
THESE TERMS GOVERN YOUR USE OF THIS DOCUMENT  
 

Your use of this Ontario Geological Survey document (the “Content”) is governed by the 
terms set out on this page (“Terms of Use”). By downloading this Content, you (the 

“User”) have accepted, and have agreed to be bound by, the Terms of Use. 
 

Content:  This Content is offered by the Province of Ontario’s Ministry of Northern Development and 
Mines (MNDM) as a public service, on an “as-is” basis. Recommendations and statements of opinion 
expressed in the Content are those of the author or authors and are not to be construed as statement of 
government policy. You are solely responsible for your use of the Content. You should not rely on the 
Content for legal advice nor as authoritative in your particular circumstances. Users should verify the 
accuracy and applicability of any Content before acting on it. MNDM does not guarantee, or make any 
warranty express or implied, that the Content is current, accurate, complete or reliable. MNDM is not 
responsible for any damage however caused, which results, directly or indirectly, from your use of the 
Content. MNDM assumes no legal liability or responsibility for the Content whatsoever. 
 
Links to Other Web Sites: This Content may contain links, to Web sites that are not operated by MNDM. 
Linked Web sites may not be available in French. MNDM neither endorses nor assumes any 
responsibility for the safety, accuracy or availability of linked Web sites or the information contained on 
them. The linked Web sites, their operation and content are the responsibility of the person or entity for 
which they were created or maintained (the “Owner”). Both your use of a linked Web site, and your right 
to use or reproduce information or materials from a linked Web site, are subject to the terms of use 
governing that particular Web site. Any comments or inquiries regarding a linked Web site must be 
directed to its Owner. 
 
Copyright:  Canadian and international intellectual property laws protect the Content. Unless otherwise 
indicated, copyright is held by the Queen’s Printer for Ontario. 
 
It is recommended that reference to the Content be made in the following form: <Author’s last name>, 
<Initials> <year of publication>. <Content title>; Ontario Geological Survey, <Content publication series 
and number>, <total number of pages>p. 
 
Use and Reproduction of Content: The Content may be used and reproduced only in accordance with 
applicable intellectual property laws.  Non-commercial use of unsubstantial excerpts of the Content is 
permitted provided that appropriate credit is given and Crown copyright is acknowledged. Any substantial 
reproduction of the Content or any commercial use of all or part of the Content is prohibited without the 
prior written permission of MNDM. Substantial reproduction includes the reproduction of any illustration or 
figure, such as, but not limited to graphs, charts and maps. Commercial use includes commercial 
distribution of the Content, the reproduction of multiple copies of the Content for any purpose whether or 
not commercial, use of the Content in commercial publications, and the creation of value-added products 
using the Content. 
 
Contact:   

FOR FURTHER 
INFORMATION ON PLEASE CONTACT: BY TELEPHONE: BY E-MAIL: 

The Reproduction of 
Content 

MNDM Publication 
Services 

Local: (705) 670-5691 
Toll Free: 1-888-415-9845, ext. 

5691 (inside Canada,  
United States) 

Pubsales@ndm.gov.on.ca

The Purchase of 
MNDM Publications 

MNDM Publication 
Sales 

Local: (705) 670-5691 
Toll Free: 1-888-415-9845, ext. 

5691 (inside Canada,  
United States) 

Pubsales@ndm.gov.on.ca

Crown Copyright Queen’s Printer Local: (416) 326-2678 
Toll Free: 1-800-668-9938 

(inside Canada,  
United States) 

Copyright@gov.on.ca

 

mailto:Pubsales@ndm.gov.on.ca
mailto:Pubsales@ndm.gov.on.ca
mailto:Copyright@gov.on.ca


LES CONDITIONS CI-DESSOUS RÉGISSENT L'UTILISATION DU PRÉSENT DOCUMENT.  
 

Votre utilisation de ce document de la Commission géologique de l'Ontario (le « contenu ») 
est régie par les conditions décrites sur cette page (« conditions d'utilisation »). En 

téléchargeant ce contenu, vous (l'« utilisateur ») signifiez que vous avez accepté d'être lié 
par les présentes conditions d'utilisation. 

 
Contenu : Ce contenu est offert en l'état comme service public par le ministère du Développement du Nord 
et des Mines (MDNM) de la province de l'Ontario. Les recommandations et les opinions exprimées dans le 
contenu sont celles de l'auteur ou des auteurs et ne doivent pas être interprétées comme des énoncés 
officiels de politique gouvernementale. Vous êtes entièrement responsable de l'utilisation que vous en faites. 
Le contenu ne constitue pas une source fiable de conseils juridiques et ne peut en aucun cas faire autorité 
dans votre situation particulière. Les utilisateurs sont tenus de vérifier l'exactitude et l'applicabilité de tout 
contenu avant de l'utiliser. Le MDNM n'offre aucune garantie expresse ou implicite relativement à la mise à 
jour, à l'exactitude, à l'intégralité ou à la fiabilité du contenu. Le MDNM ne peut être tenu responsable de tout 
dommage, quelle qu'en soit la cause, résultant directement ou indirectement de l'utilisation du contenu. Le 
MDNM n'assume aucune responsabilité légale de quelque nature que ce soit en ce qui a trait au contenu. 
 
Liens vers d'autres sites Web : Ce contenu peut comporter des liens vers des sites Web qui ne sont pas 
exploités par le MDNM. Certains de ces sites pourraient ne pas être offerts en français. Le MDNM se 
dégage de toute responsabilité quant à la sûreté, à l'exactitude ou à la disponibilité des sites Web ainsi reliés 
ou à l'information qu'ils contiennent. La responsabilité des sites Web ainsi reliés, de leur exploitation et de 
leur contenu incombe à la personne ou à l'entité pour lesquelles ils ont été créés ou sont entretenus (le 
« propriétaire »). Votre utilisation de ces sites Web ainsi que votre droit d'utiliser ou de reproduire leur 
contenu sont assujettis aux conditions d'utilisation propres à chacun de ces sites. Tout commentaire ou toute 
question concernant l'un de ces sites doivent être adressés au propriétaire du site. 
 
Droits d'auteur : Le contenu est protégé par les lois canadiennes et internationales sur la propriété 
intellectuelle. Sauf indication contraire, les droits d'auteurs appartiennent à l'Imprimeur de la Reine pour 
l'Ontario. 
Nous recommandons de faire paraître ainsi toute référence au contenu : nom de famille de l'auteur, initiales, 
année de publication, titre du document, Commission géologique de l'Ontario, série et numéro de 
publication, nombre de pages. 
 
Utilisation et reproduction du contenu : Le contenu ne peut être utilisé et reproduit qu'en conformité avec 
les lois sur la propriété intellectuelle applicables. L'utilisation de courts extraits du contenu à des fins non 
commerciales est autorisé, à condition de faire une mention de source appropriée reconnaissant les droits 
d'auteurs de la Couronne. Toute reproduction importante du contenu ou toute utilisation, en tout ou en partie, 
du contenu à des fins commerciales est interdite sans l'autorisation écrite préalable du MDNM. Une 
reproduction jugée importante comprend la reproduction de toute illustration ou figure comme les 
graphiques, les diagrammes, les cartes, etc. L'utilisation commerciale comprend la distribution du contenu à 
des fins commerciales, la reproduction de copies multiples du contenu à des fins commerciales ou non, 
l'utilisation du contenu dans des publications commerciales et la création de produits à valeur ajoutée à l'aide 
du contenu. 
 
Renseignements :   

POUR PLUS DE 
RENSEIGNEMENTS SUR VEUILLEZ VOUS 

ADRESSER À : 
PAR TÉLÉPHONE : PAR COURRIEL :  

la reproduction du 
contenu 

Services de 
publication du MDNM 

Local : (705) 670-5691 
Numéro sans frais : 1 888 415-9845, 

poste 5691 (au Canada et aux  
États-Unis) 

Pubsales@ndm.gov.on.ca

l'achat des 
publications du MDNM 

Vente de publications 
du MDNM 

Local : (705) 670-5691 
Numéro sans frais : 1 888 415-9845, 

poste 5691 (au Canada et aux  
États-Unis) 

Pubsales@ndm.gov.on.ca

les droits d'auteurs de 
la Couronne 

Imprimeur de la 
Reine 

Local : 416 326-2678 
Numéro sans frais : 1 800 668-9938 

(au Canada et aux  
États-Unis) 

Copyright@gov.on.ca

 

mailto:Pubsales@ndm.gov.on.ca
mailto:Pubsales@ndm.gov.on.ca
mailto:Copyright@gov.on.ca


'c) CMNR-OGS 1982

Ministryof 
Natural

W. T Foster 
ReSOUrCeS Deputy Minister

Ontario

ONTARIO GEOLOGICAL SURVEY 
Open File Report 5393

Peat Production Plan for the Galbraith 
Bog.

District of Algoma

by 

Turveruukki Oy

1982

Parts of this publication may be quoted if 
credit is given. It is recommended that 
reference to this report be made in the 
following form:

Turveruukki Oy
1982: Peat Production Plan for the Galbraith

Bog, District of Algoma, Ontario Geological 
Survey Open File Report 5393, 112p., 
26 figures, 10 tables and 3 appendices.





Ontario Geological Survey 

OPEN FILE REPORT

Open file reports are made available to the public subject to the following conditions:

This report is unedited. Discrepancies may occur for which the Ontario Geological Survey does 
not assume liability. Recommendations and statements of opinion expressed are those of the author or 
authors and are not to be construed as statements of government policy.

Open file copies may be read at the following locations:

Mines Library
Ontario Ministy of Natural Resources
8th Floor, 77 Grenville Street, Toronto

The office of the Regional or Resident Geologist in whose district the area covered by 
this report is located.

Handwritten notes and sketches may be made from this report. Check with the Library or Region 
al or Resident Geologist's office as to whether there is a copy of this report that may be borrowed. 
The Library or Regional or Resident Geologist's office will also give you information on copying ar 
rangements. A copy of this report is available for Inter-Library Loan.

This report is on file in the Regional or Resident Geologists' office(s) located at:

875 Queen Street East 
Sault Ste. Marie, Ontario 
P6A 2B3

The right to reproduce this report is reserved by the Ontario Ministry of Natural Resources. 
Permission for other reproductions must be obtained in writing from the Director, Ontario Geological 
Survey.

E.G. Pye, Director 
Ontario Geological Survey

ill





FOREWORD

The peat resources of Ontario are large and recently 

there has been increased attention given to their 

exploration for energy purposes. A number of 

public and private sector groups have shown interest 

in the development of peatlands at various locations 

in the Province. The Galbraith Bog is a potential 

source of both horticultural and fuel peat to be 

used in operations of the Ministry of Natural 

Resources forestry program in the Northeastern 

Region. This report describes a development plan 

for the Galbraith Bog which, if implemented, could 

serve as a model demonstration and could aid and 

encourage peat development schemes elsewhere in 

the Province.

Director 
Geological Survey
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PEAT PRODUCTION PLAN

FOR 

THE GALBRAITH BOG

District of Algoma

by 
Turveruukki Oy

PEAT PRODUCTION PLAN

1. GENERAL

This production plan is prepared for the Ontario Ministry 
of Natural Resources and covers the Galbraith bog.

The plan is based on the following material:

material supplied by the Ministry last January

the actual visit of Mr. Kukkonen to the site 
summer 1981

the preplan prepared last winter

Designer is not responsible for the mistakes caused due to 
possible inaccurasies or lack of the orginal data.

This production plan is made for the Ministry use at the 
Galbraith bog project. All the other rights are reserved 
without the permit in writing of Turveruukki Oy of Finland

Turveruukki Oy, Rantsila, Finland. Consultant to 
Ontario Ministry of Natural Resources.
Manuscript was approved for publication October 22, 1982. 
This report is published with the permission of E.G. Pye, 
Director, 0*ntario Geological Survey.
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EVALUATION OF PEAT RESOURCES

2.1 Qualifications

The estimation of peat resources is done using the following 
facts:

- general qualifications (used by Turveruukki Oy)

- the ash content of harvested peat is not allowed to reach 
10 * in average

- the minimum depth of the peat layer at start-up shall be 
1.5 m at least

- the bog will compact about 0.3 - 0.7 m after drainage

- the surface layer of about 0.2 - 0.5 m is removed in bog 
preparation and the peat is not commercially used

- the layer of 0.5 m of peat at least shall be left at the 
bottom of the bog when the area is completely exploited 
(concerning peat harvesting with milled peat or sod peat 
methods)

- harvesting capacity/annum

milled fuel peat 180 tn/ha 
milled horticultural peat 140 tn/ha

- information available from the surveying maps, peat samples 
and cross section drawings supplied by the Ministry

- the results of peat quality analysis are shown in 
the tables l and 2

- heating value and ash content is determined only 
for samples 8-5 and 10-8, because sod peat 
production might be possible at the area

- the cross sections of surveying rows and the 
surveying map show the average peat layer of 
H1-H5 is about 2.0 m in virgin condition and 
the area where it exists is roughly 55-60 ha

- the peat area of +H4 is about 10-15 ha (in the 
beginning) and exists in several smaller areas 
with the depth of about 2.5 m at least

- the rest of the bog (about 10 ha) shall be left 
outside of peat production (mineral soil, roads, 
ditches, stockpile areas, maintenance base,etc.)
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the picture No. l on next page shows the diffe 
rent peat types and the depth of surface layer. 
The data is taken from the row-cross-section maps.

;

comparison between table No. l (samples delivered 
by the Ministry) and the x-section maps shows that 
there are some inaccuracies in von Post values, 
e.g. point 8.5
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1.3 2.0

F/H H/F

3.1 0.6

H/F H/F

2.0 1.5

H/F H/F H/F H/F H/F H/
-l- 

7 1.7 1.8 1.8 1.4 1.

H/F H/F 

1.3 1.1

2.7 2.7

Picture l Peat type in surface layers at the Galbraith bog, 
depths are included 

H - Horticultural peat 
F * Fuel peat 

Depth is in meters
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Table l Peat samples from the Galbraith bog

Sample

2.2.1

2.2.2

2.2.3

2.2.4

2.2.5

2.8.4

2.8.1

2.8.2

2.8.3

4. 5. a

b

c
d

e

8. 5. a
b
c
d

e

f

g
h

10. 8. a

b

c

d

e

f

g
h

i

j

depth 
(cm)

0

20

60

150

0

50

100

220

0

40

100

160

200

0

10

30

75

90

125

150

200

0

30

50

65

90

100

150

170

200

225

- 20

- 60

- 150

- 250

- 50

- 100

- 220

- 250

- 40

- 100

- 160

- 200

- 250

- 10

- 30

- 75

- 90

- 125

r 150
- 200

- 250

- 30'

- 50

- 65

- 90

- 100

- 150

- 170

- 200

- 225

- 250

von Post

H3-4

H3

H4

H4

H2

H4-5

H5

H7-8

H2

H3

H4

H4

H3-4

H2-3

H5

H4

H6

H4

H5

H7

H7

H4-5

H4

H5

H5

H5

H5

Hg^

H6

H7

H7

type

Sph

Sph - S

S - Sph

S

Sph

Sph - S

Sph - S

Sph - S

Sph
N-S-Sph

S
Er-S-Sph

N-S-Sph

Er - Sph

S - Sph

Sph - S

S
S-Sph-S

S

Sph - S

Sph - S

Sph - S

Sph - S

Sph - S
N-Sph-S

S - Sph

S - Sph

S - Sph

S

S

S

Sph: spaghnum 

S: sedge

N: nanolignite 

Er: Eriephorum
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Table 2 ASH CONTENTS / CALORIFIC VALUES 

( % on dry material/kcal/kg)

Sample f

8 -
8 -
8 -

10 -
10 -
10 -

(10 -

Mean

5c
5e
5g

8b

8f

8h

8j

values:

Sampling

depth

30 -

90 -

150 -

,30 -

100 -

170 -

225 -

8-5

10-8

(cm)

75

125

200

50

150

200

250

*

Ash Content Heat value
( % )

2.3
2.5
3.8

3.6

8.2

8.8

12.3

ash 2.9 l

6.9 %

kcal/kg

4794

4591

5043

4931

4706

4810

4596)

heat 4809 kcal/kg

4816 kcal/kg

* Sample 10 - 8j not included.
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Information not available from the material supplied by 
the Ministry

- the total depth of the bog

- the shape and the slope direction of the bottom 
(mineral soil)

- peat of H1-H3 is normally used for horticulture and 
peat of H44- for fuel respectively; classifications 
shown in the survey maps is a little bit confusing in 
some places making the resource estimation somewhat 
difficult and possibly unexact.

- water conditions (e.g. ground water table, ponds, 
flashets) are not known: this information would give 
some idea over the peat compacting degree after drainage, 
and is of the essence in designing the roads, stockpile 
areas maintenance base and fields.

- land ownership outside of this lot is not known; the 
information is needed for the road design and peat 
resource estimation.

- conditions of the stream (creek) are unknown; how long 
distance at the both sides must be left beyond any 
production, how large is the stream, etc.?

- the air photos are taken in winter, so it's impossible to 
locate free water areas (ponds) in the pictures

Note: site visit during winter and spring doesn't give 
all the beneficial information mentioned before.
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2.2 Potential of the Galbraith Bog

The qualifications for this estimation has been discussed 
in section 2.1.

The data used in calculation is listed below

- at least 3.0 m layer of virgin peat can be exploited 
at the Galbraith Bog either for horticultural or fuel 
purposes

- peat layer is expected to compact about 0.5 m after 
drainage

- surface layer of 0.5 m is removed during bog preparation

- different peat types and areas

von Post area (ha)

HI - H5
+H4
total about

55
15
70

Calculations:

Commercially exploitable volyme of a virgin bog 

70 ha x 10.000 m2Xha x 2.5 m * 1.750.000 m3

In this case it's likely to get about 130 kg/mS harvested 
peat with a moisture'content of 40 - 45 % from one virgin 
bog cubic meter.

This means the total commercial peat quantity is about 
1.750.000 m3 x 0.13 tns/mS - 227.500 tns

This peat quantity is enough for harvesting with full 
capacity (140 tns/ha/a) during the next

227.500 tns
70 ha x 140 tns/ha x a 23.2 years at least
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2.3 Different peat qualities

It can be seen in the picture No. l that the Galb 
raith bog is more suitable for horticultural peat 
harvesting than for fuel peat harvesting. However 
there are several small areas near the borders of 
this lot which seem to be good for fuel peat produc 
tion. Picture No. l gives such a feeling that if 
larger fuel peat areas are required surveys should be 
done at the both sides of this lot.

Some fuel peat can be produced anyways at the area 
discussed here. All together peat type at the area of 
about 10-15 ha seems to be adequate to fuel peat. A 
calorific value (see table No. 2) is about 4800 
kcal/kg (20.1 MJ/kg) and effective heating value is 
in that case about 20.30 kcal/kg (8.53 MJ/kg) when 
the moisture is 45 %. These heating values are 7-8 % 
lower than e.g. Turveruukki Oy has respectively, but 
the Galbraith bog peat fulfills anyways the require 
ments of Finnish standards for fuel peat, see appen 
dix No. 1.

The classification done during the bog survey doesn't 
tell the total depth of H1-H3 -degree peat. H1-H3 and 
+H4 classification had been beneficial for the cal 
culations of horticultural grade/fuel - grade peat.

In this case it has to be calculated so that the most 
peat at the area of 55 ha is harvested for horticul 
tural use during the first 10 years at least. This 
assumption is based on the information and sampling 
done by Mr. E. Kukkonen during the site visit last 
August.
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2.4 Weather conditions

Harvesting rates vs weather conditions are we11known 
in Finland. It's easy get good information on har 
vesting rates in Ontario respectively by comparing 
the climatic data between Finland and Ontario.

Table No. 3 shows the climate data between the 
Northern Finland (Turveruukki's area) and the Onta 
rio, Sault Ste. Marie area.

Temperature: The mean daily temperature is about 2,8 
C higher in Sault Ste. Marie area than in Ruukki 
area.

Sunshine: The number of bright sunshine hours in 
May-Sebtember is; 1168 hr in Ruukki area and 1216 in 
Sault Ste. Marie.

Precipitation: In Sault Ste. Marie it is raining more 
but in less days than in Finland. In Ruukki -area 67 
rainy days and in Ontario 55 rainy days.

Relative humidity: Exact values for the Sault Ste. 
Marie were not available, but some rough figures were 
shown telling the humidity beeing a little bit higher 
than in Finland, but not remarkably.

Consclusions: It is not economical to harvest peat'in 
Finland in September, even late August is difficult, 
because it is raining a lot and the temperature is 
low. In Sault Ste. Marie it seems to be a good chance 
for harvesting the whole August and also some time in 
September.

It is most likely that the harvesting rate in Sault 
Ste. Marie is at least the same than in the Ruukki 
area of Finland.

In this paper the Turveruukki figures will be used 
for harvesting rates.
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Table No. 3 Weather comparison between Ontario and 
Finland

subject
Ontario 

Sault Ste. Marie (A)
May June July Aug. Sept,

J Finland 
Ruukki area

May June July Aug. Sept.

Temperature (C)
- mean daily
- mean max. daily

lean number of 
jright sunshine 
l(hrs)

recipitation 
mean monthly 
(mm)

- mean nr. of days 
(0,1 mm at least)

telative humidity
)
mean monthly

93 14,8 17,8 17,5 13,2
15,8 21,7 24,6 23,8 18,5

246 265 288 258 159

82,3 88,4 71,9 66,5 94,7

11 11 9 ' 11 13

7,3 12,8 16,2 14,0 8,4
12,2 17,5 21,6 19,2 12,6

265 290 280 207 126

was not exactly available

32

12

57

9

71

13

71

14

57

14

63 60 65 75 82
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2.5 Harvesting rates 

Horticultural peat;

- area 55 ha
- delivery level 500 mS/ha/year

(harvesting rate is about the double)

- total delivery 500 x 55 * 27.500 m3

Note: During harvesting peat is loose.
During stockpiling peat compacts and some 
losses also take place so that when harvesting 
1.000 m3 of loose peat about 500 m3 of compac 
ted peat can be delivered from the stockpile.

Fuel peat

- area 15 ha

- delivery level (milled peat) 500 mS/ha/year

- delivery level (sod peat) 300 - 400 mS/ha/year

- total delivery:
- milled peat 500 x 15 - 7.500 mS/year or
- sod peat 300 x 15 - 4.500 mS/year
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2.6 Uses of peat

The material delivered by the Ministry didn't con 
tain any information on the possible users of har 
vested peat. During the site visit of Mr. E. Kukkonen 
some verbal information was given by Mr. Heikurinen 
and Haavisto.

There are not any major peat buyers near the bog and 
in that case most horticultural peat can be delivered 
to the other clients in Canada or U.S.A.

When fuel peat is discussed, the clients should exist 
inside of 50 km*s distance from the bog to guarantee 
an attractive fuel price. The next example includes 
some data for burning that peat:

- peat quantity, sod peat 4.500 mS/annum

- energy equivalent of that peat is 
about 1,89 x 10 7 MJ

- boiler: norminal power l MW (3.600 MJ/h)

- 90 i from the nominal power is use
- efficiency 75 % .
- burning time for 1,89 x 10 MJ is

1,89 x 10 7 MJ x 0.75
0.90 x 3.600 MJ/h * 4.375 h

- e.g. if a greenhouse of 39.000 cb.ft. (1.100 m3) 
needs about 250.000 Btn/h (250 MJ/h) of energy, 
so about 10 - 12 pieces of these and the facili 
ties could be heated by a boiler with an output 
of 3.600 MJ/h in average Ontario weather condi 
tions.
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3. GENERAL AREA PLAN

3.1 Location of the bog

Galbraith Bog is located on part of lot 7, Concession 
III r Galbraith Township, in the district of Algoma, 
more specifically situated about 47 km north of 
Thessalon, Ontario.

3.2 Surrounding areas

The peat bog valley is surrounded by steep hills in 
all other directions but east. These hills might 
protect the bog against heavy winds and facilitate 
thus peat harvesting.

There are several farms around the bog , one at west 
and the others at east and south-east side. Fields 
are rather near the bog, especially in south-east 
corner, where the creek also flows away from the bog.

The area possible for' peat harvesting is larger than 
described in section 3.1. There seems to be more good 
peat land in every other direction but north.
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3.3 Water resources

A creek flows through a bog area from the west side 
to the south-east corner of proposed harvesting area. 
Water runs rather slowly in a creek because of many 
old beaver dikes (about 5 pcs). The creek is also 
shallow and may not be able to drain the whole har 
vesting area without clearing or redigging.

Some verbal information was got during the site visit 
that the fields south of the existing road are cove 
red with water every spring. This implies water run 
off should be made better also outside of the har 
vesting area. The creek discussed above flows into a 
larger creek no more than half a mile south from an 
existing access road to the bog. Water table seemed 
to be very low in that (larger) creek, so it should 
not be any problems in drainage away from the bog. A 
good drainage helps also farmers in spring time, when 
water table is high.

The bog itself is very dry, not at all ponds or 
flashets. This area doesn't require any preditching, 
only the creek must be cleared first.

The surrounding hills give quite a lot of water to 
the bog valley and good perimeter ditches are re 
quired to keep the harvesting area dry. The main 
slope is from north to south at the area. Some small 
discontinuations exist but they don't seem to cause 
any greater troubles..

There are three test holes near the existing road, 
where horticultural peat has been mined earlier. 
These holes are that large they have to be left out 
side of harvesting fields, but are anyways excellent 
for fire wells.
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3.4 Forest resources

Airphotos delivered by the Ministry show exactly 
where the forest exists, but the actual thickness and 
tallness can be observed only by visiting the area.

Picture No. 2 presents an estimation on the different 
forest qualities at the bog. Areas A, C, D and E are 
covered with dense trees or heavy bushes. B and F 
areas consist of lighter bushes or smaller trees, 
also the tallness of them is shorter. Rest of the 
area is mainly open, some small separate bushes or 
trees exist.

At the both sides of the creek there are low dense 
bushes but no trees.

In a prestudy it was estimated that about 5 ha of 
forest should be cut before surface preparation. This 
closer study implies more area have to be cleared in 
the beginning of developement, an exact area will be 
determined later.

The equipment e.g. Turveruukki Oy uses in Finland 
don't require any tree cutting for trees smaller than 
10 cm in diameter (measured near the ground end).
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Picture nr 2. Forest cover at Galbraith Bog

A,C,D and E: heavy bush or forest

B,F,G: light bush or very small trees

H,J: only few or not all bushes or trees
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3.5 Roads

The Bog is very close to the existing Galbraith 
Township road (gravel pavement) going to the farm 
located next behind the Bog area in western direc 
tion. It's likely that no major construction is re 
quired for that road to support the Bog development. 
Ditches besides the road seemed to be full of water 
last August because of the beaver dikes in a creek 
south of the road. Some dense bushes grow also at the 
both sides of the road.

Another road (bog road) is required to go over the 
harvesting area if peat have to be delivered all the 
year around. This means about 1.5 - 2.0 km road 
construction before peat delivery. Construction re 
quirements for the road depend on the machinery which 
will use that road. Table No. 4 presents few esti 
mations on the truck-weights loaded with peat.

Table No. 4 Truck-weights for road construction

Load volume
(m3)

30 - 40
70 - 80

*)
weight of

peat (tns)

12 - 13
22 - 26

weight of
truck (tn)

10 - 12
19 - 20

Total weight
(tns)

22 - 25
41 - 46

*) peat density 320 kg/mS

If all the peat stored at the upper end or at the 
centre of harvesting area is transported during the 
frost season in winter, no heavy duty bog roads are 
required.
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3.6 Harvesting methods in general

3.6.1 General

In principle there are several harvesting methods 
available:

Peco (peat shooting from ridge to ridge, from field 
to field), Vacuum harvesting, Haku. These methods are 
most often used and this section describes briefly 
each of them and outlines also those reasons affec 
ting on the choice of harvesting method in this case.

The first activities in every harvesting method are 
similar:

- milling: a thin peat layer is cut from the field 
surface and left to dry on a field

- turning: a loose peat layer is mixed (turned up 
side-down) to hasten drying

- ridging: dryed peat is gathered into a ridge at
the centre of field for harvesting (this 
phase is not done in vacuum method)

See also picture No. 3 and No. 4.
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3.6.2 Peat shooting

Peat harvesting is done by a ridge conveyor than 
moves peat from a ridge into another on the next 
field. A storage ridge is formed in that way roughly 
on every 15th field.

This method requires large, flat-bottomed (egual peat 
thickness) bogs in an uniform shape (no small sepa 
rate areas, straight edges with the mineral soil 
etc.).

Disadvantage in this method is that stored peat has 
to be left on the fields requiring thus large and 
expensive road constructions or only winter time 
transportation. Self heating and ignition is also 
common in the piles gathered in this way.

3.6.3 Vacuum harvesting

In this method no ridging is needed, because har 
vesters suck the dry peat layer in from the field 
surface.

This method is used also for small bogs but it's 
important to have a standard field length because the 
loading distance (the distance giving a full load) is 
always the same and determined in most cases by the 
vacuum manufacturer. If this method is used for large 
harvesting areas, remarkable peat quantity have to be 
stored at the site rather far away from the edges. 
This raises naturally the investments done for the 
roads in the start-up or otherwise peat must be 
transported away from the bog only during the frost 
season, please find the picture No. 4.
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3.6.4 Haku-method

This method has been developed in Finland by Turve- 
teollisuusliitto ry. (Finnish Peat Assosiation) and 
Turveruukki- company to get a better economy for peat 
harvesting than in the other methods described in 
previous sections.

Haku- method is used at the areas greater than 50 ha. 
An annual harvesting rate is high (in Finland about 
1.000 - mS/ha/summer) and the storage system used gua 
rantees a good peat quality.

Most peat is stored at the edges of harvesting areas. 
This facilitates remarkably peat transportation all 
the year around.

Peat harvesting from the ridges is done by a ridge 
loader, which loads the peat into the bog trailers 
for transportation onto a stockpile area, where a 
bulldozer pushes it into the stockpile.
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Vacuum harvesting

milling

l
ridging

peat shooting

1 P

transportation 
bog trailers

i r

STORAGE

Vacuum method peat shooting HAKU- method

Picture No. 3 Peat harvesting methods for milled peat,

activity cheme
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1. (Vacuum) harvesting

2. Peat shooting

3. HAKU-method
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3.7 Area plan

This section discusses about the things resulting the 
final choice of drainage, preparation, harvesting 
method etc.

3.7.1 Previous plan

The proposal prepared earlier this year contained a 
rough plan (preplan) for this area. The following 
procedures were proposed.

drainage towards the creek in N.E. - S.W. 
direction, see picture No. 5

forest removal for the area of appr. 5 ha

- HAKU-method for milled peat harvesting

- Sod peat production in the N.E. corner

three stockpiles for the area, one in the S.W. 
corner and two in the centre of whole area

- test holes were left outside of production area 
and one sedimentation basin had to be construate

secondary roads (bog roads) were designed 
preliminary to go over in the centre of Bog

- maintenance and supervision base was located 
in the S.E. corner of the area
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Picture No. 5 
Preproposal for the area plan

STOCK PILE AREA
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3.7.2 Description on area plan

The area discussed here is about 80 ha. The har 
vesting methods adequate in principle are HAKU- met 
hod and Vacuum- method. A closer choice will be done 
later.

Township road passing the area in south gives the 
preliminary information for design. This road shall 
support all the operations at the site and the bog 
roads needed have to be construate starting from this 
existing road. Doing in this way the road investments 
are on the best level.

Pictures No. 6, 7 and 8 present the slope directions 
possible to use in drainage. The creekline troughing 
the area might serve as a main ditch after clearing. 
The main slope is in north-south direction.

Note: Ditches should be done in some other than main 
slope direction to get the best possible result 
in drainage.

In a preplan the bog road was designed to go in the 
centre of area, because of peat transportation al 
ternative all the year around from the Bog. Referring 
to the information given by Mr. J.Heikurinen the peat 
quantity needed e.g. for Government use near the Bog 
is very small in comprarisen with the annual capacity 
of Bog. In that case no major bog roads are needed. 
The portion south of the creek can produce about 
5.000 - 6.000 m3 of . peat, which can be stored near 
the existing road and transported away also in summer 
and fall time.

The comparison between pictures No. 6,7 and 8 implies 
that if major bog road construction is dropped away 
during the preparation the best drainage direction is 
west- east for the area north of creek and S.W. - 
N.E. for the area between the creek and existing 
road. However, the road over the area can be const- 
ruated later if so desired.
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The area between the test holes and the creek will be 
left outside of harvesting fields, but might be used 
for maintenance and office base.

During the site visit it was also discovered there 
should not be any problems in crossing the creek. 
This facilitates remarkably all the operations during 
harvesting. The beaver dikes exist at the narrowest 
points of the creek and bridges should also be done 
in those places.

After a carefull study it seems to be favourable to 
design three stockpile areas: No. l for sod peat 
storaging and No. 2 and 3 for milled peat. And doing 
as proposed in the drawing No. 002001 it is possible 
to transport about 15.000 - 20.000 m3 of peat away 
from the bog all the year around.

Please find the picture No. 9 where the final propo 
sal is shown roughly and the drawing No. 002001 for 
the new area plan.
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Picture nr 6. Main slope direction in the Galbraith Bog

(Alternative nr 1)
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Picture nr 7. Galbraith Bog

Drainage direction, alternative nr 2 
(Pre plan)
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Picture nr 8. Galbraith Bog

Drainage direction, alternative nr 3
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N

Picture nr. 9. Galbraith bog 

Proposal for area plan

- drainage directions
- stockpile areas

- maintenance and office base



Table 
Field

No 5 
sizes of Galbraith Bog

plan No. 002001

field 
(No.)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

lenght 
(m)

200
220
220
290
260
280
300
320
340
360
360
320
300
290
280
260
245
230
210
200
180
170
150
130
180
180
180
180
180
230

area 
(ha)

0,40
0,44
0,44
0,48
0,52
0,56
0,60
0,64
0,68
0,72
0,72
0,64
0,60
0,58
0,56
0,52
0,49
0,46
0,42
0,40
0,36
0,34
0,30
0,26
0,36
0,36
0,36
0,36
0,36
0,46

field 
(No.)

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

lenght 
(m)

460
480
490
505
516
532
544
556
568
580
590
604
615
630
640
650
690
800
800
800
800
800
800
800
300
200
200
200
200
200

area 
(ha)

0,92
0,96
0,98
1,01
1,03
1,06
1,09
1,12
1,14
1,16
1,18
1,21
1,23
1,26
1,28
1,30
1,38
1,60
1,60
1,60
1,60
1,60
1,60
1,60
1,60
0,40
0,40
0,40
0,40
0,40

field 
(no.)

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
Total

lenght 
(m)

200
310
310
310
310
290
270
250
225
200
488
480
488
488
488
488
488
488
460
440
420
400
380
360
340

area 
(ha)

0,40
0,62
0,62
0,62
0,62
0,58
0,54
0,50
0,45
0,40
0,98
0,98
0,98
0,98
0,98
0,98
0,98
0,98
0,92
0,88
0,84
0,80
0,76
0,72
0,68

67,42 ha
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3.7.3 Choice of harvesting method

Milled horticultural peat

Table No 6 shows roughly some of the requirements and 
qualifications for different harvesting methods in this 
case.

HAKU-method needs only two stockpiles for the whole 
area. Vacuum-method needs at least eights ones res 
pectively and peat shooting requires 5 fields for peat 
storage. Preservation of peat in a stockpile is no 
doubt the best in HAKU-method:

small surface area vs volume
- no self ignition
- peat losses are the lowest possible 

during all season storage

Please find also the picture No. 10 showing an example 
about temperature development during harvesting and 
storaging in a central stockpile of HAKU-method.

In vacuum- and peat shooting -method it is required 
remarkably more roads at the site than in HAKU-method.

Table No. 6
Comparison of different milled peat harvesting
methods at the Galbraith Bog

item Peat shooting vacuum HAKU

minimum number of ***; 
stockpiles required 5 (fields) 8 2

minimum lenght of 
bog road to allow 
peat transportation 
away all the year 
around for

- 15000 m3 1800 m 1200 m 330 m
- all the peat 5000 m 3500 m 1600 m

average number of
tractors req. to
harvest 1000 mS/ha/ *) **)
year 5-6 11-12 5-6

*) Power requirement may be higher in 
comparison with other methods here

**) Based on the harvesting capasity 
Canadian harvesters have

^_Only milled peat considered ,, .,._
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The number of tractors required in a vacuum -method is 
about the douple compared with HAKU-method. More spe 
cialized harvesting equipment is also needed in vacuum 
-method.

Fuel peat

Milled fuel peat burning becomes economically attrac 
tive in plants more powerfull than 5-7 MW. The area 
discussed here can produce raw material for the boiler 
of 1-1/5 MW and in that case only sod peat alternative 
in considered.

Referring to the verbal information given by Mr. Heiku- 
rinen there is a Government nursery about 30 km from 
the Bog, which is planning to convert the heating 
system to use solid domestic fuels and the fuel peat 
harvested at the Bog could be delivered to this boiler 
plant.

Sod peat harvesting can be done partly by the machi 
nery used in HAKU-method for milled horticultural peat. 
The only additional specialized equipment required are 
a sod peat machine and a sod peat harrower. The other 
HAKU-method equipment ridger and ridge loader can be 
modified for the use in both harvesting systems - 
tractors and bog trailers are of course the same in sod 
and milled peat harvesting.

In vacuum -method is wanted for horticultural peat, all 
the specialized equipment have to be purchased as extra 
for sod peat harvesting. This means a remarkable addi 
tional investment.

Harvesting method

Referring to the facts discussed above HAKU-method is 
recommended to be used at the Galbraith Bog for the 
following reasons:

- both milled peat and sod peat can be harvested 
mainly by the same machinery

- investments are lower than in other methods

- quality and guantity losses of peat in storage 
are more advantageous than in other methods

- operation costs are expected to be noticably 
lower in comparison with other methods 
(less labour, less tractors)
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4. PREPARATION PLAN

4.1 General

This section discusses about those activities and 
costs, which are expected to take place before any ac 
tual peat harvesting at the site. They are:

- drainage
- forest removal
- road construction
- field surface profiling
- buildings (facilities)
- harvesting equipment
- final site preparation

It is most economical to prepare the whole area in one 
phase. If two or three phases are used, the costs of 
ditching, profiling, rubbish removal etc. would be 
considerably higher.

Most of the phases discussed in this section are done 
only once, thus it is recommended to use mainly hired 
equipment. Only some specialized machines should be 
purchased.
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4.2 Drainage plan 

4.2.1 Ditch types

The prerequisite of a high annual harvesting rate is a 
good ditch net at a site. In this case there should not 
be any problems to provide this requirement because the 
height differences are large.

Drainage is carried out trough ditching using three 
types (sizes) of ditches:

- main ditch(-es): Ditch(es) leading all the waters 
away from the bog; in many cases it must be dug 
far away outside of harvesting fields; main ditch 
is the largest ditch type used.

- perimeter ditches 6 areal ditches are used to pre 
vent water flows on to a site from the surroundings 
and to facilitate water run-off in the field ditches; 
the size of these ditches is about the same or a 
little bit smaller than the size of main ditch.

- Field ditches are used for draining the fields and 
are usually located after every 20 m; the slope is 
toward the perimeter, areal or main ditches: field 
ditch is the smallest type of open ditches at the 
harvesting site.
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4.2.2 Ditch lay-out 

Please find the drawings

003001 General drainage plan
003002 Ditching details
003003 Sedimentation basin
003004 Stockpile areas
003005 Ditch cross sections
003006 Bridges
003007 Bucket drawing
002002 Road plan

Drawing 003001 shows that

- 1660 m of main ditch
- 5400 m of areal/perimeter ditch
- 32200 m of field ditch

have to be done

The first step in ditching is line making. At the mo 
ment there are survey stakes at the Galbraith Bog, 
available and these will facilitate the lining. The 
work shall be done according to these stakes and the 
maps 003001, 003002, 003004.

The field width is 20 ra from the ditch centre to the 
other. All the lines have to be straight, line stakes 
should be located after every 50 m or less.

In this plan it is impossible to locate the main ditch 
more exactly than shown in the maps, because the actual 
place of the creek is not known very well. However it 
seems that the creek is not the best alternative for 
main ditch because it is difficult to clear out and it 
brings a lot of water from surroundings onto the site. 
As shown in the drawing 003001 there should be main 
ditch at the both sides of existing creek. Now all the 
water coming from surroundings will flow direct into 
the basin.

The lines done for the main ditches shall follow the 
creek as near as possible but not having many sharp 
corners; 6-7 corners is good.

During the site visit last August it was discovered 
that the creek south of existing road have to be clea 
red. Survey results for design are not available. It 
might be easier to dig a new outflow than to try the 
clearing of an old creek.

The lines must also be done for the stockpile areas, 
drawing 003004; and the location of sedimentation 
basins must be shown, drawings 003002 and 003003.



-38-

Ditching can be made easier by using different kinds of 
colour tapes for each type of ditch at the site.

4.2.3 Digging ditches, machinery

This phase of development takes place after or for the 
same time of forest removal.

The ditches should be made in the following order:

I main ditches
II areal and perimeter ditches
III field ditches
IV drains

Main and areal ditches have to be dug by a hydraulic 
excavator, which should have a special V-shape bucket. 
These buckets are readily available f.e. via Hakmet 
ltd.

Field ditches can be made by many equipment:
- Kopo-ditcher (three point hitch)
- Meri-ditcher (three point hitch)
- hydraulic excavator (back-hoe)

The capasity of Kopo and Meri is a little bit greater 
than back-hoe's respectively but the quality of ditches 
may be better when using back-hoe system.

The drainage plan is designed so, that by using equal 
ditch depths at the every point of the same ditch there 
should not be difficulties in water run-off at the Bog. 
The longitudinal slope of field ditches is about 2 % in 
northern section (area 0+500 - 1+000) and about 2-3 % 
in southern section.

If working in winter during the frost season, it might 
not be possible to dig a good looking, straight and 
lasting -shape ditch without some special breaking of 
frozen ground surface, especially when using other 
equipment but excavators. In this case it seems to 
possible to ditch the area before or after the deepest 
frost time, because the Bog is very dry and flotates 
the machinery well.
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The tractors used for ditching should have half tracks 
at least. This makes it easier to cross the softest 
places at the site.

All the material dug from the field ditches should be 
put on the both sides of ditches. This facilitates 
field surface profiling. The material from the perime 
ter ditches of whole area should left outside of har 
vesting area. The material from stockpile area ditches 
and road ditches should be left inside of area concer 
ned.
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4.2.4 Cost and time estimation 

Capasity of machinery:

- hydraulic excavator
- field ditch 600 - 1200 m/Sh 

this case about 800 m/Sh
- areal ditch 300 - 400 m/Sh 

this case 300 m/Sh
- main ditch 200 - 400 m/Sh 

this case 200 m/Sh

- Kopo and Meri ditchers 200 - 1800 m/h 
(this machinery could be used only foT 
field ditches)

this case about 300 m/h max. 
- tractor requirement 100 kW and a special 

crawler gear for getting the low speed 
(300 m/h)

Please find the brochyre for Kopo and Meri machines

Ditches:
- main ditch about 1660 m
- areal ditch about 5400 m
- field ditch about 32200 m

Note: The total lenght of main ditch is about 2500 m 
because the creek must be cleared about 800 m 
south of the road.

Time estimation:

- main ditches 2500 m, 200 m/Sh, equals to 100 hrs 
work (12,5 days)

- areal ditches: 5400 m, 300 m/Sh, equals to 149 hrs 
work (18 days)

- field ditches: 32200 m
- hydraulic excavator; 800 m/Sh, equals to 322 hrs 

(40 days)
- Kopo or Meri ditcher: 300 m/h , equals to 107 h 

(13,5 days)

Recommendation:
I Hydraulic excavator for the main and areal 

ditches

II Kopo or Meri machine for the field ditches 
and drains, hiring or purchasing
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Cost estimation:
- ditch lay-out

40.000 m, 1000 m/Sh/2 men
time rate 12 CAD/hr/man 7.680

- main ditches 
2500 ra, 100 hrs 
time rate 35 CAD/hr 3.500

- areal ditches 
5400 m, 144 hrs 
time rate, 35 CAD/hr 5.040

- field ditches 
32200 m, 110 h 
rate; tractor 4- ditcher 0,25 CAD/m 8.850

- sedimentation basins 20 h
time rate 35 CAD/hr 700

- miscellaneous about 10 % 2.530
(transportation etc.) 

Total CAD 28.300
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4.3 Forest removal

4.3.1 Area and methods

Picture No. 2 in section 3.4 shows the forest cover of 
Galbraith Bog. Areas A, C, D and E have a heavy forest 
which have to be cleared before the other phases of 
development. Areas B, F, G are easier and don't require 
absolutely some special clearing in the beginning, but 
the clearing anyways facilitates the activities appea 
ring next.

Based on the picture No. 2 it can be estimated that 
forest removal or clearing shall be done in the area of 
40 ha (areas A, C, D, E totally and areas B, F and G 
partly).

The work could be done in different ways:

- lumberman with a chain saw plus a forest 
tractor for tree-transfer

- bulldozer plus a chear plate; the system 
has been used succesfully in Canada (verbal 
information, Mr. Heikurinen, Mr. Haavisto)

4.3.2 Uses of trees

In Finland all the large trees are used for wood in 
dustry and smaller ones for wood ships or fuel wood in 
domestic use.

In some cases a lot of trees is required for the bea 
ring layer of road and stockpile areas at the site.

In this case it seems to be attractive to use the trees 
in some of the following ways:

- to dump at least 0,5 m layer of trees at the 
bottom of roads and stockpile areas and 
maintenance base.

- to make wood ships and burn them

Referring to the road and base plan it can estimated 
that nearly all of trees could be used for the bearing 
layers.

Because of fire danger the trees and wood waste should 
not be stored at the site for several years.
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4.3.3 Time and cost estimation

This estimation is done with the qualification shown 
below:

- lumberman cuts about half a hectare's area in 
8 hours with a schain saw and requires 2 helpers 
to collect these trees into piles.

- time rate for a lumberman is about 15 CAD/hr (cost 
of saw included) and for a helper 10 CAD/hr

- medium size or small forest tractor moves about 
12 m3 of trees/hr, time rate about 35 CAD/hr

- areas/forest resources
A, C, D, E (20 haJ/150 - 200 mS/ha 
(half of the area C) 
B (8 haJ/50 mS/ha 
F and G ( haJ/15 mS/ha

Total about 4000 m3

Time and cost estimation

tree felling: about 40 ha
0,5 ha/Shrs/man
equals to 640 hrs a 15 CAD 9.600

tree piling: 640 hrs x 2 man
a 10 CAD 12.800

tree transportation: -
4000 m3, 330 hrs
(42 days) a 35 CAD 11.700

Total CAD 34.100

Because the capasity of forest tractor is higher, it is 
favourable to have 2-3 lumberman and 4-5 helpers to 
clear the area in two months.
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If using shear plate system:
- capasity about 0,5-1 ha/hr
- 40 ha area
- cost estimation (Heikurinen and Haavisto) 

250 CAD/ha

- total 40 ha x 250 CAD/ha * 10.000 CAD 
•f transportation

When using shear plate the tree transportation becomes 
more expensive , because a lot of more material is 
conserned and the trees take more space when part of 
the roots is with the trees (est. 2 x). It seems, that 
the total cost is anyways near the figure given above.
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4.4 Road construction 

4.4.1 General

Road construction is very expensive at the bog areas. 
The cost of heavy duty road is about 30.000 - 45.000 
CAD/km.

It is very important to minimize the lenght of road 
required but also to construate the necessary road very 
carefully.

Referring to the general area plan, 002001 and the 
drawing 002002, about 335 m of road and the maintenance 
and office base must be built. This is the minimum 
investment, which allows an undisturbed action for peat 
harvesting and peat transportation away from the bog.

The road designed in previously mentioned drawings 
should be strong enough for the heavy trucks described 
in section 3.5.

4.4.2 Materials and layers

Please find the drawing 002002 for the bog road.

- lenght of road 335 m
- width of road 5 m
- materials needed

- 2000 m3 of trees (from the bog area)
- 2000 m3 of sand roughness 0-12 mm
- 400 m3 of gravel roughness 0-64 mm
- 170 m3 of gravel, roughness 0-32 mm

Underpinning layer: This layer will flotate and support 
the road against subsidence.

Peat layer: Peat stuff isolates the tree-layer from the 
air and prevents the decomposing of wood.

Insulating layer prevents capillary flows from peat 
layers (under road) in to the road surface.

Dividing and bearing layer are the surface layers 
required for machine flotation.

This kind of construciton is recommended by the Finnish 
road construction standards.
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4.4.3 Construction

The road can be built during the first phases of 
development.

Activity scheme recommended in this case is

I Digging the ditches 
II Fix-up the tree-layer

Note: I and II can be done mainly for 
the same time

III Bridge construction (described later) 
IV Sand and gravel layers

Machinery required:
- excavator for ditching (used for the whole area)
- forest tractor ( -"- )
- Bulldozer or a tractor with a grader for levelling 

the materials.
- trucks for sand and gravel transportation.

4.4.4 Construction of base area

The phases and layers required are similar to the road 
construction above but the depth of layers may be about 
the half of those used in road design except tree- and 
bearing gravel layer which are about the same.

Materials:
- 2000 m3 of trees (0,5 m layer)
- 1500 m3 of peat (0,3 layer) (surface peat 

from the bog if available)
- 1500 m3 of sand roughness 0-12 mm 

(0,3 m layer)
- 1000 m of gravel roughness 0-32 mm 

(0,15 m layer)
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4.4.5 Time and cost estimation

The work should be done during the other activities:

- ditching is included to general drainage 
plan

- tree-transportation is included to the 
forest clearance

The additional phases are:

- peat levelling
- sand and gravel layer construction
- bridge construction

It can be estimated that these activities shall take 
about 1-2 weeks with the machinery:

- bulldozer (Cat 4 - CAt 6) 
or a tractor * grader

-4-5 trucks
- 2-3 men

The total cost of this phase, road and base area, 'will 
about 20.000 CAD. The final cost depends in large scale 
on the transportation distance of sand and gravel, 
which is not known.
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4.5 Field surface profiling 

4.5.1 Purpose of profiling

The growing surface layers and the vegetation on it 
must be removed before any actual peat harvesting. It 
is also required to have a sufficient slope in a field 
surface.

If these works are undone or only partly completed, 
peat harvesting is difficult or in many cases 
impossible.

4.5.2 Machinery

In large scale operations it is most economical to have 
powerful specialized machinery for field profiling e.g. 
Merko -base machine or Suokko -machine with a levelling 
screw attachement. These machines are able to remove 
all the surface material, bushes and trees smaller than 
10 cm in diameter.

After the Merko- of Suokko -operation field might be 
ready for harvesting. In some cases levelling is re 
quired to complete the profiling. This is done by a 
grader.

In this case the previously mentioned machinery is too 
expensive, but the same screw profiling system can be 
used with a tractor attachement.

Please find the enclosed brochyre for screw leveller, 
which is available trough Hakmet Ltd.

The power requirement of this screw is about 100 kW at 
least. Also a crawler gear (500 m/hr) is required.

There is also a Canadian screw leveller available 
through Tardiff company in Quebeck, but the results 
e.g. in Newfoundland have not been promising when this 
piece of equipment has been used for bog preparation. 
The machine is not strong enough it is too narrow for 
getting a good field surface.
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4.5.3 Profiling method

Principle

Please find the drawing 004002.

To get a profile shown in this drawing the machine 
shall go on one field about 5-7 rounds depending on the 
quantity of surface vegetation.

Picture No 11 shows the driving lines of the screw 
leveller on a field.

4.5.4 Time and cost estimation

Qualifications:
- capasity of screw leveller (Meri) 

0,1 ha/hr of completed field

- hired leveller, rate about 4500 CAD/month

- hired tractor, 100 kW at least 
rate 30 CAD/hr

- effe tive area about 70 ha

Time estimation: For the 70 ha it is required about 
700 hrs to complete the profiling.

Costs:
- tractors and operators:

700 hrsx30 CAD/hr 21.000
- leveller

16 hrs/day, 22 days/month,
efficiency (tractor+leveller) 80 t 13.500

- miscellaneous (transp. etc.) 3.000

Total CAD 37.500
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4.6 Rubbish removal

4.6.1 General

The material loosened in surface preparation must be 
transported away from the fields before harvesting 
start-up.

A quantity of waste material requiring transportation 
on a site in this case 500 m3/ha at least, mean value 
about 700 mS/ha.

In the preplan estimation was given for 1-2 weeks work, 
but the quantity and quality of surface vegetation was 
unknown at that time.

In some cases all this stuff is needed for the const 
ruction of stockpile areas, road etc. For the extra 
material there must be a place at a site reserved for 
the storage of that waste.

4.6.2 Machinery

Specialized peat harvesting machines are not working 
well in loading at this stuff, because a lot of roots, 
stumps and stands are mixed within peat.

The best system is:
farm tractor with front-end loader attachment 
for loading

- about 2-3 pieces of bog trailers/one loader for 
material transfer

forest tractor has also been used succesfully in 
loading

The machinery used now here is later used for peat har 
vesting.

Recommendation: Hired tractors, purchased bog trailers
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4.6.3 Time and cost estimation

qualifications:

- quantity of stuff
70 ha x 700 mS/ha 49.000 m3

loading capasity; FE-loader 60 mS/hr

- time rate: loader 25 CAD/hr
trailer tractor 23 CAD/hr 
(operator and fuel including)

Time:
49.000 IH3/60 mS/hr 820 hrs

12 hr/day, equals to 68 days 
8 hr/day, -"- 103 days

Cost: 820 hr

loader and tractor 820 x 25 equals to 20.500 
trailer " " 820 x 23 " " 18.600

Total CAD 39.360
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4.7 Ditch cleaning

After the surface profiling all the field ditches have 
to be cleaned, because the screw leveller and tractors 
may drop some peat into the ditches.

Work is normally carried by a ditcher; Kopo or Meri. An 
average working speed is 800 m/hr.

Time:
field ditches 32.200 m
speed 800 m/hr
time 40 hrs (45 days)

Cost:
- tractor 25 CAD/hr
- costs 1.000 CAD

it is also likely that some
cleaning must be done by a
excavator, estimation 1.000 CAD
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4.8 Materiel

The following materiel is needed at the base area

- room for foremen 20 m2
- room for workers 20 - 30 m2
- storeroom 10 - 15 m2

Facilities should be connected to the rooms used by 
workers and foremen.

Costs:

- unit costs: room with facilities 4.000
storeroom 1.500

- transportation to the site, estim. 1.500

Total 11.000
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4.9 Final site preparation

4.9.1 General

After forest removal, drainage, field surface profiling 
and road construction, the site is not yet completely 
ready for peat harvesting:

- field surface is not completely smooth 
field bridges must be built 
stockpile areas must be drained

- construction of fire well if not done 
in drainage.

4.9.2 Bridges 

General:

As discussed earlier a good drainage is the first pre 
requisite for a high harvesting rate. The other is a 
good movement possibility in the area. This means there 
must be good driving lanes for tractors all around the 
area. To provide this requirement a considerable number 
of bridges are needed at a bog. The investments due to 
the bridges are rather high. Therefore it is necessary 
to prepare them carefully.

The working width of the harvesting equipment is about 
nine meters. In most cases an operator is not crossing 
the bridge right at the centre, so it is necessary to 
have rather width bridges. Recommended width is 15 m at 
least.

Field bridges;

Referring to the general area plan 002001, 66 pieces of 
field bridges are needed at the site. Normally one 
culvert tube is six meters long and thus 3 pieces of 
these tubes are required to meet 15 m lenght.

Total lenght of culvert tubes:
66 x 3 x 6 m - 1188 m

Specifications:

- diameter 120 - 150 mm
- wall thickness about 5 - 6 mm
- material: plastic (PVC)
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Areal bridges

The plan 002001 shows that 8 pieces of areal bridges 
are needed;
five of them about 800 mm and 3 of them about 1200 mm 
in diameter (main ditch, creek). The width of these 
bridges is also 15 m at least.

Suitable materials for these culverts are:

- corrugated sheet iron culverts, not 
necessaryly galvanized

- culverts made of old (oil) barrels by 
welding them together after cap removal

- concrete culverts are also available, but 
the bridge construction is more complicated. 
At the bog areas ditch bottom is also rather 
soft and this makes it difficult to keep 
concrete culverts together when driving over 
the bridge with heavy equipment. Concrete 
culverts are thus not recommended to be used 
at the bogs.

Materials and specifications for areal bridges:

material: corrugated sheet iron 
lenght: 5 x 15 m * 75 ra (diara. 800 mm) 

3 x 15 m - 45 m (diag. 1200 m) 
strenght of material: about the same as used 
in construction in a mineral soil road.

Bridge construction:

This phase is mainly similar to each type of bridges, 
please find the drawing 003006

I Ditch must be dug deeper at the culvert:
- field bridgers 350 mm
- areal bridgers 450 nun or more

This is done to facilitate the deepening 
of the ditches as time passes.

II There should also be a deeper place (hole) 
at the upper end of a culvert to collect 
the mud (water brings). This place should 
be about 0,7 - 0,8 m deeper than the ac 
tual ditch and about 3 - 5 m long and 
cleaned from time to time
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III The final shaping and smoothing of culvert 
place is done by a shovel so that the slope 
is about 2 % and the height differences 
(tolerance) within the bridge lenght are no 
more than +X- 5 cm.

IV Culverts shall be joined together before
placing in place. This phase has to be done 
with care. One must also remember that the 
culvert going inside of the other in joint 
place shows the direction where water flows 
to (with plastic tubes especially).

V After placing the culverts the joints will 
have to checked once more.

VI Two meters in the both end of culvert 
shall be left without filling.

VII Filling is started from the upper end with 
a shovel using peat moss (rework)

VIII After 20-30 cm of filling with a shovel a 
mechanized filling can be used: front-end 
loader or a grader.

IX Bridge can be filled about 20-30 cm higher
than the field surface because peat compacts 
easily.
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4.9.3 Stockpile areas

Please find the drawing 003004

To meat the requirements of the high harvesting rate 
and peat preservation, two stockpiles for milled horti 
cultural peat and l stockpile for sod peat has been 
designed.

To keep these areas dry the bottom have to be drained. 
The work should be done during the field surface pro 
filing before any rubbish transportation to the bottom 
of stockpiles.

Materials:

- corrugated plastic drain pipe with holes 
quantity: about 2100 m

- diameter: recommendation about 125 mm

The plastic drain pipes used by the farmers are also 
recommended to the bogs, not any special type drain 
pipe is not required.

Construction:

I Ditches must be dug for the drains,
generally excavator or ditcher is used, 
location shown in the drawing

II The longitudinal slope should be about 
0,2 % (20 cm/100 m) when using the pipe 
of 125 mm

III It must be checked that the slope is 
straight, tolerance -f-/- 3 cm

IV If there is a lot of mire or sludge at 
the pipe place a peat moss layer (15 cm) 
shall placed at the bottom before drain 
pipe placing.

V Filling is started with a shovel using 
peat moss (20 - 30 cm)

VI The final filling is done by a FE.- 
loader or a grader.

VII Peat moss layers shall not be compacted 
more than necessary.
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4.9.4 Field surface smoothing

After screw levelling and rubbish removal field sur 
face has to smoothen is several cases. This facili 
tates noticeably the actual peat harvesting.

The work is completed by a special machine, grader, 
which is designed for bog fields and used by a farm 
tractor of 60 - 70 kW.

The working width is 4,5 m and the working speed about 
2-3 km/hr (note two rounds/field to smoothen every 
point).

Time:
- area 70 ha
- speed 2 km/hr equals to 1,0 ha/hr

- total time, thus 70 hr

Costs:
- tractor + operator -i- fuel 23 CAD/hr

- total cost 23 x 70 * 1610 CAD
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4.9.5 Fire wells

Every peat harvesting area must have fire wells enough 
for extinguishing the possible fires.

For this area all together 14 pieces of wells have to 
be built at least (three is included to two basins and 
one test hole)

Construction requirements are shown in a drawing 
003006. The shape of well does not need to be so good 
as proposed but the volyme should be about 100 - 150 
m3.

Also the access to these wells must be in order.

These wells can be most easily done during the general 
drainage by an excavator.

Time estimation:
- machine: hydraulic excavator, 30 CAD/hr
- volyme of a well; 100 - 150 m3

time estimation: l hr/1 well 

total time about 15 hrs (2 days)

- costs: 450 CAD
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4.9.6 Time and cost summary for the final 
site preparation

- field bridges: 66 pieces

- culvert, diam. 120 - 150 m
- lenght 1200 m
- unit price 8 CAD/m (estimation)
- bridge construction

- tractor -H grader 
time rate 25 CAD/hr 
time/bridge 0,5 h

- excavator or ditcher 
time rate 30 CAD/hr 
time/bridge 0,5 h

- labour, 2 men
time rate 12 CAD/hr 
time/bridge 0,5 h

- Total time for 66 field bridges 33 hr

- Total cost for 66 field bridges 12.200 CAD

areal bridges 8 pieces
- culvert, diam. 800 mm 75 m
- unit price, est. 15 CAD/m

- culvert diam 1200 mm, 45 m
- unit price 20 CAD/m

- excavator l hr/bridge, 30 CAD/hr
- tractor * grader l hr/bridge, 

25 CAD/hr
- labour 2 men, l hr/bridge, 12 CAD/hr

- total time for areal bridges 8 hr (l day)

- total cost for areal bridges 2.700 CAD

Stockpiling areas
- digging ditches, 2100 m, 200 m/hr, 

10,5 hr, 30 CAD/hr
- drain pipe 2100 m, price 2,5 CAD/m
- filling up ditches 24 hr, 25 CAD/hr
- labour, 2 men, 24 hr each, 12 CAD/man/hr

- total time for 3 stockpiles 24 hrs

- total cost for 3 stockpiles 6.700 CAD
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Field surface smoothing
- time:
- costs:

Fire wells
- time:
- costs:

70 h (9 days)

15 hrs

1.610 CAD

450 CAD

Total cost for final site 
preparation activities 23.660 CAD
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4.10 Preparation time table for the Bog

Project time table 
Bog preparation

Activity weeks 
months

Drainage 
- layout 
- main ditches 
- areal ditches 
- field ditches

Forest removal 
- tree felling 
- tree piling 
- transportation

Road construction 

Surface profiling 

Rubbish removal 

Ditch cleaning 

Materiel:

Final site preparation 
- bridge construction 
- stockpile areas 
- fire wells 
- field smoothing

Consultant 

Foreman ' —

Management i —

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 
1 2 3 4.5 6 7 8

———————— i
i — i

———————— i

i ——————————————— i

t— t

i— i 
*— t

I-*
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4.11 Supervision, management, consultation

As shown in section 4.10, the preparation takes about 6 
months at least. The total time depends on the start-up 
which should take place so that the preparation can 
proceed without interruption to the completion. In this 
way the cost of supervision, management and consul 
tation would be noticeably lower.

During the preparation following personel is recommen 
ded for the previously mentioned activities:

- l foreman 8 months, a 2000 CAD 
l project manager, half-time work, 
8 months 1/2 x 3000 CAD

- consultant to train a supervise the 
preparation, 35 days 
per diem rate 500 CAD

Costs:
- foreman 8* x 2000 16.000
- manager 1/2 x 3000 x 8 12.000
- consultant 500 x 35 17.50Q

- miscellenous expenses 10 % 4.500 

Total 50.000
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4.12 Time and cost summary for the Bog 
preparation

Drainage:
lay-out 640 hrs, 40 days 
main ditches 100 ",12,5 days 
areal ditches 144 ", 18 days 
field ditches 110 ", 14 days

CAD 28.300

Forest removal
tree felling 640 hrs 
-"- piling 1280 hrs 
transportation 330 hrs

34.100

Road construction - base area 40-80 hrs 20.000

Surface profiling 700 hrs
700 hrs/16 hrs/day; 75 % efficiency
(55 days) 37.500

Rubbish removal 49.000 m3
820 hrs, 12 hrs/day, 68 days 39.360

Ditch cleaning 40 hrs, 5 days 2.000

Materiel:
foremen-,workers-,storeroom 11.000

Final site, preparation
- bridges 41 hrs
- stockpiles 24 hrs
- fire wells 15 hrs
- field smoothing 70 hrs 23.660

Specialized machine purchases 20.000 
Project management 50.000

Total CAD 265.920
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4.13 Summary for the preparation machinery

The following machinery is needed to provide the site 
preparation.

- Hydraulic excavator (large back-hoe)
- recomm. full tracks, at least half-tracks
- need about 250 - 300 hrs
- hired machine should be used
- v-shape bucket could be purchased 

by the Ministry

Kopo or Meri ditcher
- power requirement 100 kW, crawler gear
- need about 150 - 200 hrs
- hired or purchased equipment

(is needed annually in harvesting)

Grader: Ne-Me
- power requirement 60 - 70 kW
- need about 70 hrs
- purchase in recommended because needed

during the actual production est. 100 hr/annum

Screw leveller
- power requirement 100 kW at least 

crawler gear (300 - 400 m/hr)
- need about 700 hrs
- hiring is recommended

- Tractors
- l piece of 100 kW at least 

need about 850 - 1000 hrs
- l piece of 80 kW.with front-end loader 

need about 800 - 1000 hrs
-2-3 pieces of 60 - 70 kW 

need about 800 - 1000 hrs

All the tractors shall have:

double air cleaners
four-wheel drive
dual wheels at the both axles
hydraulic controls for four connections
power steering
air conditioneded cabin
powder extinguisher, 6 kg at least
at least 12 speeds, recommendation 16
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cooling radiators shall allow the peat 
dust go trought them without difficulties

precautions roust be taken to get a quick and 
guaranteed warranty, maintenance and repairing 
service for the tractors

Forest tractor
- capasity about 10 - 15 m3Xhr7400 m
- need about 300 - 350 hrs
- hired machine is recommended
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4.14 Specialized preparation equipment purchases

Because the area is small, it is not economical to buy 
all the specialized preparation equipment. At least the 
screw leveller and Kopo -ditcher are for rental trough 
Hakmet Ltd.

The following machines should be purchased:

l pc grader Ne-Me CAD 14.000 
l pc v-shape bucket CAD 6.000

Total CAD 20.000
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5. Choice of harvesting equipment

5.1 General

In the previous sections Baku-method was recommended 
for peat harvesting in this area.

The specialized equipment shall be selected so that 
1000 m3 milled peat/ha is harvested. This means that 
generally 2-3 days/harvest is needed, but in favourable 
weather conditions one day/harvest is possible.

Please find the Ne-Me and Suokone brochyre for 
harvesting equipment. See also section 6.1.

5.2 Milled peat harvesting equipment

Table 7 Milled peat harvesting equipment 
for the Galbraith Bog

machine pcs

miller

harrower 
* \

lineal 

ridge

i 
ridger

*) 
loader S12

Bog trailer

others

Total

i

CAD

1

1

2

1

3

1

power req. bud jet 
capasity kW price CAD

5-8

10-14

3-5 

900

60-100

ha/hr

ha/hr

ha/hr 

mS/hr

mS/hr

80

50

65 

60

60

27

9

23 

38

45

17

160

.000

.000

.000 

.500

.000

.500

.000

*) These equipment are used for 
sod peat harvesting and have 
a special construction: 
l pc lineal ridger: stronger 
construction and creater capa 
sity
l pc ridge loader: a screen for 
separating cruched peat stuff

**) This cost includes just the special 
constructions described above
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5.3 Sod peat machinery

The following additional machines are required

Machine to produce sods: 
Mer i PK l
capacity 5-15 mS/hr 
power req. 100 kW 
budget price: 27.000 CAD

Sod peat harrower:
working width 20 m
capasity 2-3 ha/hr
power req. 70 kW
budget price: 13.000 CAD

Additional cost, total 40.000 CAD

The machines used in sod peat harvesting:

l pc sod peat machine PK l
l pc sod peat harrower
l pc ridge loader * screen

2-3 pcs bog trailer
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5.4 Tractors

The power requirement for the specialized machinery are 
shown in previous sections.

The tractors needed in preparation are listed in 
section 4.1.3:

l pc 100 kW
l pc 80 kW -l- FE.-loader
3 pcs 60-70 kW

This machinery should be enough for harvesting milled 
and sod peat with full capacity.

In addition to this a bulldozer is required for 
stockpiling of milled peat and f.e. a forest tractor 
with a grab bucket for sod peat piling. These two 
machines should also be hired, because the need of them 
is only part of the time:

- bulldozer about 300-400 hrs
- forest tractor about 20-40 hrs

At least the bulldozer should have:

double air cleaners
a good air conditioneted cabin
powder extinquisher
clean and good engine

The minimum requirements for the tractors have been 
listed in section 4.1.3
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5.5 Maintenance and repair tools

The list below contains the necessary equipment 
used for maintenance and reparation.

- portable air compressor (hired)
- welding equipment 250 A (hired)
- generator set 220 or 110 W (hired) 

(AC, at least 1,5 kW7220V in Finland)
- power drill with 13 mm chuck plus accessories
- grinder
- gas welding equipment (hired)
- socket set 10 - 32 mm
- combination wrench set 10-32 mm
- box-end wrench set 10 - 32 mm
- adjustable wrenches, 3 sizes
- screwdriwer set, slot and Phillips types
- hammers, light and heavy ones
- plier set, all types
- pipe wrenches, 3 sizes
- carpenter's pincers
- tap and die combination set, 6 - 18 mm
- set-screw wrench set 2 - 12 mm
- hacksaw
- heavy duty bench-vise
- working table
- handsaw
- carpenter's steel square
- axe
- plus minor tools

The estimated cost for previously listed tools, 
when hired equipment are excluded is about 1300 CAD
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5.6 Cost summary for the harvesting equipment 

Milled peat equipment CAD 160.000

Add. sod peat equipment CAD 40.000

Maintenance and repair
tools CAD 1.300

Total CAD 201.300 

Note: Tractors are hired
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6. Harvesting instructions

6.1 Milled peat harvesting 

6.1.1 General

Peat harvesting with HAKU-method is the most effective 
way of millet peat production known today.

Peat harvesting is mainly based on the energy of sun, 
which dries the peat on the surface of field. The 
drying consists of three main phases.

The wet surface of milled peat layer dryes; 
this phenomenon can be compared to the evapo 
ration from free water surface.

II The unsaturated surface and also the inside
sections of milled peat layer dry: this phase 
is mainly radiation drying.

Ill The third phase is mainly due to self diffusion 
and does not usually take place in milled peat 
harvesting

The moisture of milled layer is 65 - 75 % after 
loosening from the surface and 35 - 45 % when ready for 
harvesting.

An effective milled peat harvesting is based on two 
facts:

I the utilization of rather large drying fields

II the drying of thin milled peat layers on the 
field surface

These two facts make it possible to get a good harvest 
in one or two days. This means also that short sunshine 
periods can be exploided.

Please find the pictures Nos. 12, 13, and 14.
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from total water 
quantity

Picture No. 12 Water content of peat in a different 
phases of development

DM means dry material (quantity)
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Miller 9m miller * ridger 5m

brush ridger

bog trailer

harrower

harrower

lineal ridger

ridge loader

bog trailer

miller * ridger

bog trailer

STOCK PILE

Picture No. 13. Haku -method

Activity scheme for 
peat harvesting
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m3 7h

400 -.

300 ..

200 '

100 -

4 Number of bog 
trailers

Driving distance on to 
a stockpile area

200 400 600 m

Picture No. 14 Transportation capasity in Haku-method
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6.1.2 Milling

This is the first phase in the actual peat harvesting 
and is done by screw miller Jr9. This machine is the 
most powerful miller on the markets and has some 
remarkable benefits:

- The machine can be driven on the ditch without 
dropping the peat into the ditch

- The ditch edges are milled for the same time as 
the centre of lane. This is not possible if using 
other types of millers.

- The possible size of milled layer is near the 
optimum drying

These are some of the facts, why Jr9 miller is 
recommended to be used at tha Galbraith Bog.

In milling about 1-2 cm thich peat layer is loosened 
from the bog surface and left to dry on it. The correct 
driving speed of the tractor - miller combination is 
about 5-8 km/hr.

6.1.3 Harrowing

Because the drying is fastest just at the surface of 
milled layer it is necessary to speed up this process 
by turning the milled layer upside down two or three 
times during one harvest period to get new wet peat 
onto the surface.

The best machine for this work is a spoon barrower, 
which is 10 m width and has an adjustable contact angle 
between the spoons and the field surface. This 
guarantees the result in the every type of fields is 
the best possible.

The machine is hooked up in a tractor like a trailer. 
The correct driving speed is about 10-14 km/h; the 
spoons are not allowed to jump when driving.

The mean time between the turnings is most often about 
5-6 hrs and right after getting the moisture down to 
the required value the peat layer should be harvested. 
In most cases also here, the moisture content of 40-45 
% (wet basis) is desired.

The moisture loss shall be carefully 
no longer than necessary is needed 
harvesting.



-79-

6.1.4 Harvesting

Dry peat is harvested before a new milling. 
Haku-method this is done by a lineal ridger.

In

The machine is 4,5 m width and works with the speed of 
7-9 km/hr. Two rounds are required to complete one 
field.

Ridging is started from the ditch edge by plowing the 
dry peat layer toward the centre of field. After two 
drivings there should be a triangular -cross -sectioned 
ridge in the centre of field ready for loading.

6.1.5 Loading

Peat from the ridge in the centre of field 
into the bog trailers for transportation.

is loaded

Loading is carried out by a ridge loader r capasity of 
which being very high f about 900 mS/hr. This rate is 
not reached, because there is allways a limited number 
bog trailers for transportation.

6.1.6 Peat transportation on to the stockpile area

This phase is done by the bog trailers. In this case 
three pieces of trailers is recommend to result the 
estimated capacity of 200 - 300 mS/hr.

Peat shall be tipped all around the existing stockpile 
that the correct shape of the pile can be maintained.

6.1.7 Stockpiling

Haku-method has as an essential part a special 
storaging system. Harvested peat is stored in a large 
central stockpiles, shape of them resembling pyramides.

Peat will be pushed into the pile by a bulldozer: 
weight 10-15 tn, track -width about 25-35 inches, 
buffer plate should be extended about l m at the both 
sides and about 0,5 m upward.
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Stockpiling system:

- the piling is started in the centre of the area

- shape of base shall be a square or a rectangle

- bulldozer shall go direct upwards on the stock 
pile face with full a load of peat

- peat shall never be pushed over the top

- absolutely all the peat shall be stockpiled, loose 
peat is not allowed to exist around the stockpile 
after piling

- only dry peat shall be stockpiled

- perimeter ditches of the stockpile area are not 
allowed to fill up with peat

- the stockpile face shall be evenly tightened at 
every points

- the pyramidal shape have to be maintained and the 
face must be smooth all the time
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6.2 Sod peat production

6.2.1 General

Sod peat production can be connected to the milled peat 
production when the peat quantity is adequate.

In this case it would be benefical to prepare the site 
first and then have a look again and make the finall 
decisions where sod peat can be produced. The decision 
is impossible to do now, because the actual location 
and depth of H5+ peat is unknown.

The phases of sod peat production are rather similar to 
milled peat harvesting, but one harvest takes about 2-3 
weeks before collection into a ridge.

6.2.2 Sod cutting

There are several types of Finnish machines available 
for sod cutting, but only some of them could be used in 
this case. Meri -machine, is chooced for the reasons 
listed below:

- the machine mixes different types of peat well
- stumps and roots do not disturb action
- the machine is widely used in Finland, Sweden and 

Ireland because of it's good quality

Sods will be cut by the machine and left to dry on a 
field. Only one layer of sods is recommended to be on 
the surface to facilitate drying.

In the centre of a field a driving lane of about 3,5 m 
is left without sods. This is required because it is 
not allowed to drive on sods during harrowing.

6.2.3 Harrowing

Sod peat turning is done by a special harrower, which 
is 20 m width and completes the whole field by one 
pass. Working speed is about 2-3 km/hr and turning 
shall be carried out at least twice during one harvest 
period which generally takes 2-3 weeks.

The sods are ready for harvesting when the moisture 
content has reached the level of 35-40 %
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6.2.4 Harvesting

Dry peat sods and crushed peat stuff is plowed into the 
ridges on a field. The place of ridges is not at the 
centre of a field but at the centre of a lane. See 
picture No. 15.

Picture No. 15 Location of sod peat ridges 
on a field
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6.2.5 Loading and transportation

The same ridge loader is used for both milled and sod 
peat. When loading sods, the machine must be equipped 
with a screen which separates all the milled peat and 
crushed sods away from the actual sods before infeeding 
the conveyor, which transfers the sods in to a trailer 
for transportation.

Transportation is similar to the operation in milled 
peat harvesting.

6.2.6 Stockpiling

Sod peat piling requires a machine, which can pile the 
sods without driving on them. In this case it is most 
ecomical to hire f.e. a forest tractor with a grab 
bucket.

Sod peat piles are smaller than the milled peat 
stokpiles, because the arm of forest tractor is. only 
6-7 m long and does not allow to make piles higer than 
4-5 m.

The cross section of those piles shall be triangular 
(sharp and straight top.)

It is also benefical to cover the sod peat piles with a 
plastic film (PVC) to prevent major water and snow 
damages in the piles during winter.
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6.3 Production follow-up

6.3.1 General

One of the most important activities, especially in 
milled fuel peat harvesting, is the production 
follow-up. In large scale harvesting it is necessary to 
have a real -time combuter based system for this. The 
activities controlled in general by that are:

- moisture content of harvested peat
- quantity of harvested peat
- running costs for every piece of 
machine

- running times for every piece of 
machine

- many, many others ...

All the data needed to provide that information by the 
combuter is collected from the special follow-up 
records called "daily activity follow-up map" (DAF). 
These maps are developed together with the programmes 
by Turveruukki company in Finland.

These DAF-maps can be also succesfully used in a manual 
harvesting control.

6.3.2 DAF-map

Please find the map 004003. The next discussion gives 
the information needed to use them:

Every day shall have a new page.

The foreman in duty shall always be shown

One important activity is the weather control at a 
site. Generally observations are done at 8 a.m, 2 p.m 
and 8 p.m for temperature, humity, rainfall and wind.

All the peat transported onto the stockpile area shall 
be entered in this map: stockpile No., number of 
loads, total quantity of peat in cubic -meters and the 
moisture content.

Workers must be shown in this map to facilitate 
follow-up for salary control etc.
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If something unexpected happens it must be entered in
this map. Harvesting interrtions, fires, accidents,
~.A-~etc.

For the control, what has been done and on what field, 
there is the general area map marked with the space for 
the different activities of harvesting. This map is 
used as follows:

- use different colours for each activity
- when the order is given (f.e go to mill the 

fields from No. 25 to 50), use broken lines
- when the work (milling the fields 25-50) is 
completed the broken line is changed to the 
full line crossing the fields ( in this case 
fields 25-50) it shall also be marked in the 
map by broken lines crossing the ordened 
fields

- the system shall be used for every activity 
at the site using different colours

When all the activities are entered in the DAF -map it 
very easy f.e. to:

- change shifts, because the new personnel 
observe immediatedly what is going on at 
the site and is ready go ahead without 
time-taking explanations.

- to make reports conserning the progress of 
the project.

- to inspect the harvesting plant.

6.3.3 Quality control of milled peat

The main task in quality control of milled fuel peat is 
the moisture determination: It is done at the site:

- for the peat before harvesting (ridging)
- for the peat transported on to a stock 

pile area.

For the accomplishernent of this measurement a portable, 
handy meter is needed. The only equipment available 
today is a WILE -meter, see the brochyre.

During peat storage it is benefical to make observation 
over the temperature in the stockpiles. The higest 
values exist in most cases about 0,7-1,5 m from the 
outside face of a pile.
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Heat value, ash content, nutrient content etc. could be 
observed once or twice during the harvesting season if 
desired.

In this case the moisture should be followed even if 
the milled peat is used for horticulture, because it is 
better to sell more peat and less water.
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6.3.4 Quality control of sod peat

The following things should be followed up:

- moisture content
- strenght of sods
- the quantity of crushed sods during 

handling

Because the drying time of sods is fairly long, 2-3 
weeks r quick moisture measurements are not required. In 
most cases oven drying is the best and also the most 
exact method:

- a sample is kept in the temperature of 
102 - 108 C about 12 - 24 hrs

- the weight of sample is measured before 
and after the drying

- moisture content W is calculated 
using wet basis

Strenght of sods shall be followed up to shooce the 
optimum time for harrowing. The sods are strong enough 
for turning when they stand by a light bending or 
shock. Also a test drive by harrow shows the condition 
of sods.

Sods should be turned upside down immediately after 
getting a sufficient strenght to cut the connection 
with the ground.

It should also be estimated that how much the final 
sods will crush during the handling. In some cases the 
quantity is too large that continuous sod peat produc 
tion would be possible. This also means that there is a 
risk if purchasing the equipment before careful study 
of peat quality. This study should be done after the 
site preparation by taking sufficient number of samples 
and testing them in a laboratory and comparing these 
results to the figures known from the actual sod peat 
production. For ex. Turveruukki company is using this 
method in choocing the new sod peat sites.
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6.4 Standard activities of a foreman

The following list gives some recommendations:

- to know daily weather forecasts
- to make the daily records of activities 

(DAP)
- to make reports to the management
- to supervise harvesting activities
- to make weather records
- to supervise that machinery is in order
- to go around at the site two - three times 

in a day to observe possible lacks and 
check the moisture of peat and detect 
possible fires

- to keep machines running whenever it is 
possible

Perhaps the most important task is to optimise the 
activities of tractors. This action has a direct 
influence on harvesting rate, harvesting cost and also 
moisture content. It is impossible to give any exact 
instructions for that, because each harvesting site is 
a little bit different and it is required quite a lot 
of experience to see immediatedly what to do now and 
what next.

Some outlines for optimising:

- if a promising weather forecast, use about 20 mm 
thick millings, if not use 10 mm or not al all

- before rainfall try to get all the dry peat into 
a ridge

- after ridging, mill immediatedly if a rainfall 
not appearing

- harvest right after getting a required moisture 
content

- order of relative importance of activities

I milling
II ridging
III harrowing
IV loading and transportation

- stockpile peat right after transportation
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- interruptions due to a rainfall:

- 0-0,5 mm does not generally, disturb or 
interrupt the activities

- 0,5-1,0 mm, generally it takes about 2-5 hrs 
to evaporate that water and continue again

- 1-3 mm, in most cases one day's interruption 
is a fact

- 3 mm or more, it takes l day or more to get 
things go ahead

- of course it depends on the weather after a rain 
fall that how soon it is possible to start again
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6.5 Estimated harvesting costs

The following estimation is based on the average cost 
level of Finnish peat harvesting 1981. These figures 
are converted to Canadian ones by doing some cost 
comparisions between Finland and Canada; table No. 8

Table No. 8 Some rough cost comparisons 
between Finland and Canada

Canadian prices vs 
Cost factor___________________Finnish prices

Tractor price 10 - 30 i lower

Fuel price
- harvesting (tax free fuel) about the same
- transp to the mill (incl.taxes) 40 % lower

Reparation 'costs
- spare parts 10-30 % lower
- work about the same

Wages about the same

Refering to the section 2.4 it can be estimated that 
the running time for a tractor is at least the same as 
in Finland during one summer.

Based on previous discussion it can be assumed that the 
harvesting costs might not reach the Finnish ones at 
the moment, most likely they are about 10 - 15 % lower. 
This estimation presumes however that the hired 
tractors and efficienal wages are used.

- milling
- harrowing
- loading
- transportation
- stockpiling

should be all together about 1.1 - 2.0 CAD/mS. During 
the first years the unit price is higher but should 
reaches the better level as time passes.

Also the harvesting capacity is low during the first 
years. Table 9 presents the final estimation.
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Table 9 Estimation on the harvesting costs during
the first years. Full capasity is 60.000 m3 

" (loose basis)

Harvesting 
year

first

second

third. . .

Harvesting 
readyness W

30

60

100

Unit lost 
CAD/mS

2,0

1,5

Irl

total harv. 
costs. CAD

36.000

54.000

66.000

In addition to this the following costs might take 
place, table 10.

Table 10. Annual personnel and 
reparation costs

Item number /time

foreman 1/4 months

workers 2/4 months 
(excl. 
tractor
operators)

annual
spare 
parts

management 1/1/3 x4 months

miscellaneous

Total

unit cost total annual 
CAD costs CAD

2.000 8.000

1.500 12.000

5.000

2.500 3.300

3.000

CAD 31.300
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7. Fire protection plan

7.1 General

Peat harvesting areas, like forests, are very unpro 
tected and dangerous areas for fires. However, hot 
machines are operated at the sites and nearly allways 
in a sunny weather. It is most important to have a fire 
protection system which works all the time at the 
sites.

The plan outlined below is mainly made according to the 
Finnish regulations. The Canadian fire law and regula 
tions may vary this proposal.

7.2 Fire protection organization

The foremen in duty is responsible for fire protection 
at the whole site.

The firefighting screw consist of the workers, opera 
tors and machines in the harvesting area.

If major fires take place, the screw and management 
shall be expended immediatedly.

7.3 Fire detection

Normal situation: everyone working at the site is res 
ponsible for fire detection an must inform the foremen 
about fires observed, even smaTT ones.

Forest fire warning situation:

The same as before, but the foreman has to go around 
the area from time to time and allways once after 
finishing the day.

Especially the stockpile areas have to be checked 
during harvesting, because they are the most dange 
rous places at a site.

'V'-ViSt ts
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In the High Hazard fire detection must be continuous, 
f.e. if several small fires take place for the same 
time.

7.4 Fire alarm

Three-phase alarm system is used if required. 

First phase alarm

I Alarm the working firefighting screw 
II Alarm the township fire service 

III Alarm the fire services from the 
neighbouring townships

Second phase alarm

IV District alarm which is called by 
the Fire Chief of the township

Third phase alarm

V Provincial alarm
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7.5 Fire-fighting

Fire fighting consists usually of the following phases

I fire prevention

- fire detection
- instructions for fire prevention
- signs placed at a site for fire prevention
- clean machines
- maintenance and service for fire equipment
- training for firefighting
- sufficient water supply in case of fire
- stopping work during windly weather

- miller 8 m/s
- others 10 m/s

II smothering

- in the beginning of fire it is possible to 
cover and compact the fire nest with watery 
peat or foam, just water is not allowed to 
use

III extinguishing with water

- water shall be used in a sprinckling form 
to avoid fly dust phenomena

IV clearing extinguishing

- in case of big fire it might be most 
effective to stop fire by clearing a 
lane in a .forest which cuts the way of 
fire wave and also to make a new fire 
which shall proceed in an opposite di 
rections to the actual fire.
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7.6 Communication

Especially in case of fire it is required to have good 
and quick means of communication at a site but also out 
of site.

The best way to carry out this is radio communication 
between tractor and base at a site and a telephone for 
other contacts. These equipment facilitate also the 
actual peat harvesting.

Communicatiocm scheme:

Walkie-talkies:

tractors <———\
l

foreman <———|-^ base station <———> telephone net 
l

(workers) <———'

7.7 Management sheme for firefighting

I Control and communications centre for 
firefighting (base station)

II Control in reception places; everybody
working in firefighting must be known by 
the management

III Traffic control at the nearby area and 
direction signs at the crossroads

IV Food distribution in the field

V Fuel distribution for the machinery 
(own fuel tanks for refuelling)

VI First aid and evacuating service
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7.8 Fire equipment

The following list contain the necessary equipment 
needed at the site.

l pc tractor pump 1200 1/min 
l pc portable pump 500 1/min

Equipment

- stainers and suction hoses with extension units

- scraf joint 3x1 1/2"/! x 3"
- hose l 1/2" 300 m
- hose 3" 300 m
- jet nozzles 3 PCS
- reducer 3"Xl r 5" 2 pc
- fire buckets: l pc/tractor

l pc/fire well 
total ab. 20 pcs

- light water liquid 200 l
- fire trailer
- binocular
- motorcycle (50 cc)
- walkie-talkie 9-10 pcs
- powder extinguisher 10 pcs (tractor incl.)

Cost estimation for the fire
equipment CAD 15.000
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8. En vironmental protection plan

8.1 General

The intrest on peat harvesting has increased all around 
the world resulting also a number of studies proceeding 
at the moment concerning environmental business. Some 
results are available f.e. in Finland, U.S.A and 
Sweden.

In this case it is impossible to handle all the mate 
rial but the references are given in the appendix No. 
8.

8.2 Some Finnish survey results

During the last decade some experiments have been 
carried out in Finland at 10 sites of 25-100 ha, con- 
sernig the environmental affects of bog drainage.

The environmental affects depend on the quantity of 
runoff and the quality of runoff. It is very difficult 
to give any generilized results, because the virgin 
water resources are very different at every site and 
also around the site.

In most cases the following outlines are valid:

- the number load of water increases to some 
extend during drainage

- the quantity of wash-out stuff in run-off 
water decreases very soon after the drainage 
and peak flows to same level as before drainage

- variety in wash-out stuff is greater in more 
decomposed areas (fuel peat, H4+)

- pH -value might increase after drainage, in 
Finland about 5-value has been observed

- also the consentration of ammonium nitrogen 
has been higer after drainage 
(fuel peat areas)
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it is easy to reduce and in many cases mainly 
to prevent the outflow of wash-out stuff by 
consruation of sufficient sedimentation basins

- in a laboratory 10 min has been enough 
to sediment about 85 % of the wash-out 
stuff

- 60 min has been enough for 95 t

- thus the basin volume of 4 mS/ha is 
enough to sediment about 200 mS/ha 
per annum

- recommended basin volyme is about 10 mS/ha:

- run-off speed 300 lXsXkm2
- basin time about l hr
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8.3 Galbraith Bog

Water;

Bog development and peat harvesting impact in very 
small area around the bog. It seems to be rather easy 
to prevent all the major deteriorating influences to 
the surrounding area.

The largest environmental affect is caused by the wash 
-out peat stuff. This is prevented by construation 
sedimentation basins to collect most peat away from 
water. Peat collection can be made even more complete 
by using flotative peat collectors to prevent all flo- 
tative peat passes. Sedimentation basins have to be 
cleaned from time to time by an excavator, that the 
effective volyme of basin is maintained and the flo 
tative surface peat shall be removed allways when 
necessary.

The other parameters of outflow water, f.e. pH -value 
and nutrient content are not expected to have any major 
impacts (amelioration or deterioration) on the down 
stream water quality, because the total outflow from 
the site is very small in comparision to the total 
water flow of downstreams and the consentration is 
anyways low. In Finland it has been observed even some 
ameliorative effects during the peak flows: the nutri 
ent content (t) has been even lower than before drain 
age because of better run-off.

Air

The only factor requiring some discussion is peat dust, 
which exists of course to some extend at a site. How 
ever, it has not discovered any health hazards of em 
ployers working at a site, because:

- working period is only about 3 months/year

- harvesting activities are done by tractors, 
which allways have an air conditioneded 
cabin for an operator

- the other activities required at a site are 
taking place so, that there should not any 
peat dust problem
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Peat dust may also fly with the wind some hundred 
meters but the consentration is very low. Thus no 
problems f.e. in visibility around the site are expec 
ted. If so desired, it is possible to leave a narrow 
forest strip beside the township road to prevent peat 
dust to fly away from the actual harvesting site, but 
normally these strips are not used.

In this case one should remember that if the speed of 
wind is too high, it is not allowed to operate at a 
site (wind 8-10 m/s).
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9. Cost summary for the Galbrait Bog

9.1 Investments and related costs

Bog preparation CAD 265.920 

Harvesting equipment CAD 201.300 

Fire equipment CAD 15.000 

Total CAD 482.220

9.2 Annual costs

Tractor, operators, fuels I year
II vear

36.000
II year 54.000 

III year... 66.000

Foremen, workers, management,
separations for specialized equipment 31.300

Total I year 67.300
II year 85.300

III year... 97.000

Note: if using such a contract system at a site 
that the contractor is responsible for 
everything at a site, it is possible reduce 
annual costs estimately 10 - 20 %.
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10. Peat price

The Galbraith Bog requires about:
- 480.000 CAD for investments

97.000 CAD for annual harvesting

The Galbraith Bog can produce about:

- 67 ha x 1000 raS/ha * 67.000 mS/year 
if all the area is harvested for 
horticulture or

- 55 ha x 1000 raS/ha - 55.000 mS/year 
plus

- 12 ha x 300 mS/ha - 3.600 mS/year 
if also sod peat is concidered 
at the area of 12 ha

If the following estimatios are valid:

- amortizing time 15 years,
- interest rate 20 %
- annual pay-back is 21,4 l total

The price of harvested peat will be:

480.000 x 0,214 ~ 102.720 CAD
* 97.000 CAD

Total 197.720 CAD 

197.720 CAD/67.000 m3 - 2,98 CAD/mS

This means that the price of delivered peat 
is 2 x 2,98 - 5,96 CAD/raS (50% from harv. 
peat volyrae)

Comparison to the purchased peat

- l m3 equals to 6 bales
- comparison ratio in bale is 2:1
- market price is about 6-8 CAD/bale

- the price of delivered cubic meter is

6 bales/mS 
2 m3/! m x (6...8) CAD/bale * 18-24 CADS/mS
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If baling peat at the Galbraith Bog
- baling machine 15.000 - 50.000 CAD, 

200 bales/hr

- amortizing this (0,214) 10.700 CAD/year

- 150.000 bales/year
- 67.000 harvested ra3
- losses 25 % (direct baling in summer)
- compression ratio 2:1
- l m3 equals 6 bales

- baling cost (maximum) 35.000 CAD/150.000 bales
- 750 hr/2 men * l tractor
- men 12 CAD/hr, tractor 23 CAD/hr

- Total cost/bale
- baling 10.700 

•H 35.000

45.000 CAD

- peat 197.720

- together 243.420

- equals to 1.62 CAD/bale at the site

- It can be estimated that the selling price/bale 
at the site is 4-5 CAD at least

Based on previous calculation it seems to be economi 
cally attractive to start the development at the 
Galbraith Bog.
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11. Recommendations

According to the section 10 it is recommended to start 
activities at the Galbraith Bog.

It is also recommended that a contractor or contractors 
should be used in the bog development, because the 
harvesting price of peat is expected to be lower than 
estimated in this paper.

It is also recommended to purchase or hire the peat lands 
around the bog and develope them. Doing in this way the 
price of harvested peat would be noticeably lower, because 
mainly the same machinery is enough for a larger area.

It is recommended to use a consultant during the bog 
preparation and harvesting start-up, because the re 
commended procedures are wholly new and nobody seems to have 
sufficient experience in this field in Canada. Turveruukki 
and Hakmet companies would be pleased to continue 
cooperation if so desired.

It is also recommended to deliver horticultural peat without 
baling, if the users are near enough, possibly 0-200 km from 
the bog.
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Appendix A

Fuel peat standard J976

. Terminology i
ii

All peat intended for the economical production of heat |
energy is called fuel peat 

. Samples 

.1 Samnie types

The sarnoie should represent the total quantity of 'ue : pea* 
zt '.ve! ; as possible. Dependinq on the treatment phase, the 
sarnie! ?rg classified in tnree grouos:

s. Rough samples consist of ot least 10 pert samples -o-ce- 
from a certain source, usually a daily delivery o r *rorr- 
s stockpile, in acco-aance with an average princio.c. At 
least 10 litres of peat are collected for each samp c

Laboratory samples are made from rough semries 3: 
the working site or at the reception station oy nixing 
it carefully and dividing by a sampie divider nr hy 
squaring so that the volume of a sample is about 5 
litres. Particles of more than 25 mm should be crushed 
prior to division. In treatment and storage of the 
sample the decrease! in the moisture content should be 
minimized.

Analytical sampie is made of a laboratory sample by 
crushing it to a grain size of less than 3 mm and by 
homogenizing and dividing.

2.2 Sampling

The rough sample is drawn icom -a continuous flow. of 
goods by directing the peat flow to a sampling vessel i 
for a moment. This is the best sampling method. 
especially when made automatically. The sampling 
vessel for the rough sample should be tightly closed 
between the sampling moments It it is impossible to 
manage in this way, item b) or some other method 
agreed upon should be applied in accordance with an 
average principle.
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TURVERUUKKI OY _____Appendix B

92500 RANTSILA Puh. 982-5101. 5102

REFERENCES

Country Client/year Project/Specification

Sweden Skelleftea Kraft AB 
1979

Production planning 
20 000 tn/a 
Plant management 
Training, operating and 
maintenance 
Production machinery

Sweden ABV 1980 Karlstad 800 ha 
Resource estimation

Sweden ABV 1980 Umea 150 ha 
Production planning

Sweden Boliden Metal AB 
1978

Boliden 150 ha 
Production planning

Canada Hydro Quebec Anticosti
Sod peat 20 000 tn/a
Feasibility study
Pre-planning

Canada Memorial University 
1980

MU 100 ha
Resource estimation *
Drainage planning
Time schedule assistance
Production machinery

Pankfc RantsiU: 
Sp. OP

Paavoli:
Oulun Alue Sp. OP

Oulu:
SYP. STS. OP YHTEISTUKI

Poctisiifto: 
Ou 309 30-3
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U.S.A

Canada

Finland

The Nitragin Company,Inc 
1980

Ontario Ministry of 
Natural resources 
1980-1981

Kemira, SSteri Oy 
1980

Peat mining 10 000 tn/a 
Pre-planning

Total production planning 
Milled peat 25 000 m37a 
Sod peat 4 000 m /a

Bog surveys 1 200 ha

Finland Kouvola town 1980-1981 Resource estimation
1 500 ha

Canada Memorial University 
summer 1981

Plant management 
Training 
Operation control

Finland Turveruukki Oy 
1975-1981

Peat production at the 
production area of appr. 
2 000 ha (5 000 acres)

HAKU-method 
Production machinery 
Bog development 
Bog surveys 
etc.,etc.



C 0) C
l -S .2
t* C U
3 O 3•P *- "2
E k o
L S*

2r- i s
Sg ^13 .E ^ *•o u. t; w
^5 3*
•rf l""S 'o1
w 2 " -s"2 * * -2 ai -o o ^f- S 2 -o f
•s * t* iw o w in
^ C > CD ct o t c ±.s- s t; -s -~
c S TS a-:

•o 2 a o*il s 1~
II "si i
u. o iZ 0 -g
o, r w "g S.c s JC m SK 2 J- e 3

J2 O)

i lw —: ow 2" T
< .2 in
^ c W

3 C -*•S — .o. "ra*

•B S ig 2 5
Q)"2 -*
2 .S S.t- 3 w*- ® Qo x
^ Q. l4—3 fc-
Ut Q O)'c 2 c.E o LU
?-5 ^
i ra 'EjS m wC S c
f? iff -— —™*fei si
-,. *rf — C
5 S 5 .E
Ho. h- a.

S -5
" go .5
re"-
E 5 
o T
CD CMa : 
c co o CM'•5 ^*
S 9
f ro r*
o ® 
O .

. O) 
ut o
-* ra

li^ H-
^ *o
** —;s g^
Si 5^
O 75
'a o o CM3 *- 
^ ra

-Cl-

.E cd IS 
2 . S.
3i c^ ra
-5-S |
c3 '5 2
03 O 33 LU
K -0 C*- i 0ra ^2
(2 -E 

li.
^ M- 
:2 0•S ^
:(5 atz s

. 3
CJ W . 
0 ra -S

illw o u-

Lappalatnen E. Guide. The Ge Espoo 1978. (In

in

ss It
LU

< C
^.

m ." O)
3 r-.S-
2 ra

..— 4—
O

f S
9 C

Midwest Resear technology. M in

(6̂

tion Research. Peat

o —-ii 2-3
^ 5
> CO
P cs^

UJ ^
*r rv 
0 O)
V ~~

2 i
15c i
The Swedish coi 

in Sweden. Stoc

r^

the possibilities to i in Finland. Work 

Finnish).

*™ ^

S^^
13*
c ?2
2 "*i ~*: ti je
S x -S*j* 09 M

1^1
s s *i'i
^•20.

Sommarberg S. increase fuel p* required for a di

od

erformance tests in 

nnish).

tt -~c u- 
o ^c

*4^ ^.vt

-iS
E -o 20 *?

. 00ut r*- 
12
5s
^s
.2 5
5"ra

* s
LU tt 
9 4* 
m O 
tt-^
E ^
ra 03 
h- ra

O)*~

Appendix C
^ **
ut

1
**
re
0

O.

vi m ^i.^

f'E 

LZ
c
*"
oip*.
(B*~

2
•s
o
I

n^c

S** ra
2

d
(M

'^ -5** .—
IIc u.

^
4-1 •^^
raw ^
L

O 
^2

11 
LL g

Association of 1876-1976. Pub

ĈM
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X driving lane for machines 15-20m wide 
no d itches in these places

Y perimeter ditch shall be 0,3m deeper 
in thisplace ( 2.8m)
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COLLECTOR
(20x40x 1100cm)

BASIN B2
1:100

PEAT COLLECTOR 
(20x40x850 cm J
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BASIN B1 
V-200

FIGURES IN METERS
THE BOTTOM OF BASINS SHALL BE ABOUT ONE METER

LOVER THAN THE BOTTOM OF DITCHES 
PEAT COLLECTOR FLOTATES ON WATER SURFACE,

IS MADE OF FLOATABLE MATERIAL. E.G. WOOD STICKS
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PERIMETER DITCHES

— DRAINS AND SLOPE DIRECTIONS
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RECOMMENDATION 
Use plastic drain pipe,diameter 10cm
Leave about m without drains at the 
upper ends

LON -ITUDNAL SECTION 1:100

SLOPE 0.1- J*
pipe and tnt* aottom line 
of dra.n

CROSS SECTION ( PRINSIPLE)

RECOMMENDATION 0 = 1 Dm

DETAIL A (1:10)

loose peat 
moss

i

If V-shape ditch 
use.d f it must be 
filled up with 
peat moss totally

\ oH
20cn

ii
drain pipe
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FIELD DITCH BOTTOM

BRIDGE PLACE
LONGIDUTINAL CROSS SECTIONS

'A
AREAL DITCH

9000

SLOPE 0,01" 0,03

L*
FIELD BRIDGE

CULVERT 150 mmX

B

DITCH
/BOTTOM

9000 3000

SLOPE 0,01-0.03

CULVER T 800-1200 mm
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AREAL AND MAIN BRIDGE

A-A 
PLASTIC CULVERT

LOOSE PEAT MOSS 
PEAT MOSS SDDS

FIRE WELL

B-B
BARREL CULVERT 
SHEET IRON CULVERT
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OTHER WORKS MACHINE TIME

CONTROLS/ INSPECTIONS
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WEATHER
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