pea types are present at Waen y Griafolen: older pea which
is highly humified and gelatinous in texture, and younger pea which has an
open texture of undecomposed plant material.

The older pea forms the higher areas of the blanket bog, with the younger pea
infilli ng arelict river channel system incised into the plateau surfaceof the
bog.

Older pea acaimulation began around 9 000B.P., shortly after the final ice
retred. Itislikely that the channel system containing the younger peas was
cut during awet climatic period at 2 800B.P.

Field observations and modelli ng indicae rapid saturation of the older pea
areas and surfacerunoff during storm events. Water enters the channel system
infilled by younger ped, which ads as areservoir and releases water gently
into the river system.

An array of shallow ploughed drainage ditches on the surfaceof the older pea
appeasto have limited effed on the hydrologicd response of the blanket bog.
The ditches increase the rate of surfaceflow into the dhannel system, but flow
through the younger ped controls overall discharge to the outlet streams.
Lossof the younger pea and reversion to open gravel river channels would

amost double the pedk storm discharge from the blanket bog.
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