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Detection of potential pathways for contaminants into
the Paijanne Tunnel in Finland
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The potable water for a mil lion people residing in the Helsinki metropolitan area is conveyed from Lake Paijanne
along the 120 km-long Paijanne Tunnel. Inform ation on the hydrogeology of t he tunnel is vital for land-use plan
ning, part icularly in th e southern part of the tunnel line where indust rial act ivity and pressures to buil d under
ground constructi ons are increasing. In a project comm issioned by th e Helsinki Metropolitan Area Water Company,
the areasvuln erable to contaminat ion and possibly hydraulically connected to the tunn el have been identifie d and
spat ially analysed in relation to risk activ it ies and infrastructu re.The project compleme nts an earlier study in which
potent ial risk activ ities were located and characterised.Relevant info rmat ion on th e soil, groundwater and bedrock
fractu ring conditions along the length of th e tunnel was extracted from tun nel construct ion documentat ion and
areal environmental datasets,and assembled asoverlays in GISformat. As a result, a descript ion of the environmen
tal geology of the tunn el zone has been produced, and the estimated area of influence has been delineated as a
support to land-use planning .

Annukka Lipponen.Finnish Environment Insti tute.P'O.8ox 140,00251 Helsinki, Finland.

Introduction
The Paijanne Tunn el is a 120 km-long, unlined water con

veyance tunnel from Lake Paijanne in Asikkala to Silvola

reservoir at the border of Helsinki and Vantaa mun icipalities.

The tunnel is located at an average depth of 50-70 m in
Svecofennian granite and migmatites, overlain by glacial

and glaciofluvial overburden.The cross-section al area of th e

tunnel varies from 13.5 m' to 18 m'. The tunnel was con
structed during the period 1973-1982 and has since been in

almo st constant use. The current flow rate und er natural

pressure is 2.9 mvs,The hydraulic connect ion between th e
tunnel 'swater and groundwater is indicated by a groundwa

ter level decline, in most cases temporary, observed at the

t ime of tunnel construction and du ring subsequent mainte
nance work (Pokki 1979). For th e northe rnmost 100 km, the

pressure level of the tunnel water is commonly lower than
the local groundwater level. Due to the hydraulic connec

ti on and hydraulic gradient towards the tu nnel, the water is

subject to risk of contaminant t ransport. The cave-ins that

occurred in 1997 and 1998 demonstrate the dynamics of the

tunnel system and emphasize the significance of regular

groundwater mon itoring within the area of tun nel inf luence

(Mikkola & Viitala 1999). The purpose of th e study was to

compile the abundant, scattered tunnel data, to identi fy
potent ial pathways for contaminants, and to present an
accessible hydrogeologi cal description of the tunnel zone in

ord er to promote sound land use and land-use planning.

Methods
Informatio n on the soil cover, bedrock fracturing and

groundwater condit ions, collected in the planning and con-

struction stages of the tunne l project (Niini 1968) and dur 

ing subsequent studies, was converted into a GIS-compat i

ble format and spatially analysed to detect potent ial flow

paths. A summary of the data typ es used in the study is pre

sented in Table 1. Data analysis and map production were

carried out using ArcView desktop GIS software with a

Spat ial Analyst extension.

Observations on bedrock fracturing and tunnel rein
forcements as indirect indi cators were visualized against a

backgro und of a superficia l deposit relief map to locate frac

ture zones.Figure 1 shows a tunnel secti on asan example of

the source data used for overbu rden th ickness and rein

forced zones, th e latte r of which were also available in

num eric form .The superfic ial deposit relief map (Fig. 2) was
constructed by combining a digital elevation mode l and a

dig ital soil map by a method similar to the one used by

Palmu (1999). A bedrock map of the tunn el and aeromag
neti c data were applied in recogn ising bedrock structures

on an areal scale,and in estimating th e continua t ion of frac

ture zones detected by dr illing or seismic sound ing, as

observat ions in the tunnel or inferred from reinforcement

data. Groundwater inflow s,measured with Thompson weir s

at th e time of tunnel construction, prov ide informat ion on
hydraulic conductivit ies of fractu re zones and were ut ilised

in qualitatively estimating the risk of contaminant transport .
Suppor t ing observatio ns for locat ing zones of leakage were

recorded in October 2001 during visits to selected sections
of the tunnel.

Digit al soil data at a scale of 1:20 000 were applied to

out line the surface distribution of soil types wi th high per

meabi litie s.To give a rough estimate of the relative perme-
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Table 1. Geological and technical data ut ilised in the study.

Dat a type Source Sign if icance Applicat ion Limitations

Tunnel reinforcement s CON heavy support indicative of location of fractu re zones not all fracture zones
significant fracturin g hydraulically conduc tive

Seismic profiles r-sv th ickness, soil typ e and st rat igraphy of estimation of flow direction erro r +/ - 10%, non-uniform coverage
overburden; topography of bedrock surface and overburden permeability

Drill logs TECH thickness, soil type and stratigraphy of est imat ion of flow direction commonly restricted to the
CON overburden; top ography of bed rock and overburd en permeab ilit y upp ermost few metres

surface, bedrock fractur ing

Digital Elevation Model NLS topography ind icates bedrock fractur e zone interpretation ,
fractur ing and probable direct ions estimation of flow direction
of surface and groundwater flow

Map of Quaternary deposits, GTK surface soil type combined wi th stratigraph y only refers to the upp ermost metre
scale 1:20 000 for permeability estimat ion

Groundwater inflow psv ind icates hydraulic properties of relative importance of fracture inaccuracy of theThomp son
measureme nts fracture zones zones for groundwater flow weir measurements

and contam inant tran sport

Classified groundwater FEI hydrogeological condit ions in signifi cant direct ion of groundw ater flow, information scarceon many
areas forma tion sof the overburden depth to ground water surface of the smaller areas

Aeromagnet ic data, GTK abrupt changes in intensity indicative suppor ts fracture zone inter- inter pretation subjective, preferably
scale 1:100 000 of fault s and fractur e zones pretat ion, recognition of bedrock coupled to independent observation s

structu re trends in regional scale by other methods

Risk activities FEI current hazards ident ificatio n of areasalready at risk hazard situation evolves constantly

Roadsand railways FEI transport routes of hazardous chemicals

Recordsof well drawdow n PSV ind icates the area of tunnel influence estimation of flow connectio n quality various facto rs contribute to drawdown

Groundwater level CON flow,groundwater relati ve to ground surface interpretat ion of flow direct ion also indiv idual measurements that give
measurements no information on fluc tuations

Map of lith ologiesand GTK minor st ructu res (e.g.cleavage) estim ation of fracture zone at surface fractures form broad zones;
structures from the tu nnel commo nly indicate the orientat ion fractur ing subparallel to surface diffi cult

orientation of major features to observe; 3D geome try difficult to
estimate due to curving of fracture planes

Abbrevia t ions: CON=consultants, PSV=Helsinki Metropolitan Area Water Company, TECH=geot echnical departments of cities, NLS=National Land
Survey of Finland, FEI=Finni sh Environment Institute,GTK=Geological Survey of Finland

Fig. 1. A tunnel sect ion showi ng the overburden thickness and rein
forced zones, extending between the kilomet re readings 100 and 104.
The section coincid es with th e southern part of the tunnel line dis
played in Fig. 3. By permission from Paakaupun kiseudun Vesi Oy
(Helsinki Metropolitan Area Water Company),

ability of areas, the soi l typ e was combined wit h st rati

graphic inform ati on from drill logs,where available.The cov

erage of seismic profiles and dri ll logs is non-uniform, but in

areas of high observation po int density, a continuous

bedroc k surface was rough ly interpolated by also account
ing for the elevatio n data from outcrops. An example of
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interpolated bedro ck surface topography is shown in Fig, 3.

The slope of the bedrock surface gives some indication of

the direction of DNAPL transport and groundwater flow in

bedrock fractures,

Field studies for groundwater supply have been carried

out by consu ltants, part icularly in the exten sive esker sys
tems of Janiksenlinna in Tuusula and Kukkolanharju in
Harneenkoski,aswell as in the First and Second Salpausselka

ice-marg inal forma tions . In add it ion to consultant reports,

descriptions of groundwater areas result ing from mapp ing

and classification carried out by the Environment

Administration, mainly in the 1980s (Britschgi & Gustafsson

1996) and protection plans for groundwater areas, prov ide

information on groundwater conditions. Data such as

groundwater flow directions and groundwater levels in indi
vidual glacial drift aquifers,variable in deta il,were app lied to

delineate th e area of influence,

The well drawdowns result ing from water pressure

decrease in the tunnel indicate the quality of hydrau lic con

nectio n to gro undw ater in the overburden, In most areas

along the tunnel line, the drawdown observations are inade

quate in number to allow outlining of the actua l area of

influence, Consequently, the extent of hydraulic connection

had to be inferred from groundwater levels, soil type infor

mat ion, topography and bedrock surface elevation,depend
ing on availability, The delineat ion of the inferred area of

""'00"'00010 1CXX)"'0000



ANNUKKA LlPPONEN N GU -BUL L 439, 2002 - PA GE 2 9

(J)
-J
eo
U1oo
o

(J)
-J
eo.,.
o
o
o

(J)
-Jeo

-0
o
o
o

(J)
-J
-J

-<D
o
o
o

(J)
-Jeo
Woo
o

(J)
-J
cc
No
o
o

(J)
-J
-J
eooo
o

(J)
-J
eo

- ~

o
o
o

341500034140003413000

3413000

3412000

3412000 3414000 3415000
____I!"""I...- ...~ II"""'-....,.~

3411000

3411000

3410000

o
oo
0 
eo
r-
<D

o
oo
(J) 
r-,
r-,
<D

o
o
o
eo
r-,
<D

3409000 3410000....~

o
o
o
N 
eo
r-;
<D

o
o
o
io
eo
r-,
<D

o
oo"" eo
r-
<D

o
o
oco-1:::-=-...
<D3409000

o
oo
'<1" 
eo
r-,
<D

Digital elevation model, roads, water bodies ·
National Land Survey, permission 7/MYY/01
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•••••••• Interpreted fracture zones (white dashed line)

Paljanne tunnel 0 Shotcrete with steel netting

M
. d or bolting in the tunnel

am roa .
R

"I Estimated direction of groundwater flow
al way

R d Inferred area of influence
oa 0 Risk site

Seismic sounding line Groundwater area

Drilling point 14...33 Thickness of overburden (m)

1 kmSoil type
_ Clay
_ Silt
_ Coarse silt
o Fine sand
_ Sand
_ Gravel
_ Til l
_ Bedrock outcrops
o Peatland
_ Fill so il
_ Lakes and rivers

Fig. 2.Superficial deposit relief map of th e Viit aila area (modified from Lipponen 2001). Digital elevation mod el: National Land Survey of Finland; soil

type map,scale 1:20 000:Geological Survey of Finland.
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Fig. 3. Observatio n points for the bedrock surface elevation and interpolated bedrock surface topography in Viita ila (modified from Lipponen 2001).
The tunnel reinforcem ent s and the interpreteted fracture zones are also shown .The area is outlined in Fig 2.

influence was carried out by visualising the parameters in

GIS and analysing the spatial relationships.
Poten tial risk sites identified by Haavisto (1998) and

main roads that also represent t ransport routes for haz

ardous chemicals were viewed in relation to the soil type

and bedrock-fracturing information to evaluate the risk aris

ing from current act ivities. Figure 4 displays the main infra

structure in relation to the Paijanne Tunnel aswell as the dis

tr ibution of pot ent ial risk sites.

Results
Based on the extent of coarse-grained superficial deposits ,

groundwater flow direction and the locat ion of bedrock

fractures, the inferred area of influence was del ineated in the

vicinity of the tunnel. The area of inf luence is the recom

mended zone of caut iousness for locating or moni toring risk
activities that could potentially contaminate soil or ground

wate r. From wi thin th e area, contaminant transport is con
sidered possible, and the refore the tunnel should be taken

into account in land-use planning. The possible hydraul ic

connection would need to be assessed on a case-by-case

basis. Along fracture zones and eskers, the area of influence

was extended farther fro m th e tunnel. The delineation aims

at covering the enlarged area of influence prevail ing at

times of increased hydraulic gradient du ring a tunnel repair.

The areas considered vulnerable to contamina tion were

ident ified and their relevant characteristics indicated. The

areas deemed vulnerable displayed a combination of fea

tures including several of the following criteria: 1) markedly

fractured bedrock (observed or alternatively indicated by

heavy reinforcement), especially if associated with ground

water inflow; 2) a thin or high ly permeable soil cover or a

permeable layer at dept h; 3) relat ively thin bedrock roof; or
4) a majo r transport route or potent ial risk site located in the

immediate vicinity of the tunnel. A description of the geol

ogy,hydrogeology, essential tunnel structures and potent ial

risk activities with support ing maps was produced for each

section of th e tunne l.

The greatest natural risk of contaminant transport is

linked to fracture zones wi th groundwater leakage.Fracture
zone inter pretation is most reliably done by iteratively view

ing topographical lineamen ts, bedro ck surface depressions

and visualisations of fractu re zones detected inside the tu n
nel. The risk associated with hydrauli cally conduct ive frac

ture zones is further increased when the zones are overlain

by a th in or highly permeabl e soil cover. In some locations,

the contamina nt transpo rt risk may be greater from the

flanks of topographic depressions, whe re the overburden is

commonly thinner than immediately above the deeply

weathered cent ral part of a fracture zone. Even outside frac-
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Fig.4. Generalised map of the Paijanne tunnel in relat ion to resident ial
and industrial areas, risk sites and roads. The potent ial risk activity is
concentra ted in the Helsinki Metropolitan area in the south, and in the
vicinity of the main roads crossing the tunnel. The residential and indus
trial areasare from the National Land Survey's (NLS)land-use database.
Roadsand water bodies - NLSpermi ssion 7/MYY/01.

tu re zones, locally significant grou ndwate r inflow was

observed to leak from horizontal fracturing, part icu larly in
granitic rocks. It is beneficial to consider th e surface and tun 

nel data in combination, to verify whether those fractu re
zones with surface expression are significant for groundwa

ter flow at the tunne l level.
Eskers with relative ly hig h groundwater f low rates also

present potential flow paths.Coarse-grained soil types with

high permeability increase the risk of a contami nant being

Southern
Finland

200 km

20 km

N Paijanne tunnel
_ Residential areas

Industrial areas
7V. Railvvays
N Main roads

o Risksites

transported down with percolating groundwater and reach

ing bedrock fractures. However, despite the groundwater

storage available, not all the esker systems displayed high

groundwater inflow at the tunnel depth.Apparen tly, the soil

type in the contact zone overlying the bedrock surface and

the openness of fractures determine whether the gro und
water stored in the overburden leaks into the tunnel. The

significance of the contact zone on the groundwater inflow

was earlier emphasized by Olofsson (1991).

The present study demonstrates the use of GISas a pow

erful tool for data over lays of fractured zones in bedrock,

overburden characteristic s and groundwater cond it ions for

producing an integ rated description of the geological and
hydro geological environment. Spatial analysis of th e natur al

environment with infrastructu re and hazardous activiti es

allows risk assessment on a scale dependent on the qualit y

of the data.
The pressure level in the tu nnel is a major factor affect

ing the groundwater flow in the vicinity of the tunnel. A

marked pressure drop at the Kalliornaki pum ping station,

approximately 64 km south of Lake Paijanne,from elevation

+78 m to +42 m (asl) steepens the hydraulic gradient
towards the tunnel south from the station. Farther to the

south, the pressure level gradually approaches the local
ground surface and even exeeds it in places, wh ich dim in

ishes the inflow.The flow towards the tunnel is inferred to

have been highest at the time of construction and dur ing

subsequent maintenance work when the tunnel had to be

emptied of water. According to the measurements, ground

wate r inflow appeared smaller during the repair work in
autumn 2001 than at the time of constr uction for most tun 

nel sect ions in the northernmost 64 km of the tunnel.

Conclusions
Potentially hazardous activities should be min imised in the
areas indicated in the study as being vuln erable to contami

nation and possibly in hydraulic connecti on with th e tu nnel.

Further study and quantitative risk analysis should be con
sidered if ther e is a potential contam ination source in the

vuln erable area.

Due to th e weathe ring of fracture zones, ageing of tun 
nel reinforcement s and effects of construction and excava

tio n on groundwater flow patterns, a regular monitoring of

groundwater cond it ions within the zone of influence

around the tunnel is vital.

The present study demonst rates the appli cability of ordi 

nary geological observati ons and engineering records in an

environmental assessment. Municipal and environmental

authori ti es can ut ilise the information on the sensit ivity of
areas as a guide in land-u se planning.The hydrogeological
descript ion can also be applied to direct ing protective mea

sures and to est imat ing the extent of action required in the

case of a chemica l spill.
Risk sites are concentrated in the southe rn part of the

tunn el, where developm ent is most intense, and in several
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locations where main roads cross the tunnel. Caution is rec

omm ended for the extensive underground constru ctions

planned in th e vicinity of Helsinki-Vantaa Airport and the

Helsinki metropolitan area's main ring road, since the exca
vations may create flo w paths by disturbing the rock matr ix

and also because fracture zones wi th associated groundwa

ter inf low have been detected in the area.

References
Brit schgi , R. & Gustafsson, J. (eds.) 1996: Suo me n luokite llut poh 

javesia luee t (English abstract:The classifie d groundwater areas in

Fin land, p. 384). Suomen ympdristo 55. Finnish Environment

Inst itute, 387 pp .
Haavisto,T. 1998: l.ikaantumisriskia aiheuttavat toiminnot Paijanne-tun

nelin laheisyyd essa (Act ivit ies pos ing a con tam ination risk in the
vicini ty of the Paijanne Tunnel). In Finn ish.Suomen ympdristokeskuk

sen mon istesarj a 138. Finni sh Envir onment Institu te, 58 pp.

Lipponen, A. 2001. Paijann e-tunnelin yrnparistoqeo loq ia ja -riskit
(English abstract: Environm ent al geo logy of the Paijanne Tun nel
and environme ntal risks, p. 139).ln Finnish . Suom en ymparisto 525.
Finn ish Enviro nment Inst itute.

Mikkola , J. &Viita la, R. 1999: Pitkien vesitunneleiden sortumat j a luj itus.

(Eng lish abstract: Cave-ins and reinforcement in long w ater tun

nels). In Finnish. He/sing in kaupungin kiinteistovlraston geotekn isen

osaston tiedo te 80, Helsinki City Real Estate Depa rt me nt , Geo

tech ni cal Division , 130 pp.
Niini, H. 1968. Paijanne-Helsinki tunnelitutk imukset (Geological investi

gat ions fo r th e Paij ann e Tunne l). In Finnish. Helsingi n alueen veden 
hank inna n yleissuu nni telma, liite ER akennusqeotoqisen yhdistyksen

j u/kaisu (Papers of the Engineering-Geologic al Society of Finl and ) 2
(20), 28 pp .

Olo fsson, B. 1991: Im pact on groundwater cond it ion s by tunneling in

hard crystall ine rocks.TRITA-KUT/91 : 1063.Royal Inst itu te ofTechno

logy, Stockholm. 165 pp.
Palmu, J.-P. 1999: Sed ime ntary env ironment of th e Second Salpausselka

ice marg ina l dep osit s in th e Karkki la-Lop pi area in sout hwes te rn

Finland .Repo rt ofInvestigat ion 148.Geological Survey of Finland ,82

pp .
Pokki, E. 1979: Pohjave sikysym ys paijanne -tunnelissa.(Engl ish abstract:

Effect of the construction of th e Paijanne tunnel on groundwat er,
XV-3). ln Finn ish. Kalli omekaniikan paiva 1979. Rokenn usqeoloq isen

yhdistyksen j u/kaisu (Papers of the Engineering-Geological Soci ety
of Finland) 13,VII, 1-11.

ANNUKKA LlPPONEN


