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ABSTRACT 
FERIC conducted debarking and chipping trials with several forest companies in British Columbia 
and Alberta. Small-diameter trees, tops, wood slabs, and wood waste were processed into chips using 
various machines, and the productivities and costs were compared. The quality of chips produced 
from each of the machines was determined. 
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INTRODUCTION 

When the. demand for pulp chips increases, forest companies explore unconventional sources of 
fibre in order to meet mill and market requirements. The high demand situation has existed in 
Western Canada for the past several years and the result has been to maximize fibre recovery at 
both harvesting and manufacturing operations. The newly constructed pulp mills in Alberta have 
provided opportunities to implement innovative harvesting and chip production systems, leading 
to in-woods chipping and reduced reliance on woodroom facilities. While demand for pulp chips 
fluctuates, the overall trend has been towards utilization of wood with smaller dimensions or less 
attractive characteristics than conventional pulp-grade logs. Both environmental and silvicultural 
forces have also influenced utilization. Burning of in-woods debris is no longer acceptable in many 
cases and site occupancy by slash piles reduces the productive area within cutovers. 

Although changes in utilization both in the woods and at the mill are usually driven by high pulp 
chip prices and the need to reduce logging and manufacturing costs, once the new methods are in 
place, they often become the accepted standards. In some cases, a change in technology leads to 
improved utilization, e.g., introduction of a technology to process logs with smaller top diameters. 

There are four primary opportunities to increase pulp chip supplies within the harvesting and manu
facturing operations: (1) process trees with smaller butt diameters; (2) process logs with smaller top 
diameters; (3) utilize short and irregularly shaped wood chunks; and (4) utilize barky sawmill slabs. 
Cost-effective methods must be available to produce chips from these unconventional sources, and 
the quality of these chips must meet pulp mill specifications in size, bark content, and colour. 

In 1994, the Forest Engineering Research Institute of Canada (FERIC), in consultation with its forest 
industry members, proposed to examine the chipping of smaller and irregular material, debarking 
techniques to improve product quality, and upgrading of low quality chips. The Forest Industry 
Development Branch of the Alberta Department of Economic Development and Tourism provided 
partial funding to assist with the work. 

This report describes the background of the study, chipping of small-diameter stems, equipment trials 
to reduce bark on small or irregularly shaped solid wood, and trials to improve chip quality in order 
to meet pulp mill requirements. Finally, the overall economic effectiveness of the technologies 
associated with these activities will be summarized. 

OBJECTIVES 

The objectives of the FERIC study were to: 

1) Monitor the productivity of in-woods chipping equipment with dual and triple flail drums, 
operating with various stem sizes. 

2) Determine the effect of different stem sizes on chip recovery and chip quality. 
3) Evaluate equipment that can debark currently non-utilized fibre sources such as limbs, tops, 

decadent stems, and small-diameter stems. 
4) Evaluate equipment that can upgrade low quality chips. 
5) Assess the suitability of the chips produced from the equipment monitored in this study for 

medium density fibreboard (MDF), pulp, and paper. 



BACKGROUND 
Several companies in Western Canada are chipping full-tree stems in the woods as a cost-effective 
way to supplement their pulp chip furnishes and to increase the utilization of their timber resources 
(Araki 1994b). The first in-woods chipping operations used dual flail drum delimber-debarker-chipper 
units because they were relatively portable and compact. These units can delimb and debark several stems 
at the same time and thereby maximize disc chipper production. The ability of these delimber-debarker
chippers to produce bark-free chips from small-diameter stems at an affordable price was a marketing 
feature identified by their manufacturers. 

Alberta Newsprint Company and Weldwood of Canada Limited both began using dual-drum Peterson 
Pacific DDC 5000 delimber-debarker-chippers for their in-woods chipping operations in the 
early 1990s. Initially, both operations processed stems from stands with average butt diameters of 
20 em. In recent years, the operations have been directed into much smaller stands where the average 
butt diameter is less than 15 em. As the average stem diameter has decreased, reduced productivity, 
increased costs, and deteriorated chip quality have occurred. 

Chip quality has deteriorated in two ways. First, the amount of bark in the chips has increased 
because there is a higher proportion of bark on small-diameter stems compared to larger-diameter 
stems. When feeding multiple small-diameter stems into the flail drum, the small sterns tend to bunch 
together and the debarking chains cannot flail uniformly against all surfaces. To reduce bark content, 
one equipment manufacturer has added a third flail drum behind the existing delimbing-debarking 
chamber, and has more recently added a fourth flail as an option on its newest models. Secondly, a 
higher proportion of undersized chips are produced with smaller-diameter stems. The cross-sectional 
area of the smaller-diameter stems is less than for larger stems, and the surface area damaged by the 
chain flails will also be proportionally greater. This may result in smaller chips being cut from the 
outer edges of stems. In addition, as more flail drums are added to remove bark, there may be more 
damage to the outer surface of the stems. 

The current fleet of dual chain-flail drum in-woods chipping equipment in Western Canada are first 
and second generation technology, and many are approaching replacement. In order to replace these 
with the most effective alternatives, it is necessary to know if the newer units with three and four 
flail drums can produce better quality chips at similar or reduced costs to the dual-drum machines. 

The Alberta forest industry is also interested in exploring other alternatives for producing bark-free 
pulp chips. New debarking equipment, such as the Deal Processor and CAE/Fuji King debarker, 
may debark currently unutilized fibre such as small tops, branches, and decadent stems that cannot 
be successfully treated with chain flail debarkers (Araki 1995, 1996). Another approach is to 
upgrade chips after chipping. Technology developed for the food processing industry has been 
modified to sort bark, stained chips and rot from pulp chips (Araki 1994a, 1994c ). This sorter, developed 
by SRC Vision Inc., may be able to upgrade chips produced from unbarked full-tree stems to meet 
bark specifications set by pulp mills. These systems will be attractive to the forest industry if they 
reduce overall chip production costs, increase fibre recovery, and produce a consistent chip furnish. 
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CHIPPING STEMS OF VARIOUS SIZES 

Study Location 
The trials for chipping small-diameter stems were undertaken with the cooperation of two Alberta 
companies: Alberta Newsprint Company (ANC), Whitecourt and Weldwood of Canada Limited, 
Hinton. Both of these chipping operations were working in small-diameter lodgepole pine and black 
spruce stands of trees with similar heights and butt diameters. 

Equipment and Operation 
ANC used two dual-drum DDC 5000s at both in-woods and satellite logyard operations, and Weld
wood had recently replaced its first in-woods dual-drum DDC 5000 with a triple-drum DDC 5000. 

The DDC 50001 (Figure 1) is a single-unit delimber-debarker-chipper mounted on a tandem-axle 
trailer. A Prentice knuckle-boom log loader with a rotating grapple places stems into the delimbing
debarking chamber. Powered horizontal crush-feed rollers secure the stems and feed them between 
upper and lower chain flail drums which rotate at approximately 500 rpm to beat the limbs and bark 
off the stems. Eight -link chain flails are attached to each drum, and arranged in six rows of nine chains. 
The third flail of the triple-drum model is located behind the second flail and above the delimbing
debarking chamber. Each flail drum is driven by a single hydraulic motor. Bark, limbs, and broken 
tops drop into a debris chamber, and a hydraulic ram pushes the material out the side of the machine. 

After passing through the delimbing-debarking chamber, the debarked stems pass over the debris
separation chute, then through hold-down rollers that control the feed rate into a disc chipper. (The 
first generation delimber-debarker-chippers used a Morbark disc chipper. The second generation 
units, also dual-drum, use a Precision disc chipper. The third generation units have the third flail 
drum and also use a Precision disc chipper.) The chips are blown through a discharge chute into 
waiting chip vans while waste material such as wood chunks, knots, needles, and fine wood slivers 
are blown through a dirt separator into a debris pile at the side of the chipper. 

1 The DDC 5000 is made in Eugene, Oregon and distributed in Western Canada by Woodland Parts of Kamloops, B.C. The 
approximate cost of the dual-drum model is Cdn$638 000 and the triple-drum model is Cdn$691 000. 

Figure 1. Peterson Pacific DDC 5000. 
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ANC used two dual-drum DDC 5000s: one at an in-woods operation chipping logs decked at 
roadside, and the other chipping logs decked at ANC's Knight logyard. At the roadside operation, 
trees were felled by a feller-buncher and skidded to roadside using rubber-tired grapple skidders. 
Stems over 20 em in butt diameter were processed into saw logs while stems under 20 em were partially 
delimbed, topped, and decked by a stroke delimber for later processing by the DDC 5000. At the 
Knight logyard, stems had been topped and partially delimbed at roadside, and hauled to the yard 
using self-loading log trucks. The DDC 5000 operator decked the saw logs-logs with butt diameters 
over 25 em-and these were hauled to a local sawmill using self-loading logging trucks. The DDC 
5000 then processed the logs under 25 em. 

Weldwood's in-woods chipping operation at Hinton used similar felling, skidding, and log processing 
equipment, but instead of processing the stems at roadside, stems were processed and sorted at the 
stump. Bunches of partially de limbed pulp logs were skidded directly to the triple-drum DDC 5000, 
while saw log bunches were skidded and decked at roadside. 

Study Method 
Samples of small-diameter stems between 10 and 25 em in butt diameter were obtained from roadside 
and logyard decks. Butts diameters were measured, classified into 5-cm incremental butt-diameter 
classes, and colour coded with spray paint. The marked stems were separated from the decked wood 
and stockpiled until sufficient volume had accumulated to fill two chip vans for each diameter class. 
At the Knight logyard, samples from each of the butt-diameter classes were weighed and the stems 
were hand scaled to determine the weight-to-volume ratio. Volume was determined by multiplying 
the average area of the top and butt by the log length. 

In Weldwood's operation, log bunches were skidded directly to the triple-drum DDC 5000. Log 
measurement, butt-diameter classification, and colotir coding were completed at the stump both before 
and after delimbing. When the marked logs were skidded to the chipping plant, the operator stockpiled 
them beside the DDC 5000. There was no opportunity to weigh these logs prior to debarking and chipping. 

Each diameter class stockpile was processed with either a dual- or triple-drum DDC 5000. The start and 
end times to fill a chip van were recorded, as was the number of pieces required to load the van. The chip vans 
were weighed, loaded and empty, at the Whitecourt and Hinton pulp mills, to derive the weight of the chips. 

Chip samples were obtained from each chip van. At the Whitecourt pulp mill, five 4-L samples from 
each load were taken as the chip van was being emptied. These samples were thoroughly mixed and 
analyzed by ANC personnel. Standard ANC chip analysis was done with chips classified by size 
and thickness using Williams and Domtar classifiers, respectively, and the amount of bark, knots, 
and moisture was determined. FERIC took similar samples for analysis at the site where the van was 
emptied or at the chipping location. FERIC's samples at the chipping site were taken randomly across 
the top of the loaded chip van, i.e., from the sides, middle, and top of the chip mound. Chip samples 
at Hinton were similarly taken at the chipping site. 

The bark content was measured on a green weight basis and calculated by: 

bark weight x JOO 
bark weight + wood weight 

To determine the recovery and quality of chips produced from single stems, the butt diameters, top 
diameters, and lengths of approximately 100 sample logs were measured. Each of these logs was 
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Table 1. Productivity Comparison of Dual- and Triple-Drum DDC 5000s, when Processing Spruce and Pine 

Avg. time to Avg.logs Avg.load Avg.load 
Butt-diameter class load van per load volume weight Productivity Bark content -

(min) (no.) ~ml) (kg) ml/h tlh % 

2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 

<10.0 41 900 48.9 32 657 71.6 47.8 3.9 

10.1- 15.0 59 32 480 477 45.7 46.6 29210 32 698 46.5 87.4 29.7 61.3 3.1 2.2 

15.1- 20.0 45 28 223 263 39.1 49.4 23 255 33 293 52.1 105.9 31.0 71.3 2.5 1.7 

20.1- 25.0 42 121 53.3 28 200 76.1 40.3 1.4 

>25.0 25 63 54.0 25 515 129.6 61.2 0.9 

Mixed 54 34 265 355 76.1 54.1 28 515 33 216 84.5 95.5 31.7 58.6 1.0 1.6 

VI 
Table 2. Quality of Spruce and Pine Chips when Screened by Size Table 3. Quality of Spruce and Pine Chips when Screened by 

Thickness 
Williams DDC5000 

hole diameter 2-drum 3-drum Domtar DDC5000 
(inches [mm]) (%) (%) thickness 2-drum 3-drum 

Oversize 3.0 2.7 
(mm) (%) (%) 

Accept Oversize 3.2 0.2 
11/8 (28.6) 16.5 12.4 Overthick 15.0 6.1 
7/8 (22.2) 19.5 14.8 4-8 54.5 57.9 
5/8 (15.9) 24.0 26.8 2-4 23.6 25.8 
3/8 (9.5) 26.6 29.3 < 2 (pin chips) 2.6 8.0 

Reject Fines 1.1 2.0 
3/16 ( 4.8) - pin chips 8.7 11.4 Total 100.0 100.0 
Fines 1.7 2.6 

Total 100.0 100.0 



individually debarked and chipped, and the weight and volume of the chips produced were deter
mined. Chip samples from each of the logs were also collected for analysis. 

The chip samples were all taken to the Pulp and Paper Research Institute of Canada (Paprican) 
laboratory in Vancouver, B.C., where both size and thickness analyses were done. Each sample was thor
oughly mixed, and a 10-L sub-sample was placed in the Williams screen for size classification. Each size 
classification was then placed in aDomtar thickness classifier. Each of the thickness classes was inspected 
to separate the bark from the chips and the clean chips and bark in each class were weighed and tabulated. 

Results 
Productivity. Table 1 illustrates that the productivity, measured in t/h, of the triple-drum DDC 5000 
was almost twice that of the dual-drum DDC 5000. FERIC was unable to mark enough 10-cm stems 
at the Whitecourt logyard to determine the productivity of that diameter class, nor was any chipping 
of stems over 20 em done at Hinton as these stems were manufactured into sawlogs. Since the chip 
vans that were used at the two locations varied in size, the only appropriate productivity comparisons 
are measured in m3/h or tlh. 

Even with swnmer conditions, both DDC 5000s in this study produced chips with bark content exceeding 
1%.2 For both dual- and triple-drum units, the bark content increased as smaller butt-diameter stems 
were chipped. The bark content for the dual-drum unit processing mixed butt diameters was lower than 
that of the triple-drum unit because the average butt diameters chipped by the dual-drum unit were larger. 

Chip quality from small-diameter stems. Tables 2 and 3 illustrate by size and thickness, 
respectively, the overall quality of chips produced by both DDC 5000s. The dual-drum unit produced 
86.6% acceptable chips compared to 83.3% acceptable chips for the triple-drum unit. The dual-drum 
unit produced fewer fines and pin chips (i.e., "reject" chips) than the triple-drum unit. The data also 
suggest that the dual-drum unit produced thicker chips. However, chip thickness is probably more 
related to the chipper model and how the knives are set, rather than the number of flail drums. 

Table 4 illustrates the distribution of chip size by stem butt-diameter class. The proportion of pin chips 
and fines in the chip furnish tended to increase as stem diameter decreased, for both the dual- and 
triple-drum units.FERIC was unable to show any relationship between the buttdiameterofindividual trees 
and chip size. However, the dual-drum unit produced fewer fines and pin chips than the triple-drum unit 
in most size classes. Chips produced from tree tops had the greatest proportion of those 28.6 mm or greater 
in size (25.2%) and the highest bark content ( 4.2% ). The triple-drum unit did not chip tops in this trial. 

Table 5 illustrates the distribution of chip thickness by stem butt-diameter class . Both the 
dual- and triple-drum units generally produced higher proportions of overthick chips (>8 mm) 
as stem butt-diameter decreased. The chip furnish produced by the dual-drum unit processing 
tops had the highest proportion of oversized and overthick chips of all the material chipped. 

Table 6 illustrates the stem volume to recovered chip volume ratios for stems of different butt-diameter 
classes. The greater recovery of chips from the triple-drum unit, expressed in terms of solid wood 
volume, was attributed to two factors. First, the triple-drum unit hold-down rollers were much closer to 
the chipper knives, thereby reducing the length of stem left unsupported prior to chipping. Unsupported 
pieces tended to flip around at the chipper knives and when the piece was chipped, the chips tended to be 
either long slivers, pins chips, or fines. Second, the feed rate of the triple-drum unit was much faster. The 

2 Per Weld wood personnel, the average bark content during 1995 was less than 0.9%. 
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Table 4. Chip Size Distribution by Stem Butt-Diameter Class when Processing Spruce and Pine 

Butt-diameter Chips passing screen opening (inches [mm]) 

class Oversize 1 1/8 (28.6) 7/8 (22.2) 5/8 (15.9) 3/8 (9.5) 3/16 (4.8)1 Fines Bark 

(em) (%) (%) (%) (%) (%) (%) (%) (%) 

2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 

Individual trees 

<10.0 1.4 3.2 10.8 10.1 20.8 13.8 29.5 28.9 28.1 29.5 7.6 12.0 1.8 2.5 

10.1-12.5 2.1 3.8 13.4 16.5 18.3 17.0 28.1 24.8 27.5 27.1 8.5 8.9 2.1 1.9 

12.6-15.0 4.5 1.0 16.2 11.1 19.7 14.1 26.0 27.3 24.2 31.2 7.4 12.5 2.0 2.8 

>15.0 1.3 1.3 15.5 15.5 21.9 21.9 27.7 27.7 24.2 24.3 7.5 7.4 1.9 1.9 

Loads 

<10.0 0.7 13.2 15.6 27.2 30.9 9.6 2.8 
-...l 

10.1- 15.0 3.9 0.9 18.7 13.2 22.9 16.5 23.2 28.6 20.7 30.5 8.7 8.5 1.9 1.8 

15.1-20.0 4.0 0.7 19.6 13.3 22.8 16.4 22.9 27.4 21.0 32.8 7.7 8.0 2.0 1.4 2.5 

20.1-25.0 3.5 14.8 20.7 26.1 25.8 7.9 1.2 1.4 

>25.0 4.1 14.3 20.7 25.5 26.8 7.7 0.9 0.9 

Tops 4.1 21.1 17.7 23.0 23.0 7.9 3.2 4.2 
--
1 Pin chips are the 3/16 inch (4.8 mm) screened fraction. 



Table 5. Distribution of Spruce and Pine Chips by Thickness Classification 

Butt -diameter 
class Oversize >8mm 4-8mm 2-4mm 0-2mm Fines 
(em) (%) (%) (%) (%) (%) (%) 

2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 2-drum 3-drum 

Individual trees 

<10.0 13.2 13.4 13.7 30.7 46.7 30.3 26.9 10.4 10.4 2.0 2.3 

10.1-12.5 15.5 15.7 11.1 31.4 49.4 26.2 29.2 9.2 8.2 2.0 2.1 

12.6-15.0 16.8 14.8 7.2 30.0 45.3 27.3 35.0 8.9 9.9 2.2 2.6 

15.1-20.0 4.0 16.1 5.6 54.0 43.5 21.4 35.2 2.9 11.1 1.6 4.6 

20.1-25.0 3.5 13.2 55.1 24.6 2.9 0.7 

>25.0 1.8 13.7 60.7 21.3 2.0 0.5 

00 
Loads 

<10.0 0.8 10.4 47.5 29.1 9.4 2.8 

10.1-15.0 3.9 0.8 17.9 12.5 51.4 56.0 22.0 22.6 3.2 6.3 1.7 1.8 

15.1-20.0 4.0 1.1 16.1 7.9 54.0 58.4 21.3 25.2 2.9 5.9 1.7 1.5 

20.1-25.0 3.4 13.3 55.1 24.6 2.9 0.7 

>25.0 1.8 13.7 60.7 21.3 2.0 0.5 

Mixed 3.2 0.2 15.0 6.1 54.5 57.9 23.6 25.8 2.6 8.0 1.1 2.0 

Tops 8.0 22.6 40.7 18.2 7.3 3.2 



\0 

Table 6. Stem Volume to Chip Volume Ratios for Spruce and Pine 

Butt-diameter class 
(em) 

Individual stems 
<10.0 
10.1-12.5 
12.6-15.0 
>15.0 

Tops 

Table 7. Costs to Produce Accept Chips from Spruce and Pine 

Butt-diameter Accept Gross 
class chips1 productivity2• 

(%) (t/h) 

2-drum 3-drum 2-drum 3-drum 

<10.0 82.1 (17.7) 47.8 

10.1-15.0 87.8 (18.6) 87.9 (16.4) 29.7 60.9 

15.1-20.0 89.3 (14.8) 82.1 (13.0) 31.0 72.6 

20.1-25.0 84.4 (17.4) 40.3 

>25.0 87.2 (4.1) 61.2 

Mixed 87.0 76.9 3.1 58.1 

Conversion ratio 
T-a.rum -- 3-drum 

(m3/BDU) (m3/BDU) 

3.29 
2.80 
2.78 
2.02 
2.88 

Undersized 

2.80 
2.70 
2.28 
2.07 

Net 
chips productivity3 

(%) (t/h) 

2-drum 3-drum 2-drum 3-drum 

17.9 39.2 

12.2 12.1 26.1 53.6 

10.7 17.9 27.7 59.6 

15.6 34.0 

12.8 53.4 

13.0 23.1 27.6 44.7 

1 Includes chips that are oversized, overthick and screened as accepts; (% of oversized and overthick chips included as accepts.) 
2 Includes chips <3116 inch diameter and <2 mm thick fractions. 
3 Excludes chips <3/16 inch diameter and <2 mm thick fractions. 

Cost 
($/t) 

2-drum 3-drum 

6.24 

8.45 4.57 

7.96 4.10 

6.48 

4.13 

7.99 5.48 



faster the feed rate, the less time the stems were in contact with the chain flails, and the less chance for the 
flails to remove solid wood fibre from the stems and small-diameter tops. 

Costs of chipping small-diameter stems. Table 7 illustrates the costs to operate dual- and triple-drum 
DDC 5000s to produce acceptable chips. This table only includes the operating and ownership costs 
for the delimber-debarker-chipper which are based on the hourly rates detennined in Appendix I. 
Oversized chips were included as "accepts" because a chip slicer installed at the pulp mill was able 
to reduce these chips to acceptable sizes. 

The analysis shows that the triple-drum unit had the lowest cost for producing chips despite its higher 
hourly operating rate and lower proportion of acceptable chips, compared to the dual-drum unit. 
The higher overall productivity of the triple-drum unit more than offset the chip losses to pin chips 
and fines, and the higher operating costs. Although the cost of producing chips could be reduced by 
chipping larger-diameter stems, stems greater than 20 em in butt diameter are recovered for saw logs. 

DEBARKING TRIALS 

Study Location 
FERIC observed the Deal Processor RS420-Tin the summer of 1994, while it debarked aspen and black 
poplar breakage at the Alberta-Pacific Forest Industries Inc. logyard in Boyle, Alberta. In October 
1995, FERIC evaluated the unit with Evans Forest Products Limited at their Donald Station logyard 
near Golden, B.C. In the Donald Station trial, the Deal Processor debarked small-diameter conifer 
tops, decadent cedar and hemlock logs, and sawmill slabs. 

FERIC observed the first CAFJFuji King debarker installation in Canada at Weyerhaeuser Canada limited's 
Slave Lake, Alberta operation during the fall of 1995, while it debarked aspen logyard breakage. 

Equipment and Operation 
The Deal Processor3 and CAE/Fuji King debarker4 have similar design and operating characteris
tics. The Deal Processor (Figure 2) was originally designed to remove rock from logyard residue at 
Canadian Forest Products Ltd.'s Grande Prairie operation. The ability of the unit to debark short, broken 
pieces oflogs was observed during the initial trials. TheCAE/Fuji King debarker (Figure 3) is designed 
and operated solely as a debarker. It can also debark short pieces of logs and irregularly shaped stems. 

Both debarkers have aU-shaped debarking chamber with 2, 3 or 4 cylindrical rotors mounted 
longitudinally near the bottom of the chamber. Debarking discs or plates are attached at intervals 
along the rotors and debarking teeth are attached or welded to the discs or plates. On the Deal Processor, 
the discs on the rotors are interlocked (with 2.5-10 em between discs) to form a debarking bed. 
Material less than 7.5 em in diameter (e.g., rock, scrap iron, small wood chunks, and bricks) drops 
through the processor, and therefore the wood fibre is relatively free of material that might damage 
the chipper and contaminate the chip furnish. The CAB/Fuji King debarker has a steel-plated floor, 
and the debarking discs rotate through slotted spaces in the floor. 

3 The Deal Processor costs between Cdn$200 000 and Cdn$550 000, depending on the length, model, and options. It is manufactured 
and distributed by Valone Kone Brunette Ltd. of New Westminster, B.C. 

4 The price of the CAE/Fuji King debarker starts at Cdn$300 000 and increases depending on the length, model, and options. It is 
marketed and manufactured in North America by CAE Machinery Ltd., Vancouver, B.C. 
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Figure 2. Deal Processor. 

Figure 3. CAE/Fuji King debarker. 

Both machines operate in a similar manner. Material is loaded into the bin, either directly using a 
front-end loader or excavator, or by placing material on an infeed conveyor. The rotation of the 
debarking teeth removes some bark and also causes the log chunks to tumble, further debarking the 
logs. With the Deal Processor, the material less than 7.5 em in diameter falls between the rotors and 
onto a discharge conveyor underneath the processor, which carries it out to a waste pit in front of the 
processor. Because the CAFJFuji King debarker has a narrower gap between the slots and debarking 
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teeth, more material is captured for chipping and any large chunks of bark are sheared into smaller 
fractions. This waste material falls onto a discharge conveyor, which transports the material out the 
front of the unit. The accumulated debris is removed periodically by a front-end loader. With both 
machines, the woody material is held in the debarking chamber by a gate at the outfeed end of the 
unit. The amount of time that the logs spend in the delimbing-debarking chamber (dwell time) is 
controlled by raising and lowering the discharge gate. The debarked wood exits the processor 
and is either piled for chipping in a mill chipper, or fed via conveyor into a portable chipper. In the 
operations FERIC observed, both machines fed debarked wood into a Bruks drum chipper model 
1212CS which could chip wood pieces up to 50 em in diameter. 

Study Method 
The Deal Processor debarked three types of material as part of the trial at the Donald Station logyard: 
waste western red cedar logs, and spruce and pine slabs and tops. The logs were available at the 
logyard. FERIC arranged the transport of the slabs from a local portable sawmill in Golden, and the 
tops from Crestbrook Forest Industries Ltd.'s reload logyard in Parsons. To facilitate debarking, the 
tops were bucked into lengths up to 3.5 rn. As the testing was done in February, all the wood was frozen. 

Five types of samples were taken at the Donald Station site. A front-end loader placed a grapple 
load of the tops in the Deal Processor, and after the operator felt that enough bark had been removed, 
the discharge gate was lowered and the debarked tops were conveyed to the Bruks chipper. A 50-L 
sample of chips was taken after this material was chipped. To determine a base point for bark 
content, unbarked tops and slabs were fed directly into the Bruks chipper and 50-L samples of each 
were taken for analysis. The procedure for debarking and chipping slabs and cedar was similar, and 
again samples were taken of each. All samples were taken to Paprican in Vancouver for analysis. 

The CAB/Fuji King de barker debarked two types of material at the Slave Lake trial: waste western 
red cedar logs and apsen debris. A dump truck load of cedar waste logs was obtained from Zeidler Forest 
Industries Inc. in McBride, B.C. and hauled to the debarker located in Slave Lake. A hydraulic loader 
placed the logs onto the infeed conveyor of the CAB/Fuji King de barker and the grapple was used 
to split the large diameter cedar into smaller widths for the chipper. The weights of both the cedar 
logs and the chips were determined. The aspen debris was collected from logyard breakage and from 
the portable slashers located at the infeed to the OSB mill. The aspen was debarked and chipped 
similarly to the cedar waste logs. A 50-L sample of chips from both the waste cedar logs and aspen 
debris were taken to Paprican for analysis. 

At the Paprican laboratory, the samples were thoroughly mixed and then a 10-L sample was screened 
for chip size with a Williams screen. Each size classification was placed in a Domtar screen to 
determine chip thickness. Bark content was determined by manually removing the bark from the 
chips in each screening group, and weighing and tabulating each separately. 

Results 
Table 8 summarizes the results of the debarking trials using the Deal Processor and the CAB/Fuji 
King debarker. The effectiveness of the two machines cannot be compared directly because each 
handled different material, but both machines demonstrated their abilities to debark the material 
provided. The Deal Processor debarked frozen small tops of conifers with butt diameters of 10 em 
or less, providing 88.8% acceptable chips. Although the bark content of the aspen chips produced 
from the CAB/Fuji King debarker in this short trial was high, a review of production reports and 
discussion with Weyerhaeuser staff indicated that bark content (as measured by mill staff) was regularly 
below 2%. The drop feed Bruks drum chippers on both operations produced high percentages of 
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Table 8. Chip Quality using the Deal Processor and the CAE/Fuji King Debarker. 

Spruce and pine - tops 
Accept(%) 
Pin chips and fines (%) 
Bark(%) 

Spruce and pine - slabs 
Accept(%) 
Pin chips and fines (%) 
Bark(%) 

Western red cedar - waste logs 
Accept(%) 
Pin chips and fines (%) 
Bark(%) 

Aspen - debris 
Accept(%) 
Pin chips and fines(%) 
Bark(%) 

Unbar ked 

87.6 
12.4 

8.6 

90.8 
9.2 

11.7 

Deal Processor 

88.8 
11.2 
0.8 

93.3 
6.7 
4.2 

90.9 
9.1 
2.7 

CAB/Fuji King 

95.6 
4.4 
0.0 

90.8 
9.2 
5.4 

acceptable chips even with the small-diameter stems and chunks of waste material. Both the Deal Proc
essor and the CAB/Fuji King debarker were able to remove the stringy bark from the cedar logs. 

UPGRADING LOW QUALITY CHIPS 

Study location 
The chip upgrading study was undertaken during the spring of 1995, with the cooperation of 
Riverside Forest Products Limited, Kelowna, B.C., BM & M Partnership, Langley, B.C., and SRC 
Vision Inc., Medford, Oregon. The chips were obtained from unbarked lodgepole pine and Engelmann 
spruce tops from a satellite sortyard in the Kelowna area. 

Equipment and Operation 
A horizontal feed Bruks 1002 CT chip harvesterS (Figure 4) was used to chip roadside waste tops. 
The machine consists of a Bruks drum chipper with a live 4.8-m infeed deck, a discharge spout, and 
a 300 kW diesel motor, all mounted on a mobile trailer. A John Deere 690 tracked excavator with a 
long reach boom and an accumulating grapple head fed tops into the chipper's infeed deck. The chip 
screening was done at the BM & M facilities, where a semi-portable test screening system was set up 
(Figure 5). An SRC Vision sorter-6 (Figure 6) was used to remove unwanted chips. The SRC Vision sorter 
is a computer-aided optic sorting system which can detect and trigger the removal of off-coloured 

' The Bruks chip harvester is manufactured in Sweden, distributed by Valon Kone Brunette Ltd. of New Westminister, B.C., and 
costs approximately Cdn$500 000. 

6 The SRC Vision sorter, modified for sorting chips, costs approximately Cdn$500 000. The unit is manufactured in Medford, 
Oregon, and is marketed and serviced in North America by CAE Machinery, Vancouver, B.C. 
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Figure 4. Bruks 1002 CT chip harvester. 

Figure 5. Test screening system at BM & Mfacilities. 
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Figure 6. SRC Vision sorter. 

material in a product stream. The equipment uses high-sensitivity, high-resolution cameras and 
image-grabbing software to target unwanted chips and to remove them using precisely directed jets 
of air. The equipment was originally developed for the food processing industry, and has successfully 
sorted raisins, plastics, french fries, peas, tobacco, conifer wood chips, and stained aspen chips. 

The chip sorting system operates as follows. Chips should be screened to remove the undersized 
chips prior to loading into an infeed shaker. The shaker feeds chips evenly into an acceleration chute 
and onto a fast-moving, 1.2-m-wide conveyor belt travelling at 242 rnlmin. The chips are carried over 
a highly illuminated narrow gap where two computer-controlled cameras are mounted, one above and 
the other below the chip stream. Each camera can differentiate 264 shades of grey (colour threshold) down 
to a 0.9-mm length (1 pixel) across the width of the belt. When an undesirable off-coloured particle is 
identified, the computer activates one or more of the 192 solenoid-controlled air nozzles located above 
the separation gap to blow the unwanted particle onto the reject conveyor. Each air nozzle can be activated 
up to a maximum of 400 times/sec. Acceptable chips are dumped onto another conveyor for discharge. 

Study Method 
A large sample of chips produced by the Bruks chip harvester was taken and split into two smaller 
samples to facilitate the analysis. The chips were screened for size with a Williams screen. Two 
screen sizes were used, and all of the fines and pin chips were removed by leaving small batches of 
chips in the Williams screen for a minimum five-minute vibration period. The screened material 
and an unscreened sample were taken to the SRC Vision sorter for optic separation of bark and 
foliage. The weights of the accept and reject chips were tabulated after each screening and optic 
sorting. A minimum of three bark content analyses was done at each stage of upgrading. 

Results 
Bark content for the four samples ranged from 3.2 to 7.1% (Table 9), even though the chips collected for 
upgrading all came from the same pile. Screening reduced the bark content 40-70%, and resulted in the 
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Table 9. Chip Recovery from Unbarked Lodgepole Pine and Englemann Spruce Tops 

Screen Start --·- --- Screened ___QQtic sorted Net 
opening Weight Bark Weight Bark Recovery Weight Bark Recovery recovery 

(inches [mm]) (kg) (%) (kg) (%) (%) (kg) (%) (%) (%) 

3/8 (9.5)1 121.1 7.1 107.6 3.9 88.4 86.6 0.6 80.5 71.5 

3/8 (9.5)1 104.2 5.5 87.5 3.8 84.0 76.0 0.2 86.9 72.9 

5/8 (15.9) 118.4 7.0 69.3 3.9 58.5 55.3 0.7 79.8 46.7 

Unscreened 93.8 3.2 - - - 76.8 0.2 81.9 81.9 

1 The original sample of chips was divided into two smaller samples. 

-"' 
Table 10. Chip Production Costs 

Bruks/ Deal CAFJFuji King 
Description 2-drum 3-drum Excavator Processor De barker 

Harvesting ($/t) 17.82 17.82 5.00 I 
Feeding logs ($/t) 12.30 26.66 30.83 
Chipping ($/t) 6.89 4.21 18.34 55.98 53.08 
Chip hauling2 ($/t) 6.30 6.30 6.30 
Feeding chips ($/t) 8.00 
Sorting ($/t) 17.29 
Total ($/t) 31.01 28.33 67.23 82.64 83.91 
Accept chip recovery (%) 87.0 76.9 72.9 88.8 85.4 
Net cost of chips ($/t) 35.64 36.84 92.22 93.06 98.25 

1 An additional $5/t was added to harvesting cost to reflect extra handling of tops for the chipper. 
2 Chip hauling based on 3.5-h cycle for a B-train chip truck (40 t) from same location @ $72/h. 



screened chip furnishes having similar bark contents. 1bis suggests that a substantial amount of bark, 
needles, and twigs was present in the size range composed of chips less than 9.5 mm in diameter. Since 
the screening of the unbarked chips was done in a laboratory and not operationally, the trend of the screening 
and optic sorting results should be noted; however, operational results may vary in percentage terms. 

COSTS 

Harvesting 
Chain-flail multi-stem debarking technology has enabled the utilization of small-diameter stems. The 
primary limitation of this technology appears to be the cost of harvesting these stems and placing 
them in front of the portable delimber-debarker-chipper. In a previous FERIC study, Andersson ( 1994) 
estimated that the cost to deliver stems averaging 10 pieces/m3 to roadside using feller-bunchers and 
grapple skidders was $16.40/m3• Using a conversion rate of2.8 m3/BDU (bone dry unit) and 1.1 t/BDU, 
this is equivalent to $45.92/BDU or $41.75/t. Although the stems logged in the Andersson study were 
not chipped, the findings illustrate the magnitude of cost increase when harvesting small-diameter stands. 

In the cost comparison (Table 1 0) the harvesting costs were obtained from a roadside chipping operation 
(Araki 1994b) and the productivities were determined to be 11.4 tlh and 18.2 tlh for the dual- and 
triple-drum DDC 5000s, respectively. 

Debarking and Chipping 
Appendix I summarizes the ownership and operating costs of the various machines, including 
second and third generation DDC 5000s, that were evaluated by FERIC in this previous study and 
used as the basis for the cost calculations in Table 10. The chipping cost for the dual-drum DDC 
5000 was reduced because productivity was improved by pre-decking the pulp logs along the road 
edge for the chipping unit. Manpower was reduced to one chipper operator, and operator experi
ence and knowledge had improved, as had machine availability and utilization. The chipping costs 
were $6.89 and $4.21/t for the two operations using the first and second generation DDC 5000s, 
respectively. The estimated cost to chip stems of different butt-diameter classes ranged between $4.13 
and $8.45/t for the dual-drum unit while the triple-drum unit experienced costs between $4.10 and $6.24/t. 

The cost to produce chips from unbarked tops and stems using the Bruks chip harvester and John 
Deere excavator in the chip upgrading trial was estimated to be $35.64/t (Table 10 and Appendix I). 
The contractor estimated that the productivity was 10 tlh. The total cost of producing chips from unbarked 
logs in the Kelowna study, including chipping, hauling, and optic sorting costs, was estimated to be 
$67.23/t With an acceptable chip recovery rate of72.9%, the net cost to produce chips was $92.22/t. 

Table 10 also illustrates the cost estimates for the chipping systems using the Deal Processor and 
theCAE/Fuji King debarker, both with the Bruks drum chipper. The Deal Processor is semi-mobile 
while the CAE/Fuji King debarker at Slave Lake is a permanent installation. The costs for the 
Deal and CAE/Fuji King systems are estimates developed by FERIC, based on discussions with the 
contractor and company personnel (Appendix II). The costs were estimated to be $55.98 and $53 .08/t 
for the Deal Processor and CAE/Fuji King systems, respectively. Since both machines were 
recovering material normally burned or buried, the harvesting and log hauling costs were not included in 
the analysis. Similarly, the conversion of solid wood to BDU for the two machines was not detennined 

1 Per discussion with CAE personnel. 
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because the material was initially considered waste. There was a difference in log feeding costs for 
the two systems because the Deal Processor used two rubber-tired loaders while the CAB/Fuji King 
de barker used a rubber-tired loader and a hydraulic excavator. 

Chip Upgrading 
The costs for the semi-portable BM & M screening system and SRC Vision sorter include the trailer to 
house the sorter, water, air compressor, and power source, which are estimated at $1 000 000.7 Even though 
the chip sorter productivity used in the calculation is almost twice the 10 tlh used in this analysis, the 
lower productivity allows for more accuracy in sorting. The cost to screen and optic sort was 
estimated to be $25.29/t which includes $8/t for a loader to feed the sorter at a satellite yard. 

DISCUSSION 

Contractors using the dual- and triple-drum DDC 5000s told FERIC that chain wear was a major cost 
consideration when producing chips. Chain flails were changed after about 30 loads of chips for the 
dual-drum unit and after about 40 loads for the triple-drum unit. Chain wear on the third drum of 
the triple-drum model was less than on the other drums. The operator often reversed the third drum's 
rotation and used the flails to sweep clinging or hanging bark, rather than use them for debarking. 
The operators of both units made every effort to reduce chain flail costs by rotating the chain flails 
between the upper and lower flail drums, using the chains as long as possible, and adjusting the 
rotation speed of the drums to suit the material being debarked. 

Chipping contractors indicated that the bark content of the chips was higher during winter operations 
compared to summer operations. An earlier study done by FERIC (Araki 1994b) showed that debarking 
and chipping frozen stems produced approximately 90% acceptable chips with a bark content 
consistently over 3%, and the acceptable chips were generally smaller and thinner than chips produced 
during Sllffi!Der operations. Increasing the dwell time in the DDC 5000's delimbing-debarking chamber 
or increasing the flail drum rotation reduced bark content, but they also increased the fine and pin 
chip components. Winter debarking and chipping of tops using the Deal Processor produced similar 
acceptable chip percentages (89 .8%) with bark content less than 1%. Although FERIC did not measure 
the differences, the fibre recovery for chips using bin debarking technology (i.e., Deal Processor and 
CAB/Fuji King debarker) appears to be higher than for chips using chain flail technology as the 
debarking is far less aggressive. The Deal Processor had successfully removed adequate bark from 
frozen aspen and conifer waste in Slave Lake and Grande Prairie, respectively, prior to the FERIC trials. 

This study did not compare the quality of chips produced from different chipper models, other than 
the Morbark and Precision chippers used with the chain flail delimber-debarker-chipper units. In 
the other three case studies, a Bruks drum chipper was used. The Bruks drum chipper used with the 
Deal Processor and CAE/Fuji King debarkers had a drop-feed chipper, while the mobile Bruks unit 
in Kelowna had a horizontal feed. It was difficult to draw any comparative differences because the 
study objectives did not include this component The chain flail technology is appropriate in small-diameter 
stands where all of the stems can be processed into chips.lt is not suitable for small tops and waste wood as 
a 3-m minimum length is required in order to secure the log for debarking and chipping. The first genera
tion dual-drum DDC 5000, which used a Morbark disc chipper, has a 1.2-m gap between the hold-down 
feed roller and the chipper anvil. This leaves the last 1.2-m portion of every log unsecured during chipping. 
The gap between the hold down feed rollers and chipper anvil on the triple-drum DDC 5000, which uses 
a Precision disc chipper, is less than 0.5 m. Chipping of small chunks of varying diameters is best 
accomplished by having a drop-feed drum chipper, as the chipper knives pull the wood into the chip anvil. 
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Wood fibre that fails to make pulp grade chips using existing chipping technology can be used in 
other wood product manufacture. Thin and small-diameter chips can be used as the filler or centre 
core in the manufacture of oriented strandboard (OSB). If the pin chips and fines have no bark, they 
can be used with sawdust and shavings in the manufacture of medium density fibreboard (MDF). At 
a satellite log chipping operation in Cranbrook, B.C., chips are screened through a portable screen 
with a 9-mm mesh and all the screened chips are sold to an MDF plant in the United States. Thin 
and small-diameter chips can be produced by increasing the number of chipping knives in the drum or 
disc chipper, and/or increasing the disc/drum rotation speed, and/or decreasing the feed rate into the 
chipper. Technology to produce wafer chips for OSB from small-diameter and waste material has not 
been developed. There is, however, increasing interest in developing machinery for that purpose. 

CONCLUSIONS 

During the summer and fall of 1995, FERIC monitored two portable Peterson Pacific DDC 5000 
delimber-debarker-chipper units, one dual-drum and the other triple-drum, chipping small-diameter 
lodgepole pine and black spruce timber; evaluated the Deal Processor and CAF/Fuji King debarker 
processing western red cedar, aspen, and black poplar; and evaluated the SRC Vision sorter upgrading 
high-bark spruce and pine chips produced by a Bruks mobile chipper from roadside debris. The project 
was partially funded by the Forest Industry Development Branch of the Alberta Department of 
Economic Development and Tourism. The study found that: 

• The triple-drum DDC 5000 produced more chips per hour than the dual-drum model. Both 
chippers had difficulty maintaining chip quality at less than 1% bark. The triple-drum unit 
produced chips with the least bark content in each butt-diameter class. Chipping costs ranged 
between $4.13 and $8.45/t using the dual-drum unit and between $4.10 and $6.24/t using the 
triple-drum unit. 

• As smaller-diameter stems were debarked and chipped, chipping productivity decreased, bark 
content increased, and the proportion of oversized and overthick chips, pin chips and fines 
increased. The economics of debarking and chipping tops is questionable because the percentage 
of acceptable chips is low and the logistics of continuously feeding the DDC 5000 is difficult 
and probably very expensive. Upgrading unbarked chips was found to be a feasible alternative. 

• Excessive bark in chips derived from whole-stem (unbarked) chipping with a Bruks mobile 
chipper can be removed using aggressive screening and the SRC Vision sorter. The system of 
chipping unbarked tops, screening, and optic sorting produced quality chips with bark content 
less than 1%, and at a cost of $92.22/t. 

• The Deal Processor and the CAE/Fuji King debarker have the potential to remove bark from 
woody material that ring, drum, and flail de barkers cannot handle, such as tops, log ends from 
logyard breakage, and western red cedar logs. Working in combination with a Bruks chipper, 
the Deal Processor and CAE/Fuji King debarker produced chips for $55.98 and $53.08/t, 
respectively. 

• Existing debarking and chipping technology has the potential to provide furnish for the centre 
core of OSB and furnish for MD F. Chip screening can separate the fines and pin chips which 
may be used as furnish for these wood products. 
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Appendix I 
 

Machine Costs 
 

 
 
 
 
 

OWNERSHIP COSTS 

Peterson Pacific 
  DDC 5000   

Bruks 
1002 CT 

John Deere 
690 

 
SRCVision 

2-drum  3-drum chipper excavator sorter 

    
Total purchase price (P) $ 638 000 691 000 500 000 400 000 1 000 000 

Expected life (Y) y 5 5 5 5 5 
Expected life (H) h 12 000 12 000 12 000 12 000 12 000 
Scheduled  hours per year (h)=(HIY) h 2400 2 400 2 400 2400 2400 
Salvage value as % of P (s) % 25 25 25 25 25 
Interest rate (lnt) % 12 12 12 12 12 
Insurance rate (Ins)% 3 3 3 3 3 

Salvage value (S)=((s•P)/100) $ 
 

159 500 172 750 
 

125 000 
 

100 000 
 

250 000 
Average investment  (AVI)=((P+s)/2) $ 398 750 431 875 312 500 250 000 625 000 

Loss in resale value ((P-S)/H) $/h 39.88 43.19 31.25 25.00 62.50 
Interest ((Int•AVI)/h) $/h 19.94 21.59 15.63 12.50 31.25 
Insurance ((lns•AVI)/h) $/h 4.98 5.40 3.91 3.13 7.81 

Total ownership  costs (OW) $/h 64.80 70.18 
 

50.78 40.63 101.56 
 

OPERATING  COSTS 
     

Fuel consumption (F) L/h 60 60 75 40  
Fuel cost (fc) $/L 0.42 0.42 0.42 0.42  
Lube and oil as% of fuel cost (fp)% 15 15 15 15  
Annual repair and maintenance (Rp) % 20 20 20 20 10 
Chain flail expense $/y 105 000 140 000    
Operator wages (W) $/h 20.00 20.00 20.00 20.00 20.00 
Wage benefit loading (WBL) % 35 35 35 35 35 
Shift length (sl) h 10 10 10 10 10 

Fuel costs (F•fc) $/h 25.20 25.20 
 

31.50 16.80  
Lube and oil cost ((fp/100)-(F•fc)) $/h 3.78 3.78 4.73 2.52  
Repair and maintenance ((Rp/100)•P/h) $/h 53.17 57.58 41.67 33.33 41.67 
Wages and benefits (W•(1+WBLI100)) $/h 27.00 27.00 27.00 27.00 27.00 
Prorated overtime (((1.5•W-W)•(sl-8)•      

(1+WBL/100))/sl) $/h 2.70 2.70 2.70 2.70 2.70 
Chain flail expense 1  $/h 43.75 58.33 25.00   

 

Total operating cost (OP) $/h 
 

155.60 
 

174.60 
 

132.59 
 

82.35 
 

71.37 
 

TOTAL OWNERSHIP AND OPERATING  COSTS 
     

(OW+OP) $/h 220.39 244.78 183.37 122.98 172.93 
Excluding interest $/h 200.46 223.18 167.75 110.48 141.68 

 

Productivity/h (tfh) 
 

31.98 58.10 
 

10.00 
 

10.00 
 

10.00 
 

Cost 2 $/h  6.89  4.21  18.34  12.30  17.29 
 

1 Chain flail expense obtained from ANC and Weldwood's chipping contractor. 
2 These costs are based on FERIC's standard costing methodology for determining machine ownership and operating costs. These 

costs do not include supervision, profit, nor overhead, and are not the actual costs for the contractors or companies studied. 
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Appendix II 

Debarker Costs Including Bruks Chipper 

OWNERSHIP COSTS 
Total purchase price (P) $ 

Expected life (Y) y 
Expected life (H) h 
Scheduled hours per year (h)=(HN) h 
Salvage value as %of P (s)% 
Interest rate (lot) % 
Insurance rate (Ins) % 

Salvage value (S)=((s•P)/100) $ 
Average investment (AVI)=((P+s)/2) $ 

Loss in resale value ((P-S)IH) $/h 
Interest ((Int•AVI)/h) $/h 
Insurance ((Ins•AVI)/h) $/h 

Total ownership costs (OW) $/h 

OPERATING COSTS 

Fuel consumption (F) L/h 
Fuel cost (fc) $/L 
Lube and oil as % of fuel cost ( fp) % 
Annual repair, and maintenance (Rp)% 
Chipper knives $/month 
Operators wages (W) $/h 
Wage benefit loading (WBL) % 
Shift length (sl) h 

Fuel costs (F•fc) $/h 
Lube and oil cost ((fp/100)•(F•fc)) $/h 
Repair and maintenance ((Rp/1 OO)•P/h) $/h 
Chipper knives• $/h 
Wages and benefits (W•(1+WBU100)) $/h 
Prorated overtime (((1.5•W-W)•(sl-8)• (1+WBL/100))/sl) $/h 

Total operating cost (OP) $/h 

TOTAL OWNERSHIP AND OPERATING COSTS (OW+OP)$/h 
Excluding interest $/h 

Productivity/h (t/h) 

Cose$tt 

Deal 
Processor 

975 000 

10 
24000 
2400 

25 
12 
3 

243 750 
609 375 

30.47 
30.47 

7.62 

68.55 

90 
0.42 

15 
30 

10000 
35.00 

35 
10 

37.80 
5.67 

121.88 
50.00 
47.25 

4.73 

267.32 

335.87 
305.41 

6 

55.98 

CAE/Fuji King 
de barker 

1 000 000 

10 
24000 

2400 
25 
12 
3 

250 000 
625 000 

31.25 
31.25 

7.81 

70.31 

90 
0.42 

15 
30 

10000 
35.00 

35 
10 

37.80 
5.67 

125.00 
50.00 
47.25 
4.73 

270.45 

340.76 
309.51 

6 

56.79 

1 Estimated hourly cost of chipper knives. 
2 These costs are based on FERIC's standard costing methodology for determining machine ownership and operating costs. These 

costs do not include supervision, profit, nor overhead, and are not the actual costs for the contractors or companies studied. 
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head office western division eastern division 
siege social division de l'ouest division de l'est 

580 boul. Saint-Jean 
Pointe-Claire, Quebec 
canada H9R 3J9 
T: 514·694·1140 
F: 514·694·4351 
E: admln@mtl.ferlc.ca 

2601 East Mall 
vancouver, BC 
canada V6T 1Z4 
T: 604·228·1555 
F: 604·228·0999 
E: admln@vcr.ferlc.ca 

580 boul. Saint-Jean 
Pointe-Claire, Quebec 
canada H9R 3J9 
T: 514·694·1140 
F: 514·694·4351 
E: admln@mtl.ferlc.ca 

----




