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Introduction
The regeneration o f interior A laska’s com m ercial forest lands is m andated by
Alaska’s Forest Resources and Practices Act (1979). This act requires that regenera
tion be established adequate to ensure a sustained yield on forested lands from
which the tim ber has been harvested. Post-logging regeneration efforts now are
aim ed at exposing m ineral soil for the natural seeding o f white spruce. Soil ex
posure has been accom plished by blade scarifying with a craw ler tractor which
provides large seed sites or by using a Bracke-type patch scarifier which produces
small seed sites o f about 2 ft2. Arlidge (1967) reports that larger seedbeds have
greater regeneration success than sm aller ones. Some researchers have found that
the regeneration o f the larger plots may be too successful, requiring weeding and
precom m ercial thinning to bring stocking to satisfactory levels (Zasada and Grigal
1978). The Alaska Division o f Forestry (DOF) has not been satisfied with the
cost or effectiveness o f either o f these site-preparation practices.
In an effort to introduce and evaluate alternative types o f site-preparation equip
m ent, D O F and the University o f Alaska-Fairbanks (UA F) entered into an agree
ment to purchase jointly a TTS-35 Disc Trencher Scarifier. The TTS-35 is a relative
ly new piece o f site-preparation equipment developed in Finland. It exposes mineral
soil by slicing through the organic layer o f the forest floor and casting it aside
(fig. 1). A sketch o f the TTS-35 is shown in Figure 2.

Figure 1. An example o f the work perform ed by the TTS-35 D isc Trencher.
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Figure 2. Sketch o f the TTS-35 D isc Trencher.
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It can be towed by either a crawler tractor or rubber-tired skidder with a minimum
rating o f 135 horsepow er. The two 48-inch discs are positioned 6 .6 feet apart and
can m ake furrow s 18 inches wide on which natural seeding, broadcast seeding,
or planting can be perform ed. The TTS-35 is being evaluated to determ ine if it
will provide m ore m ineral soil exposure per acre than the patch scarifier for the
same am ount o f equipm ent time. The pattern o f furrow s produced is expected to
give better spacing for natural regeneration than occurs on the large seedbeds pro
duced by blade scarification.
The purpose o f this paper is to inform potential users o f the 1985 hourly scarifica
tion rates and per acre costs o f perform ing site-preparation work using the TTS-35
Disc Trencher. These rates and costs w ere based on initial contract results. This
information will give forest m anagers a basis on which to estimate site-preparation
costs after logging. The costs and rates reported will provide prospective contrac
tors with inform ation they can use in determ ining bids for future scarification
contracts.

Methods
D uring the sum m er o f 1985, the first large scarification contract was aw arded
by D O F for site preparation on 415 acres burned during the 1983 Rosie C reek
F ire near Fairbanks, Alaska. The contracted work was to prepare cut-over and
burned forest lands for hand planting. The contract area was divided into ad
ministrative units o f 35 to 228 acres. These units were further divided into subunits,
each o f which was fairly uniform as to site conditions. This allowed the contrac
tor greater control o f the scarification operation. The subunits contained varying
am ounts o f logging slash and from light to heavy grass cover. The topography
o f the subunits varied from sm ooth, relatively flat, 5 percent slopes to steep, 20
percent slopes on rolling terrain.
Three contractors w ere used to complete the scarification work. C ontractor tt\
found that his rubber-tired skidder, though technically having the minimum
horsepow er, was unable to operate at the 2-acre-per-hour rate required by the con
tract. C ontractor #1, using a D-6 C aterpillar C raw ler (fig. 3), was able to com 
plete 148 acres before he had to relinquish the contract due to unanticipated
m aintenance costs. C ontractor #3 was able to com plete the contract using a C lark
668 rubber-tired skidder (fig. 4). Due to the short am ount o f time that C ontractor
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Figure 3. Photo showing the TTS-35 being towed behind the D -6 Caterpillar crawler
used by Contractor #2.

#1 operated, data w ere collected only on the w ork perform ed by C ontractors #2
and #3.
Tw o sampling procedures w ere used to determ ine scarification rates due to dif
ferences in the scarification patterns used by the two contractors and in the speed
o f the equipm ent used to tow the TTS-35. U nder the initial m ethod, scarificationrate data w ere obtained by m easuring the distance traveled by the scarifier during
a 15-minute time period (D). One sample was taken every hour while the machinery
was in operation. The beginning and ending points were m arked so that the amount
o f m ineral soil exposed could be m easured. Sample m easurem ents w ere taken
within each subunit o f the contract area to determ ine the average distance between
pairs o f furrow s (FS). This was accom plished by counting the num ber o f furrow s
crossed by a transect line laid down perpendicular to the furrow orientation. The
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Figure 4. Photo showing the TTS-35 being tow ed behind the Clark 668 rubbertired skidder used by Contractor #3.
length o f the transect lines depended on the size o f each subunit. Scarification rates
per productive m achine hour (PM H ), the time actually spent scarifying, were
calculated for each sample using the following formula:
(D

X

FS

X

4)/43560 = PM H

(1)

In order to determ ine an average scarification rate for the entire contract period,
records were kept on the am ount o f time lost to delays and breakdow ns. This in
form ation was used to determ ine the percentage o f every contract m achine hour
(CM H) actually spent scarifying. The rate in term s o f acres per PM H (A/PM H)
was m ultiplied by this percentage to yield acres per CM H (A /C M H ). This pro
vided a scarification rate which allowed for delays and breakdow ns. Scarification
rate estim ates for C ontractor #2 w ere obtained in this m anner.
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The first attem pts to collect data on C ontractor ft3 revealed that the skidder was
too fast for the tim er to keep up with. This made it difficult to identify the end
point o f the 15-minute timing periods as well as m easure the distance traveled.
As a result, the beginning and ending points were m arked and the m easurem ent
for distance taken while the operator finished the unit. The contractor’s equip
ment operator preferred to break the large scarification units into small subunits
which could be done in an hour or less. He was often finished with the unit before
the tim er had finished collecting data. This m eant that some o f the units had to
be skipped to keep up with the skidder. As a record o f equipm ent operating time
was being kept, we decided to estim ate scarification rates based on the times re 
quired to scarify each subunit. Records were kept on the distance covered in 15
minutes on four o f the subunits so that a com parison could be m ade o f the relative
differences between the estim ates obtained by the two m ethods.
Acreage estim ates w ere obtained by using a m icrocom puter program and
m easurem ents obtained with a hipchain and com pass for each o f the contract
subunits. Scarification rates were determ ined by dividing the scarification time
into the acreage estimate for each subunit. This provided rates on an A /C M H basis,
as delays and breakdow ns w ere included in the tim e for each subunit. Furrow spacing data w ere obtained using line transects. The percent o f m ineral soil ex
posure within furrow s was obtained from m easurm ents o f tw o random ly selected
pairs o f furrow s 328 feet long.

Results and Discussion
Contractor #2
O bservations m ade on C ontractor #2 from June 21 to July 12, 1985, are sum
m arized in Table 1. A statistical analysis was made to determ ine w hether there
w ere significant differences between the scarification rates for the four subunits.
At the 95 percent confidence level, subunits 1 and 3 w ere found to be significant
ly different, therefore a weighted average based on percent o f total acreage scarified
within each unit was calculated to check the sim ple average o f 2.91 A /PM H . As
the difference between the weighted and simple averages was only 0.004 A /PM H ,
we accepted the average in Table 1 as a good estim ate o f A /PM H .
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Table 1. Scarification rates observed for the D-6 Caterpillar Crawler using
the distance-per-15-minute time period sampling procedure.
Sample
1
2
31
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Ave.

Subunit

Distance

Soil
Exposure

(ft)

(%)

2
2
3
3
3
3
3
3
1
1
1
1
1
1
1
4
4
4
4

2,032
2,123
1,618
1,269
1,370
2,031
1,854
1,765
1,948
2,225
2,062
2,378
2,314
2,124
2,269
2,380
2,248
2,024
1,794
1,9913

_2

98
-

95
-

98
99
97
95
95
98
98
96
96
96.8

Furrow
Spacing
(ft)
14.8
14.8
14.1
14.1
14.1
14.1
14.1
14.1
15.3
15.3
15.3
15.3
15.3
15.3
15.3
16.8
16.8
16.8
16.8
15.2

Scarification
Rate
(A/PMH)
2.76
2.89
3.01
1.89
2.04
3.02
2.76
2.63
2.74
3.13
2.89
3.34
3.25
2.98
3.34
3.54
3.34
3.01
2.67
2.91

‘Sample time was only 12 minutes long.
2Exposure information not obtained.
3At the 95% confidence level the standard error o f the estimate for the simple average was 0.20
A /PM H , o r 6.87% o f the mean.

The results o f the m achine-hour analysis indicated that productive scarification
time am ounted to only 67.16 percent o f m achine time. As the rate o f 2.91 A /PM H
could only be sustained for this percentage o f tim e, the overall scarification rate
for the D-6 was reduced to 1.95 A /C M H . The observed productive m achine time
was low er than the 75.84 percent figure obtained from the contractor’s records.
Studies performed on disc trenchers in Finland have found scarification time percen
tages o f 68.2 percent (Putkisto 1980). As a check on the A /C M H estim ate, the
num ber o f machine hours paid for by DOF was divided into the estimate o f acreage
scarified to yield a figure o f 1.75 A /C M H . This rate was 10.3 percent less than
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the overall scarification rate o f 1.95A /CM H . M ost o f this difference can be ex
plained by the fact that within the 147.72 acres scarified there w ere some areas
that were scarified twice due to terrain conditions or m ovem ent o f the scarifier
from one unit to the next. The overall scarification rate obtained from studies by
the Forest Engineering Research Institute o f Canada (FERIC) for the TTS-35 was
1.88 A/CM H when towed by a crawler tractor in the D-6 or D-7 size class (Breweth,
personal com m unication1). This figure falls between the observed rate and the con
tract rate for the D-6.
The contract cost for the acreage scarified was $8,252.90, or $ 5 5 .87/A. The
contractor was paid $ 7 4 .15/CMH and $24.72 for every hour o f standby time caused
by a m echanical problem with either the hitch or the scarifier. The contractor ran
his craw ler for 84.55 hours and had 81 hours o f standby time. The large num ber
o f standby hours was due prim arily to problem s with the drop-pin hitch used to
attach the scarifier to the craw ler. This resulted in a contract average o f
$97.83/C M H . Based on the observed scarification rate o f 1.95 A /C M H , this con
verted to $ 5 0 .17/A. This cost estim ate was 10.2 percent less than the contract
cost. M ost o f this difference can be explained by the difference between the con
tract acreage and the estim ate o f the acreage actually scarified.
The D-6 craw ler had low ground pressure tracks so that it could work in areas
with wet soils. Due to the fact that the track pads were extra wide, they had a
tendency to ride up on stumps which put too much stress on them and resulted
in many being broken. The total cost o f replacing the broken pads and the fact
that breakage would continue w ere the prim ary reasons Contractor #2 relinquish
ed the contract. The contract price o f $ 7 4 .15/CM H did not allow the contractor
to recover these additional m aintenance costs and still make a profit.
The quality o f the scarification work accom plished with the craw ler was very
good. Based on the observed values for percent soil exposure in each furrow (96.8
percent) and the average spacing for each furrow (7.6 feet), the amount o f mineral
soil exposure was calculated to be 8,322 ft2/A , or 17.9 percent. This figure was
obtained in the following manner:
(43560/7.6)

X

1.5

X

0.968 = 8,322 ft2/A

w here 1.5 is the m ineral soil width in feet within each furrow.
'Breweth, Douglas. 1985. British Columbia Ministry of Forestry.

(2)

Contractor #3
Observations on the perform ance o f Contractor #3 began on August 8 and were
com pleted on Septem ber 11, 1985. The observations made on the C lark 668 are
sum m arized in Table 2. The scarification rate for the skidder was calculated two
ways. The first yielded a rate based on the total m achine hours required to scarify
a given unit; this averaged 3.34 A /C M H . The second rate was based on produc
tive m achine hours with no delay time; this was 3.72 A /PM H . Both o f these rates
were considerably lower that the 4.10 A /CM H observed in Canada (Breweth 1985).
The cost o f the scarification work perform ed by C ontractor #3 was $36.64/A .
This figure was based on the total am ount o f $7,987.50 paid to C ontractor #3 for
the com pletion o f the rem aining 218 acres in the contract. The contract cost per
m achine hour was $100/C M H with an additional standby cost o f $25/hour. Based
on the contract records, there was a standby charge o f 0.61 hour for every machine
hour during the period o f observation, for a total o f $115,25/C M H . W hen divid
ed by the observed scarification rate o f 3.34 A /C M H this converted to a cost o f
$34.51/A . The difference between this cost and the contract cost was 5.8 percent,
well within the confidence limits o f the scarification rate estimate.
The quality o f the scarification w ork perform ed with the rubber-tired skidder
was good. Based on nine observations, the soil exposure for this equipm ent comTable 2. Scarification rates observed for the Clark 668 rubber-tired skidder using
the time-per-unit sampling method.
Machine Time
Productive
Delay

Subunit

Size

A
B
C
D
E
F
G
H

I

(A)
4.40
3.52
3.60
1.72
2.14
5.50
3.90
3.02
3.06

(min)
76
62
48
30
32
73
70
51
57

Ave

3.43

55.7

Furrow
Spacing

Scarification

Rates

(min)
9
3
1
3
5
0
12
23
7

(ft)
16.4
15.9
18.9
13.5
18.1
17.8
16.3
18.3
17.0

(A/CMH)
3.11
3.25
4.41
3.13
3.47
4.52
2.85
2.45
2.87

(A/PM H)
3.47
3.41
4.50
3.44
4.01
4.52
3.34
3.55
3.22

6.8

16.9

3 .3 4 1

3.722

'A t the 95% confidence level the standard error o f the estimate as 0.54 A /C M H , or 16.17% o f the mean.
2At the 95% confidence level the standard error o f the estimate was 0.39 A /PM H , or 10.48% o f the mean.
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bination was 85.2 percent. With an average spacing o f 8.45 feet per furrow , the
am ount o f mineral soil exposed per acre was 6,588 ft2, or 15.1 percent. This value
was calculated using the same form ula as for C ontractor #2.

Comparisons
In order to determ ine w hether or not the two sampling methods provide sim ilar
results for a given sample, four time-distance samples were taken on units scarified
with the skidder. The scarification-rate estim ates obtained by this m ethod were
com pared to the estim ates made by the tim e/unit method. Table 3 sum m arizes
the results o f the com parison. A statistical analysis o f the difference between two
dependent means was made to determ ine whether the difference was significant.
At the 95 percent confidence level, the difference between the two m eans was
not statistically significant. It was therefore assumed that the estim ated rates for
scarification obtained by the two methods used could be com pared directly.
On the basis o f productive machine hour rates observed, the rubber-tired skid
der was found to be 0.82 A /PM H faster than the D-6 craw ler. This difference
becomes 1.39 A /C M H when contract machine hour rates are com pared, due
prim arily to the difference in delay times experienced by the two m achines. The
craw ler was low er to the ground than the skidder and was operating in an area
having a larger num ber o f high stumps. This required the operator to be m ore
careful about w here he drove the craw ler. Even with care he had several large
delays caused by stump hang-ups and mud.

Table 3. Comparison of scarification-rate sampling methods.
Sample
1
2
3
4
Ave.

Subunit
E
F
G
H

Furrow
Spacing

Scarification

Rates

(ft)
2,575
2,745
2,228
2,168

(ft)
18.1
17.8
16.3
17.0

(A /C M H 1)
4.27
4.49
3.33
3.38

(A /PM H 2)
4.01
4.52
3.34
3.22

2,429

17.3

3.87

3.77

Distance

'O btained using the time-distance sampling method.
2Obtained using the tim e/unit sampling method.

The TTS-35 did a good jo b o f exposing m ineral soil in all units. The equipm ent
operators learned quickly how to obtain good spacing between the furrow s (fig.
5). The scarifier did not cut continuous furrows in the organic layer because log
ging slash and stumps forced one or both discs out o f the ground. Even so, the
skidder was able to expose 85.2 percent mineral soil in the furrows while the crawler
exposed 96.8 percent. There are two likely explanations for the difference in ex
posure percentages, the first being the relative speeds o f the m achines. W e noted
that the faster the skidder m oved, the m ore the discs bounced when they hit a m a
jo r root or stump. This caused the scarifier to ‘w alk,’ alternately having one disc
in the ground and one out, for distances up to 50 feet. Areas where this occurred
were not scarified as well as those where both discs were in contact with the ground.
A possible solution to this problem would be to operate the skidder at no m ore
than 4 A /PM H or put additional weight in the ballast com partment o f the scarifier.

Figure 5. Photo showing the D -6 crawler and the spacing o f the furrows obtained.
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A second explanation for the difference in soil exposure is that the two areas
the machines scarified contained different amounts o f slash. Large amounts o f slash
reduce the effectiveness o f the scarifier by preventing the discs from cutting into
the organic mat. The area on which the skidder was operated had been harvested
just prior to scarification so that slash had not had time to break down. Logging
had been com pleted from 2 to 10 years prior to scarification on the area worked
by the craw ler. M ost o f the slash on the older sales was consum ed in the Rosie
C reek Fire.
The heavy grass cover on portions o f the units appeared to reduce the effec
tiveness o f the scarifier slightly. Though the discs cut through the root mat, they
did not always cast the material far enough aside to prevent its rolling back into
the furrow . This may allow the grass to be m atted down into the furrow s by snow
during the w inter, thereby causing dam age to spruce regeneration. This problem
m ay be solved by the addition o f m ore weight to the scarifier and/or adjustm ent
o f the disc angle so that the furrows will be wider. M ore research on this problem
will be perform ed during the next contract.
Although the skidder provided less m ineral soil exposure on a per acre basis
than did the craw ler (6,588 ft2 to 8,322 ft2), the skidder’s higher scarification rate
resulted in its providing 35.6 percent m ore exposure per m achine hour. As the
contract cost o f the skidder was less expensive than that o f the craw ler ($36.64/A
to $55.87/A ), the skidder was able to provide 20.1 percent m ore soil exposure
per contract dollar. This figure should be regarded as a m inim um difference due
to the fact that C ontractor #2 bid the contract too low.
During the course o f the contract, both contractors experienced unusually high
am ounts o f standby tim e due to problem s with the drop-pin hitches used to tow
the scarifier. Several o f these hitches w ere m anufactured locally and did not hold
up well. Contractor #2 had the m ost problem s, with 48.9 percent o f his contract
time comprised o f standby hours. Contractor #3 fabricated a hitch which performed
better than those he was given and experienced only 37.9 percent standby time.
If DOF can obtain a better hitch, the overall cost o f scarification should be reduced.
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Conclusions
The TTS-35 perform ed well in its first large-scale trial in interior Alaska. The
m ineral soil exposure was quite good (fig. 6), and the pattern o f this exposure
should provide good spacing for seedlings which become established on the seedbed.
The cost per acre for scarification with the TTS-35 was very good, particularly
with the C lark 668 as prim e m over. The scarifier appears to have provided DOF
with a low-cost m ethod o f site preparation for the regeneration o f white spruce.
Even though costs for operating the rubber-tired skidder w ere low er, craw ler
tractors should not be excluded from the bidding process. This is particularly true
for areas having steep slopes and terrain conditions where a skidder may have
trouble operating. The crawler scarified effectively in areas where the skidder could
not safely operate. In future contracts consideration should also be given to the

Figure 6. Photo showing a seedling planted in the mineral soil exposed by the
scarifier.
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fact that the craw ler provided m ore m ineral soil exposure per acre than did the
skidder. W hether this is significant in obtaining adequate regeneration o f tim ber
sales is a question to be answ ered by future research.
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