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GENERAL:

The &ata for this study wes collected on young, second-growth
shortleaf pine loblolly pine forests, typical of the forests west of the
Mississippi, and represents present logging practices in that region.
Most of the present stands have been logged of their merchantable volume
at least once during the past forty years, and in most cases these log=
ging operations have had little consideration for the future economic
possibilities of the stand. Clear cutting, destructive logging, and in
general, lack of future planning has left 90 per cent of the present
stands understocked. Exploitation of forest resources has been remedied
to & great extent with proper management’planning, but utilization meth=-
ods have got kept in stride with the economical and physical betterment
of the forest.

The advancement of mechanized equipment in recent years has
brought forth new and more economical methods of logging. Crawler trac-
tors have replaced teeams resulting in greater hourly production at lower
men~-hour costs. Mobile loaders have also increased production by quick-
er and more effic;ent loeding. Modern trucks and trailers cffer wider
bunks and larger tires which make larger loads possible. In most cases
a great reduction in men-hours has resulted. <1he mere use of this mech-
anized equipment has reduced man-hour costs, but little has been done to
improve utilization methods resulting in a waste of manpower. Production
of short length logs, 12 to 22 feet, has not fully utilized the efficien=-
cy of the present equipment. Production of short length logs requires

more handling in woods to mill operation resulting in a waste of man-power.
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Unnecessary handling coupled with increased man~hour costs makes this
especially evident. In general, utilizetion methods are far behind the
times and have not kept pace with advances in equipment design and use.

It follows, then, that there is much room and need for im-
provement in utilization methods. In order to more fully utilize equip-
ment, thus increasing and cheapening production, and to secure better
utilizetion of forest products the production of long-length logs is
offered as a possible improvement over the o0ld practices.

COOPERATION:

This study was conducted by the Southern rorest Experiment Sta-
tion in cooperation with the CUrossett Lumber Company. ‘ihe Company was
responsible for the furnishing the timber, the contractor, the egquipment
with which to do the logging, the marking of the timber for cutting, and
assumed the responsibility from the financial standpoint for the employ-
ment of two men. ‘he Company was also responsible for the bucking of the
long-length logs and long=-length pulpwood into proper lengths for use by
the mills. The sSouthern rorest mxperiment station in turn furnished the
remaining men needed to collect the data, supervise the study, compute
the datea, and prepare the final report.

MARKING #OR CUTTING:

As stated above, in order to secure data that would be directly
epplicable to the Crossett and to other lumber companies and contractor
operations, the Crossett Lumber Uompany had their crews mark the timber
for cutting on the étudy area. This marking conformed to the usual prac-

tices with the exception that the Company marked a considerable number
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of the smaller size trees for removal.. It was desired to determine the
felling, bucking, skidding, and loading on some material smaller than

the usual size produced at Crossett in order that the data mey be applied
to operations with smaller 1og averages and for smaller mills. Enough
trees in the smaller sizes were marked, down to ten inches in diameter,
to get a fair average. "Usual practices" referred to marking for cutting
under sustained yield menagement.

SCOPE OF STUDY:

The data presented in this paper represent only a part of the
Forest Service study. The entire scope of the study included pulpwood
and hardwood production in long vs. short-lengths as well as pine produc-
tion. However, time and study limited the scope of this paper to pine
logs only. Pulpwood computations represent a study in itself. 1In all
similar loblolly-shortleaf pine stand in the south a certain amount of
hardwoods will be removed with each cut, however, in such stands it is
the policy to gradually eliminate the hardwoods through successive cuts
to make room for the faster growing and the finencially better pines. In
such stands the hardwoods, osks, maples, and gums, are considered weed
trees. Data collected on the small percentage of hardwoods cut in the
study was not sufficient for the construction of strong cost tabdbles, 3o
instead of combining the pine and hardwood logeing costs the hardwood
data was not used.
OBJECTIVES:

The main objectives covered in the paper ars listed below in
order of their importance.

1. To determine the time and costs of cutting, skidding, load-

ing, and hauling of long-length material to be used for sawlogs as com-



pared to the handling of the usual short-length logs.

2. To determine whether the cutting of long-length logs
results in better utilizetion of the log portion of the tree and more
efficient grade recoveries.

3, Tc determine the effect of long-length logging upon se-
lectively cut stands.

STUDY AREA:

Eighty acres of well stocked pine-hardwood second-growth
stands were selected 9.8 miles east of Crossett, Arkansas. The terrain
was flet to gently rolling. The area contained approximately 7,000
board feet per acre in trees 13 inches d;b.h. and lerger. Approximate-
1y forty per cent of this volume was cut. The stand is representative
of the better grade second-growth stands in the loczlity. This eighty
acre tract was divided into four plots of twenty acres each. The plots
were numbered one to four and handled for sawlog prcduction as follows:

Plots 1 and 3¢ Logs were handled in the usuval manner;

that is, short logs rangiﬁg from 12 to
22 feet in length were cut at the voint
of felling.

Plot 2. Each tree was cut into one or more long-
lengths with the maximum length of 48
feet. These long-lengths were then skidd-
ed to a designated loading point and load-
ed and hauled by truck to a designated

banking ground in Crossett where they werse



later bucked up into the lengths needed
by the mille.

Plot 4. | The entire tree, including top, was skid-
ded to the landing point after felling end
limbings At the landing point the top was
removed ard the log portion bucked into one
or more long-lengths and loaded and hauled.

Logs were cut to a minimum top diameter of eight inches.

As customary in the locality woods roads connected the cutting
eree with the main road. These woods roads, tractor built, have been
found satisfactory on the level terrain characteristic of t@e region,
except in wet weather. Two main woods roeds were constructed from the
cutting area to the main road, one for each forty acres.

COST COMPARISONS:

Since plots 1 and 3 were handled in the same manner, short
lengths cut in place, it was possible to average operating costs on the
two plots for comparison with the long-length log plots 2 and 4. Due
to the difference method of felling and skidding on plots 2 and 4 it
was impossible to average their total operating costs. ILoading and haul-
ing may be averaged for plots 2 and 4. This may be seen more clearly

in table 8.



I. ECONOMIC FEASIBILITY OF LOGGING LONG VS. SHORT-LENGTH LOGS,
BY TEST BLOCK

FELLING AND BUCKING:

With saw log production in mind, plots 1 and 3 were cut in
accordance with the usual practice of the Crossett Lumber Co., the
trees cut were converted at the point where they were felled into the
log lengths demanded by the mill or the market. Logs were cut from 12
to 22 feet in length, the length in-each case depending upon the quality
of individual portions of the tree and the totsl merchantable length,
the object being to secure the greatest grade recovery from each tres,
i.e. it is better to get a 12 foot grade #1 log, a 12 foot grade #2
log, and a 12 foot grade #3 log from & tree than an 18 foot grade #2
log and an 18 foot grade #3 loge In most cases, the logs averaged 16
feet in length.

On plot 2 logs were bucked to iengths at the point of felling.
Lengths ranging from 20 to 48 feet were cut keeping in mind the grade
recovery object per tree., Normally, trees with 48 feet or less of mer-
chantable length would be taken as one log, unless they were too large
and heavy to handle. The butt log averasged from 38 to 44 feet in length
while the sécond log in the tree averaged from 26 to 28 feet in length,
On plot 4 the entire tree was left intect for skidding, just felled and
limbed by the felling crew, and bucked at the landing before loading
into long length logs as on plot 2.

No special attempt was made to fell the timber in any one di-

rection on plots 1 and 3. Here the objective was to follow the present
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logging practice since skidding would not be made cheaper or less dem=—
aging to the reserve stand by directional felling. On plots 2 and 4
the loading points were predetermined. Once these were established all
timber tributary to each was, in so far as possible, felled directly
away from the particular bunching point. This permitted the skidding
of the long-length logs directly to the loading point with a minimum of
damage to stending timber caused by turning of the load in reasching the
loading point.

Two man crews did the felling and bucking, swemping, and limb-
ing. Four saw crews were employed on the study area. Tree and log num=—
bers were placed on each log, so that it could be identified in later
parts of the study and no further measurements would be necessary. Two
men with stop watch, calipers, scale stick, and necessary forms were
assigned to each saw crew and obtained the following informetion for each
tree felled: (1) species end diameter, (2) length of each log by po=-
sition in tree, (3) top diameter of each log inside and outside bark,
(4) grade of each log, (5) Doyle~-Scribner scale of each log, {6) totel
time to fell and buck, swamp, and limb each tree, (7) delays or rest
periods. Scaling of logs on plots 1 and 3 was simply to scale each log
according to actual length cut, but on plots 2 and 4, in order to get an
accurate.scale, the loé portion of the bole was measured outside and in-
side bark at the following points;

l. If the log is over 16' but less than 24' scale as one log.

2. If 24' scale as two 12' logs.

3. If 26' scale as 14' and 12!
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scale as 16' and 12°
scale as 16! and 14°'
scale as 16' and 16!
scale as ;e' and 16*
scale as 12!, 12', and 12!
scale as 14', 12', and 12'
scale as 16', 12*, and 12'
scale as 16°', ;4', end 12!
scale as 16', 16', and 12°
scale as 16', 16!, and 14°

scale as 16', 16', and 16!

The outside measurements were taken with calipers, and the inside meas-

urements were taken with a bark punche.

All logs were graded according to the following grade rules

in order to determine if higher grade recoveries can be obtained by

cutting long rather than the usual short length;

Grade #1 -~ Surface clear logs 10 inches d.i.b. or over,

and logs over 16 inches d.i.b., with not more
than three 2 to 4 inch knots; length 10 feet

or Over.

Grade #2 -= Logs 8 inches d.i.b. or over containing num-

erous small knots; or logs more than 14 inches
d.i.be containing four to six 2 to 4 inch knots;

length 10 feet or over.

Grede #3 == Knotty or crooked merchantable logs 8 inches



d.i.b. or over that do not fall i@ either
#1 or #2 grade; length 10 feet or over.

Wages paid saw crews in the south are normally on a piece work
or contract basis. The contract basis was the mtthod imployed for
paying the saw crews in the study for both long and short log prod-
uction. However, the wage séale of a saw crasw producing long or treee-—
length logs would not remain as high as when producing short-length
logs, because of the less work and time required in bucking. There-
fore, to more easily compare the cost advantages of either long or
short-length log production an houfly wage rate system was used for
conparison in this paper. The hourly wage rete was arbitrarily chosen
at $1.00 per hour per man or $2.00 per 2-man saw crew per hour.

From Table 1 is shown an incrsas- of 175 board feet or 24.4 per-
cent in hourly production of long-length logs (piot 2), =nd an
increase of 582 board f:et or 51.0 percent for tkee lengths over the
usual short lengths (plots 1 and 3 averaged). With the hourly cost
constant this increase in production of long-length logs and tree
lengths results in a definate reduction in total opersting time.

The increased hourl& production of 175 board feszt for plot 2 over
the average of plots 1 and 3 results in a saving of 23.4 cents per
M board feet.

However, time and cost figures in Table 1 for tree lengths of
plot 4 do not contain the time end cost of bucking of the tree lengths
at the loading point, and no data was collected for this operation.
Actual wages paid the bucking craw (2-msn saw crew) in the study were
erroneous for use in this paper. Each member of the bucking crew

received a fixed daily rate of $6, and the crew only bucked for the



skidding of one tractor, which resulted in a high cost per unit of
volume. The lack of adequate time and cost data for bucking does
not permit comparsble cost calculations for tree lengfh'production
to long or short log production. On opetator planning tree length
felling and skidding would probably employ some sort of power saw to
do the bucking at the landing. In order to make it financially
feasible to fell and skid tree lengths an operator must keep his
bucking costs below 24 percent of his felling costs if he is prod-
uecing long-length logs, or 34 percent’below felling costs if he is
producing short-length logs. These percentzgss were obtained be
calculating the percentage difference in felling and bucking costs
(Table 1) per M board feet between plots 2 and 4 ($1.521 - £1.161 =
$0.360 or 24 percent), =nd between plots 1 =snd 3 averzged =nd plot 4
($1.755 - $1.161 = $0.594 or 34 percent).

Increased production not only reduces diresct labor costs per
unit of volume, but also overhead costs are reduced with the reduction
of total felling and bucking time. This incresase in production may
be of great significance when weather is considered, since during
the wet fall and winter months ceontractors cre able to get into the
woods only a week or so at a time. Under present practices the saw
crews must enter the woods three or four days in advance of tractors
and loader to Build up a back log of logs. These extra days may be

reduced to one or two when producing long-length logs.



Table 1 -- Hourly productionl for felling and bucking

per Z-man saw crew, by test block.

Test Block and Eff'ective and Hourly Production Cost ver M2
total volume cut Ineflective time (board faet)l " Dollars.
(bosrd feet)l Man-hours
SHORT LOGS
1 (63,431) 57.05 1,11C 1.502
3 (50,684) 43.55 1,¥ 70 1.709
100.70 2.280 £3.511
Lverage 50.35 1,140 21,755
LONG LOGS
2 (68,763) 52.37 1,315 1.521
b (L y657) 25.97 o 1,722 1.161°

1--Doyle-Scribner rule.
2--Beas@d on £2.00 ner hour rer 2-ran sew crew
3--Minus bucking cost at lznding.
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SKIDDING:

International TD=-9 tractors were used in the skidding. The
apparatus involved was a set of tongs connected to the crossbar of the
tractor by means of a shdrt length of chain. Each tractor was equipped
with three sets of tongs ensbling it to skid three logs per turn. No
pans or dollies or other means of raising the front end of the log off
the ground were used. Reskidding of individual logs was held to a mini=-
- mum, however, it was necessary in a'few cases in order to fill ouﬁ in=-
dividual loads. Two tractors were used in the studye.

One observer with stop weatch, scale stick, and necessary forms
was assigned to each tractor and obtained the followiﬁg information on
each round-trip or turn: (1) total time per turn, (2) log and tree num-
ber of each log per turn, (3) Doyle-Scribner scale of each turn, (4) de=-
lays or rest periods. In eddition to driving, the tractor operator also
did the hooking and unhooking of the logs. There fore frequent rest
periqu were necessary for the operator. The efficiency rate for skid-
ding was nine per cent lower for the long log plots than for the short
log plots indicating less coordination between skidding and loading.
This nine per cent reduction may be attributed to the greater volume per
turn in skidding long logs, thus requiring fewer turns and logs to build
up a load. Skidding on plots 1 and 3 was similar to present practices,
while on plots 2 and 4 with predetermined loading points and directionsl
felling much twisting and turning in skidding was avoided. Woods, roads
and lending points were built by the tractors as the operation progressed

and as they were needed. However, this time taken for road and landing



point construction was not counted as ineffective time or delay when

figuring average turn time.
Table 2

Estimated hourly cost involved in operating
T0-9 International tractors

Direct labor cost

Driver
Supervision
Social Security -- 4%
Total

Other direct costs

Fuel (1.96 gallons at .08)

Lub. o0il (.078 gal. at +60)

Grease (0.32 pound at .1l25)

Starting engine gas (.027 gal. at .20)
Service labor

Ceble and rigging

Repeir parts and labor

Transportation of crew

Total
Ownership Cost
Depreciation
Interest
Taxes
Insurance and Risk
Total

Total hourly cost

Cost per minute

Cost per hour

$0.750
.150
.036

$0.936

«157
+047
«040
«005
.010
«249
«500
2063

£1.071

«500
.1186
.030
. 0486

$0.692

$2.699

$0.0449

Date in Table 3 was calculated from original deta on time

and volume per turn,
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From Table 3, the cost per M-board feet of skidding long-~
length logs in plot 2 was 8.1 cents or seven per cent greater than aver-
age costs of plots 1 and 3 logged by present practices. This increase
in cost per M-boerd feet was due to the fact that the increase in load
per turn in piot 2, 83 board feet, did not justify the increase in total
time per turn, l.41 men-minutes. The increase in total time per turn was
caused by the slower speed of the tractor necessary in snaking the long-
length logs from the point of felling to the loading point. Also, an
average of 2.5 short logs were skidded per turn and 1.45 logs per turn
on plot 2, Meny times only one long log was brought én per turn due to
the difficulty of manuvering into positibn for a second log. The in=-
creased cost of skidding per M-board feet on plot 4 compared to plots 1
and 3 was 53.8 cents or 46,5 per cent. Here too, the increase in load
per turn did not compensate for the increased time per turn. The great-
ly increased time per turn is due, mainly, to the fact that tree lengths
were skidded to the loading point, bucked, and then reskidded into load-
ing‘position; the extre time taken in hooking and unhooking in the reskid.
Normelly only one tree-length wes skidded per turn, some reaching 90 feet
in length. These tree-lengths required very carefuly skidding to prevent
binding between standing timber, and also prevent undue destruction to the
remaining stand from debarking and reproduction damage.

LOADING:

Loading equipment used in the study was similar to thet commonly

used in logging operations in Southern Arkensas. The loasder consisted of

an "A" frame and winch mounted on a 1940 Ford l%-ton truck. This type of



~15=

loader is highly mobile and equally as efficient. All short logs were
loaded in the usual manner, by means of hooks, one on either end of the
log. The use of end hooks in loading is only adapted to lengths up to

22 feet due to the size of equipment, therefore, for loading long-lengtih
logs & single pair of tongs was used. This means that the tongs must be
hooked in the center of the log so that the log will be balanced when
lifted from the ground to the truck. The latter method of loading requires
more time per log unless an experienced "hock tender™ is employed. A few
of the short logs and several of the long logs were too heavy for the
loader to 1lift and had tc be loaded by the crcss~haul method.

Both methods of loading requiré three men; the loader operator,
and two men on the hooks or tongs. As customary in the South the truck
driver aids in loading. In this study he acted as one of the hook tenders.
He had cherge in the loading of his truck, but the building of the load
was left to the more experienced hook tender. It was necessary for one
of the tractor drivers to do & great deal of the loader operating when
loading long logs, because he was the only one who had the experience,
required in loading long length logs, in operating the loader. The time
and cost of the truck driver and the tractor driver on loading was charged
to the loading operation and not to their regular duties, that is, the
time spent by'the track driver while loading was not charged %o the truck,
but to the loader. Idle time on the truck while loading was also in-
cluded in loading costs. ‘The following information was obtained by an
observer on the loading operation: (1) log and tree number of each log

loaded, (2) loading time per log, (3) truck and load number, (4) delays.



The observer carried a stop watch and the necessary forms.

Table 4

Estimated hourly cost for "A" Frame loeder

Cost of truck (used) $800
Cost of "A" Frame, Construction cost plus cost of

tulsa #sl winch : 600

Total $1400

Less trade-in value 200

Amount to be depreciated 81200

Life of loader 4 years -- cost of loader per year $ 300

Running sxpenses per year of 200 days

Depreciation $ 300,00
Interest on investment @ 4% 38.00
Taxes 2.80
Insurance 30,00
Gas, o0il, and grease 415.80
Repair labor 60.00
Repairs, supplies, cable and slings 138.00
$ 984,60

Cost per day 4,92

Cost per hour (8 hr. day) $ 615

Direct Labor Costs

Cost per hour

Loader operator (tractor or truck driver) +750
Helper 650

~ Truck driver (helps load) <750
Social Security at 4% A .086
24236

Total cost per hr. $ 2.851
Cost per minute $  0.0475

In comparing costs of loading, the average of both short length
plots may be compared with the average of both the long length plotse
From table, loading of the long lengths figures 17 cents higher than load-
ing of short lengths. This increase in cost is due mainly to the in-

creased loading time per log.
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The inerease in loading time per long log is a combination of the follow-
ing factors: (1) greater care necessary in loading with balance tongs,
(2) more cross-hauled logs, (3) inexperience in this method of loading.
The first factor was ceused by the difficulty in hooking the tongs in the
center of the log so that the log would balence when lifted. Two or
three attempts were made before the tongs were properly placed on the log.
Also, time was spent in keeping the log from turning or spinning and
gotting it in its proper position in the load. The sscond factor was
caused by the fact that the loader itself was not large enough, and its
wheelbase t00 short to handle the larger ;ogs. The third factor is self-
explanatory, experience coming only with practice.

In general, it may be said that with proper equipment end ex-
perience in long=length log loading unit costs may be reduced,
HAULING:

The development of bigger and more efficient trucks and trail-
ers within the past ten years hes almost crowded railroad logging out
of the picture. The increased practice of sustained yield management,
which cells for lighter periodic cuts, is also responsible for the change
from railroad logging to truck logging, because of less overhead required
and greater mobility of trucks and trailers. Four trucks were used on
the study. They were late model l%-ton trucks with 7.50 x 20 tires on
the front and 8,25 x 2of£5th the rear and on the trailer. This type of
truck is standard squipment with operators in Southern Arkensas. They
have a short wheel-base with dusl-wheels at the rear and on the trailer.

The trailer attaches to the truck by means of of a coupling pole, which
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can be léngthened or shortened according to log lengths. In order to
avoid losing time in changing the length of the coupling pole two trucks
were used exclusively in hauling short length logs and two for long
length logs. Since one short and one long length log plot were logged
simulteneously it was possible to keep all four trucks operating at the
same time. The distance from the study area to the mill was 10.2 miles,
including 4 miles of woods road and 9.8 miles of graded dirt and better
quality roads. Hauling costs are figured for each type of road in the
foot notes of Table 7., ZEach truck gveraged 3.2 loads per day.

Time records on the hauling were recorded by the same observer
who records loading times. He was equipped with stop watch and the nec~
essary forms. The following information was recorded by the observer:
(1) time the truck leayes the woods, (2) the time the truck returned to
the ﬁoods and is in position for loading of the second load, (3) truck
number, (4) load number. The fact that each log had been numbered and
measured made it possible to record the volume of each load. In case of
any delays while enroute to or from the mill the truck drivers were asked
to record such times and report them to the observer,

The hourly cost of operating a l%~ton truck and trailer was ta-
ken from & U.S. Forest Service Occasional Paper #107, Dec,, 1945, by R. Re

Reynolds, and given in Table 6,



Table 6

Estimaeted costs per truck used for log hauling
(1% ton, 85 horsepower truck with trailer)

Investment:
Truck, complete with cab and dual wheels $1740.12
Trailer, complete with dual wheels 603.43
Gross Investment 2343.55
Minus tiresl 955.48
Net Investment 1388,07
Less trade-in-value of truck and trailer 450,00
Total amount to be deprecisted 038,07
Fixed ExXpenses: )
Interest on investment® at 6% per year 68,54
License and taxes 51l.31
Operating overhead and risk 50.00
Total per year 169.85
Fixed expenses above,zper day (225 -day year) +755
Depreciation of truck¥Y and trailer4 per day 2.208
Totel per day 2.963
Fixed expenses per hour (8 hour day), truck, trailer «370
Driver, cost per hour »750
Social security -- 4% labor cost »030
Total fixed expenses per hour $ 1.150
Running expenses per mile:
Woods or low-quality rosads
Tires (life == 4,000 miles) «239
Gasoline -- (4 miles per gallon) 050
0il and grease 003
Repair Labor +«100
Repair supplies .010

Total

Graded dirt or better-quality road:

. Tires (life -- 7,500 miles)
Gasoline -~ (8 miles per gallon)
0il and grease
Repair labor
Repair supplies

Total

1l -~ Cost of tires: rront tires and tubes, 7.50 x 20, $89.74
Head and trailer, 8.25 x 20, $97.00 each.

.312

«127
025
003
.010
.010
<175

each.,

2 == Aversge investment -- Initial investment and trade-in-value and

annual depreciation
Truck = 1, 172.64-400 -~ 434.61 = $1,003.62
2 2
Treiler = 165.43 - 50.00 - 62,10 = $138.76
2 2 $1,142.38

3 -= Life = 400 days 4 -~ Life = 600 days
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It was found that total time per round-trip haul was not
affected by log length, so for use in Table 7 an average total time was
used for all plots. Total time per round-trip haul included both effec-
tive and ineffective time. nffective time consists of travel time and
unload time., Round=-trip haul time being the same for all plots, the
only factors influencing unit costs are stand-by time for the truck while
loading, and volume per load. 7The increased stand-by time, equivalent to
loading time, on the long-length log plots increased unit costs, while ths
greater volume per load decreased unit costs. It is evident, from the
last column on Table 7, that the increased volume per load had a greater
influence in reducing unit costs than didrstand—by charges, This may be
realized by the fact that running expenses for truck and trailer are three
times the fixed charges. srom Table 7 is shown a 38.6 cent saving in
hauling long-length logs.

In conélusion it may be said that a 10.3 per cent reduction in
cost was realized in hauling long-length logs.

SUMMARY OF LOGGING COSTS:

Large areas of timberland in the South are owned separately from
sawmills. Private timberland owners with 500 acres or more can engage in
selling logs indspendently of manufacture, It is common practice, also,
for manufacturing concerns owning timber to contract the logging. Hesult-
ing costs of this study are, thereforse, of great concarn to many. Initial
interest in the production of long-length logs must necessarily come from
the sewmill operators and other manufascturing concerns, since they must be

equipped to handle the long lengths as they arrive et the mill. Table 8
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presents an overall picture of costs of logging long vs. short-length
logs. The felling and bucking costs for plot 4 are arbitrary, and the
figures used are conservatively high. Contréctors cutting tree-~length
logs would very likely reduce bucking costs &t the landing by usiaz =
portable buck saw or some similar mesns., It is evident, however, that
cost of skidding tree-length logs is considerably higher than either

the normal short log or the long logs on plot 2, The difference in fell-
ing and bucking, and skidding methods on plots 2 and 4 does not permit
the averaging of total operating costs as done with plots 1 and 3,

MILL COSTS IN LONG-LENGTH IOG PRODUCTION:

Typical of the larger mills in the South is the Crossett Lum-
ber Co. Such & mill usually has two or more head saws, each cutting 60
to 90 M=~board feet per 8-hour shift. If such a mill were to start hand-
ling long-length logs it would have %o have some means of cutting the
long lengths into shorter lengths so that a maximum of grade and price
could be realized. Costs of operating a swing saw at the foot of the
Jackladder are estimated as follows:
Cost of operating swing saw per 8-hour shift =e-- $10.00
Cost of experienced operator per 8~hour shift === 10.00
Total cost -== $20.00
Production -- 2 head saws cutting 60 to 90 M~
board feet per 8=hour shift -- (120 to 180 M)
Average -=- 150 M

Estimated cost per M~board feet - $20 - $0.133
150 M

Cost per M=-board feet will vary with production., Also, the

size of the mill will determine the type and expense of saw used,
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II. INDIVIDUAL LOG VALUES -= HOW EFFECTED IN LONG=-LENGTH ICGGING.

With competition as it is todey and the increased practice of
sustained yield management, operators must reelize the economical diam-
eter limit in their operations in order to stay in business. It is not
always possible for loggers to produce logs ofithe smaller'size buf
still acceptable by the mill; that is, a mill may accept logs down to
an eight inch minimum top diemeter, but the logger may orly be able to
profitably produce logs to a ten inch top, thus resulting in a loss for
the logger if he produces eight inch logs or a loss to the mill if he
dbes not.

Thus, tables 9 to 17 show the felationship of size to time and
cost in production of long vs. short-length logs.

FELLING AND BUCKING: (oir n=ai-

FERFoCY

SKIDDING:

In order that skid time per log size might be determined, it
was necessary to calculate the averasge log diameter for each turn asnd
record the volume in boerd feet, Doyle-Scribner scale. For short logs
average log diameters were calculasted to the nearest one helf inch. An
average volume was then found for each average log diemeter and these
averages plotted and curved to give column two in tables 9, 10, 11 and

12, This may be more cleerly shown by an example. A tractor skids two



FELLING AND BUCKING:

Figure XX presents the cost of felling and bucking per M board
feet for tree diameters 11 to 25 inches. As explained in Psrt I, the
lack of data on bucking of treeﬁlengths 2% the landing rrevents a true
comparison 86 felling and bucking to the bucking of long end short
lengths in place in the woods. Curves in Figure XX were constructed
from data in Tebles %,B, and C in Apprendix. *

Felling znd bucking costs per tree and per M board feet were
obtained as follows: Basic dzatz was merchantable volume per tree and
the time in man-hours for felling gnd bucking per tree. Cost per
tree was celeculate? by multirlying time yper tree by the hourly rats,
#5.00. Cost rer M per diameter class —as found by Jividing the
volune per tree into 10C0, 2and mul‘i;liné the ~uotant by the cost
rer tree.

Cost curves on Fizursz ¥X for short and long-~length logs tend
to level off after 17 inches and the cost difference is constent.

The cost of felling and bucking increeses sherply for diameters below
17 inches. The felling cost curve for plot 4, tree length, follows

the same cost trend os the felling and bucking cost curv & for long

and shobt-length logs. This mesns thzt the cercentags of bucking

cost to f=lling coste may be greater in the larger diameters, 17 inches
end up, and that this method of felling and bucking is better

adarted to the larger diameters.
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logs, one 13 inches in dismeter and the other 15 inches in diameter.

The aversge log diemeter for the turn is, therefore, 14 inches. The vol-
ume for the two logs is determined and recorded in the 14 inch aversge
log diemeter column at 221 board feet. All the volumes in the 14 inch
clagss are then aversged, plotted and curved with the resulting volume of
250 board feet for the 14 inch class as in column 2, table 9. Calcule-
tion of aversge diameter per turn for the long-length logs was similsr

to above explanetion except that the diemeters measured along the long
log in order to scale it accurately were averaged to get an average diam-
eter for each long-length log. The third column in tables @ to 12 sim-
ply show the average volume of a single log, long or short, for each
dismeter. For short logs on plots 1 and 3 the average length produced
was sixteen feet., The average length for the long logs on plots 2 and

4 was calculated for each diameter class, because log lengths varied con-
siderably. It was found that log size did not have any effect on skid-
ding time per turn, so an average turn time was calculated for each plot.
Delay time was included in the average turn time by determining the effici-
ency rate of the tractor, for the short log plots 77.5 per cent, and 67.7
per cent for the long log plots. With time and volume per turn end per
diameter class skidding costs per log and per M board feet were easily
found by using proportions. Time and cost of skidding per log and per

M board feet for 14 inch logs in table 9 was calculated as follows: Di-
viding the average volume per log into the average volume per turn gives
the number of logs per turn, 250/100 =- 2.5 logs. This quotient may then
be divided into the average time per turn to give skidding time per log,

5444/2.,5 == 2,17 man minutes. Time per M board feet is found by dividing



-27 -

the average volume per log into 1000 to give the number of logs reguired
to meke M board feet, 1000/100-=10 logs. This quotient is maltiplied by
skid time per log to give the skid time per M board feet, 10 x 2.17==21.

70 men-minutes. GCosts are found simply by multiplying the time per log end
per M board feet by the machine rate of the tractor (table 2); 2.17 x
$0.097 per log, 21+7 x $0.0449--$0.975 per M.

Figure I grasphically presents costs per M board feet for skid-
ding. Similar cost trends may be seen for both long and short-length
logs. The cost curve for short logs crosses the long log curve of plot
2 between the eleven and twelve inch diameter class, but the difference
between the two curves is very small in all classes. Only tree length
skidding shows any marked difference in cost, and this difference is only
in the lower dismeter classes, from eight to fifteen inches, where it
merges with the long log cost curve.

LOADING:

An sverage loading time per log was used in tables 13 to 186,
since it was found that log size did not materially effect loading time.
In calculating the average diameter for the long logs the figures found
in "SKIDDING", as explained above, were used.

From Figure II it is definitely shown that cost per M board
feet is higher when loading long-~length logs than when loading short-
length logs, but the difference in cost diminishes from 45 cents for ten
inch logs to 5 cents for eighteen inch logs. Extension of the cost curves
to thirty inches would probably show lower costs for loading long-length
logs.

- HAULING:

The time required for the 10.2 mile truck haul was 95 minutes,
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an average of all plots. No properly conducted selective~logging opers-—
tion produces logs of one size only from any cutting area, and logs are
never hauled in loeds of uniform log diameter. Therefore, in order to
prorate time and cost to log sizes it was necessary to calculate the num-
ber of logs, for each diameter class, required to make a load. This is
shown in column 2, table 17. To find time and cost per log and per M
board feet simple proportions were used as those used to calculate skid-
ding time and cost,

The largest difference in cost of logging lorng vs. short-length
logs occurs in the hauling operation. rigure III shows a definite saving
when heauling long-length logs. +ihese savings are attributed solely to
the larger volume per load when hauling long-length logs. Coupled with
the fact that loads are never built of uniform log diameter and -the volume
cepscity of the l%'ton truck generally used in the locality is approxi-
mately 2.5 M board feet, Doyle-Scribner scale, costs for hauling long-
length logs on table 17 can not actually be realized, but will approach
those costs of éhort-length logse.

SUMMARY OF LOGGING COSTS:

It is generally accepted, through intensive study and research,
that there is a marked effect of log size on logging costs. Costs per
unit of voluﬁe decrease with an increase in log diameter. This was
found true with all single operations, skidding, loading; and hauling,
within the study. Cost curves on rigure IV, though not applicable t0 a
logging operation, do show definite cost reductions in favor of long~-

length logs. Total costs increase rapidly as the logs become smaller.









The rapidity of growth of southern pines, particularly in the small and
medium dismeter classes, is well enough known to make it very obvious
that holding vigorous individual trees for ten or twenty years not only
will permit each tree to double in volume but also will bring greatly‘
reduced logging costs per unit of volume. These savings in utilization
costs far exceed the cost of holding these trees sizes for a few more
years.

Cost curves in wigures I-to IV were constructed from data in

tables ¢ to 20 located in APPENDIX.
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ITI. LOG GRADE RECOVERIES =-- LONG vs. SHORT-LENGTH LOGS

The use of experienced men in any position is generally con-
sidered most desiraeble for the best quality and quantity output of work.
The head sawyer in a sewmill is & key man in producing the greatest re-
turns in grede recovery from sawlogs. It is only through long years of
working on and around the log carriage that & man can get the experi-
ence required for & sawyer., The edger and the trimmer must also be ex-
perienced men in order to obtain the best grsde recoveries from the lum=-
ber produced. Howsver, present practices allow the use of inexperienced
men to determine the grade of log that goes through the mill. Though
the saw crews in the woods may be very efficient in log production, they
do not know the effect of log defects on the lumber produced. This is
not to say that logs are cut with no thought of grade, because an attempt
is made to cut out crook and sweep. However, without actually seeing Jjust
what grades of lumber can be cut from logs with different defects and just
how these defects effect grade recovery it is impossible to obtain a maxi-
mum of the higher logs grades when logs are cut in the woods. The pPro-
duction of long-length logs in the woods would permit the use of a man,
experienced in grade recovery, to control the bucking of these logs into
shorter lengths at ;he mill,

In order to determine if the cutting of long-length logs into
shorter lengths at the mill will result in better utilizstion practices
it would have been desirable to run a mill scale study on these logs.
Since this was not done it was desirable to record the lengths and log

grade of each log cut at the mill from the tree-length or long-length
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material as produced in the woods. This gives a comparison of the log
scale and log grade of the material as it would have been cut had short
logs been cut from it in the woods.

Figure V preseants percentage curves for grades #l, #2, and #3
logs by volume for long and short-length logs. The long log curve is an
average of plots 2 and 4, and the short log curve an average of plots 1
and 3. Data for figure VI was teken from teble 21 (Appendix). ZLong log
production pfoduced 7.7 per cent more grade #1 logs by volume in logs
twelve inches and larger, or an average increase of 4.2 per cent for all
diameters. The production of grade #2 logs may be seen to vary greatly
with the size, but there were on the average 2.2 per cent by volume more
short logs produced than long logs. Grade #3 logs varied very little with
only a 0.75 per cent increase for short logs.

In order to more fully appreciate the significance of the per-
centages above the following date is presented to show the difference in
grades of lumber produced from the three log grades. This data was taken

from the United States Forest Service Bulletin No. 861, June, 1944,

Log grade: Per cent of grade produced : Dimensions
i B&B i #IC : #2C : #3C ¢ _and timbers
1 30 27 25 2 16
2 15 34 33 6 12
3 S 30 51 9 5

It mﬁy be seen that No. 1 grade logs yield 15 per cent more B
and Better lumber than No. 2 grade logs and 25 per cent more than No., 3
grade logs. In general, it may be seen that a higher percentage of high
grade lumber can be produced from No. 1 grade logs, and a lower percentage

of the lower grade lumber.
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In conclusion, it mey be stated that the cutting of long-length
logs at the mill under experienced supervision yields & higher percentage

of better grede logs than when cut tof/ short lengths by the saw crews in

the woods.
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IV. LOGGING DAMAGE.

In order to study thoroughly the results of long-length log-
ging 1t was necessary to record the results of damage to the remain-
ing timber and reproduction after logging. These results are of prime
importance to the timberland owner, since the first thought in the pro=-
duction of long-length logs from the silvicultural standpoint would be
the increased difficulty in skidding, resulting in a probably increase
of skinning and binding of the logs. on the standing timber, and reproduc-
tion destruction. Except in a liquidation operation, which is rapidly
disappearing as a part of menagement policy, the remeining stand holds
the key to the future health and productivity of the stand and future
financial returns to its 6wner. In selectively cut stands this is especial-
ly important.

Records of the damage were classified according to tree size,
namely, reproduction and logs, poles, and saplings. Ulhe stocked guadrat
method was used for inventorying reproduction. Forty gquadrats were ob-
served on each plot. Each quadrat was divided up into four milacres with
each milacre being classified into one of the following categories: (1)
reproduction present; (2) no reproduction present, but not as a result of
logging demage; (3) evidence of logging demage. It was also recorded,
if logging damage was evident according to the type of dsmage, that is,
by skidding, by road construction, or by the construction of banking
grounds. From this data it was possible to figure the approximate per-
centage of the area disturbed by the logging operation. The percentage

of stocking is then found by dividing the number of milacres, both with
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and without reproduction. These two quotients are then multiplied togethe
to give the approximate per cent of reproduction previously present

which had been damaged by logging. The following table represents &
sumnery of the reproduction inventory data.

Table 22 Plot: Percent of area tpercent of: Reproduction

No.: touched by log- :stocking. : damnage
¢ ging. ¢ : Percent

1 16.25 62,09 10.10

2 20.64 37.80 7481

3 22,00 - 68430 17.08

4 14,40 67420 9.88

With the exception of plot #2 it may be seen from the preced-
ing table that all plots are equally stocked with reproduction. However,
considering equivalent stocking on plot #2, approximately 65 per cent,
the resultihg per cent of reprcduction damage would be approximately 13
per cent. A comparison of the average per cent of reproduction damage
for plots #1 and #3 (13.59 per cent) as compared to that average for
plots #2 and #4 (epproximately 11.34 per cent) indicate that the logging
of long=length logs does not result in greater damasge to reproduction.

Column 2, in table 22, may be broken down into the type of
damage incurred.

Dameage from; ¢ Plot #1 : Plot #2 : Plot #3 : Plot #4

Skidding 57.7 6346 55,0 8246

Banking 3845 18.2 2245 00.0

Roads 3.8 18.2 22.5 17.4
Total 100 100 100 100

Skidding hes been sicwn to be grsatest factor in reproduction
demage. A higher percentage of damage is caused by skidding in the long

log plots #2 and #4, and lower percentages for banking and roads. This
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is due to the fact that plots #2 and #4 required fewer banking points,
thus fewer roaeds and longer skids.

The damage to logs, poles, and saplings was recorded by & 10
per cent line-plot inventory. Table 23 shows nature of records kept and

the resultse.

Table 23 Type of damage : No. of trees dameged, by plot
: l :+ 2 ¢ 3 : 4
I. Butt damage
a¢ light skinning 15 12 9 12
be heavy skinning - 1 0 0 Ol
ce Uproot 0 0 o) 1
II. Upper bole
8., light skinning 4 0 5 2
be heavy skinning 0 0 0 0
c. top broken 0 0 0 0
III. Bent over 0 0 0 0
IV. Broken off 22 0 0 0

ls 5 inch tree.
2. 4 and 5 inch tree,

Butt demage may be attributed to skidding, whereas, the other
types of damage result from felling. Damage to the upper bole was very
light, because the saw crews were instructed to cut any merchanteble
tree heavily skinned or with a borken top due to felling., From table 23,
light butt demage appears equal for both long and short log plots, indi-
cating that the skidding of long-length logs and tree lengths does not
result in greater damage to standing timber. This may be attributed to
directional felling exercised on plots #2 and #4, and fewer number of

turns required by the tractor.



CONCLUSION

Log-production costs in the western part of the pine-hardwood
region in the Lower South have increassed 129 per cent during the war
yeers from 1940 to 1945. Wage rates have risen contrary to a decresase
in labor efficience. Transportation and maintensnce costs have risen,
due mainly to shortage and increased price of new equipment end supplies.
Supervision costs have also risen with the chenge from contract tc di-
rect-employment operations. Equipment and supplies are now returning to
the market, but prices are still high, and wages show no indication of
coming downe

Present logging in the south 1s4conducted almost entirely in
second-growth stands just now reaching merchantable sawlog size. These
second-growth stands are not yet producing the size and quality trees
found in the originel virgin stands, thus average log diemeters per op-
eration have decreased resulting in higher logging costs. Forestry is
being practiced more intensively than before and competition is greeter,
Considering the prevailing logging conditions the logging operstor to-
day who seeks and realizes new and cheaper methods of logging is the one
who will survive and stay in business.
Results and conclusions from the studies are summerized as follows:
(1) Felling and bucking time per tree and per unit of volume is reduced

when producing long=-length logs.
{(2) No apprecisble difference in skidding costs was indicated between
long and short-length logs. However, a 53,8 cent increase per M

board feet resulted in tree-length skidding compared to usual short-
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length skidding. This increase is due to the increased time per turn.

(3)

(4)

(5)

(8)

(7)

(8)

(9)

The loading costs for long-length logs was 17 cents higher thean
short logs. The increase loading time per log may be attributed
to inadequate equipment and inexperience in loading lorng-length
logs, since & larger number of long logs had to be cross-<hauled.
The largest saving in long=length logging may be realized in the
hauling operation. A saving of 10.3 per cent was realized as an
average for plots #2 and #4 over averages for plots #1 and #3,
Long-length logs cut at point of felling, plot #2, showed a 3.2
per cent decrease in total logging costs over the averaged costs
for plots #1 and #3.

Time and costs increase with a decrease in log size, from figures
I to IV in part II, and from tebles 9 to 20 in Appendix.
Experienced supervision in the bucking of long-length logs at the
mill yields a higher percentage of better grade logs then when cut
to short lengths by the saw crews in the woods.

The effect of long-length logging on selectively cut stands wes
approximately the same as the usual short-length logging. Indice-
tions ghow that slightly greater damage to reproduction results
when skidding tree~length and long-length logs, but a decrease in
demege due to roads and banking. Skinning of standing timber by
skidding appeared equal on both the long and short log plots.

The mobile loader used in the study was not large enough to effici-
ently handle many of the larger long~length logs. Larger loaders

are necessary for efficient loading.
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(10) The disorganization for skidding and bucking of tree-lengths on
plot #4 resulted in e great deal of delay time, especially for

the reskidding of the long logs after bucking. Therefore, time

and cost figures for plot #4 are unreasonsbly high and do not

show & true picture of normal operation and efficiency.

Time of production for each part of the logging operation is given
in man-hours or man-minutes to permit easy application in operations in
which unit costs differ from those Qf the experimental operation, and also
to facilitate revision of cost figures as changes take plaece in conditions
affecting costs.

In general, the results of this study show that long-length log
production, as produced on plot #2, offers lower logging costs along with
better utilizetion in the form of increased volume of better grade logs.
Results also show that the effect of long-length logging from the silvi-
cultural standpoint is not more injurious to the remaining stand. It is
also offered as a means of improving and speeding up the development of

better utilization methods s¢ badly needed in the South.
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APPENDIX

SUPPLEMENTARY TABLES FOR PART II AND III



Plot 1

Table A

Cost per tree and per unit of volume for felling
and bucking shortleaf-loblolly pines.

Doyle-Scribner Rule

D.B.H. Average Man-hours Hourly Cost Cost - Dollars

Inches Vol., per Tree per Tree Dollars per Tree _per M
11 50 «133 : 2,00 «266 6.320
12 68 «140 2.00 .28C 4,110
13 89 .150 2.00 «300 3,370
14 112 .164 2.00 .328 2.930
15 138 .180 2.00 »360 2.810
16 ) 174 .108 2.00 «396 2.275
17 213 «220 : 2.00 -440 2.067
18 269 .245 2.00 »490 1.895
19 310 . 274 2.900 .548 1.767
20 366 304 2.00 .608 1.660
21 423 «336 2.00 672 1.520
22 485 .370 T 2,00 .740 1.525
23 547 .405 . 2.00 .310 1.480
24 - 610 441 2.00 .382 1.447
25 875 .476 2,00 952 1.414

Plot 3
Table C

Cost per tree and per unit of volume for felling
and bucking shortleaf-loblolly pines.

Doyle—Scribaer Rule

D.B.H. Average Man-hours Hourly Cost Cost —~ iDollars

Inches Yol. per Tree per Tree Dollars per Tree per M
11 45 .104 2.00 .208 4,520
12 63 - .118 2.00 232 2.583
13 89 .134 2.00 .263 3.008
14 122 153 2.00 +306 2.510
15 lel 174 2.00 . 343 2.150
16 205 .182 2.00 . 384 1.874
17 250 .R22 2,00 444 1.777
18 300 «250 2.00 .500 1.568
19 350 .278 2.00 .556 1.587
20 400 . 309 2.900 .618 1.545
21 450 « 340 2.00 .680 1.511
_2 505 .373 2.00 .7486 1.478
’3 560 .403 2.00 .306 1.440
24 620 «431 2.00 +562 .322

25 678 - «470 2.0 .240 1.392



Table B

Cost per tree and per unit of volume for felling
and bucking shortleaf-loblolly pines.

Doyle-Scribner Rule

D.B.H. Aversge Man-hours Hourly Cost Cost Dollars

Inches Vol. per Tree per Tree Dollers per Tree Per M
11 50 .118 2.C0 .236 4.725
12 64 .124 2.C0 . 248 3.870
13 85 .134 2.00 .268 3.153
14 118 .146 2.00 .292 2.475
15 154 .180 2.C0 . 320 2.078
16 195 175 2.00 .350 1.798
17 240 .192 2.C0 .284 1.600
18 287 .213 2.C0 .426 1.488
19 338 .236 - 2.C0 .472 1.296
20 390 .262 2.C0 .524 . 243
21 447 293 2.00 .588 1.211
22 510 325 2.C0 .5650C 1.272
23 579 .358 2.00 .716 1.230
24 649 »393 2.C0 .73886 1.212
25 720 .429 - 2.C0 .858 1.191

Plot 4
Table D

Cost per tree and per unit of volume for felling
shortleaf-loblolly pines. (Does not include bucking costs.)

Doyle-Scribner Rule

D.B.H. Average Man-hours  Hourly Cost Cost Dollars

Inches Vol. per Tree per Tree Dollars per Tree per ¥
11 . 45 .085 2.C0 .170 3,720
12 64 .094 .00 .188 2.240
13 88 103 2.C0 . 206 2.342
14 124 .114 2.C0 . 228 1.240
15 166 +123 2.C0 «R46 1.484
16 212 .134 2.C0 268 1.267
17 65 145 2.C0 290 1.086
18 317 .156 2.00 .212 0.286
19 372 .163 2.00 <226 0.873
20 430 .181 2.00 <362 0,344
21 489 .194 2.C0 .288 0.794
22 550 .208 2.00 .416 0.755
23 612 .224 2.00 .448 0.733
24 e77 240 2.C0 - .450 0.710
25 742 .60 2.C0 .520 0.701
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