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CONCLUSION

Even under extremely dry meteorological conditions,
part of the fenland can be re-wetted by inundation,
even though the parameters used in the model can
not be determined very accurately. Conservative es-
timations of these parameters, however, do not
change this conclusion..
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SUMMARY

Drainage, then removal of the acrotelm of 2 bog peatland abruptly altered the hydrological regime of the
cutover section of an expansive plateau bog peatland near Lac St. Jean, Quebec. Drainage in 1990 lowered
the water table by about 0.5 m, causing an increase in the peat bulk density in the catotelm (tesidual) peat.
This varied seasonally, and was 40% less in a site that was cut and drained three years later. The cutting and
increase in bulk density was accompanied by a decrease in the specific yield of sutface peat from greater
that 0.5 to less than 0.05. Consequently, the seasonal and event based water table variations were more ex-
treme. Blocking drainage ditches was an important first step in testoration, which resulted in a water table

recharge (seepage) reservoirs to re-supply the adjacent peat baulk with water following water table draw-
down by evaporation. A pumped recharge (seepage) system kept the water table up to 20 cm higher than in

evaluated on the basis of soil moisture and soil water tension, than with the water table. Soil moisture changes
occurred without changes in the water table, when the water table was below 50 cm. Therefore retention
of soil moisture was an important consideration. This was best achieved by using straw mulch, which ptro-
vided greater amelioration of sutface conditions than the mechanical methods noted above.

Keywords: peatland restoration, bog, hydrology, peat, restoration

INTRODUCTION alters the hydraulic and geochemical environment of

the cutover peat on which Sphagnum re-establishment

Sphagnum peat harvestingg@erations are an impot-  must occut (Heathwaite, 1994; Schouwenaars, 1993),
tant economic activity in smaller rural locations;  Subsidence caused by shtinkage and compression
many of these are focused in southern and central (Schlotzhauer, 1998), and oxidation of the drained
Quebec, and eastern®and northeastern New Brun- peat (Schothorst, 1977) alters the pore structure of
swick. There are about 12,000 ha of currently har-  the peat matrix, increasing water retention and de-
vested, or cutover and abandoned bogs in Canada creasing hydraulic conductivity, Consequently, there
(Keys, 1992). Peat cutting is a destructive process,  is a decreased supply of plant-available water in the

and exhausted sites are simply abandoned. Few of  unsaturated zone (Okruszko, 1995). The problem
these have regenerated to functional bog ecosystems  results from the greater water tension in the surface

(Fafllous et al, 1991) because the disturbed hydro-  layer of cutover peat, which can exceed —350 mb
logical and microclimatic conditions are unsuitable (cm) (Price, 1997). Sphagnum mosses, which are non-
for Sphagnum regeneration. In Quebec, this has re-  vascular plants, cannot draw moisture from the soil

sulted in less than 10% of the area of abandoned  at these tensions, Haywatd and Clymo (1982), note
bogs showing any Sphagnum regeneration (Lavoie and  that pore water drains from the hyaline cells of Sp4-
ROChefort, 1996). Since Sphagnum is the dominant agnnm at =100 mb (cm). The corollaty of this is that
Ib’eat forming vegetation, its reestablishment is a water tension of the surface peat needs to be great-
enchm'ark for successful restoration. er (less negative) than —~100 mb. Otherwise the plants
Dl‘alnage and extraction of surface peat alters  will desiccate, which they cannot tolerate for extend-

itfe surface conditions and groundwater flow dynam-  ed periods (Sagot and Rochefort, 1996).
tosu that govern the bog’s telationship to the su- The first step in restoring peatlands is to block

niding landscape (Bragg & Steiner, 1995). This  the drainage ditches (Eggelsmann, 1988). This pto-
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cedure essentially restotes the water balance (Price,
1996), although not the water relations. For exam-
ple, compared to natural bogs, the water table depth
temains more variable, and the higher water reten-
tion decreases the soil moisture variability (Price,
1996). Soil moisture can be higher than hummock
of a natural bog, but the associated water tension is
also greater (Price, 1997). This is not remedied by
rewetting. Therefore, additional steps are required to
provide appropriate conditions for Sphagnum regen-
eration. This may include using open water reser-
voirs (LaRose e al, 1997; Beets, 1990), reprofiling
ot contouring the sutface (Bugnon et al, 1997; Price
et al, 1998), or using mulch (Quinty & Rochefort,
1996; Price, 1997).

The above restoration methods have met with
varying degrees of success. Therefore, the objective
of this paper is to compare the success of the vari-
ous restoration efforts made at a cutover peatland
near Lac St. Jean, Quebec.

STUDY AREA

The study area is north of Lac Saint-Jean area of
Quebec, Canada (48°47’N, 72°10°'W). The average
annual temperature is 1.7 °C, with average January
and July temperature of -17.1 and 17.3 °C, respec-
tively (Environment Canada 1982). Mean annual to-
tal precipitation is 906 mm (32% falling as snow).
Mean annual runoff in the nearby Mistassini River
is 623 mm (Environment Canada 1992). The
peatland is situated on a terrace of deltaic sands in
the Lac Saint-Jean lowland (Morin 1981), and is part
of 2 4315 ha bog-poor fen complex that can be clas-
sified as Plateau Bog (National Wetlands Working

Group, 1987). The peat has accumulated over perme-
able sands, where a well-developed iron pan limits
seepage losses (Price, 1996).

A portion of the peatland was drained, beginning
in 1990. The upper 0.35 to 0.6 m (acrotelm) was
block-cut in 1991 with heavy machinery. Ditches (30
m spacing) were blocked in spring 1993, but were
not back-filled. On this section of bog were fouyr
experimental areas for which data were collected in
1995, along with data from an adjacent undisturbed
site. The restoration sites include: 1) A control site
which in which ditches were blocked in spring 1993
but with no other management (blocked site) (Price,
1996); 2) a site in which there were four unconnected
20 m long parallel ditch/teservoirs spaced 5 m apatt,
to increase the proportion of open water, with the
intention of increasing passive lateral recharge (pas-
sive recharge site) (LaRose ¢ 4/, 1997); and 3)a
seepage reservoir with pumped recharge to enhance
lateral seepage to an adjacent peat field (Rochefort
and Quinty, 1996)(pumped recharge site). A second
area was also studied, which was drained in 1993,
and cut in 1994. Ditches were not blocked (drained
site). The cutover sites remain essentially devoid of
vegetation. The section of natural bog is dominat-
ed by Sphagnum fuscum, S. angustifolium, S. magellanicnm,
and 8. capillifolinm. Sphagnum hummocks are typically
0.3 m above the Sphagnum lawn. There is a spatse
cover of Larix laricina and Picea mariana.

METHODS

Results are reported for 1995. Details of the meth-
ods can be found in previous articles by (Price, 1996;
Price, 1997; Price ef o/, 1998; Rochefort & Quinty,
1996; LaRose ez al, 1997). 1n general, water tables

WATER TABLE DEPTH (cm)
8
L]

|

= NATURAL & PUMPED
— DRAINED = BLOCKED
= PASSIVE

Fig. 1 Water table depth at
the natural (undz'n‘zrrbe{l);
drained, drained but with

. e ditches blocked, passive setp-
01-May 31-May 30-Jun 304ul 29-Aug 28Sep age and pumped seepage 11t
in 1995.
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S
Fig. 2 Peat dam used to block drainage ditches

were measured with transects of 25 mm dia. wells;
rain with a tipping bucket; evaporation with the
Priestley and Taylor (1 972) method; soil moisture
gravimetrically; and tension with tensiometers and a
mobile pressure transducer.

REsuLTs. AND Discussion

Removal of the acrotém, and collapse of the peat
Structure, caused the specific yield of the surface of
the cutover bog to dectease from about 0.5 to 0.05.
Consequently, the water table drop for an equivalent
abstraction of water increased markedly. In the
Spring of 1995 the water table in the drained and
blocked sites was patticulatly variable, and its eleva-
tion was lower than at the natural site Fig. 1. Daily
Seepage losses from the drained site were responsi-
ble for the significantly lower water table than oc-
Cutred in the site with the drainage ditches blocked
(Fig. 1). The efficacy of the peat dams is verified by
the telatively high hydraulic gradients they can with-
Stand (~1 m/m), as shown in Fig, 2.

Water table levels in the passive and pumped
S¢epage experiments were raised considerably (Fig,
1). In the passive recharge system, the water table

Fig. 3 Blocked drainage ditch later in the summer.

was genetally within 10 cm of the natural site, but
always lower, The ditch/reservoir at the passive re-
chatge system were fully recharged following snow-
melt. Since the specific yield of open water is unity,
its water level changes are conservative, Therefore,
in response to the large water deficit incurred over
the 1995 summer, it dropped much mote slowly than
the water table in the adjacent peat fields. The re-
sult was a hydraulic gradient between ditch/reservoir
and peat field that was dominantly toward the peat
field. Consequently, the seepage that resulted raised
the water table in the adjacent peat field. This is re-
ally no different than the hydrological setting of the
blocked site, except in scale. The distance separat-
ing ditch/reservoirs in the passive recharge experi-
ment was only 5 m, and the ditches were wider and
deeper. At the blocked site, the ditches wete also re-
charged in spring, but they have a much smaller vol-
ume (per metre of ditch length), and are spaced 30
m apart. The larger volume of water lost to evapo-
ration from the blocked site (similar rate but larger
surface area), quickly depleted water from the
blocked ditches, and summer rainfall could not re-
charge them (Fig, 3).

In the pumped recharge experiment, water was
pumped from a basin excavated into the peat, along
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the path of a main (active) drainage ditch, and was
pumped over 300 m to the site. The pump was op-
erated approximately every second day, such that the
water level in the reservoir was raised to within 5 cm
of the top of the ditch. Clearly, the seepage was ef-
fective at maintaining a high water table in the peat,

Fig. 5 Volumetric soil mois-
ture (7 day moving average)
at the drained and blocked
sites, and at a blocked site
with straw mulch.

Fig. 6 Soil bulk density (7
day moving average)at the
drained and blocked sites, and
where a muleh was used. The
drained site was more recent-
by drained than the other sites
thus has not suffered the same
degree of compaction.

3 m from the peat/reservoir boundary. A water ta:]c
(measured 3 m from the teservoir) could generally b
maintained at about 40 cm from the peat surface,
which is what was recommended by (Schouwefr.laﬂfsg 4
1988), as a requirement for restoration. The ability Ot
the water table to be maintained above this level 2 ]
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this site was approximately 80% (Fig. 4), wheteas for
the natural site, passive seepage system, blocked and
drained sites the equivalent values were 55, 50, 40 and
0%, respectively.

As noted in the introduction, an important con-
sidetation for Sphagnum tegeneration is that the sug-
face conditions are moist enough to keep water ten-
sion below about —~100 mb. The position of water
table was not a good indicator of this. In Fig 1 it
can be seen that the vatiability of the water table dj-
minished after the water table depth dropped below
about 60 cm. Theteafter, water losses to evaporation
(381 mm from May to August), came from the zone
above the water table. In the drained site, ground-
water seepage losses continued, but the short-term
response to episodic inputs is not visible. The evap-
oration loss (avg. 3.1 mm d") caused little further
drop in the water table where the ditch was blocked,
which suggests the losses were supplied exclusively
from the soil moisture store (i.e. above the water ta-
ble). Soil moisture changes can offer a considerable
quantity of water over the range observed (Fig, 5).
This is amplified by the shrinkage of the peat that
occurred above the water table, which caused fluc-
tuations in the soil bulk density (Fig. 6). Soil mois-
ture changes in a shrinking soil represent a grater
quantity of water than similar changes in a soil of
constant volume. The seasonal average soil moisture
of the drained and blocked sites, is shown in Table
1, along with values from a blocked site with a straw
mulch applied (2250 kg ha'). Soil water tension is
also shown. Soil moisture was similar at the drained
and blocked sites, although tension was greater at the
blocked site. This js-a consequence of the greater
soil bulk density at thé blocked site (Fig. 6), which
Wwas cut and harvested three years prior to the
drained site, and likely suffered from more vehicle
traffic. The seasonal average bulk density at the
drained and blocked sites was 55.7+11.1 and
92.1i10.7, tespectively. The result is a smaller pote
diameter ¢ the blocked site, and for an equivalent
loss of moisture, the smaller pores will achieve 2
8reater reduction in pressure, Also significant, is the
considerable reduction in soil tension (less negative
value) where straw mulch was used. The additional
Vater resulted in a lower bulk density of 81.7+11.2.

ithout any expensive surface manipulations, mulch

Provided better conditions than the passive seepage
SXperiment,

Table 1. Averagetstandard deviation of volumetric 5457
moisture and water tension measured in the op 3 em of
the cutover peat soil in 1995,

LOCATION Soil Moisture Tension Head
(%) (mb)
Drained 0.40+.20 -129.5144.2
Blocked 0.40x0.20 -152.5182.9
Passive Rech. - -90+40
Pumped Rech. 0.44+.07° -
Muich 0.53+.19 -47+25.4

* Measured 3 m from ditch, Comparable values 1 and 5
m from the ditch are 0.58+.11 and 0.34+.07.

CONCLUSIONS

1. Blocking drainage ditches improved water reten-
tion on-site, but by itself did not adequately re-
wet the surface to provide good growing condi-
tions for Sphagnum mosses.

2. A passive recharge system increased the season-
al water storage, and considerably improved the
surface hydrological conditions, keeping the soil
watet tension within 2 more acceptable range.

3. The pumped recharge system was more effective
than the passive recharge system in raising the
water table. Soil moisture was also higher. There
were no data, but the water tension there was al-
most certainly better (less) than in the passive
techarge system.

4. Bulk density of the peat strongly affected the wa-
ter tension. Greater tension (and bulk density)
occurred where the peat had been cut and
drained for an additional three years. Thus, res-
toration work should begin as soon as possible,

5. Straw mulch provided surface conditions better
than the (passive) recharge system. Given the
cost and disruption caused by excavation of the
recharge systems, and the pumping costs of the
pumped recharge system, there seem to be little
advantage to these mechanical approaches,
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SuMMARY

Three experimental sedimentation basins were constructed on a peat mining site located on Lameque Is-
land, New Brunswick, Canada. The sedimentation basins were monitored over a petiod of fifteen consecu-

eraged 43 m*/ha/a. A basin capacity of 25 m®> per hectare of mined area appears adequate to keep the
level of suspended solids below the 25 mg/L regulatory limit.

Schouwenaars, .M. (1993) Hydrological diffetences f

between bogs and bog-relicts and consequences
for bog restoration. Hydrobiologia, 265: 217-244. ‘

Keywords: peat, silt, sedimentation, basins

INTRODUCTION

Much of the peat mined in New Brunswick comes
from the Acadian Peninsula, a low-lying headland
that projects northeasterly into the Gulf of St
Lawrence (Fig. 1). The coastline of that area is char-
actetized by shallow marine bays and lagoons com-
monly enclosed by sand spits and barrier beaches.
Rising sea levels and rapid erosion of the land, pro-
duce peat cliffs alodg fn'any kilometres of shoreline.
The natural introduétion of peat particles in the
matine environment that results from the gradual
tetreat of peat cliffs is generally not considered a
ptoblem because peat particles on an open coast are
r.apidly dispersed by waves and currents. The situa-
thr.I can however be quite different in the case of
drainage from peat mining operations where silt-lad-
thwaters collected over a large surface atea are dis-
charged through single exit points, at the head of a
small estuary or into 2 protected embayment. In
the.se situations, excessive peat sedimentation may
Quickly lead to local deterioration of marine habitat.
In 1990, the New Brunswick Department of
atural Resources and Energy initiated a series of
eld studies aimed at establishing standards for sed-
;;neztatior? basins used in association with peat min-
tal§j‘ peratlons.‘An initial s.tudy was conducted to es-
ish the basic hydrological character of the peat-

fi

lands in the area and to develop a theoretical mod-
el from which sedimentation basin standards could
be detived (Gemtec Limited, 1991). The present pa-
per summarizes the result of the field monitoting

exercise that led to the development of design stan-
dards.

MATERIALS AND METHODS
The study site

Peatland 567 is a small commercially mined peatland
located at the northern extremity of Lameéque Island
(Fig. 1). It consists of a strongly domed om-
brotrophic sphagnum bog of about 100 ha in sur-
face area and approximately 7.5 m thick in its cen-
tre. It is undetlain by discontinuous silty sands and
glacial till overlying horizontally bedded sandstone
bedrock (Gemtec Limited, 1993). Average humifica-
tion of the peat is 4 on the von Post scale. Natural
drainage is northwest and northeast into Miscou
Harbour. The climate of northeastern New Brun-
swick is mid-latitude continental with an annual
precipitation of about 1 000 mm of which 280 mm
occurs between November and April as snowfall
(Fig. 2). Mean monthly temperatures vary from -
11°C in February to 20°C in August,
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