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Abstract  #
A study was undertaken:to evaluate the effect of
drainage on freeze/tnaw cycles and frost depths in a boreal
wetland stte, and to determine if freeze/thaw cycles and

frost,depths were related to spacing of ditches or saturatedk

. hydraulic conductivity of the peat in drained areas.

.LiteratUre sources:suggest-dry surface peat has an ‘insula-
ting effect Drainage which causes drying of surface
peat could therefore promote cooler temperatures below the
groUnd surface ‘and delay the thaw of ground frost

" The study was conducted in a 0.5 km? drained peatland
located 36km soutneast of Slave Lake, Alberta. The drained

area contained two distinct zones, one having a ditch

;'spacinb of 25m, the other with a ditch spacing of 40m.

Substrate temperature, frost th1cKness, frost recession and

wlnter frost advance were sampled in the dra1ned area and

. in an adjacent undrained area, : ' .

Frost was thinner in the 40m spacding area than in the

m spacing or undrained areas. This‘was attnjbuted to less
ater being available for freezing due to,better'drainage.;
and'higher>saturated hydraulic conductivity of -the peat‘in

the 40m spac1ng area. Frost'recession was faster in the -

undrained area than the 25m or 40m spacing areas, likely due

to the higher thermal conductivity of the moist sur face peat

.in the undrained area.:

iv
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At the time of frost formation in fallﬁcds 7% of the
sample ‘points in the 25m spacing area contained remnaurkf

‘ground frost ‘rom the previous winter, versus 2.3% in .the

undrained area and 0¥ in the 40m spacing area. This was
attr1buted to the 1nsulating effect of the dry surface

peat in the 25m spacing area The 40m spaclng area had an
insulating layer of dry 3urface'peat as well, but the frozen
layer was much thinner and thus thawed more rapidly in spite
of restricted heat input Thaw1ng occurred from both above
and below the: frozen layer.

Substrate temperatures were warmer at 10cm depth in

‘the drained areas than in the undrained throughout the -

summer . Below 25cm, substrate/temperatures were cooler in
the drained areas. Diurnal temperature fluctUations at 10cm
were much greatér in the drained areas than %n the undrain-

ed, due to the low heat'capacity of the peat in the drained

area..

Results of th1s study suggested drainage under condi -
tions of shallow peats of low hydraullc conduct1v1ty (~*¢
could lower substrate temperatures enough to induce the _

format1on of localized permafrost

4 “
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A PeatIands forests and ground frost |

| 1. Introduction /

J

Canada has large areas of organ1c soil sites, or

1peat1ands, located pr1mar11y in the boreal and subarct1c

hregxons (Stanek 1977) These s1tes ‘are character1st1c of

coo l hum1d cl1mates 1n the temperate boreal and subarct1c

zones throughout the northern hem1sphere (Pa1vanen 1984) and

sphere (e.g. the highlands of Peru ‘(Wilcox} 1984)).

Many Canad1an peatlands are forested; tree growth

"on peatJands however, is. generally poor, due to 1nadequate

root aerat1on and low nutrwent 1evels Lower1ng of. water

5 &

'tables by surface dra1nage is a method currently be1ng used
in the Fenno Scand1an COuntr1es in an effort to 1mprove

forest growth on peatlands Drainage ex1sts as a poss1b11tty

for eXpand1ng the ‘forest 1and base of Canada (Rennie 1977) .

A poss1ble consequence of dra1nage however, could be

the alterat1on of the thermal regime of the peat substrate

Dra1nage would I1kely cause. lower moisture contents 1n the
surface peat As peat dr1es it becomes 1ncreas1ngty
effect1ve thermal 1nsu1ator (Brown 1963) 'st of Canada’'s

peatlands occur in areas where the substrate is at 1east

‘seasonaﬁly frozen therefore changes in freeze- thaw cycleS'
‘m1ght besexpected to occur as a result- of_the changes in
'-jpeatathermal'propertieSPinduced by drainage. Inf]ight

‘of this it was of interest to examine the retattonshipu'

'may ‘also be found to a limited e&tent_1n the,southern_hem1-""

/
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between peatland draigage and ground frost.

. ‘F

B Literature revid/

'1. Peatland thermal propert1es - h1storica1 perspectives

Relat1ve1y’11tt1e attent1on has been paid to the study

' /£
of thermal prOpert1es of peat (Burwash et-al’ 1971) wh1ch

is surpr1s1ng considering the w1de dlstr1but1on of peatlands

in the northern hemisphere. Early stud1es sought to expla1n
why substrate temperatures in peatlands were generally

co]der than in adjacent m1nera1 so1ls In an early Canad1an
stud;, _Gagong (1897) proposed low bog temperatures were due

tp "a- pers1stence of the winter cold which 1n such a huge

P

//hon - conducting mass would last through the summer” This .

represented a departure from the‘prev1ous]y held eXplanation

that low temperatures were due to evaporative processes

"~ unique to peatlands as—a result of the large leaf surface

area of the moss cover. Wilson (1939) repor ted peat-surface

temperatures3close1y followed air temperatures, but that at

progressively lower depths temperatures dropped sharplyt

Rigg_(1947) based on existing 1iteratUre. surmised low

) temperatures in peatlands were “due to loss of heat by

§

' evaporation at the surface as wel] ‘as to the low thermal

conduct1V1ty of peat 1

Most ofythe earlier studies were done ihntemperate
climates and ‘were motivated‘by an interest iqfthe agricut-
tural use of organic soils. Recenturesearchdtn sub-arctic

)
I
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and arctic climates has concentrated on the engineering
prob]ems‘associéted with indusiria;gzation of fhe"north.
fncreasing interest in oil and mineral exploration,'pipe-

S

lines and road eonstruct1on in organ1c soils. led to a need
for a better understand1ng of the phys;oa] oropert1es\of '
| organlc soil sites (Macfarlane 1969) Thermal properties of -
| these sites are og part1cular interest because of their
1mportance to development and ma1ntenance of permafrost -
' (Brown 1968) . | |

Permafrost which underlies approximately one - half”of‘

the total land area of Canada, occurs extens1ve1y 1n

peatlands (Brown 1968). Changes in permafrost depths or
melting of permafrost caused‘by altering the overlying peat
layer can have oisastrous effects on constrhction‘or other
v/ .-p ects which depend on the permaProst for structural
support (Brown and Williams 1972; Macfar]ane 1969). Recent
work’deajing with re]ationehibs betWeen peatlands and
permafrost (Brown 1963, 1968) underécored'the impor tance of

'

peat thermal properties.
oy | ‘ o
2. ‘Thermal properties of soils
For most soils radiant energy from the sun is the
fpower source" that ultimately determjnes the soil thermal
nregfme Physical factors influencing fne distribution of .
solar radiation 1nclude latitude, exposure climate and

vegetat1on {Baver. et al 1972). The energy available at the



soil surface is the total incoming radiatfonvminus tne :
outward radiation flux from the soil Thistquantity is Known
as net rad1at1on . | 1 C
The ‘total energy exchange at a s011 surface has been
reduced to a fundamental equatwon" by Geiger (1965) The
first law of thermodynam1cs states that energy cannot be
created or destroyed thus at the so11 - air 1nterface the

sum of al]ycontr1but1ng'factors must equal'zero:
S+B+L+V=0 - o o )

Where S is net radiation, B is the flow of heat into or out
of the ground, L is sensible heat exchange via mass trans-
oort'and V is latent heat exchange”due to a phase change at S
'the surface boundary layer. All of these factors may be ' ///
positive or-negative depending on whether they are.inputs of
heat to the surface (positive) or outputs of heat from tne{
surface (negative). o

The transfer of heat into or out of a soil (B) occursf
primarily by conduction, which is the transfer of thermat»
energy on a molecular scale -(Van Wijk and De Vries 1966).
Conduction of heat in solids may be m%&hemat1ca]]y represen-
ted by a linear: transport equat1on analogous to the trans-
port equations developed by Fick, Darcy and Ohm for vapor

diffusion, liquid and electrical conduction respectively.

Thi's equation is known_aS_Eéyniéanmlgwcmgugwstgteswihatww
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heat flux q is proportwonal to temperature gradlent VT times
a proportionaiity,constant K" ‘(Hillel 1982): |
q = -KVT L N (2

where the constant k is thermal cqnduetivtty (J/m/sec/°C)

t'“ and is equal to the amouht§of heat transferred thrdugh a

un1t area in unit time under a un1t temperature gradient VT

. ]
N

(HiTlel 1982). N .

. N \\\\ »

Fourier[s law is valid only for describing heat
condUction under steady-state conditions. To‘aéSQpibe nonv'
steady-state cbnditions. the principle of energy congenga-";

_tion must be invoked, i.e. the rate of change in heat

content over time of a given volume of soil equais the

~ change in heat flux with distance (Hillel 1982) This may_be

represented by

N

CldT/dt) = - Voq - | o, 3

.O .

-

where C is the volumetr;\\heat capacity (units J/m3/°C)

and is. defined as the change in heat of a unit volume of

: so1l per unit change in temperature 5011 heat capac1ty 1s

determined by adding the heat capacities of the different

_soil const1tuents weighted by their volume fract1ons within

the so11 (De Vries 1966). Thus, if Cs' Cy and C, represent

the heat capacity of soil solids, water (or ice) and ain



respectively, and_Xg, X, andkxa theif volume fraetioﬁs N

 within the soil, the total vblumetric_heat capacity of the

Adiffusjvaty (a) where:

soil may be represented as follows:
C = XgCs + X,Cw * XaCa - :" | )

The heat cépacity of each soil component is equal to density
t imes speeific heat per unit maeetﬁi e. C, (the heat
capac1ty of the water component) is the dens1ty of water
t1mes “the spec1f1c heat of water (H1llel 1982) .

Thermal conduct4v1ty (k) and volumetric heat capacity

~(C) may be combined into a single variable known as thermal

a = K/C ’ lf"”’*g”jWF‘?- . - (5)
Thermal diffusivity exprésses a soil’s capacity to transmit
energy from one layer to the next. In most soiis. thermal

diffusivity increases with'increesjng moisture content to

a maximum and then decreases with further increases in

*m01$ture content, as more heat is required to raise the

temperature of the soil water (Armson 1977)

3. Thermal properties of peat

o ,
The effect1veness of peat as an. 1nsu1ator is well Known

(Rigg 1947; Brown 1963; Macfarlane 1969; Moore and Bellamy .
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)
1974). One reason for this is the low théhmal_conductiyity
of peat. Two major factors contrfbuting to léw,thermal
conductiv%ty of ‘peat are porosity and water céntentl(Walms-
vlgy'i973); both of which have a direct relationship to
thermal»conduchVitYQ,Since_therma1 conductivity is the
transfer of héat‘on a‘mplecular scale, heat transfer
dk%iniShes aswsdlid't;‘soﬁid_contact décreaseé'(i.é.
porosity inérééses)'(Bnown j976; Wilson 1939). |
The primary factor influencing thermal conductivity in

peat ;is not porosity, however, but rather what fhe.pore'
spaces are filled with - water, air, or ice. Thermal
coﬁducfiyity of wafer is 25 times that of air, and‘thermal
conductivity of ice is triple that of water (Lee 1978). A
dry peat layer wodld be expected to act as a barrier to
conductive heat transfer. Heat tranépoht into the ground in‘
th{s case would be limited to convective prodeéées, which
are extremely difficult to measdE;'(Brown 1963) and require
large ekposed surface areas (Brown and Williams 1972).
dater-filled and especially ice-filled pores afe far better
conductors of heat. |

~'The;heat'éapacity of peat jé dependent aimost entirely
on moisture content (B}own and.Williams&1572).because the
Specificiheat of water is high relative to the specific heat
of air and;peat solids. Péat soils usually‘contaih ovéh
80% water by Volume (Boelter 1966), which makes;theirkheat

capacity high relative to minerat soils.



For soils undergoing a phase change (eg. freezing or
thawing) an ‘effective heat capacity’ may be. calculated by

1nclud1ng in equation (4) a term accounting for heat

_expended or reteased”by the phase change (Martynov 1963).

The increase in 'effective’ heat capacity can be dramatic.

For example, 330 J/em3 of energy is released upon freezing

| of water. If no @ﬁase change occurs, this same amount of

heat could cause an 80 ©C change in temperature. Effective
heat capacities of frozen peatsfcgnibe as much as 100 times
greater than other common soi 1 sugstEates (Williams 1972),
due to the much higher volumetric mo1sture contents of peat
soils. ‘ ;}, | |

Since thermal conductivity (k) of peat is low and heat

capacity (C) is high relative to mineral soiis. the thermal .

diffusivity of peat, k/C, must be lower for peat. Thermal
diﬁfusivity is a measure ofvthe rate of heat penetra5
tion into the soil, Wntch means the depth of diurnal and
annual temperature waves in peat are less than in mineral
soils (Armson é977 Brown and Williams 1972).

Evaporat1on has long been suspected to be a major
factor 12 the cooling of peatlands (Rygg 1947, Gagong
1897). It has a greater effect on surface energy exchange in

peat tands than in mineral soils because peat lands usually

have a greater supply of water at the surface to evaporate,

" due to the high moisture-holding capacity of mosses as well

as their ability to absorb water and bring it to the surface



"

by capillary flpw (Brown 19§3). The net result is that most

of the incoming radiant energy at a peat sur face ie used

in evaporation (latent heat) and not conduction and warming

at depth The resultant drying of surface peat also inhibits
'

heat conduction into the soil by lowering the thermal

conduct1v1ty (k) of the surface peat (F1tzG1bbon 1981) .

4. Peatlands and permafrost

The process leading to permafrost formation in peat-
lands has been summariéed by Brown (1963, 1968). Durihg
$ummertime, peat surface layers become dry through evapor -
ation, thus impeding Warming of the underlying soil. As
autumn approaches, EVaporation rates decrease, and peat
surface layers become moist. When'the surfaceﬁlayer freezes,
it's thermal conductivity is increased considerably. This
facilitates the transport of heat from the ground to the
atmosphere and subseqdently contributes to the cooling of
the subsurface soil. The frozen peat cools at a greater
rate in winter than the dry peat/warms in summer, Thus an
imbalance develops;which results in a peatland area having
lower mean annual below-ground temperatures than a similar
area without peat cover. Perhafrost will deVe]op in areas
where below ground temperatures are 1owered below 0°C
" throughout the year (Brown 1963). )

The formation of permafrost in peatlands by the above

process is highly dependent on local hydrology. In areas
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summer and W1nter conditions is d1m1n1shed or eliminated.

*

5. Peatland drainage and forestry

*

Forest'growth in virgin peatlands is generally poor,
due primarily to poor root aeration, lack of nutrients, and
Tow temperatures. Experience in.the Fenno-Scandian countries

has shown that drhinagerf peatlands can increase yields and

- eXpand the fgrest land base (Heikurainen 1982). Profit-

ability of drainage is dependent upon sxte fertility,

Aqua]1ty of grow1ng stock at time of dra1nage and the

macroclimate of the site (Paivanen 1984): Macroclimate,
PaPticularLy temperature, has been found to be a major
factor in achieving good post-drainage growth (Heikuraimen
1982) . |

Peatland forestry is still in.experimental stages in

Canada (Zoltai 1983). In eastern Canada, where black spruce

- is a major pulpwood species, drainage shows promise as a

method of expanding the forest land base and.improving
yield and productivity (Rennie 1977). The climate of eastern
Ontario is similar to that of Finland, becoming more

continental in the northern and western portions of the

_province (Jeglum 1985),
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A pilot study by Paivanen (1980) suggested a poten-
tial fof increased tree growth with drainage in Alberta
peatlands. Makitalo (1985) has suggested that the rich fen;
which éomprise most of Alberta’s peatlands might be poorly
suited for drainage because the sensitivity of their
nutrient balance. Peat[and drainage trials are curfently
being undertaken in the province ﬂy the Alberta Forest

A

Service and the Canadian Forestry Service. A

C. Study opjectives

-Any alterations to organic soil sites which promote
drying of the ;urface peat layer should have significanf
effects on~thefmal fegimep Studies of the effects of
peatland drainage in Finland and Ireland have shown an
increased tigﬂility toward frost and lower substrate
temperatures as a result of drainage (Pessi 1958; McEntee
1977; Valmari 1882). Becau9?~of the significant differences
in thermal properties betweer wet and dry peat, it was
hybbthesized that summer frést recession and winter frost
advance should be sigﬂjficantiy different between drained
and undrained areas, withnthe thaw in the dfained area being
delayed due to reduced Rgat f lux iqto the subsurface caused
by the insulating layer,df dry surficial peat.

The objective of thié\study was to evaluate the effect
of drainage on freeze/thawtgycles and frost depths on a

boreal wetland site and to determine if freeze/thaw cycles



/

and frost depths were related to spacing of ditches or
saturated hydraulic conductivity of the peat within the
‘drained area. R

i
& J / .
- A

12



- " 11. Methods
A. Study Ares - ' *
The site selected for study was aWpeatland fen complex
located 36 km southeast of Slave Lgke, Alberta, in Sec.{%.
Tp.71, R.2., W. 5 Mer. (55910’ N, 114915’ W). This area is

characterized by forest cover of black spruce (Picea

mgriana_(Mill:) B.S.P.), tamarack (Larix laricina (Du Roi)

K. Koch) and bog birch (Bétulg glandulosa Michx.) underlain
by brown mosses (eg. Brachythecium turgidum (C.J. Hartm.)
Kindb., nquigggidﬁ.elligticum (Brid.) Kop., Drepanocladus
spp., Calliergon giganteum (Schimp.) Kindb. and Bryum
ggeggotrighgtrum (Hedw.) Gaertner) and Sphagnum warnstorfii
(Harkonen 1985). Peat deposits range from 0 to 4 m in depth.

The area is part of the Lessér\Slave LaK? Lowlands, and
overlies shaie and glaucariitic silty shale bedrocH dF the
mar ine Upgeb Cretaceous Lea Park formation (Vogwill 1978).
The area liesféqytﬁ of the established 1imit of discon-
tinuous permafrost in Alberta as reported by Fisheries and
Enviro;;ént;Canada'(1977)‘and is south;of the 0°C mean
annual air temperature isotherm as well. Occurrence of
localized permafrost south of these }imits has been re-
ported, however (Lindsay and Odynsky 1965).

Climate islcharacterized by cold winters and short,
cool summers. Mean January ahd July temggratures (1831 -
1960) were -16°C and 16.59C respectively (Atlas of Alberta

1968). Mean annual precipitation is 460mm with approximately

13
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55% occurring between April and August. Annual potential
- evaporation by Thorqthw;ite's method for lowlands in the
" Lesser Slave Lake area is approximately 500mm (Vogwill
1978). ;
The pglné;pal reason for choosing the site was the
existence of a peatland drainage project. In the spring of
1984 a 0.5 km? portion:-of this peatland was drained by the
AFbefta Forest Service. Spacing of collector.ditches
with%n the drained area was determined using a synthetic
hydraulic curves method (Toth 1986)', which determines an
optimal ditch spacing based on saturated hydraulic conduc-
tivity, desired water table depth, and a soil storage i
factor. Prior to ditching, the area was stratified into
three distinct zones of saturgted hydraulic conductivity.
One of the three zones was b;;dominantly mineral soil 2nd
was not ditched. The other two were ditched as per the
synthetic hydraulic curves method, resulting in a spacing of
25m for the lower hy&raulic conductivity zone (Kgat = 2.1 x
‘10'5m/s) and 40m for- the higher hydraulic conductivity zone

(kgat = 4:0 x 1076m/s) (Toth 1986)1.

B. Sampling - Summer .
Sample points.for frost ‘recession were located in three
distinct areas: the 25m spacing zone, the 40m spacing zone,

~and an undrained. area 100 m north of the drained area. Line

! personal communication: Discussion, Jan. 1986

14
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transects of 10 sanple points were established in ‘the

' undra1ned and -40m spac1ng zone. ‘A 11ne transect of 12 sample l
vpo1nts was used 1n the 25m spac1ng zone L1ne transects in

- the dra1ned area were or1ented perpend1cu1ar to collector.

dltches The d1ffer1ng numﬁer of sample po1nts between zones

was a result of breakdoﬁn in auger1ng equ1pment used to :

establ1sh sample po1nts ,
; Because of h1gh var1ab111ty in m1crotopography through-

out the study area, each’ sample point 1ncluded a hummock and

~an adJacent hollow (approx 30 - 60cm away ) .3 mmocks ‘and

hollowsﬁwere 16 to 52 cm d1fferent in e]evat1on éample

‘po1nts 1n the drained areas were, 1ocated 8. 5m from the d1tch.

edge in both dralned areas Sample po1nts in the undra1ned
KT w R R .

area were spaced at 10m 1ntervals

Frost recession was determ1ned as descr1bed by F1tzG1b-'0

bon (1981) . This method 1nvo]ved auger1ng through the frozen
.peat in spr1ng to determlne total frost tthKness. then '

'f mon1tor1ng the recess1on of the upper frost boundary

throughout the summer by prob1ng Prob1ng was done w1th a 5 o

mm d1ameter rod wh1ch passed eas11y through the- peat but did t'

'tnot penetrate a frozen zone To 1nsure that what was
.stopp1ng the penetrat1on of the rod was in fact frozen peat .

;fand nof\another hard obJect such as a tree root or log, thet‘

gt
:

';S:rod was’ pushed 1nto the peat three t1mes w1th1n a sma]l

(approx1mately 0. 01 m2) area at each samp]e p01nt The

O

assumpt1on of th1s approach was that it was, h1ghly un11ke1y o

R
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that a tree root or 109~would stop the rod at more than one
point; trozen peat. would stop the rod at‘approximately the
' same depth at al] three p01nts ' .

Sampling began May 9- 12 1985. Depth to the upper frost
, boundary was measured'by probing on a weekly basis through-
out the summer’season. Beginning dJupe 15, 1985 a second

*+ . ndect of’18bsample points (with one hollow and one

«

?ﬁwwnock.atveach point) was established in each of the three
~areas to determine if site disturbance from foot traffic
affected earlier observations. This data was combined with
, <the eartier observations. Frost recession was judged

3 completed when repeated probings could not detect the
presence of frost. | " »

, Substrate temperature prof1les were measured at four
hummocks and four hollows in each of’the three areas. At
each point, copper‘j,constantan (type T) thermocouples were
installed at depths of'tO, 25; 45, and 60 cnmi below the
ground sur face. The thermocouples were spaced at the
above intervals oma wooden dowel, which was thehnforced
into a pilot ho]e in the frozen peat 1dent1ca1 in diameter
'to the dowe] Temperatures were recorded biweekly throughout
the summer using a handhetdvdigital>muﬁtimeter-and‘a small
'electronic referenCe junction- During July‘and August a
datalogger was ‘used to monitor d1urnal temperature f]uctua-

t1ons Temperatures were recorded at hour]y fntervals

_continuously for approximately one week at one hummock in
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each of the three areas. |
A¥ Precipitation was monitored using a Belfort Universal
.rain gauge placed at the northern edge of the drained area.
Watér table. levels were obtained from a network of recording
water wells maintained by,the Department of Geology, |

University of Alberta. | | - .

C. Sampling - Winter
~ Sampling frost advanée in.fall.and'jnwintgr required a
meth6d~other,than pfobing, as froét'fdrmation generally
~occurs from the surface downward. Frost tubes were used as
 they a]low’repeated measurgments of frost advance and
retreat at a single point.'.'

.The frost thbes used in this stugy were constructed as
described‘bvaiCKard and Brown (1972)1 The device consisted
of two principal partéf an outer tube of 1:60m inside
;»diamétgr PVC tgbing,‘sealed at the bottom; and an inner tube
of 0.95cm (inside diametef) élegr‘ééﬁylic tubing, sealed at
both ends and filléd with sand saturated with a 0.1%
.'solution of fluorescein dye2>When in solution fluorescein
‘changes color_trom bhight gréentto a;pafe pink upon free=‘
'zing. v | .> |

The outer tube was insta]led vertically tnto the gﬁbundi
l.with~a sufficiént length of the tube‘prothuding abovet |
ground level tb»aVOid-befngwcoveréd by snow.. The inner tubef

was placed. inside the outer tube such_that the top of the
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inner tube was level with the ground surface. A string
attached to the inner tube allowed removal of the inner.
tube. With the inner tube in place the outéf tube was sealed
with a removable cork stopper. . . | B

Frost’was moni tored by periodicaily removing the
inner tube and noting where thé fluorescein had changed
color. The pink areas denotéq the portion bfvthe peat which
was frozen. The inner tube was returned to the outer
tube and monitored again at a later date. |

Frost tubes were installed Octéber\10, 1985. They were
inété]]ed at or very near to the frost recession sample
points}A%p both a hummock and a hollow. Seven sample points
were used in the Undrajned area, and eight‘in each .of the {
drained areas (25 and 40m spaciné). The frost tubes were
monitored on a monthly basis thréughout the winter and
spring of 1985-86 and into the summer Qf-1986.

An attempt was made to install the tubes in the spring
of 1985 and use them to monitor summer frost recession. i
Tubes installed in spring did not work./A probable explana;
tion for this is that the tubes needed direéf contact with
éround frost to work effectiygly. Tubes ihstalled in spring
lére likely separated‘from the sUrrounding'grbund frosf by a
thin air layer as a consequence of installation. Since~tﬁe
frost is thawing, this air.]ayér increases in thickness

With time. Tubes installed in fall are in contact with the

soil at timé of freezing, and therefore freeze in solidly.



Temperature measurements for:November and Dgcember
1985 were prevented by failure of the electronic reference
junctionggh‘very cold days. Temperature measurements were
resumed in danqaﬁy 1986f‘Keéping the reference junctidn in a
warm pocket enabled one to use it in the final months of
winter, howeverfperfoﬁqghce was’erratic and the accuracy of

temperature measurements made ‘'during this period was ques-

tionable.

]
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111. ResU]ts;ehd discussion

A. Hydrologic and meteorologic data "*}' . |
Water table height'was 20 to 50 ch loﬁer iEN%Le drained
area than the uhdrained, Average water table}leyelstfor the
summer were 55 and 20'cm below the.groundqsurface for the
drained and undralned areas respect1vely Water table ¥
responses to precipitation 1n all areas were pronounced
with recession of the water table t0‘prestorm levels within
4-5 days. May through October rainfall\for 1985 was 207 ~.
| - 40% lower than the 63 year average of 350 mm for the
Slave l‘ake region. Snowpack reached a max1mum average depth
of 42cm in February, 1986 (Figure 1). By April 5, 1986 only

. . -
a few small patches of snow remained.

| ——

B. Frost thiokhess.'ﬁ T

' Surveys for tota]vfrost thickness in the three areas on
May 9-10, 1985 showed frost thickness in the 40 m spacing
area was significantly less than in both the 25 m spacing or
undrained areas (Scheffe's test, 0.05 level). Mean frost -
thickness was 41.6 cm in- the undrained, 36.7 cm ip the
25 m spacing and 22.4 in the 40 m spacing (Table 1). Fﬁost‘
was thinner in hollows than in hummocks in all areas. This
difference was most pronounced'1n the 25 m spacing zone, ’
where frost thickneee in hummocks averaged 6u4vcm thicker
_than hollows, and. least pronoupoed in“the undrained area,

20 ]
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Figure 1. Snow depth and water equivalent at the study area,

winter»1985 - 1986.

with a difference of 3.1 cm. The 40 m spacing zone had an

average hummock/hollow frost thickness difference of 4.6 cm. .

It should be noted 'that some thawing appea%ed to have
occurred prior to May 9, so these values may not represent
the maximum w{nter frost thickness.

The relative ease with wh{;; the auger bit was able to
bore throdgh the ffozen peat’as well as the condition of_
‘the m? rial brought up by the drill bit éave some indica-
tion Sf “the porosity of.the frozen peat in the different

~ areas. Material from the 40 m spacing was often:granular and
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Group Mean(cm)  Std. error  95% C.I. )

Undrained hollows 40.0 3.2 32.8 to 47.2
Undrained hummocks 43.1 4.3 33.4 to 52.8 '
Dr.-40 hollows | 20. 1 3.2 12.9 to 27.3
Dr.-40 hummocks 24,7 3.2 17.4 to 32.0
Dr.-25 hollows  33.5 3.7 25.4 to 41.6
Dr.-25 hummocks 39.9 3.8 - 31.5 to 48.3

Combining hummocks and hollows:
: AW

Undrained - 41.6 2.6 38.

0 to 47.0

Dr.-40 | . 22.4 - 2.3 17.6 to 27.2

Dr.-25 B ' 36.7 2.7 31,2 to 42.2
S .

Scheffe' = test (0.05 level) for combined hummock and hollow

means:
Dr-4C I Undr.
22.4 6.7 41.6 )

Means no: iritle scored by the same line are significantly

different.

Tabie 3

-

. Frost thickness of each area (May 9-10, 1985) and

results 'of Scheffe's test for area means .



the auger passed thrbugh easily. In the 25 % spacing and, the
undrained zones boring was difficult and céncyeté ice |
was eQident. |

Frost was thinner in the 40 m spacing area than in the
undrained area. This was attributed té'high Kgat and
better drainage whiéh made less water available for .
' fﬁeezing. beaés of High Kgat contain large, easily drained
pores. As a reéult,'they‘beiease more waterlwith drainage
than those-of lower Kéat (Walmsléy 1977). The 40 m spacing
area, having higher Kg,¢, would be expected to retain less
water withodrainage than the 25 m spacing zbne. Thus ]ess
wate; would be available for freezing in the fall, resulting
in a thinner frozen layer. This suggests, however, that the
spacing of ditches is of lesser importance than the physical

properties of the peat. The 25m spacing area has the more

23

intensive ditching pattern, but on the basis of frozen layer

thickness the 40m spacing area appears to be better drained.
C. Frost recession

Frost recession was fastest in the undrained area.
vThjs.was especially evident in the hollows (Figure 2).
During the period May 10-June 6, 1985, average depth tb the
frost tabile fncreased 16.9 cm in the Qndraihed‘area hollows,
versus 7.4 cm and 7.8 cm for the 25 and 40 m Spacingé
Eespectiyely. The cor%espdnding_averages for the hummocks

-were 17.5 cm, 11.8 cm and 9.8 cm.

’



24

O

10‘

. ////////////////////
3 MMM

: 7/////////////////

MBI
NG,
4 NI

m///////////

50.5

_________
9999999999

— e e e e = e

A

slycccccecs st

' ol
24/05/85

7/06/85

31/05/85

16/05/85

10/05/85

m,//////////////////////////,f/

& LLoeccdiecisca

MMM

ZIMNMMHMIMLUDI

\\\\\\\\\\\\\\\\,

3 ///////////////

m/////////////////////////

el

2 7////////////

™~
o

o

L L L A |

o © ©w
N -— -~

<+ o~ [}

-— -— -—

I ¥ T T
88888

-
’ 7/06/85

79
5 V///////////

 MIEIEI’
a7/,
_., 7////////

16/05/85 24/05/85 31/05/85

10/05/85

83 or-40 Dr-25

A undr.

Figure 2. Seasonal depth to frost in hollows (upper graph) |

and hummocks (lower graph); Spring 1985. Standard errors

are shown above bars.

el



2

(A}

Frost recession was slower in the drained areas than
in the undrained (Figure 2) because the dry surficial peatv
aéted as a barrier to conductive heat transport into the
soil., The effectiveness of dry péat'%s an insulator is well
documented (Rigg 1947; Benninghoff 1952; Brownﬁ1963; MacFar-
tand 1969; Moore and Bellamy 1974). Th;}mal conductivity of
peat decreases greatly whth reduced water content (Lee
1978), theref;re heat transport into the dry surficial peat
would be limited to convective processes (vapor diffusion
and rainfall), which can be slow and are\extremely difficult
to measure (Brown 1963).

Frost recession was,faster_in"the.undrained area
even though ice thickness was greater. The faster recession
was attributed to the assumed higher water content and
resuTtant higher thermal conductivitquf the surface peat fn
the undrained area. Differences in water content of the
surface peéts between the dcained and undrained areas may
have been amplified by the unusually low.raiqfall observed
during the study season. In fhe drained area the surface
Ppeat dried out as a bonsequencékbf lower water table levels,
iand rainfall events were too infrequent to have a signifi-
cant wetting effect. Higher water table levels in the
undrained area may have been sufficient to maintain a moist
- layer of surface peat in spite of low rainfall. It is
}also possible, howeQer;\'that low rainfall levels could have

had the opposite éffect. i.e. causing drying of surface peat.

25
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iq all areas and_thus minimizing differeﬁces between drained
and undrained. Continuation of the study throuéh several
years would help clarify this.

Frozen soil was detected more frequently in the 25 m
spacing zone throughout the summer than in the other areas
(Figure 3). The rate at which zones became ice-free was
quite similar between the undrained and‘AQ m spacing zones.
The 25 m spacing,zohe retained ice much longer; indeed at
the onset of frost formation in early Octdber.,iB.?% of the
sample points in the 25 m spacing still retained ice.\ﬂ{p
the undrained area frozen soil was found at 2.3% of the
"sample points at this date (Figufe 3). Frozen soil was not
detected in the 40 m spacing zone after September 10, 1985,
Transects started in May showed a slightly higher thaw rate
than those started in June, suggesting fhe sites did not
remain totally undisturbed during samp1ing.a

The probableé explanation for the more #éﬁTa_disappear-
ance of frost in the 40m Qs. the 25m spacing area was that
frost was thinner and more porous and therefore required -
less heat input to(%elt than the thicker frost layer in the
25 m spacing.§The similae rates of thaw between the un-
| drained and 40 m spacing areas are misleading - they were
similar; but for different reaeons. The 40 m spacing zone
had a thinner frozen layer requiring less heat to thawﬁ the
undrained area had a thicker frozen layer but received more

heat input because of the higher thermal conductivity of .
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it's surface peat. The net result was that the rates of ;
disappearance of ice were similar between the two areas. The
25 m spacing zone had a thicker frozen layer which received
limi ted he_a{t input due to the low thermal conductivity of
it's dry surface peat. Thus frozen conditions persisted

longer than in the other areas.

100
. June 19 to October 3, 1985

90

0 Undrolned

80 + -
+ Dralned, 40 m

70
¢ Drolned, 25 m

60 -
50 -
40 -
30 -
20 -

10 H

" PERCENT .OF SAMPLE POINTS WITH ICE

>

T

T

July August Soptorﬁbor

Figlure 3. Percentage of sample points with ice for the
. period June 19 - October 3, 1985 (combined hummocks and
hollows) .
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- The presénce of remnant frost in the undrained area in
early October (at 2.3\percentv6f the sample points) was
partly attributed to low summer precipitation in f985i'
Summer.rainfall for 1985 (May-October) was 40% below the 63
yeér average for the Slave Lake reéioﬁf As a result, some
surface peat material iq the undrained area dried out,
albeit to a much lesser extent than occurred in the drajned
arga. In a wetter year frost recession would 6robably occur v
earlier and at a faster rate on all sites because of v
increased thermal éonductivity of the su}face peat as Qell
as cohvective heat transfer from precipitation into the peat ;ﬁ
substrate (Ryden and Kostov, 1980). |

There is some debate as to whether the sample points.
inlfhe 25 m sbécing zones which contained frozen peat
throughout the summer, fall and following winter should be

classified as pe?mafrost. Some authors maintaim that for an

areafio‘be classified as permafrost, it must remain in'a

IR ERE e PR

frozen state for at least two years (Brown and Johnston
1964). Others (Zoltai 1986)2 claim that a single year i;
;ufficient. Radforth (1962) coined the term "climafrost",
referring to ice that is temporary but lasts more than one
year. A term‘that is more useful in‘describing the phenomena
observed in this study is "localized permafrost". Localized
permafrost (Zoltai 1871, 1975) refers to small isolated

permafrost lenses occurring at the southern fringe of the

'2'Personal communication: Diséussioq.,dan. 1986



“rfd1scont1nUOus permafrost zoné
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*typermafrost‘observed tn the,dra1ned 25 area is a direct

“D;;Thaw'from beneath thé frozen layer

[ BRI SRR kS 09

¢

The locallzed permafrost observed in tqg_study area is

' ‘of 1nterest because it occurs well south of establ1shed

e

vvfsouthern l1m1ts of d1scont1nuous permafrostfas well-as the
“b‘fOOC ‘mean annual a1r temperature 1sotherm (Flgure 4). The ‘
e;<format1on of permafrost in peatlands is strong]v assoc1ated

vhw1th the 1nsulatﬁng propert1es of dry peat (Brown, 1963)

{therefore 1t is: not surpr1sxng to f1nd that the vast

,maaorlty df the observed local1zed permafrost was in the

\

'dra1ned 25 m spac1ng zone. Th1s zone had a layer of dry peat

as.a consequence of dratnage as well as a relat1ve1y thick

-frozen zone due to low hydraul1c conduct1v1ty, and these two
’ ,factors may have contr1buted to preservat1on of a’ frozen B

tlayer into the fall W1thout data on. frost occurrence

prworﬂto dralnage it is 1mposs1b1e to tell if the 1oca11zed

result of dra1nage The‘much greater extent of frost in

uthts area versus the undra1ned however’, 5uggests thws

: m1ght be the case.

N

Thaw occurred from both the top and bottom of the

,@vfrozen layer 1n all aréas, with. thaw from below accounttng

for-as much as 38% of togal thaw in the undrained area.

}‘Table 2 shows the max1mum depth of frost penetrat1on as

determ1ned on May 9-10, as wel] as the total depth of thaw
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from above, and the resulting percentages_of thaw which:must

have occurred from above and underneath. The depth of thaw
from above‘was the position of the.frozen layer one week
prior to total thaw. Percent thaw from above‘is (thaw from

surface/initial depthx100), and percent from below is (100-

percent thaw from above). The final frost depth a-weeh,prior-

to complete thaw was indicative of the tqtal depth of thaw

~ from above since ‘in most cases, the frozen layer was so

thin at this po1nt that 1t could be penetrated w1th the

;probe us1ng only 11ght ftnger pressure

The s tudy area was located in a fen complex therefore

subsurface groundwater flow should be expected. This offers

aﬁ’explanatton for the occurrence of thawing from underneath

the frozen layer F1tzG1bbon (1981) found 40% of thaw to O
occur at the bottom of the frozen layer in a fen in Sas-

Katchewan, whereas in a nearby bog (with no 1ateral sub-

\

‘surface flow) no thaw from below was observed. He concluded

that thaw from below was produced by heat exchange with

groundwater Thaw from below in the drained areas appeared

~to be less than in the undrained (27% and 31% versus 38%;

see Table 2), however theseé differences are not statis-
tically signtficant. The‘apparent'trend of less thaw from

below in the drained area might be attributed to less heat

 exchange with ground water due to a lower water'table.

- Detailed data relating water table height and lower frost

boundaries at:specific points could clarify_t@%f.
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,.‘initial Depth of ‘
lower frost thaw from oF thaw
depth (cm) ° above (cm) . from:
Mean std. Mean std. @r‘«above be 1ow
| | error error | “
Undr. * 56.3 (3.0)  35.0 (2.4)  62%  38Y%
40m  36.9 (2.7)  26.8 (2.3)  73%  27%

25m  52.0 (2.9)  35.9 (2.5)  69%  31%

Table 2. Percentage of thaw from above and below the frozen
layer.. Means are of combined hummock and hollow measure-

ments.

E. Substrate temperature

Midday hummock peat témperatureé at 10 cm depih were 0
to 4.4'°C cooler in the undrained area than in the drained
area for most of the summer (Figure 5). Only in late August
were midday temperatubes at 10 cm depth warmer -in the
undrained area,'Surficiél peat temperatures were cooler in’

the undrained area because more heat energy was required to

- warm the_peat.due to it's higher water content and hence

7
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-Figure 5. Midday >substrate temperatures in the stUdy area.
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higher heat capacity. Higher water contents in the undrained '”

area likely resulted in greater rates of eveporetive cooling

.
-
-

‘as well.

Soil temperatures below 10 cm were warmer .in the.
undrained area than in the dra1ned area throughout most of
the summer . Differences in temperature between dra1ned and
undrained were sl1ght at 25 cm depth. At 40 and 60 cm the
di fferences were greater. reaching almost 5 ©C at 40 cm 1n
late July (F1gyre 5). Temperatures and the rate of warming
at, lower depths (25 - 60 cm) remained higher throughout the
‘Eummer in the undrained area because of the inferred higher
thermat‘conductivity of the moist peat. _ »

Substrate temperature data in'tﬁis\etUdy reflected the
same trends as observed for frost. Temperaturea'were-cooler
in the undrained area than drained at“ell depths in spring .
due to the higher heat capacity of the moist peat in
the undra}ned area. By early 1ate May -‘early'dune the
effect of the higher thermal conguctivity of.the peat in the.
undrained area was evideht, causing wermer temperatures at
25, 40 and 60 cdeepth in the undrained area than in
drained. ' o

Diurnal temperature fluctuation near tﬁe surface was
greater in tﬁe drained areas than in the Qndrained._Fluctua-
tions of up to 20 ©C in a single day were recorded in the -
drained areas at the 10 cm depth (Figure 6). In the un-

,dra1ned area ampl1tudes of only 4 ©C were oggerved at 10 cm.
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Figure 6. Diurnal temperature fluctuafion af 10 cm depth
for Undrained (July 23-29), Drained-40 (August 1-7) and -

Drained-25 (August 8-14).

At 25 cm dépth diurnal fluctuations of 8 °C were recorded in
the drained areas versus less than 1 ©C in the undrained
area.. Temperature fluctuations at the 40 and 60 cm depths.in
all areas were small, rarely exceeding 1 ©C/day.

The wide dfurhal temperature fiuctuation at 10 cm
depth in th; drained area may be attributed to the reduced
héat capacity of the ary surface peaf. Using eqﬁation‘(4);
the heat cépacity‘qf the peat substrate would be equaT to

the sum of the heat capacities of peat materials, water
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and air, weighted’b& their volume fractions in the sub-
strate. The specific heat of water ‘is 333 times that of
air (Hillel 1982), so as air réplaces water in the substrate:
(i.e. as a result of drainage) the heat capacity of the
peat drops dramatically. |

Differences in albedo and thermal admittance among
the dnéihed and undrained areas are likely minimal due to
the'simflarity of forest cover‘amoﬁg the three areas. The
40 m spacing areé had a slightly more open canopy than the
otﬁer'two areas,‘howéver,'and this might have contributed
to it's-rapid thaw. R

Differences in thermal diffﬁsivity between drained and
undrained are evident in thisﬁstudy. Thermal diffusivity is'
défined by Hillel (1982) as the change in‘temperatbre in a
o unit voluhe of soil cau§!d by heat flowing throuéh the
volume in unit time under é.unit temperature grédientl Since
temperature profiles diffef between drained and undrained
areas, differences in thermal diffusivity must exist. In the
undrained area the change in temperature is gradual, but
occurs throughout the soil volume, i.e. there is a gradual
rise in temperature occurring at ali*depths. In the. drained
area the temperature rise is rapid and is confined to the
region adjacent to the heat sourcé (iq this cdse the peat
surface) .

The_effect;.of’evaporative cooling appeared to be

S .
restricted to the upper 10 cm. The undrained area was cooler
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at the surface (Figure 5), due in part to greater evapora-
tion rates. At greater depths, héwever, the higher thermal
conductivity of the moist,‘albeit'cool, surface peat in the
undrained area resulted in higher temperatures in undra1ned
VS, dra1ned, and thus more rapid thaw relat1ve to the

drained area.

F. Freezing of substrate over winter

VFrost tubes were used to sample substrate frost
advance over winter. On October 29, 1985, the tubes indica-
ted presence of a small amount,of sur face frost at 100% of
the sample points in both the éSm and 40m spacing zones in
the drained area. In the undrained area 71% of the tubes
indicated frost at this time. It was-expected that the
undralned area would take longer to fr e because of. the
higher heat capac1ty of the surface pe?in this area. By
the next reading on November 7, however, all tubes 'in.the
undrained area indicated a frozen zone. ’

Initially freezing was slightly faster in the 40 m
spacing area (Figure 7). On November 7, 1985, this area had
an average frost depth of 21.2 cm in hummoé%s and 11.3 cm in
hollows. The 25 m spacing and undrained areas had frost
depths of 12.4 and 15.8 cm (hummocks) and 5.7 and 9.9 cm
" (hollows) respectively. Slower freezing of the 25 m spacing

zone and undrained area may be attributed to higher water

contents and therefore higher heat capacity.
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Frost formation was similar in all areas for the
”months of December 1985 through February 1986 (Figuré 7).
The frozen layer in the undrained area continued to form in
March and April, but in the drained areas frost thickness
remained stable during this period. This suggests that
differences in thermal conductivity were evident during the
cooling phase as well. Highéﬁ thermal conductfyity in the
uhdrained area would allow more heat to escape from the
substrate and thus caQSé greater frost thickness. The fgét
that this trehd'was not observed during the winter months is
probably due to snow cover, which would have had an insu-
lating éffgct that would be roughly equal for all areas.
The greater rates of freezing in the undrained area were
-evident only afrer the snowpack had begun~t6 melt.

Frost tubes performed adequately throughout the
winter. By spr1n%rfﬁf;upper frost boundary became difficult
to read in severqutUbes due to leakage of fluorescein at
the bottom of the tube. This caused the upper portion
~of the tube to dry out. Three more tubes were rendered
inoperative by inadequately sealed outer tubes, which
allowed water to pass up into the outer tube. This caused
the inner tube to freeze into plaée, makKing it impossible to

extract for monitoring.

G. Implications for snowmelt runoff from peatlands

The results of this study contain implications for
8
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peatland management and utilization in Northern Alberta. The
tihing of frost recession and snowmelt runoff are of
hydrological ‘interest. Snowmelt and associated runoff occur
on average from mid to late Agril when most péatlands are
still frozen (Figure 8 - it should be noted that this
flgure is for illustration of timing of events only - the
study area is only a small portion of the Saulteaux water-
shed). This explains the rapid snowmelt runoff from peat-
lands compared to more prolonged runoff from ad jacent i

mineral soil sites where infiltration is possible (Slaughter

and Kane 1979). Ryden et. al. (1980) observed lateral flow
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along the frost table which then accumulated in hollows. In
the case of a drained peatland this lateral flow would
be stored temporarily and then continue from the hollows

into ditches and subsequently out of the peatland.

H. Constraints and 1imitations of the study

In retrospect it is evident that several things could

’haVe'been done to improve this Study; A}primary problem was

the study was for a single site during a single year.

To fully evaluate the relationshipé between drainage and
substrate frost it would be necessary to observe the area
over several years to remove the confounding effects of
year ly weather differences. In additioh. several areas
should be examined to assure that results afe not unique to
a particular locatioﬁ.

Givg.!;he constraint of a single field season, there
are;severai steps which could have been taken to strengthen
the results of this study. It would have been desireable to
find undrained control a?eas with saturated hydraulic
conductivities similar to the pre-drainage conductivities of
the 40 and 25m spacing zones. It would also have been
prgdent to install watér wells and monitor water table -«
levels aﬁd to measure saturated hydraulic condu&tivity-at
each sample location. Finally, a major CQntribution toathe
study would have been the measﬁrement of peat moisture

content over time and atzyariéus depths ang. if possible,

41
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“remained cooTer at lower depths

_for thaw than a th1cker frost layer

v, Conciusiohs’

The objective of‘this study'was to evaluate the'effecth

;of drainage on freeze/thaw cycles and frost depths on a
'Mboreal wet 1ahd s1te and to determ1ne 1f freeze/thaw cyc]es
- and frost depths were related to spac1ng of - ditches or::
r~..saturated hydraullc conduct1v1ty The results of ‘this study
.1nd1cated that. draInage altered freeze/thaw cycles and
tfrost depths in a boreal wetland s1te Because of. the

11ns ulating nature of dry surface peat dra1ned areas.

Peats oth1gh bydraullc conduct1v1ty had th1nner frozen_‘

; x (‘u

‘]ayers because of rap1d dratnage of water from the sub-

strate. This in. turnfaffecrwd the ti

becauseqa thlnner frost 1ayer. EWEss heat input

. The 25m and 40m¢ paqyng.areas differed in d1tch spac1ng

-aﬂRWell as saturated hydraul1c conduqt1v1ty, therefore the

- separate effeuts of each are d1ffﬁcu1t to evatuate The

'Tgresults however suggest that Saturated hydrau11c conduc-

t1v1ty was more 1mportant than spac1ng d1stance 1n determln-
}'1ng frost thickness. The th1nnest frost 1ayer in the 40 m

h’spac1ng area suggested th1s area had less water ava1lable :

o~

i '

log"ofzgrosi recess1onf
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for freezing, On the basis of drainage. intensity alone (i.e.
“it both areas had'equal hydrautic conductivity), one would
expect drainage in the 25m spacing area to be more effective
than in the 40 m area because of the more intenSiye ditch
_densityt.Sincefthe Opposite apbeareddto,happen, the effect
of differences in ditch spacing was apparently overwhe Imed
' by‘the~effect of différences in hydraulic conductivity, or
}more precisely d1fferences in pore s1ze distribution -
i 1mp11ed,by hydrau11c conduct1v1ty differences. 1% should
~also gg noted that the saturat%g;hydraultc conductivity for
_the drained areas’referred to in this study was measured
belou the water table‘prjor to drainage, and it has been
assumed that these Ya]ues are representatjve of dtfferencesr
in unsaturated hydraulic conductivity above the Water table
after dra1nage A 1og1cal next step in th1s study would be
to ver1fy this by measur1ng unsaturated hydrau11c conduc -
tt1v1ty in the 1aboratory One could then determine the rela-

t1onsh1p between hydraul1c conduct1v1ty and water content in

@

?

the unsaturated zone

[d
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- Drainage of peatlands in Northern Alberta musf‘be : v e

ey

'_approached caut1ous1y A consequence of dra1nage will 11Qe1y ’

be the alteration of - summer therﬁ.l regime in the area,
‘~w1th surﬁ%ce 1ayers*Warmer than tﬁ: undrauned cond1t1on but
subJect to much}h1der diurnal f]uchuat1on At lower depths _
»temperatures/w111 be depressed compared to the undra1nedc

condition.
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Drainage under conditions of shallow humijc peats Jf low.

hydraul1c conduct1v1ty could lower substrate temperatures vy

enough to 1nduce localized permafrost. The area chosen fora'

this study is well south of both the establjshed limits of
dwscont1nuous permafrost and the 0 °Cvmean annual air

temperature isotherm, yet 16.7 % of the sample points in the
25 m spac1ngrzohe retained ice through the summer and into ‘

the fall of 1985. Permafrost occurr1ng na?ural]y in Northern

Alberta 1s conf1ned mainly to pe.
dry1ng_9f.surface peat occurs
~would suspect that peatland hich‘causes_the '
drying of surface peat, could “?nduce}permafrost
formation’in this region Further study is needed to ver1fy
spec1f1c effects of dra1nage on thermal regimen; for examp]e
with respect to peat type and local hydrology. | |
| It,rs well known that a primary factor 1nhibjting
tree\growth in peatlands is poor'root aeration. Lowering of
~water table 1evels through dralnage and thus prov1d1ng an
aerated root1ng zone is a ma jor pos1t1ve step in improving
"qrowth This study has concentrated on one possible conse-
auence of dra1nage changes to thermal:regime. It is not
‘ known, however, if these changes will have a s1gnificant;} '
effect~on tree growth. Some possible negati}eéeffects might{“
be: (1) creation of a frozen layer’near the surface which
ﬁures‘
' wh1ch would slow mefabol1c act1v1ty, (3) wide dﬂth&t .

;. 43@

~would 1nh1b1t root penetration; (2) reduced. temper



| | s
'températureﬂfluctuatfbn at the surface which cobf&kbe _ | .
detrimehtal for séed]ing survival because Sf increased Eisk
of both scalding and'fhost damage . THe significance of
alterations to thermal regime caused by‘drainage needs to be
investigated relative tdlsilvicultural and hortfculturai

requireﬁents of speciesvplénnéd for management on peatlands.
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